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1 BUGS.md

bugs
====

∗ too much s e r i e s sk ipp ing at low zoom l e v e l s
5 ∗ blank image at very deep zooms ( s e r i e s approximation over f l ow ?)

∗ e x c e s s i v e memory usage
∗ double p r e c i s i o n : ( 8 ∗ 2 ∗ 3 + 4 + 4) ∗ 2 + 4 ∗ 4 = 128 bytes per p i x e l
∗ h igher p r e c i s i o n : (16 ∗ 2 ∗ 3 + 4 + 4) ∗ 2 + 4 ∗ 4 = 224 bytes per p i x e l

2 c/bin/index.html

<!DOCTYPE html>
<html lang=”en−us”>

<head>
<meta char s e t=”utf −8”>

5 <meta http−equiv=”Content−Type” content=”text /html ; cha r s e t=utf −8”>
<t i t l e >mandelbrot−perturbator</ t i t l e >
<s t y l e>
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body { text −a l i g n : c en t e r ; }
canvas . emscr ipten { border : 0px none ; }

10 </s ty l e>
<s c r i p t>

var hashToObject = func t i on ( ) {
var
i = 0 ,

15 retObj = {} ,
pa i r = nul l ,
sPageURL = window . l o c a t i o n . hash . sub s t r i ng (2 ) ,
qArr = sPageURL . s p l i t ( ’& ’) ;

20 f o r ( ; i < qArr . l ength ; i++){
pa i r = qArr [ i ] . s p l i t ( ’= ’) ;
retObj [ pa i r [ 0 ] ] = decodeURIComponent ( pa i r [ 1 ] ) ;

} ;

25 re turn retObj ;
} ;

var go = func t i on ( r ea l , imag , radius , maxiters )
{

30 window . l o c a t i o n . hash = ”#! r e a l=” + r e a l + ”&imag=” + imag + ”&rad iu s=” +⤦
Ç rad iu s + ”&maxiters=” + maxiters ;

}

var submitForm = func t i on ( )
{

35 var r e a l = encodeURIComponent ( document . getElementById (” r e a l ”) . va lue ) ;
var imag = encodeURIComponent ( document . getElementById (” imag ”) . va lue ) ;
var rad iu s = encodeURIComponent ( document . getElementById (” rad iu s ”) . va lue )⤦

Ç ;
var maxiters = encodeURIComponent ( document . getElementById (” maxiters ”) .⤦

Ç value ) ;
go ( r ea l , imag , radius , maxiters ) ;

40 re turn f a l s e ;
}

window . onhashchange = func t i on ( )
{

45 var hash = hashToObject ( ) ;
f o r ( var key in hash ) {

document . getElementById ( key ) . va lue = decodeURIComponent ( hash [ key ] ) ;
}
Module . c c a l l (” s e t ” , ”number” , [ ” s t r i n g ” , ” s t r i n g ” , ” s t r i n g ” ] , [ hash [ ”⤦

Ç r e a l ” ] , hash [ ” imag ” ] , hash [ ” rad iu s ” ] ] ) ;
50 }

</s c r i p t>
</head>
<body>

<canvas c l a s s=”emscr ipten ” id=”canvas ” oncontextmenu=”event . preventDefau l t ( )⤦
Ç ”></canvas>

55 <form>
r e a l <t ex ta r ea id=”r e a l ” name=”r e a l ”>−0.75</ textarea><br />
imag <t ex ta r ea id=”imag” name=”imag”>0.0</ textarea><br />
rad iu s <input id=”rad iu s ” name=”rad iu s ” value =”2.0” /><br />
maxiters <input id=”maxiters ” name=”maxiters ” value=”1000000” /><br />
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60 <input type=”button” value=”Go” onc l i c k=”submitForm ( ) ; ” />
</form>
<s c r i p t type=’ t ext / j ava s c r i p t ’>

var hash = hashToObject ( ) ;
65 f o r ( var key in hash ) {

i f ( key . l ength > 0)
document . getElementById ( key ) . va lue = decodeURIComponent ( hash [ key ] ) ;

}

70 var Module = {
preRun : [ f unc t i on ( ) { ENV = hashToObject ( ) ; } ] ,
postRun : [ ] ,
p r i n t : f unc t i on ( ) {

conso l e . l og ( Array . prototype . s l i c e . c a l l ( arguments ) . j o i n (” ”) ) ;
75 } ,

p r in tEr r : f unc t i on ( ) {
conso l e . warn (Array . prototype . s l i c e . c a l l ( arguments ) . j o i n (” ”) ) ;

} ,
canvas : document . getElementById ( ’ canvas ’ )

80 }

</s c r i p t>
<s c r i p t async type=”text / j a v a s c r i p t ” s r c=”perturbator −gl fw3 . j s ”></s c r i p t>

</body>
85 </html>

3 c/bin/Makefile

# perturbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
# Copyright (C) 2015−2019 Claude Heiland −Allen
# License GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 p r e f i x ?= $ (HOME)/opt
CC ?= gcc

PKGCONFIG := PKG CONFIG PATH=”$ ( p r e f i x ) / l i b / pkgconf ig ” pkg− c on f i g
VERSION := ”\” ‘ g i t d e s c r i b e −− tags −−d i r t y −−broken ‘\””

10 COMPILE := $ (CC) −std=c99 −Wall −Wextra −pedant ic −fPIC −O3 − f f a s t −math −pipe −⤦
Ç MMD −g −DVERSION=$ (VERSION) ‘ $ (PKGCONFIG) −− c f l a g s mandelbrot−per turbator ⤦
Ç mandelbrot−numerics mandelbrot− symbol i c s gtk+−3.0 ‘

LIBS := ‘ $ (PKGCONFIG) −− l i b s mandelbrot−per turbator mandelbrot−numerics ⤦
Ç mandelbrot− symbol i c s gtk+−3.0 ‘ −lX11 −lGL −lGLEW − l g l fw −lmpc − lmpfr −lgmp⤦
Ç −lm − l s t d c++

SOURCES := $ ( wi ldcard ∗ . c )
OBJECTS := $ ( patsubst %.c ,%.o , $ (SOURCES) )
DEPENDS := $ ( patsubst %.o ,%.d , $ (OBJECTS) )

15 EXES := $ ( patsubst %.o ,% ,$ (OBJECTS) )

a l l : $ (EXES)

c l ean :
20 @echo ”CLEAN” ; rm − f $ (OBJECTS) $ (DEPENDS) $ (EXES)

i n s t a l l : $ (EXES)
i n s t a l l −d ”$ ( p r e f i x ) / bin ”
i n s t a l l −m 755 −t ”$ ( p r e f i x ) / bin ” $ (EXES)
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mandelbrot-perturbator c/bin/m-perturbator-automorph.c

25

%: %.o
@echo ”EXE $@” ; gcc −o $@ $< $ (LIBS) − f f a s t −math | | ( echo ”ERROR ⤦

Ç gcc −o $@ $< $ (LIBS) − f f a s t −math” && f a l s e )

%.o : %.c
30 @echo ”O $@” ; $ (COMPILE) −o $@ −c $< | | ( echo ”ERROR $ (COMPILE⤦

Ç ) −o $@ $<” && f a l s e )

m−perturbator −gl fw3 . j s : m−perturbator −gl fw3 . c . . / l i b / l ibmandelbrot −per turbator . a
emcc −s USE GLFW=3 −s USE PTHREADS=1 −s TOTALMEMORY=536870912 −O3 −o $@⤦

Ç $< − I . . / l i b −L . . / l i b − I$ ( p r e f i x ) / in c lude −L$ ( p r e f i x ) / l i b . . / l i b /⤦
Ç l ibmandelbrot −per turbator . a ${ p r e f i x }/ l i b / l ibmandelbrot −numerics . a⤦
Ç ${ p r e f i x }/ l i b / libmpc . a ${ p r e f i x }/ l i b / l ibmpfr . a ${ p r e f i x }/ l i b /⤦
Ç l ibgmp . a − l g l fw

35 . SUFFIXES :
.PHONY: a l l c l ean i n s t a l l
.SECONDARY: $ (OBJECTS)

− i n c lude $ (DEPENDS)

4 c/bin/m-perturbator-automorph.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015−2019 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 // http ://mathr . co . uk/ blog /2016−03−05 ju l ia morphing symmetry . html

/∗
adapt $p r e f i x to where you i n s t a l l e d mandelbrot −{numerics , symbol i c s }

10 $ gcc −std=c99 −Wall −Wextra −pedant ic \
− I $p r e f i x / in c lude / − I . . / l i b \
−L$pre f i x / l i b / −L . . / l i b \
−o m−automorph m−automorph . c \
−lmpc − lmpfr −lgmp −lm − l p e r tu rba t o r \

15 − lmandelbrot −numerics − lmandelbrot − symbol i c s \
−lGLEW −lGL − l g l fw −pthread −fopenmp − l s t d c++ \
−O3 −march=nat ive

∗/

20 #de f i n e POSIX C SOURCE 199309L

#inc lude <math . h>
#inc lude <a s s e r t . h>
#inc lude <s tdboo l . h>

25 #inc lude <s t d i n t . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <time . h>

30

#inc lude <mpc . h>
#inc lude <mpfr . h>
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mandelbrot-perturbator c/bin/m-perturbator-automorph.c

#inc lude <GL/glew . h>
35 #inc lude <GLFW/gl fw3 . h>

#inc lude <mandelbrot−numerics . h>
#inc lude <mandelbrot− symbol i c s . h>
#inc lude <mandelbrot−per turbator . h>

40

/∗
> wr i t eF i l e ” exang l e s . txt ” $ un l i n e s [ ” , { ” ++ show ( p l a i n ( binary l o ) ) ++ ”\n⤦

Ç , ” ++ show ( p l a i n ( binary h i ) ) ++ ” }” | ( lo , h i ) <− mapMaybe ⤦
Ç addressAngles [ Angled 1 ( Inte rna lAng l e (1 % 2) ) ( Angled 2 ( Inte rna lAng l e ⤦
Ç (1 % 2) ) ( Angled 3 ( Inte rna lAng l e (1 % 2) ) ( Angled 4 ( Inte rna lAng l e (1 % ⤦
Ç 2) ) ( Angled 5 ( Inte rna lAng l e (5 % 11) ) ( Angled 54 ( Inte rna lAng l e (1 % 2) ) ⤦
Ç ( Angled 64 ( Inte rna lAng l e (1 % 2) ) ( Angled 69 ( a%3) ( Angled 143 (b%3) (⤦
Ç Angled 291 ( c%3) ( Angled 587 (d%3) ( Unangled 1179) ) ) ) ) ) ) ) ) ) ) | [ a , b , c , d ] ⤦
Ç <− rep l i cateM 4 [ 1 , 2 ] ] ]

∗/
const char ∗ exang l e s [ 1 6 ] [ 2 ] =

45 { { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

50 , ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

55 , { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”
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mandelbrot-perturbator c/bin/m-perturbator-automorph.c

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

60 , ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000011111000010000011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110000111110000100000111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100001111100001000001111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

65 , { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000011111000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000001111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

70 , ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

, { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110000111110000100001000010000100000111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }

75 , { ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100001111100001000010000100001000010000)⤦
Ç ”

, ⤦
Ç ”.(011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011111000001111100000111110000011111000001111011111000100000111101111011111000001111100000111110000011111000001111011111000100000111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111110000011111000001111100000111110000011110111110001000001111011110111110000011111000001111100000111110000011110111110001000001111011110111101111100000111110000011111000001111100000111101111100010000011110111101111100000111110000011111000001111100000111101111100010000011110111101111011110111101111)⤦
Ç ” }
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mandelbrot-perturbator c/bin/m-perturbator-automorph.c

} ;

s t a t i c i n l i n e i n t max( i n t a , i n t b) {
80 re turn a > b ? a : b ;

}

s t a t i c const char ∗ s imp l e v e r t =
”#ve r s i on 130\n”

85 ”out vec2 texCoord ;\n”
” const vec2 t [ 4 ] = vec2 [ 4 ] ( vec2 ( 0 . 0 , 0 . 0 ) , vec2 ( 1 . 0 , 0 . 0 ) , vec2 ( 0 . 0 , 1 . 0 ) , ⤦

Ç vec2 ( 1 . 0 , 1 . 0 ) ) ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( t [ g l VertexID ] ∗ 2 .0 − 1 . 0 , 0 . 0 , 1 . 0 ) ;\n”
” texCoord = t [ g l VertexID ] ∗ vec2 ( 1 . 0 , −1.0) + vec2 ( 0 . 0 , 1 . 0 ) ;\n”

90 ”}\n”
;

s t a t i c const char ∗ s imp l e f r a g =
”#ve r s i on 130\n”

95 ”uniform isampler2D tex x ;\n”
”uniform sampler2D tex y ;\n”
”uniform sampler2D tex z ;\n”
”uniform sampler2D tex w ;\n”
”uniform bool show l i n e s ;\n”

100 ”uniform f l o a t weight ;\n”
” in vec2 texCoord ;\n”
”out vec4 co l our ;\n”
” i n t px ( vec2 tc ) {\n”
” i n t n = texture ( tex x , tc ) . x ;\n”

105 ” i n t k = 0 ;\n”
” k += (n % 2) >= 1 ? 1 : 2 ;\n”
” k += ( tex ture ( tex z , tc ) . x ) >= 0 ? 4 : 8 ;\n”
” k += 16 ∗ n ;\n”
” return k ;\n”

110 ”}\n”
” void main ( ) {\n”
” f l o a t e = 1 . 0 ; \ n”
” vec2 dx = dFdx( texCoord ) ;\n”
” vec2 dy = dFdy( texCoord ) ;\n”

115 ” i f ( show l i n e s ) {\n”
” e = px ( texCoord ) == px( texCoord + dx + dy ) && px( texCoord + dx ) == px(⤦

Ç texCoord + dy ) ? 1 .0 : 0 . 0 ; \ n”
” }\n”
” i n t me = texture ( tex x , texCoord ) . x ;\n”
” f l o a t mef = texture ( tex y , texCoord ) . x ;\n”

120 ” f l o a t s = tanh ( clamp ( tex ture ( tex w , texCoord ) . x / weight , 0 . 0 , 8 . 0 ) ) ;\n”
” co lour = vec4 (me <= 0 && mef <= 0.0 ? vec3 ( 1 . 0 , 0 . 7 , 0 . 0 ) : vec3 (mix ( 0 . 0 , ⤦

Ç mix ( 0 . 9 , 1 . 0 , e ) , s ) ) , 1 . 0 ) ;\n”
”}\n”
;

125 s t r u c t s t a t e s {
GLFWwindow ∗window ;

bool show l i n e s ;
GLuint show l i n e s u ;

130 double log2we ight ;
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GLuint weight u ;

i n t width ;
i n t he ight ;

135

i n t p r e c i s i o n ;
mpfr t cente rx ;
mpfr t cente ry ;
mpfr t rad iu s ;

140

} ;
typede f s t r u c t s t a t e s s t a t e t ;

s t a t i c void r e f r e s h c a l l b a c k ( void ∗ u s e r p o i n t e r ) {
145 s t a t e t ∗ s t a t e = u s e r p o i n t e r ;

a s s e r t ( s t a t e ) ;
g lUni form1i ( s ta te −>show l ine s u , s ta te −>show l i n e s ) ;
g lUni form1f ( s ta te −>weight u , exp2f ( s ta te −>l og2we ight ) ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

150 gl fwSwapBuffers ( s ta te −>window) ;
}

void debug program (GLuint program , const char ∗name) {
i f ( program ) {

155 GLint l i nked = GL FALSE;
glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;
i f ( l i nked != GL TRUE) {

f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k f a i l e d \n” , name) ;
}

160 GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;
glGetProgramInfoLog ( program , length , NULL, bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;

165 i f ( bu f f e r [ 0 ] ) {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n” , name) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

}
f r e e ( bu f f e r ) ;

170 } e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;

}
}

175 void debug shader (GLuint shader , GLenum type , const char ∗name) {
const char ∗tname = 0 ;
switch ( type ) {

case GL VERTEX SHADER: tname = ” vertex ” ; break ;
case GLGEOMETRYSHADER: tname = ”geometry ” ; break ;

180 case GL FRAGMENT SHADER: tname = ” fragment ” ; break ;
d e f au l t : tname = ”unknown ” ; break ;

}
i f ( shader ) {

GLint compiled = GL FALSE;
185 glGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;

i f ( compiled != GL TRUE) {
f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le f a i l e d \n” , name , tname ) ;

9
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}
GLint l ength = 0 ;

190 glGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;
g lGetShaderInfoLog ( shader , length , NULL, bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

195 f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n” , name , tname ) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

}
f r e e ( bu f f e r ) ;

} e l s e {
200 f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;

}
}

void compi l e shader (GLint program , GLenum type , const char ∗name , const GLchar ∗⤦
Ç source ) {

205 GLuint shader = glCreateShader ( type ) ;
g lShaderSource ( shader , 1 , &source , NULL) ;
glCompileShader ( shader ) ;
debug shader ( shader , type , name) ;
glAttachShader ( program , shader ) ;

210 g lDe le teShader ( shader ) ;
}

GLint compile program ( const char ∗name , const GLchar ∗vert , const GLchar ∗ f r a g ) ⤦
Ç {

GLint program = glCreateProgram ( ) ;
215 i f ( ve r t ) { compi l e shader ( program , GL VERTEX SHADER , name , ve r t ) ; }

i f ( f r a g ) { compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ; }
glLinkProgram ( program ) ;
debug program ( program , name) ;
r e turn program ;

220 }

extern i n t main ( i n t argc , char ∗∗ argv ) {
s t a t e t s t a t e ;
memset(&state , 0 , s i z e o f ( s t a t e ) ) ;

225

i n t workers = 4 ;
i n t width = 1920 ;
i n t he ight = 1080 ;
i n t maxiters = 1 << 24 ;

230 i n t chunk = 1 << 10 ;
double e s c ape r ad iu s = 25 ;
double g l i t c h t h r e s h o l d = 1e −6;
double weight = 0 ;
i n t sharpness = 8 ;

235

m block a , b ;
m b l o ck i n i t (&a ) ;
m b l o ck i n i t (&b) ;
m b lock f rom st r ing (&a , ”01111”) ;

240 m block f rom st r ing (&b , ”10000”) ;
m binangle as [ 2 ] , bs [ 2 ] ;
m b inang l e i n i t (&as [ 0 ] ) ;

10
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m binang l e i n i t (&bs [ 0 ] ) ;
m b inang l e i n i t (&as [ 1 ] ) ;

245 m binang l e i n i t (&bs [ 1 ] ) ;

mpq t q ;
mpq init ( q ) ;

250 mpc t c [ 2 ] , d e l t a ;
mpc in i t2 ( c [ 0 ] , 53) ;
mpc in i t2 ( c [ 1 ] , 53) ;
mpc in i t2 ( de l ta , 53) ;

255 mpf r i n i t 2 ( s t a t e . radius , 53) ;
mp f r i n i t 2 ( s t a t e . centerx , 53) ;
mp f r i n i t 2 ( s t a t e . centery , 53) ;

u i n t 8 t ∗ppm = malloc ( width ∗ he ight ∗ 3) ;
260 a s s e r t (ppm) ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 2) ;

265 glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 1) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
GLFWwindow ∗window = glfwCreateWindow (width , height , ”automorph ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;
glewExperimental = GL TRUE;

270 g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew

GLuint tex [ 4 ] ;
glGenTextures (4 , tex ) ;

275 f o r ( i n t t = 0 ; t < 4 ; ++t )
{

g lAct iveTexture (GL TEXTURE0 + t ) ;
glBindTexture (GL TEXTURE 2D, tex [ t ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , t == 0 ? GL R32I : GL R32F , width , height , 0 ,⤦

Ç GL RED, t == 0 ? GL UNSIGNED INT : GL FLOAT, 0) ;
280 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GLMIRRORED REPEAT) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GLMIRRORED REPEAT) ;

}
285

GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;

290 GLuint program = compile program (” c o l o u r i z e ” , s imp l e ve r t , s imp l e f r a g ) ;
glUseProgram ( program ) ;
g lUni form1i ( glGetUniformLocation ( program , ” tex x ”) , 0) ;
g lUni form1i ( glGetUniformLocation ( program , ” tex y ”) , 1) ;
g lUni form1i ( glGetUniformLocation ( program , ” t ex z ”) , 2) ;

295 g lUni form1i ( glGetUniformLocation ( program , ” tex w ”) , 3) ;
s t a t e . show l i n e s u = glGetUniformLocation ( program , ” show l i n e s ”) ;
s t a t e . weight u = glGetUniformLocation ( program , ”weight ”) ;

11
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s t a t e . window = window ;
300 s t a t e . width = width ;

s t a t e . he ight = he ight ;
s t a t e . log2we ight = weight ;

s t r u c t per turbator ∗ context = perturbator new ( workers , width , height , maxiters⤦
Ç , chunk , e s cape rad iu s , g l i t c h t h r e s h o l d ) ;

305

glfwSetWindowUserPointer (window , &s t a t e ) ;

f o r ( i n t count = 0 ; count < 16 ; ++count ) {
g l fwPol lEvents ( ) ;

310 i f ( glfwWindowShouldClose (window) ) {
break ;

}
m binang l e f r om st r ing (&as [ 0 ] , exang l e s [ count ] [ 0 ] ) ;
m b inang l e f r om st r ing (&bs [ 0 ] , exang l e s [ count ] [ 1 ] ) ;

315 m block append(&as [ 1 ] . per , &bs [ 0 ] . per , &as [ 0 ] . per ) ;
m block append(&as [ 1 ] . per , &as [ 1 ] . per , &b) ;
m block append(&bs [ 1 ] . per , &bs [ 0 ] . per , &bs [ 0 ] . per ) ;
m block append(&bs [ 1 ] . per , &bs [ 1 ] . per , &a ) ;

320 m binang l e t o r a t i ona l (q , &as [ 0 ] ) ;
m r exray in ∗ ray = m r exray in new (q , sharpness ) ;
f o r ( i n t s = 0 ; s < 2 ∗ as [ 0 ] . per . l ength ∗ sharpness ; ++s ) {

m r ex ray in s t ep ( ray , 16) ;
}

325 m r ex ray in g e t ( ray , c [ 0 ] ) ;
m r nuc leus ( c [ 0 ] , c [ 0 ] , as [ 0 ] . per . length , 64 , 0) ;
m r ex r ay i n d e l e t e ( ray ) ;

m b inang l e t o r a t i ona l (q , &as [ 1 ] ) ;
330 ray = m r exray in new (q , sharpness ) ;

f o r ( i n t s = 0 ; s < 2 ∗ as [ 1 ] . per . l ength ∗ sharpness ; ++s ) {
m r ex ray in s t ep ( ray , 16) ;

}
m r ex ray in g e t ( ray , c [ 1 ] ) ;

335 m r nuc leus ( c [ 1 ] , c [ 1 ] , as [ 1 ] . per . length , 64 , 0) ;
m r ex r ay i n d e l e t e ( ray ) ;

mpc sub ( de l ta , c [ 0 ] , c [ 1 ] , MPCRNDNN) ;
mpc abs ( s t a t e . radius , de l ta , MPFRRNDN) ;

340 mpfr mul d ( s t a t e . radius , s t a t e . radius , 12 , MPFRRNDN) ;
mp f r s e t p r e c ( s t a t e . centerx , mpc get prec ( c [ 0 ] ) ) ;
mp f r s e t p r e c ( s t a t e . centery , mpc get prec ( c [ 0 ] ) ) ;
mpf r se t ( s t a t e . centerx , mpc r ea l r e f ( c [ 0 ] ) , MPFRRNDN) ;
mpfr se t ( s t a t e . centery , mpc imagref ( c [ 0 ] ) , MPFRRNDN) ;

345 p e r t u r b a t o r s t a r t ( context , s t a t e . centerx , s t a t e . centery , s t a t e . r ad iu s ) ;
p e r tu rba to r s t op ( context , f a l s e ) ;
g lAct iveTexture (GL TEXTURE0) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , width ,⤦

Ç height , GL RED, GL INT , p e r t u rba t o r g e t dwe l l n ( context ) ) ;
g lAct iveTexture (GL TEXTURE1) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , width ,⤦

Ç height , GL RED, GL FLOAT, p e r t u r b a t o r g e t dwe l l f ( context ) ) ;
g lAct iveTexture (GL TEXTURE2) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , width ,⤦

Ç height , GL RED, GL FLOAT, p e r t u rba t o r g e t dwe l l a ( context ) ) ;
350 g lAct iveTexture (GL TEXTURE3) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , width ,⤦

Ç height , GL RED, GL FLOAT, p e r t u rba t o r g e t d i s t an c e ( context ) ) ;

12
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r e f r e s h c a l l b a c k (& s t a t e ) ;
g lReadPixe l s (0 , 0 , width , height , GL RGB, GL UNSIGNED BYTE, ppm) ;
p r i n t f (”P6\n%d %d\n255\n” , width , he ight ) ;
f o r ( i n t y = he ight − 1 ; y >= 0 ; −−y ) {

355 fw r i t e (ppm + y ∗ width ∗ 3 , width ∗ 3 , 1 , s tdout ) ;
}
f f l u s h ( stdout ) ;

}

360 m binang l e c l e a r (&as [ 0 ] ) ;
m b inang l e c l e a r (&as [ 1 ] ) ;
m b inang l e c l e a r (&bs [ 0 ] ) ;
m b inang l e c l e a r (&bs [ 1 ] ) ;
m b lock c l ea r (&a ) ;

365 m block c l ea r (&b) ;
mpq clear ( q ) ;
mpc c lear ( de l t a ) ;
mpc c lear ( c [ 0 ] ) ;
mpc c lear ( c [ 1 ] ) ;

370

pe r tu rba to r s t op ( context , t rue ) ;
f r e e (ppm) ;
glfwDestroyWindow (window) ;
gl fwTerminate ( ) ;

375 re turn 0 ;
( void ) argc ;
( void ) argv ;
}

5 c/bin/m-perturbator-colourize.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2017 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #inc lude <math . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>

i n t main ( i n t argc , char ∗∗ argv )
10 {

s i z e t width = 0 ;
s i z e t he ight = 0 ;
i f ( argc > 1)

width = a t o i ( argv [ 1 ] ) ;
15 i f ( argc > 2)

he ight = a t o i ( argv [ 2 ] ) ;
s i z e t p i x e l s = width ∗ he ight ;
s i z e t i by t e s = 4 ∗ s i z e o f ( f l o a t ) ∗ p i x e l s ;
s i z e t obytes = 3 ∗ p i x e l s ;

20 f l o a t ∗ i = mal loc ( i by t e s ) ;
unsigned char ∗o = mal loc ( obytes ) ;
f r ead ( i , ibyte s , 1 , s td in ) ;
double n = 0 ;
double count = 0 ;

25 double mi = 1 . 0 / 0 . 0 ;
double ma = −1 .0/0 . 0 ;

13
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#pragma omp p a r a l l e l f o r r educt i on (+: count ) r educt ion (+:n) reduct ion (min : mi ) ⤦
Ç r educt ion (max :ma)

f o r ( s i z e t p = 0 ; p < p i x e l s ; ++p)
{

30 double n i = i [ 4 ∗ p + 0 ] ;
double nf = i [ 4 ∗ p + 1 ] ;
i f ( n i <= 0.0 && nf <= 0 . 0 )
{

o [ 3 ∗ p + 0 ] = 255 ;
35 o [ 3 ∗ p + 1 ] = 179 ;

o [ 3 ∗ p + 2 ] = 0 ;
}
e l s e
{

40 f l o a t de = i [ 4 ∗ p + 3 ] ;
i n t g = 255 ∗ tanhf ( de ) ;
o [ 3 ∗ p + 0 ] = g ;
o [ 3 ∗ p + 1 ] = g ;
o [ 3 ∗ p + 2 ] = g ;

45 double n i f = ni + nf ;
mi = mi > n i f ? n i f : mi ;
ma = ma < n i f ? n i f : ma;
n += n i f ;
count += 1 ;

50 }
}
f p r i n t f ( s tde r r , ”%.16g %.16g %.16g\n” , mi , n / count , ma) ;
p r i n t f (”P6\n%ld %ld \n255\n” , width , he ight ) ;
fw r i t e ( o , obytes , 1 , s tdout ) ;

55 f r e e ( i ) ;
f r e e ( o ) ;
r e turn 0 ;

}

6 c/bin/m-perturbator-glfw3.c

// per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015−2019 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #de f i n e POSIX C SOURCE 199309L

#inc lude <math . h>
#inc lude <a s s e r t . h>
#inc lude <s tdboo l . h>

10 #inc lude <s t d i n t . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <time . h>

15

#inc lude <mpfr . h>
#inc lude <mpc . h>

#inc lude <GL/glew . h>
20 #inc lude <GLFW/gl fw3 . h>

14
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#inc lude <mandelbrot−numerics . h>
#inc lude <mandelbrot−per turbator . h>

25 #i f d e f EMSCRIPTEN
#inc lude <emscr ipten . h>
#inc lude <emscr ipten /html5 . h>
#inc lude <emscr ipten / thread ing . h>
#end i f

30

s t a t i c i n l i n e i n t max( i n t a , i n t b) {
re turn a > b ? a : b ;

}
35

s t a t i c i n t env i ( const char ∗name , i n t de f ) {
const char ∗e = getenv (name) ;
i f ( e ) {

re turn a t o i ( e ) ;
40 } e l s e {

re turn de f ;
}

}

45 s t a t i c double envd ( const char ∗name , double de f ) {
const char ∗e = getenv (name) ;
i f ( e ) {

re turn a to f ( e ) ;
} e l s e {

50 re turn de f ;
}

}

s t a t i c i n t envr ( mpfr t out , const char ∗name , const char ∗ de f ) {
55 const char ∗e = getenv (name) ;

i f ( e ) {
re turn mp f r s e t s t r ( out , e , 10 , MPFRRNDN) ;

} e l s e {
re turn mp f r s e t s t r ( out , def , 10 , MPFRRNDN) ;

60 }
}

#i f d e f EMSCRIPTEN

65 s t a t i c const char ∗ b l i t v e r t =
”uniform vec4 bounds ;\n”
” a t t r i b u t e highp f l o a t vertexID ;\n”
” varying highp vec2 texCoord ;\n”
” void main ( ) {\n”

70 ” i f ( vertexID == 0 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦
Ç bounds . xy ; } e l s e \n”

” i f ( vertexID == 1 . 0 ) { g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦
Ç bounds . zy ; } e l s e \n”

” i f ( vertexID == 2 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦
Ç bounds . xw ; } e l s e \n”

” { g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦
Ç bounds . zw ; }\n”

”}\n”

15
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75 ;

s t a t i c const char ∗ b l i t f r a g =
”uniform sampler2D tex ;\n”
” varying highp vec2 texCoord ;\n”

80 ” void main ( ) {\n”
” g l FragCo lor = texture2D ( tex , texCoord ) ;\n”
”}\n”
;

85 s t a t i c const char ∗ s imp l e v e r t =
” a t t r i b u t e highp f l o a t vertexID ;\n”
” varying highp vec2 texCoord ;\n”
” void main ( ) {\n”
” i f ( vertexID == 0 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 0 . 0 , 1 . 0 ) ; } e l s e \n”
90 ” i f ( vertexID == 1 . 0 ) { g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 1 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( vertexID == 2 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 0 . 0 , 0 . 0 ) ; } e l s e \n”
” { g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 1 . 0 , 0 . 0 ) ; }\n”
”}\n”
;

95

s t a t i c const char ∗ s imp l e f r a g =
”#extens i on GL OES standard der ivat ives : enable \n”
”uniform sampler2D tex ;\n”
”uniform bool show l i n e s ;\n”

100 ”uniform highp f l o a t weight ;\n”
” varying highp vec2 texCoord ;\n”
” i n t px ( vec2 tc ) {\n”
” highp vec4 t = texture2D ( tex , tc ) ;\n”
” i n t k = 0 ;\n”

105 ” k += ( t . x / 2 . 0 ) − f l o o r ( t . x / 2 . 0 ) >= 0.5 ? 1 : 2 ;\n”
” k += t . z >= 0.0 ? 4 : 8 ;\n”
” k += 16 ∗ i n t ( f l o o r ( t . x ) ) ;\n”
” return k ;\n”
”}\n”

110 ”highp f l o a t tanh ( highp f l o a t y ) {\n”
” highp f l o a t x = clamp (y , −3.0 , 3 . 0 ) ;\n”
” return x ∗ ( 27 . 0 + x ∗ x ) / (27 . 0 + 9 .0 ∗ x ∗ x ) ;\n”
”}\n”
” void main ( ) {\n”

115 ” highp f l o a t e = 1 . 0 ; \ n”
” highp vec2 dx = dFdx( texCoord ) ;\n”
” highp vec2 dy = dFdy( texCoord ) ;\n”
” i f ( show l i n e s ) {\n”
” e = px ( texCoord ) == px( texCoord + dx + dy ) && px( texCoord + dx ) == px(⤦

Ç texCoord + dy ) ? 1 .0 : 0 . 0 ; \ n”
120 ” }\n”

” highp vec2 me = texture2D ( tex , texCoord ) . xy ;\n”
” highp f l o a t s = tanh ( clamp ( texture2D ( tex , texCoord ) .w / weight , 0 . 0 , 8 . 0 ) )⤦

Ç ;\n”
” highp f l o a t unescaped = dot (me, me) ;\n”
” bool g l i t c h ed = me . x >= 0.0 && me . y < 0 . 0 ; \ n”

125 ” g l FragCo lor = vec4 ( g l i t c h ed ? vec3 ( 1 . 0 , 0 . 0 , 0 . 0 ) : unescaped <= 0.0 ? vec3⤦

16
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Ç ( 1 . 0 , 0 . 7 , 0 . 0 ) : vec3 (mix ( 0 . 0 , mix ( 0 . 9 , 1 . 0 , e ) , s ) ) , unescaped == 0.0 ⤦
Ç ? 0 .0 : 1 . 0 ) ;\n”

”}\n”
;

#e l s e
130

s t a t i c const char ∗ b l i t v e r t =
”#ve r s i on 130\n”
”uniform vec4 bounds ;\n”
” in f l o a t vertexID ;\n”

135 ”out vec2 texCoord ;\n”
” void main ( ) {\n”
” i f ( vertexID == 0 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç bounds . xy ; } e l s e \n”
” i f ( vertexID == 1 . 0 ) { g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç bounds . zy ; } e l s e \n”
” i f ( vertexID == 2 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç bounds . xw ; } e l s e \n”
140 ” { g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç bounds . zw ; }\n”
”}\n”
;

s t a t i c const char ∗ b l i t f r a g =
145 ”#ve r s i on 130\n”

”uniform sampler2D tex ;\n”
” in vec2 texCoord ;\n”
”out vec4 f ragCo lo r ;\n”
” void main ( ) {\n”

150 ” f ragCo lo r = texture ( tex , texCoord ) ;\n”
”}\n”
;

s t a t i c const char ∗ s imp l e v e r t =
155 ”#ve r s i on 130\n”

” in f l o a t vertexID ;\n”
”out vec2 texCoord ;\n”
” void main ( ) {\n”
” i f ( vertexID == 0 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 0 . 0 , 1 . 0 ) ; } e l s e \n”
160 ” i f ( vertexID == 1 . 0 ) { g l P o s i t i o n = vec4 ( 1 . 0 , −1.0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 1 . 0 , 1 . 0 ) ; } e l s e \n”
” i f ( vertexID == 2 . 0 ) { g l P o s i t i o n = vec4 ( −1 .0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 0 . 0 , 0 . 0 ) ; } e l s e \n”
” { g l P o s i t i o n = vec4 ( 1 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ; texCoord =⤦

Ç vec2 ( 1 . 0 , 0 . 0 ) ; }\n”
”}\n”
;

165

s t a t i c const char ∗ s imp l e f r a g =
”#ve r s i on 130\n”
”uniform isampler2D tex x ;\n”
”uniform sampler2D tex y ;\n”

170 ”uniform sampler2D tex z ;\n”
”uniform sampler2D tex w ;\n”
”uniform bool show l i n e s ;\n”
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”uniform highp f l o a t weight ;\n”
” in vec2 texCoord ;\n”

175 ”out vec4 f ragCo lo r ;\n”
” i n t px ( vec2 tc ) {\n”
” i n t n = texture ( tex x , tc ) . x ;\n”
” i n t k = 0 ;\n”
” k += (n % 2) >= 1 ? 1 : 2 ;\n”

180 ” k += ( tex ture ( tex z , tc ) . x ) >= 0 ? 4 : 8 ;\n”
” k += 16 ∗ n ;\n”
” return k ;\n”
”}\n”
” void main ( ) {\n”

185 ” f l o a t e = 1 . 0 ; \ n”
” vec2 dx = dFdx( texCoord ) ;\n”
” vec2 dy = dFdy( texCoord ) ;\n”
” i f ( show l i n e s ) {\n”
” e = px ( texCoord ) == px( texCoord + dx + dy ) && px( texCoord + dx ) == px(⤦

Ç texCoord + dy ) ? 1 .0 : 0 . 0 ; \ n”
190 ” }\n”

” i n t me = texture ( tex x , texCoord ) . x ;\n”
” f l o a t mef = texture ( tex y , texCoord ) . x ;\n”
” f l o a t s = tanh ( clamp ( tex ture ( tex w , texCoord ) . x / weight , 0 . 0 , 8 . 0 ) ) ;\n”
” bool g l i t c h ed = me >= 0 && mef < 0 . 0 ; \ n”

195 ” f l o a t g = −mef ;\n”
” f ragCo lo r = vec4 ( g l i t c h ed ? tanh ( clamp ( vec3 (g , g ∗0 . 1 , g ∗0 .01 ) , vec3 ( 0 . 0 ) , ⤦

Ç vec3 ( 4 . 0 ) ) ) : unescaped <= 0.0 ? vec3 ( 1 . 0 , 0 . 7 , 0 . 0 ) : vec3 (mix ( 0 . 0 , mix⤦
Ç ( 0 . 9 , 1 . 0 , e ) , s ) ) , unescaped == 0.0 ? 0 .0 : 1 . 0 ) ;\n”

”}\n”
;

200 #end i f

s t r u c t s t a t e s {
GLFWwindow ∗window ;
s t r u c t per turbator ∗ context ;

205

bool s h ou l d r e s t a r t ;
bool should redraw ;
bool should save now ;
bool should save when done ;

210 bool should view morph ;

GLuint fbo ;

GLuint b l i t v a o ;
215 GLuint b l i t p ;

GLint bounds u ;

GLuint c o l ou r i z e v a o ;
GLuint c o l o u r i z e p ;

220 bool show l i n e s ;
GLint show l i n e s u ;
double log2we ight ;
GLint weight u ;

225 i n t width ;
i n t he ight ;
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i n t p r e c i s i o n ;
mpfr t cente rx ;

230 mpfr t cente ry ;
mpfr t rad iu s ;
i n t maxiters ;

double s rcx0 ;
235 double s rcy0 ;

double s rcx1 ;
double s rcy1 ;

u i n t 8 t ∗ppm;
240 } ;

typede f s t r u c t s t a t e s s t a t e t ;
s t a t e t s t a t e d ;

s t a t i c void r e f r e s h c a l l b a c k ( void ∗ u s e r p o i n t e r ) ;
245

#i f d e f EMSCRIPTEN
void go ( s t a t e t ∗ s t a t e ) ;
void r e f r e s h c a l l b a c k ( void ∗ u s e r p o i n t e r ) ;
#end i f

250

s t a t i c void button handler (GLFWwindow ∗window , i n t button , i n t act ion , i n t mods)⤦
Ç {

s t a t e t ∗ s t a t e = glfwGetWindowUserPointer (window) ;
i f ( a c t i on == GLFW PRESS) {

double s rcx0 = 0 , s rcy0 = 0 , s rcx1 = state −>width , s rcy1 = state −>he ight ;
255 double x = 0 , y = 0 ;

glfwGetCursorPos (window , &x , &y) ;
mpfr t cx , cy , r ;
mp f r i n i t 2 ( cx , s ta te −>p r e c i s i o n ) ;
mp f r i n i t 2 ( cy , s ta te −>p r e c i s i o n ) ;

260 mpf r i n i t 2 ( r , 53) ;
mpf r se t ( cx , s ta te −>centerx , MPFRRNDN) ;
mpfr se t ( cy , s ta te −>centery , MPFRRNDN) ;
mpfr se t ( r , s ta te −>radius , MPFRRNDN) ;
double w = state −>width ;

265 double h = state −>he ight ;
double yy = h − y ;
double dx = 2 ∗ ( ( x + 0 . 5 ) / w − 0 . 5 ) ∗ (w / h) ;
double dy = 2 ∗ ( 0 . 5 − ( y + 0 . 5 ) / h) ;
mpfr t ddx , ddy ;

270 mpf r i n i t 2 (ddx , 53) ;
mp f r i n i t 2 (ddy , 53) ;
mpfr mul d (ddx , r , dx , MPFRRNDN) ;
mpfr mul d (ddy , r , dy , MPFRRNDN) ;
switch ( button ) {

275 case GLFWMOUSEBUTTON LEFT:
mpfr mul 2s i (ddx , ddx , −1 , MPFRRNDN) ;
mpfr mul 2s i (ddy , ddy , −1 , MPFRRNDN) ;
mpfr add ( cx , cx , ddx , MPFRRNDN) ;
mpfr add ( cy , cy , ddy , MPFRRNDN) ;

280 mpfr mul 2s i ( r , r , −1 , MPFRRNDN) ;
s ta te −>p r e c i s i o n += 1 ;
mp f r s e t p r e c ( s tate −>centerx , s ta te −>p r e c i s i o n ) ;
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mpf r s e t p r e c ( s tate −>centery , s ta te −>p r e c i s i o n ) ;
mpf r se t ( s ta te −>centerx , cx , MPFRRNDN) ;

285 mpfr se t ( s ta te −>centery , cy , MPFRRNDN) ;
mpfr se t ( s ta te −>radius , r , MPFRRNDN) ;
s ta te −>s h ou l d r e s t a r t = true ;
s rcx0 = 0 .5 ∗ ( s rcx0 − x ) + x ;
s rcx1 = 0 .5 ∗ ( s rcx1 − x ) + x ;

290 s rcy0 = 0 .5 ∗ ( s rcy0 − yy ) + yy ;
s rcy1 = 0 .5 ∗ ( s rcy1 − yy ) + yy ;
break ;

case GLFWMOUSEBUTTONRIGHT:
mpfr sub ( cx , cx , ddx , MPFRRNDN) ;

295 mpfr sub ( cy , cy , ddy , MPFRRNDN) ;
mpfr mul 2s i ( r , r , 1 , MPFRRNDN) ;
s ta te −>p r e c i s i o n −= 1 ;
mp f r s e t p r e c ( s tate −>centerx , s ta te −>p r e c i s i o n ) ;
mp f r s e t p r e c ( s tate −>centery , s ta te −>p r e c i s i o n ) ;

300 mpfr se t ( s ta te −>centerx , cx , MPFRRNDN) ;
mpfr se t ( s ta te −>centery , cy , MPFRRNDN) ;
mpfr se t ( s ta te −>radius , r , MPFRRNDN) ;
s ta te −>s h ou l d r e s t a r t = true ;
s rcx0 = 2 .0 ∗ ( s rcx0 − x ) + x ;

305 s rcx1 = 2 .0 ∗ ( s rcx1 − x ) + x ;
s rcy0 = 2 .0 ∗ ( s rcy0 − yy ) + yy ;
s rcy1 = 2 .0 ∗ ( s rcy1 − yy ) + yy ;
break ;

case GLFWMOUSEBUTTONMIDDLE:
310 mpfr add ( cx , cx , ddx , MPFRRNDN) ;

mpfr add ( cy , cy , ddy , MPFRRNDN) ;
mpfr se t ( s ta te −>centerx , cx , MPFRRNDN) ;
mpfr se t ( s ta te −>centery , cy , MPFRRNDN) ;
s ta te −>s h ou l d r e s t a r t = true ;

315 s rcx0 −= state −>width / 2 − x ;
s rcx1 −= state −>width / 2 − x ;
s rcy0 −= state −>he ight / 2 − yy ;
s rcy1 −= state −>he ight / 2 − yy ;
break ;

320 }
mpf r c l ea r ( cx ) ;
mp f r c l e a r ( cy ) ;
mp f r c l e a r ( r ) ;
mp f r c l e a r ( ddx ) ;

325 mpf r c l ea r ( ddy ) ;
#i f d e f EMSCRIPTEN

glBindFramebuffer (GL FRAMEBUFFER, s tate −>fbo ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
g lBindFramebuffer (GL FRAMEBUFFER, 0) ;

330 #e l s e
glBindFramebuffer (GL READ FRAMEBUFFER, 0) ;
g lBindFramebuffer (GLDRAWFRAMEBUFFER, s tate −>fbo ) ;
g lB l i tFramebu f f e r (0 , 0 , s ta te −>width , s ta te −>height , 0 , 0 , s ta te −>width , ⤦

Ç s ta te −>height , GL COLOR BUFFER BIT, GL NEAREST) ;
glBindFramebuffer (GLDRAWFRAMEBUFFER, 0) ;

335 #end i f

s ta te −>s rcx0 = srcx0 ;
s ta te −>s rcy0 = srcy0 ;
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s ta te −>s rcx1 = srcx1 ;
340 s ta te −>s rcy1 = srcy1 ;

}
#i f d e f EMSCRIPTEN

i f ( s ta te −>s h ou l d r e s t a r t )
{

345 s ta te −>s h ou l d r e s t a r t = f a l s e ;
go ( s t a t e ) ;

}
#end i f
( void ) mods ;

350 }

s t a t i c void key handler (GLFWwindow ∗window , i n t key , i n t scancode , i n t act ion , ⤦
Ç i n t mods) {

s t a t e t ∗ s t a t e = glfwGetWindowUserPointer (window) ;
i f ( a c t i on == GLFW PRESS) {

355 switch ( key ) {
case GLFWKEYQ:
case GLFWKEY ESCAPE:

glfwSetWindowShouldClose (window , GL TRUE) ;
break ;

360 case GLFW KEY J:
s ta te −>should view morph = true ;
break ;

case GLFW KEY L:
s tate −>show l i n e s = ! s ta te −>show l i n e s ;

365 s ta te −>should redraw = true ;
break ;

case GLFWKEY C:
glBindFramebuffer (GL FRAMEBUFFER, s tate −>fbo ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

370 glBindFramebuffer (GL FRAMEBUFFER, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
s ta te −>should redraw = true ;
break ;

case GLFW KEY S:
375 i f (mods & GLFWMOD SHIFT) {

s ta te −>should save now = true ;
} e l s e {

s ta te −>should save when done = true ;
}

380 break ;
case GLFW KEY 9:

s ta te −>l og2we ight −= 0 . 2 5 ;
s ta te −>should redraw = true ;
break ;

385 case GLFW KEY 0:
s ta te −>l og2we ight += 0 . 2 5 ;
s ta te −>should redraw = true ;
break ;

}
390 }

#i f d e f EMSCRIPTEN
i f ( s ta te −>s h ou l d r e s t a r t )
{

s ta te −>s h ou l d r e s t a r t = f a l s e ;
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395 go ( s t a t e ) ;
}
i f ( s ta te −>should redraw )
{

s ta te −>should redraw = f a l s e ;
400 r e f r e s h c a l l b a c k ( s t a t e ) ;

}
#end i f
( void ) scancode ;
}

405

s t a t i c void r e f r e s h c a l l b a c k ( void ∗ u s e r p o i n t e r ) {
s t a t e t ∗ s t a t e = u s e r p o i n t e r ;
a s s e r t ( s t a t e ) ;
glBindVertexArray ( s ta te −>b l i t v a o ) ;

410 glUseProgram ( state −>b l i t p ) ;
g lUni form4f ( s ta te −>bounds u , s ta te −>s rcx0 / s tate −>width , s ta te −>s rcy0 / s tate⤦

Ç −>height , s ta te −>s rcx1 / s tate −>width , s ta te −>s rcy1 / s tate −>he ight ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
glBindVertexArray ( s ta te −>c o l ou r i z e v a o ) ;
glUseProgram ( state −>c o l o u r i z e p ) ;

415 g lAct iveTexture (GL TEXTURE0) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , s ta te −>⤦
Ç width , s ta te −>height , GL RED, GL INT , p e r t u rba t o r g e t dwe l l n ( s ta te −>⤦
Ç context ) ) ;

g lAct iveTexture (GL TEXTURE1) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , s ta te −>⤦
Ç width , s ta te −>height , GL RED, GL FLOAT, p e r t u r b a t o r g e t dwe l l f ( s ta te −>⤦
Ç context ) ) ;

g lAct iveTexture (GL TEXTURE2) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , s ta te −>⤦
Ç width , s ta te −>height , GL RED, GL FLOAT, p e r t u rba t o r g e t dwe l l a ( s ta te −>⤦
Ç context ) ) ;

g lAct iveTexture (GL TEXTURE3) ; glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , s ta te −>⤦
Ç width , s ta te −>height , GL RED, GL FLOAT, p e r t u rba t o r g e t d i s t an c e ( s ta te −>⤦
Ç context ) ) ;

g lUni form1i ( s ta te −>show l ine s u , s ta te −>show l i n e s ) ;
420 g lUni form1f ( s ta te −>weight u , exp2f ( s ta te −>l og2we ight ) ) ;

glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
g l fwSwapBuffers ( s ta te −>window) ;

}

425 s t a t i c void handle view morph ( s t r u c t per turbator ∗ context , s t a t e t ∗ s t a t e ) {
i f ( s ta te −>should view morph ) {

s ta te −>should view morph = f a l s e ;
mpc t nucleus , s i z e ;
mpc in i t2 ( nucleus , 53) ;

430 mpc in i t2 ( s i z e , 53) ;
i n t per iod = pe r t u rba t o r g e t p r ima ry r e f e r en c e ( context , mpc r ea l r e f ( nuc leus )⤦

Ç , mpc imagref ( nuc leus ) ) ;
m r s i z e ( s i z e , nucleus , per iod ) ;
mpfr t r , r2 ;
mp f r i n i t 2 ( r , 53) ;

435 mpf r i n i t 2 ( r2 , 53) ;
mpc abs ( r , s i z e , MPFRRNDN) ;
mpfr sqr t ( r2 , r , MPFRRNDN) ;
mpfr mul ( r , r , r2 , MPFRRNDN) ;
mpfr sqr t ( r , r , MPFRRNDN) ;

440 mpfr mul 2s i ( r , r , 3 , MPFRRNDN) ;
/∗
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mpfr se t ( r , s ta te −>radius , MPFRRNDN) ;
i n t e = mpfr get exp ( r ) ;
mpfr mul 2s i ( r , r , e / 2 , MPFRRNDN) ;

445 ∗/
i n t p = max(53 , 53 − 2 ∗ mpfr get exp ( r ) ) ;
s ta te −>p r e c i s i o n = p ;
mp f r s e t p r e c ( s tate −>centerx , p) ;
mp f r s e t p r e c ( s tate −>centery , p) ;

450 mpfr se t ( s ta te −>centerx , mpc r ea l r e f ( nuc leus ) , MPFRRNDN) ;
mpfr se t ( s ta te −>centery , mpc imagref ( nuc leus ) , MPFRRNDN) ;
mpfr se t ( s ta te −>radius , r , MPFRRNDN) ;
s ta te −>s h ou l d r e s t a r t = true ;
mpc c lear ( nuc leus ) ;

455 mpc clear ( s i z e ) ;
mp f r c l e a r ( r2 ) ;
mp f r c l e a r ( r ) ;

}
}

460

void debug program (GLuint program , const char ∗name) {
i f ( program ) {

GLint l i nked = GL FALSE;
glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;

465 i f ( l i nked != GL TRUE) {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k f a i l e d \n” , name) ;

}
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;

470 char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;
glGetProgramInfoLog ( program , length , NULL, bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n” , name) ;
475 f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

}
f r e e ( bu f f e r ) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;

480 }
}

void debug shader (GLuint shader , GLenum type , const char ∗name) {
const char ∗tname = 0 ;

485 switch ( type ) {
case GL VERTEX SHADER: tname = ” vertex ” ; break ;
case GLGEOMETRYSHADER: tname = ”geometry ” ; break ;
case GL FRAGMENT SHADER: tname = ” fragment ” ; break ;
d e f au l t : tname = ”unknown ” ; break ;

490 }
i f ( shader ) {

GLint compiled = GL FALSE;
g lGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;
i f ( compiled != GL TRUE) {

495 f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le f a i l e d \n” , name , tname ) ;
}
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
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char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;
500 glGetShaderInfoLog ( shader , length , NULL, bu f f e r ) ;

bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n” , name , tname ) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

505 }
f r e e ( bu f f e r ) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;

}
510 }

void compi l e shader (GLint program , GLenum type , const char ∗name , const GLchar ∗⤦
Ç source ) {

GLuint shader = glCreateShader ( type ) ;
g lShaderSource ( shader , 1 , &source , NULL) ;

515 glCompileShader ( shader ) ;
debug shader ( shader , type , name) ;
glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
520

GLint compile program ( const char ∗name , const GLchar ∗vert , const GLchar ∗ f r a g ) ⤦
Ç {

GLint program = glCreateProgram ( ) ;
i f ( ve r t ) { compi l e shader ( program , GL VERTEX SHADER , name , ve r t ) ; }
i f ( f r a g ) { compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ; }

525 g lBindAttr ibLocat ion ( program , 0 , ” vertexID ”) ;
glLinkProgram ( program ) ;
debug program ( program , name) ;
r e turn program ;

}
530

#i f d e f EMSCRIPTEN

void go ( s t a t e t ∗ s t a t e )
{

535 s i z e t bytes = state −>p r e c i s i o n ∗ 3 + 100 ; // FIXME
char ∗ s c r i p t = mal loc ( bytes ) ;
mp f r snp r in t f ( s c r i p t , bytes , ”go( ’%Re ’ , ’%Re ’ , ’%Re ’ , ’%d ’ ) ; ” , s ta te −>centerx ,⤦

Ç s ta te −>centery , s ta te −>radius , s ta te −>maxiters ) ;
ems c r i p t en run s c r i p t ( s c r i p t ) ;
f r e e ( s c r i p t ) ;

540 }

void main1 ( void )
{

s t a t e t ∗ s t a t e = &s t a t e d ;
545 g l fwPol lEvents ( ) ;

r e f r e s h c a l l b a c k ( s t a t e ) ;
}

EMSCRIPTEN KEEPALIVE in t s e t ( const char ∗cx , const char ∗cy , const char ∗ r )
550 {

s t a t i c bool f i r s t = true ;
s t a t e t ∗ s t a t e = &s t a t e d ;
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i f ( ! f i r s t )
{

555 pe r tu rba to r s t op ( s ta te −>context , t rue ) ;
f i r s t = f a l s e ;

}
mp f r s e t s t r ( s ta te −>radius , r , 10 , MPFRRNDN) ;
s ta te −>p r e c i s i o n = max(53 , 53 − mpfr get exp ( s ta te −>rad iu s ) ) ;

560 mpf r s e t p r e c ( s tate −>centerx , s ta te −>p r e c i s i o n ) ;
mp f r s e t p r e c ( s tate −>centery , s ta te −>p r e c i s i o n ) ;
mp f r s e t s t r ( s ta te −>centerx , cx , 10 , MPFRRNDN) ;
mp f r s e t s t r ( s ta te −>centery , cy , 10 , MPFRRNDN) ;
p e r t u r b a t o r s t a r t ( s ta te −>context , s ta te −>centerx , s ta te −>centery , s ta te −>⤦

Ç rad iu s ) ;
565 re turn 0 ;

}

#end i f

570

extern i n t main ( i n t argc , char ∗∗ argv ) {
s t a t e t ∗ s t a t e = &s t a t e d ;
memset ( s ta te , 0 , s i z e o f (∗ s t a t e ) ) ;

575 #i f d e f EMSCRIPTEN
in t workers = envi (” threads ” , emsc r i p t en num log i c a l c o r e s ( ) ) ;

#e l s e
i n t workers = envi (” threads ” , 4) ;

#end i f
580 i n t width = envi (” width ” , 640) ;

i n t he ight = envi (” he ight ” , 360) ;
i n t d e t e c t g l i t c h e s = envi (” d e t e c t g l i t c h e s ” , 1) ;
i n t approx sk ip = envi (” approx sk ip ” , 0) ;
i n t maxiters = envi (” maxiters ” , 1 << 20) ;

585 i n t chunk = envi (” chunk ” , 1 << 8) ;
double e s c ape r ad iu s = envd (” e s cape rad iu s ” , 25) ;
double g l i t c h t h r e s h o l d = envd (” g l i t c h t h r e s h o l d ” , 1e −6) ;
i n t p r e c i s i o n = envi (” p r e c i s i o n ” , 53) ;
i n t zoom start = envi (” zoom start ” , 0) ;

590 i n t zoom count = envi (” zoom count ” , 0) ;
double weight = envd (” weight ” , 0) ;

mp f r i n i t 2 ( s ta te −>radius , 53) ;
envr ( s ta te −>radius , ” rad iu s ” , ”2 . 0” ) ;

595

i n t e = max(53 , 53 − mpfr get exp ( s ta te −>rad iu s ) ) ;
i f ( e > p r e c i s i o n ) {

f p r i n t f ( s tde r r , ”WARNING: i n c r e a s i n g p r e c i s i o n to %d\n” , e ) ;
p r e c i s i o n = e ;

600 }

mpf r i n i t 2 ( s ta te −>centerx , p r e c i s i o n ) ;
mp f r i n i t 2 ( s ta te −>centery , p r e c i s i o n ) ;
envr ( s ta te −>centerx , ” r e a l ” , ” −0.75”) ;

605 envr ( s ta te −>centery , ” imag ” , ”0 . 0” ) ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFW CLIENT API, GLFW OPENGL API) ;
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glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 2) ;
610 glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 1) ;

glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;
s ta te −>window = glfwCreateWindow (width , height , ” per turbator ” , 0 , 0) ;
glfwMakeContextCurrent ( s ta te −>window) ;
glewExperimental = GL TRUE;

615 g l ew In i t ( ) ;
g lGetError ( ) ; // d i s ca rd common e r r o r from glew

#i f d e f EMSCRIPTEN
{

620 EMSCRIPTENWEBGLCONTEXTHANDLE g l = emsc r i p t en webg l g e t cu r r en t con t ex t ( ) ;
EMBOOL have g l e x t en s i on OES t ex tu r e f l o a t = ⤦

Ç emsc r ip t en webg l enab l e ex t en s i on ( gl , ” OES texture f l oa t ”) ;
EMBOOL have g l ex t en s i on OES s tanda rd de r i va t i v e s = ⤦

Ç emsc r ip t en webg l enab l e ex t en s i on ( gl , ”OES standard der ivat ives ”) ;
a s s e r t ( hav e g l e x t en s i on OES t ex tu r e f l o a t ) ;
a s s e r t ( have g l ex t en s i on OES s tanda rd de r i va t i v e s ) ;

625 }
#end i f

glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
g lEnable (GL BLEND) ;

630 g lC l ea rCo lo r ( 1 . 0 , 0 . 7 , 0 . 0 , 1 . 0 ) ;
g lD i s ab l e (GL DEPTH TEST) ;

GLuint f t e x ;
glGenTextures (1 , &f t e x ) ;

635 g lAct iveTexture (GL TEXTURE4) ;
glBindTexture (GL TEXTURE 2D, f t e x ) ;

// p r i n t f (”%dx%d GL RGBA\n” , width , he ight ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, width , height , 0 , GL RGBA, ⤦

Ç GL UNSIGNED BYTE, 0) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;

640 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;
glGenFramebuffers (1 , &state −>fbo ) ;
g lBindFramebuffer (GL FRAMEBUFFER, s tate −>fbo ) ;

645 glFramebufferTexture2D (GL FRAMEBUFFER, GLCOLORATTACHMENT0, GL TEXTURE 2D, ⤦
Ç f t ex , 0) ;

g lC l ea r (GL COLOR BUFFER BIT) ;
glBindFramebuffer (GL FRAMEBUFFER, 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

650 GLuint tex [ 4 ] ;
glGenTextures (4 , tex ) ;
f o r ( i n t t = 0 ; t < 4 ; ++t )
{

g lAct iveTexture (GL TEXTURE0 + t ) ;
655 glBindTexture (GL TEXTURE 2D, tex [ t ] ) ;

#i f d e f EMSCRIPTEN
glTexImage2D (GL TEXTURE 2D, 0 , t == 0 ? GL R32I : GL R32F , width , height , 0 ,⤦

Ç GL RED, t == 0 ? GL INT : GL FLOAT, 0) ; // FIXME
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;

660 #e l s e
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glTexImage2D (GL TEXTURE 2D, 0 , t == 0 ? GL R32I : GL R32F , width , height , 0 ,⤦
Ç GL RED, t == 0 ? GL INT : GL FLOAT, 0) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GLMIRRORED REPEAT) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GLMIRRORED REPEAT) ;

#end i f
665 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
}

GLuint vbo ;
670 GLubyte vbo data [ 4 ] = { 0 , 1 , 2 , 3 } ;

g lGenBuf fers (1 , &vbo ) ;
g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;
g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( vbo data ) , vbo data , GL STATIC DRAW) ;

675 glGenVertexArrays (1 , &state −>b l i t v a o ) ;
glBindVertexArray ( s ta te −>b l i t v a o ) ;
s ta te −>b l i t p = compile program (” b l i t ” , b l i t v e r t , b l i t f r a g ) ;
glUseProgram ( state −>b l i t p ) ;
g lUni form1i ( glGetUniformLocation ( s ta te −>b l i t p , ” tex ”) , 1) ;

680 s ta te −>bounds u = glGetUniformLocation ( s ta te −>b l i t p , ”bounds ”) ;
GLint a t t r = g lGetAttr ibLocat ion ( s ta te −>b l i t p , ” vertexID ”) ;
g lVer t exAtt r ibPo in te r ( at t r , 1 , GL UNSIGNED BYTE, GL FALSE, 0 , 0) ;
g lEnableVertexAttr ibArray ( a t t r ) ;
glBindVertexArray (0 ) ;

685

glGenVertexArrays (1 , &state −>c o l ou r i z e v a o ) ;
glBindVertexArray ( s ta te −>c o l ou r i z e v a o ) ;
s ta te −>c o l o u r i z e p = compile program (” c o l o u r i z e ” , s imp l e ve r t , s imp l e f r a g ) ;
glUseProgram ( state −>c o l o u r i z e p ) ;

690 s ta te −>show l i n e s u = glGetUniformLocation ( s ta te −>c o l ou r i z e p , ” show l i n e s ”) ;
s ta te −>weight u = glGetUniformLocation ( s ta te −>c o l ou r i z e p , ”weight ”) ;
a t t r = g lGetAttr ibLocat ion ( s ta te −>c o l ou r i z e p , ” vertexID ”) ;
g lVer t exAtt r ibPo in te r ( at t r , 1 , GL UNSIGNED BYTE, GL FALSE, 0 , 0) ;
g lEnableVertexAttr ibArray ( a t t r ) ;

695

s ta te −>ppm = malloc ( width ∗ he ight ∗ 3) ;
a s s e r t ( s ta te −>ppm) ;

s ta te −>s h ou l d r e s t a r t = f a l s e ;
700 s ta te −>should redraw = f a l s e ;

s ta te −>should save now = f a l s e ;
s ta te −>should save when done = f a l s e ;
s ta te −>width = width ;
s ta te −>he ight = he ight ;

705 s ta te −>p r e c i s i o n = p r e c i s i o n ;
s ta te −>l og2we ight = weight ;
s ta te −>maxiters = maxiters ;
s ta te −>s rcx0 = 0 ;
s ta te −>s rcy0 = 0 ;

710 s ta te −>s rcx1 = state −>width ;
s ta te −>s rcy1 = state −>he ight ;

s ta te −>context = perturbator new ( workers , width , height , maxiters , chunk , ⤦
Ç e s cape rad iu s , g l i t c h t h r e s h o l d ) ;

p e r t u r b a t o r s e t d e t e c t g l i t c h e s ( s ta te −>context , d e t e c t g l i t c h e s ) ;
715 pe r tu rba t o r s e t app r ox sk i p ( s tate −>context , approx sk ip ) ;
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glfwSetWindowUserPointer ( s ta te −>window , s t a t e ) ;

#i f d e f EMSCRIPTEN
720

glfwSetMouseButtonCallback ( s ta te −>window , button handler ) ;
g l fwSetKeyCal lback ( s ta te −>window , key handler ) ;
p e r t u r b a t o r s t a r t ( s ta te −>context , s ta te −>centerx , s ta te −>centery , s ta te −>⤦

Ç rad iu s ) ;
emsc r ip t en s e t ma in l oop (main1 , 0 , 1) ;

725

#e l s e

i f ( zoom count ) {
mpfr se t d ( s tate −>radius , 256 , MPFRRNDN) ;

730 mpfr div 2exp ( s ta te −>radius , s ta te −>radius , zoom start , MPFRRNDN) ;
f o r ( i n t z = zoom start ; z < zoom count ; ++z ) {

g l fwPol lEvents ( ) ;
i f ( glfwWindowShouldClose ( s tate −>window) ) {

break ;
735 }

f p r i n t f ( s tde r r , ”%8d FRAME\n” , z ) ;
p e r t u r b a t o r s t a r t ( s ta te −>context , s ta te −>centerx , s ta te −>centery , s ta te −>⤦

Ç rad iu s ) ;
p e r tu rba to r s t op ( s ta te −>context , f a l s e ) ;
r e f r e s h c a l l b a c k ( s t a t e ) ;

740 g lReadPixe l s (0 , 0 , width , height , GL RGB, GL UNSIGNED BYTE, s tate −>ppm) ;
p r i n t f (”P6\n%d %d\n255\n” , width , he ight ) ;
f o r ( i n t y = he ight − 1 ; y >= 0 ; −−y ) {

fw r i t e ( s ta te −>ppm + y ∗ width ∗ 3 , width ∗ 3 , 1 , s tdout ) ;
}

745 f f l u s h ( stdout ) ;
mpfr d iv 2exp ( s ta te −>radius , s ta te −>radius , 1 , MPFRRNDN) ;

}

} e l s e {
750 glfwSetMouseButtonCallback ( s ta te −>window , button handler ) ;

g l fwSetKeyCal lback ( s ta te −>window , key handler ) ;

bool f i r s t = true ;
whi l e ( ! glfwWindowShouldClose ( s ta te −>window) ) {

755 i n t e = glGetError ( ) ;
i f ( e )

f p r i n t f ( s tde r r , ”E: %d\n” , e ) ;

s ta te −>s h ou l d r e s t a r t = f a l s e ;
760 // f p r i n t f ( s tde r r , ” s t a r t \n”) ;

i f ( ! f i r s t ) {
pe r tu rba to r s t op ( s ta te −>context , t rue ) ;

}
f i r s t = f a l s e ;

765 p e r t u r b a t o r s t a r t ( s ta te −>context , s ta te −>centerx , s ta te −>centery , s ta te −>⤦
Ç rad iu s ) ;

// f p r i n t f ( s tde r r , ”wai t t imeout \n”) ;
whi l e ( p e r t u rba t o r a c t i v e ( s tate −>context ) ) {

s t r u c t t imespec de l t a = { 0 , 33333333 } ;
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770 nanos leep(&de l ta , 0) ;
// f p r i n t f ( s tde r r , ” r e f r e s h \n”) ;

r e f r e s h c a l l b a c k ( s t a t e ) ;

g l fwPo l lEvents ( ) ;
775 i f ( glfwWindowShouldClose ( s tate −>window) ) {

break ;
}

i f ( s ta te −>should save now ) {
780 s ta te −>should save now = f a l s e ;

g lReadPixe l s (0 , 0 , s ta te −>width , s ta te −>height , GL RGB, ⤦
Ç GL UNSIGNED BYTE, s tate −>ppm) ;

p r i n t f (”P6\n%d %d\n255\n” , s ta te −>width , s ta te −>he ight ) ;
fw r i t e ( s ta te −>ppm, s tate −>width ∗ s ta te −>he ight ∗ 3 , 1 , s tdout ) ;
f f l u s h ( stdout ) ;

785 }

handle view morph ( s tate −>context , s t a t e ) ;

i f ( s ta te −>s h ou l d r e s t a r t ) {
790 s ta te −>s h ou l d r e s t a r t = f a l s e ;

// f p r i n t f ( s tde r r , ” s t a r t \n”) ;
p e r tu rba to r s t op ( s ta te −>context , t rue ) ;
p e r t u r b a t o r s t a r t ( s ta te −>context , s ta te −>centerx , s ta te −>centery , ⤦

Ç s ta te −>rad iu s ) ;
}

795 // f p r i n t f ( s tde r r , ”wai t t imeout \n”) ;
}

i f ( glfwWindowShouldClose ( s tate −>window) ) {
break ;

800 }

r e f r e s h c a l l b a c k ( s t a t e ) ;

whi l e ( ! s ta te −>s h ou l d r e s t a r t ) {
805

i f ( s ta te −>should save now | | s ta te −>should save when done ) {
s ta te −>should save now = f a l s e ;
s ta te −>should save when done = f a l s e ;
g lReadPixe l s (0 , 0 , s ta te −>width , s ta te −>height , GL RGB, ⤦

Ç GL UNSIGNED BYTE, s tate −>ppm) ;
810 p r i n t f (”P6\n%d %d\n255\n” , s ta te −>width , s ta te −>he ight ) ;

fw r i t e ( s ta te −>ppm, s tate −>width ∗ s ta te −>he ight ∗ 3 , 1 , s tdout ) ;
f f l u s h ( stdout ) ;

}

815 glfwWaitEvents ( ) ;
i f ( glfwWindowShouldClose ( s tate −>window) ) {

break ;
}

820 // i f ( s ta te −>should redraw ) {
// s tate −>should redraw = f a l s e ;
// f p r i n t f ( s tde r r , ” r e f r e s h \n”) ;

r e f r e s h c a l l b a c k ( s t a t e ) ;
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// gl fwSwapBuffers ( s ta te −>window) ;
825 // }

handle view morph ( s tate −>context , s t a t e ) ;

}
830

}

// f p r i n t f ( s tde r r , ” d e l e t e \n”) ;
p e r tu rba to r s t op ( s ta te −>context , t rue ) ;

835 }

// image de l e t e ( context ) ;
f r e e ( s ta te −>ppm) ;

840 glfwDestroyWindow ( s tate −>window) ;
gl fwTerminate ( ) ;

#end i f

845 re turn 0 ;
( void ) argc ;
( void ) argv ;
}

7 c/bin/m-perturbator-gtk.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2019 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #de f i n e POSIX C SOURCE 200809L
#inc lude <complex . h>
#inc lude <math . h>
#inc lude <s t d i o . h>
#inc lude <s t d i n t . h>

10 #inc lude <s t r i n g . h>
#inc lude <mpfr . h>
#inc lude <gtk/gtk . h>
#inc lude <gdk/gdkx . h>
#inc lude <ca i ro −pdf . h>

15

#inc lude <mandelbrot−numerics . h>
#inc lude <mandelbrot− symbol i c s . h>
#inc lude <mandelbrot−per turbator . h>

20 #de f i n e p i 3.141592653589793
#de f i n e twopi 6.283185307179586

s t a t i c i n t s e r i a l i z e ( const char ∗ f i l ename ) ;
s t a t i c i n t d e s e r i a l i z e ( const char ∗ f i l ename ) ;

25

s t r u c t view {
mpfr t cx , cy , radius , p i x e l s p a c i n g ;

} ;
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30 s t a t i c s t r u c t view ∗view new ( ) {
s t r u c t view ∗v = mal loc ( s i z e o f ( s t r u c t view ) ) ;
mp f r i n i t 2 (v−>cx , 53) ;
mp f r i n i t 2 (v−>cy , 53) ;
mp f r i n i t 2 (v−>radius , 53) ;

35 mpf r i n i t 2 (v−>p i x e l s pa c i ng , 53) ;
r e turn v ;

}

s t a t i c void v i ew de l e t e ( s t r u c t view ∗v ) {
40 mpf r c l ea r (v−>cx ) ;

mp f r c l e a r (v−>cy ) ;
mp f r c l e a r (v−>rad iu s ) ;
mp f r c l e a r (v−>p i x e l s p a c i n g ) ;
f r e e ( v ) ;

45 }

s t a t i c s t r u c t view ∗view copy ( const s t r u c t view ∗v ) {
s t r u c t view ∗v2 = view new ( ) ;
mp f r s e t p r e c ( v2−>cx , mpf r ge t prec (v−>cx ) ) ;

50 mpf r s e t p r e c ( v2−>cy , mpf r ge t prec (v−>cy ) ) ;
mpf r se t ( v2−>cx , v−>cx , GMPRNDN) ;
mpfr se t ( v2−>cy , v−>cy , GMPRNDN) ;
mpfr se t ( v2−>radius , v−>radius , GMPRNDN) ;
re turn v2 ;

55 }

s t r u c t po int {
s t r u c t po int ∗next ;
s t r u c t po int ∗pred ;

60 mpc t xy ;
} ;

s t a t i c s t r u c t po int ∗point new ( s t r u c t po int ∗next ) {
s t r u c t po int ∗ l = c a l l o c (1 , s i z e o f (∗ l ) ) ;

65 l−>next = next ;
i f ( next )
{

l−>pred = next−>pred ;
next−>pred = l ;

70 }
mpc in i t2 ( l−>xy , 53) ;
r e turn l ;

}

75 s t a t i c void p o i n t s d e l e t e ( s t r u c t po int ∗ l ) {
s t r u c t po int ∗next = l ;
whi l e ( ( l = next ) ) {

next = l−>next ;
mpc c lear ( l−>xy ) ;

80 l−>next = 0 ;
l−>pred = 0 ;
f r e e ( l ) ;

}
}

85

s t a t i c s t r u c t po int ∗ po int s copy ( const s t r u c t po int ∗ l a s t , s t r u c t po int ∗∗ t a i l )
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{
s t r u c t po int ∗ r e s u l t = 0 ;
i n t f i r s t = 1 ;

90 whi le ( l a s t )
{

r e s u l t = point new ( r e s u l t ) ;
i f ( f i r s t )
{

95 i f ( t a i l )
{

∗ t a i l = r e s u l t ;
}
f i r s t = 0 ;

100 }
mpf r s e t p r e c ( mpc r ea l r e f ( r e s u l t −>xy ) , mpf r ge t prec ( mpc r ea l r e f ( l a s t −>xy ) ) )⤦

Ç ;
mp f r s e t p r e c ( mpc imagref ( r e su l t −>xy ) , mpf r ge t prec ( mpc imagref ( l a s t −>xy ) ) )⤦

Ç ;
mpc set ( r e su l t −>xy , l a s t −>xy , MPCRNDNN) ;
l a s t = l a s t −>pred ;

105 }
re turn r e s u l t ;

}

enum annota t i on t {
110 annotat ion ray out ,

annota t i on ray in ,
annotat ion nuc l eus ,
annotat ion mis iu rewicz ,
annotat ion text ,

115 annotation wake ,
annotation atom ,
annotation domain

} ;

120 s t r u c t annota t i on ray out {
s t r u c t po int ∗ l i n e s t a r t ;
s t r u c t po int ∗ l i n e end ;
i n t l i n e t y p e ;
double s t r o k e r ;

125 double s t r ok e g ;
double s t r oke b ;

} ;

s t r u c t anno ta t i on ray in {
130 s t r u c t po int ∗ l i n e s t a r t ;

s t r u c t po int ∗ l i n e end ;
i n t l i n e t y p e ;
double s t r o k e r ;
double s t r ok e g ;

135 double s t r oke b ;
s t r u c t m binangle ang le ;
s t r u c t m r exray in ∗ ray ;
i n t depth ;

/∗
140 i n t have nuc leus ;

i n t have land ing ;
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mpfr t nucleusx , nucleusy , landingx , landingy , eps 2 ;
∗/
} ;

145

s t r u c t annota t i on t ex t {
mpc t xy ;

} ;

150 s t r u c t annota t i on nuc l eus {
mpc t xy ;
i n t per iod ;
mpfr t s i z e ;
mpfr t domain s i ze ;

155 } ;

s t r u c t annota t i on mi s iu r ew i c z {
mpc t xy ;
i n t per iod ;

160 i n t preper i od ;
mpfr t domain s i ze ;

} ;

s t r u c t annotat ion wake {
165 s t r u c t annotat ion ∗next wake ;

s t r u c t annotat ion ∗pred wake ;
char ∗ r a y l o ;
char ∗ r ay h i ;
i n t ray depth ;

170 s t r u c t po int ∗ l i n e s t a r t ;
s t r u c t po int ∗ l i n e end ;
i n t f i l l t y p e ;
double f i l l r ;
double f i l l g ;

175 double f i l l b ;
mpq t width ;

} ;

s t r u c t annotation atom {
180 mpc t nuc leus ;

i n t per iod ;
m shape shape ;
s t r u c t po int ∗ l i n e s t a r t ;
s t r u c t po int ∗ l i n e end ;

185 i n t f i l l t y p e ;
double f i l l r ;
double f i l l g ;
double f i l l b ;

} ;
190

s t r u c t annotation domain {
mpc t nuc leus ;
i n t per iod ;
i n t l op e r i od ;

195 s t r u c t po int ∗ l i n e s t a r t ;
s t r u c t po int ∗ l i n e end ;
i n t l i n e t y p e ;
double l i n e r ;
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double l i n e g ;
200 double l i n e b ;

} ;

s t r u c t annotat ion {
s t r u c t annotat ion ∗next ;

205 i n t id ;
char ∗ l a b e l ;
i n t s e l e c t e d ;
enum annota t i on t tag ;
union {

210 s t r u c t annota t i on ray out ray out ;
s t r u c t anno ta t i on ray in r ay in ;
s t r u c t annota t i on t ex t t ex t ;
s t r u c t annota t i on nuc l eus nuc leus ;
s t r u c t annota t i on mi s iu r ew i c z mi s iu rew icz ;

215 s t r u c t annotat ion wake wake ;
s t r u c t annotation atom atom ;
s t r u c t annotation domain domain ;

} u ;
} ;

220

s t a t i c bool anno t a t i o n s e t c o l ou r ( s t r u c t annotat ion ∗a , double r , double g , ⤦
Ç double b)

{
switch (a−>tag )
{

225 case annota t i on ray out :
a−>u . ray out . s t r o k e r = r ;
a−>u . ray out . s t r ok e g = g ;
a−>u . ray out . s t r oke b = b ;
re turn true ;

230 case anno ta t i on ray in :
a−>u . r ay i n . s t r o k e r = r ;
a−>u . r ay i n . s t r ok e g = g ;
a−>u . r ay i n . s t r oke b = b ;
re turn true ;

235 case annotat ion wake :
a−>u . wake . f i l l r = r ;
a−>u . wake . f i l l g = g ;
a−>u . wake . f i l l b = b ;
re turn true ;

240 case annotation atom :
a−>u . atom . f i l l r = r ;
a−>u . atom . f i l l g = g ;
a−>u . atom . f i l l b = b ;
re turn true ;

245 case annotation domain :
a−>u . domain . l i n e r = r ;
a−>u . domain . l i n e g = g ;
a−>u . domain . l i n e b = b ;
re turn true ;

250 case annota t i on t ex t :
case annota t i on nuc l eus :
case annota t i on mi s iu r ew i c z :

r e turn f a l s e ;
}
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255 re turn f a l s e ;
}

s t a t i c bool a nn o t a t i o n s e t l i n e t y p e ( s t r u c t annotat ion ∗a , i n t t )
{

260 switch (a−>tag )
{

case annota t i on ray out :
a−>u . ray out . l i n e t y p e = t ;
re turn true ;

265 case anno ta t i on ray in :
a−>u . r ay i n . l i n e t y p e = t ;
re turn true ;

case annotation domain :
a−>u . domain . l i n e t y p e = t ;

270 re turn true ;
case annotation atom :
case annotat ion wake :
case annota t i on t ex t :
case annota t i on nuc l eus :

275 case annota t i on mi s iu r ew i c z :
r e turn f a l s e ;

}
re turn f a l s e ;

}
280

s t a t i c bool a n n o t a t i o n s e t f i l l t y p e ( s t r u c t annotat ion ∗a , i n t t )
{

switch (a−>tag )
{

285 case annotat ion wake :
a−>u . wake . f i l l t y p e = t ;
re turn true ;

case annotation atom :
a−>u . atom . f i l l t y p e = t ;

290 re turn true ;
case annota t i on ray out :
case anno ta t i on ray in :
case annota t i on t ex t :
case annota t i on nuc l eus :

295 case annota t i on mi s iu r ew i c z :
case annotation domain :

re turn f a l s e ;
}
re turn f a l s e ;

300 }

enum co lour theme t
{

colour theme monochrome = 0 ,
305 co l ou r theme low co l our = 1 ,

c o l o u r t h eme f u l l c o l o u r = 2
} ;

s t a t i c s t r u c t
310 {

// f r a c t a l image
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double dp i p r i n t ;
double dp i s c r e en ;
c a i r o s u r f a c e t ∗ s u r f a c e ;

315 c a i r o s u r f a c e t ∗mask ;
c a i r o s u r f a c e t ∗ s e l e c t i o n s u r f a c e ;
GtkWidget ∗da , ∗window ;
i n t width pr int , h e i g h t p r i n t ;
i n t width screen , h e i gh t s c r e en ;

320 // zoom too l
gulong zoom mot ion not i fy handler , zoom button press handler , ⤦

Ç zoom but ton re l ea s e hand l e r ;
// i n f o t o o l
gulong i n f o bu t t on p r e s s h and l e r ;
// ray out t o o l

325 gulong ray ou t bu t t on p r e s s hand l e r ;
// nuc leus t o o l
gulong nuc l eu s mot i on no t i f y hand l e r , nuc l eu s but ton pr e s s hand l e r , ⤦

Ç nuc l e u s bu t t on r e l e a s e hand l e r ;
// misurewicz t o o l
gulong mi s iu r ew i c z mot i on no t i f y hand l e r , m i s i u r ew i c z but ton pr e s s hand l e r , ⤦

Ç mi s i u r ew i c z bu t t on r e l e a s e hand l e r ;
330 // s e l e c t i o n t o o l

gulong s e l e c t i o n bu t t o n p r e s s h and l e r ;
// bond t oo l
gulong bond button pre s s hand l e r ;
// t r an s i e n t box drawing

335 i n t box ;
double box aspect , box x1 , box y1 , box x2 , box y2 ;
// t r an s i e n t b a l l drawing
i n t b a l l ;
double ba l l x1 , ba l l y1 , ba l l x2 , b a l l y 2 ;

340 // mandelbrot view
s t r u c t view ∗view ;
double e s c ape r ad iu s ;
mpfr t e s cape rad iu s2 ;
i n t maximum iterations ;

345 i n t chunk ;
i n t threads ;
double g l i t c h t h r e s h o l d ;
s t r u c t per turbator ∗ image ;
// annotat ions

350 GtkTreeStore ∗ annostore ;
GtkWidget ∗ annotree ;
s t r u c t annotat ion ∗anno ;
// doubly− l i nked l i s t o f wakes so r t ed by width , narrowest f i r s t
// r e a l nodes have next wake != 0 && pred wake != 0

355 // s e n t i n e l nodes at end have a nu l l in one
s t r u c t annotat ion wakes head ;
s t r u c t annotat ion wake s t a i l ;
GtkWidget ∗ f i l amen t s p e r i od , ∗ f i l amen t s p r epe r i od , ∗ f i l ament s depth ;
// async computations

360 // FIXME REMOVE {{
double p rog r e s s ;
i n t c an c e l l e d ;
GtkWidget ∗ dia log , ∗bar ;
// FIXME REMOVE }}

365 GAsyncQueue ∗ annotat ion queue ; // annotat ions to GUI go v ia here
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GThreadPool ∗ ta sk worker s ; // annotat ion ta sk s go to here
GtkWidget ∗ task box ; // annotat ion ta sk s in p rog r e s s d i sp layed here
GtkWidget ∗ l og ;
// theme

370 GtkToolItem ∗dark widget ;
GtkToolItem ∗ co l ou r w idge t ;
i n t dark ;
i n t co l ou r ;
// dashed l i n e s

375 i n t l i n e t y p e ;
GtkListStore ∗ dashs tore [ 2 ] ;
GtkWidget ∗dashcombo ;
// pattern f i l l s
i n t f i l l t y p e ;

380 c a i r o p a t t e r n t ∗ f i l l p a t t e r n [ 2 ] [ 2 6 ] ;
GtkListStore ∗ f i l l s t o r e [ 2 ] ;
GtkWidget ∗ f i l l c ombo ;
// co l ou r s
GtkWidget ∗ co lourbutton ;

385 double c o l o u r r ;
double c o l ou r g ;
double co l ou r b ;

} G;

390 s t a t i c void set dark theme ( bool use dark theme ) ;
s t a t i c void s e t co l ou r theme (enum co lour theme t use co lour theme ) ;

s t a t i c void screen to param ( double x , double y , mpfr t cx , mpfr t cy ) {
double sx = (x − G. width sc reen / 2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;

395 double sy = (G. h e i gh t s c r e en / 2 .0 − y ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
mp f r s e t p r e c ( cx , mpf r ge t prec (G. view−>cx ) ) ;
mp f r s e t p r e c ( cy , mpf r ge t prec (G. view−>cy ) ) ;
mpf r s e t d ( cx , sx , GMPRNDN) ;
mpf r s e t d ( cy , sy , GMPRNDN) ;

400 mpfr mul ( cx , cx , G. view−>radius , GMPRNDN) ;
mpfr mul ( cy , cy , G. view−>radius , GMPRNDN) ;
mpfr add ( cx , cx , G. view−>cx , GMPRNDN) ;
mpfr add ( cy , cy , G. view−>cy , GMPRNDN) ;

}
405

s t a t i c void param to screen ( double ∗x , double ∗y , const mpfr t cx , const mpfr t ⤦
Ç cy ) {

mpfr t tx , ty ;
mp f r i n i t 2 ( tx , mpf r ge t prec (G. view−>cx ) ) ;
mp f r i n i t 2 ( ty , mpf r ge t prec (G. view−>cy ) ) ;

410 mpfr sub ( tx , cx , G. view−>cx , GMPRNDN) ;
mpfr sub ( ty , cy , G. view−>cy , GMPRNDN) ;
mpfr div ( tx , tx , G. view−>radius , GMPRNDN) ;
mpfr div ( ty , ty , G. view−>radius , GMPRNDN) ;
double sx = mpfr get d ( tx , GMPRNDN) ;

415 double sy = mpfr get d ( ty , GMPRNDN) ;
∗x = sx ∗ G. he i gh t s c r e en / 2 .0 + G. width sc reen / 2 . 0 ;
∗y = G. h e i gh t s c r e en / 2 .0 − sy ∗ G. he i gh t s c r e en / 2 . 0 ;
mp f r c l e a r ( tx ) ;
mp f r c l e a r ( ty ) ;

420 }
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s t a t i c void param to screen c lamped ( double ∗x , double ∗y , const mpfr t cx , const⤦
Ç mpfr t cy ) {

mpfr t tx , ty , bound ;
mp f r i n i t 2 ( tx , mpf r ge t prec (G. view−>cx ) ) ;

425 mpf r i n i t 2 ( ty , mpf r ge t prec (G. view−>cy ) ) ;
mp f r i n i t 2 (bound , 53) ;
// FIXME should depend on image aspect r a t i o ?
// FIXME should c l i p to c i r c l e ?
mp f r s e t s i ( bound , 10 , MPFRRNDN) ;

430 mpfr sub ( tx , cx , G. view−>cx , GMPRNDN) ;
mpfr sub ( ty , cy , G. view−>cy , GMPRNDN) ;
mpfr div ( tx , tx , G. view−>radius , GMPRNDN) ;
mpfr div ( ty , ty , G. view−>radius , GMPRNDN) ;
mpfr min ( tx , tx , bound , MPFRRNDN) ;

435 mpfr min ( ty , ty , bound , MPFRRNDN) ;
mpfr neg (bound , bound , MPFRRNDN) ;
mpfr max ( tx , tx , bound , MPFRRNDN) ;
mpfr max ( ty , ty , bound , MPFRRNDN) ;
double sx = mpfr get d ( tx , GMPRNDN) ;

440 double sy = mpfr get d ( ty , GMPRNDN) ;
∗x = sx ∗ G. he i gh t s c r e en / 2 .0 + G. width sc reen / 2 . 0 ;
∗y = G. h e i gh t s c r e en / 2 .0 − sy ∗ G. he i gh t s c r e en / 2 . 0 ;
mp f r c l e a r ( tx ) ;
mp f r c l e a r ( ty ) ;

445 mpf r c l ea r ( bound ) ;
}

s t a t i c void log append ( const char ∗ t ex t ) {
GtkTextBuffer ∗buf = g t k t e x t v i ew g e t bu f f e r (GTK TEXT VIEW(G. log ) ) ;

450 GtkTextIter end ;
g t k t e x t b u f f e r g e t i t e r a t o f f s e t ( buf , &end , −1) ;
g t k t e x t b u f f e r i n s e r t ( buf , &end , text , −1) ;
g t k t e x t b u f f e r g e t i t e r a t o f f s e t ( buf , &end , −1) ;
GtkTextMark ∗ eo f = g tk t e x t bu f f e r g e t ma rk ( buf , ”EOF”) ;

455 i f ( e o f ) {
gtk text bu f f e r move mark ( buf , eof , &end ) ;

} e l s e {
eo f = g tk t e x t bu f f e r c r e a t e ma rk ( buf , ”EOF” , &end , FALSE) ;

}
460 g t k t e x t v i ew s c r o l l t o ma r k (GTK TEXT VIEW(G. log ) , eof , 0 . 0 , FALSE, 0 . 0 , 0 . 0 ) ;

}

s t a t i c gboolean log append thread ( void ∗ t ex t ) {
log append ( text ) ;

465 f r e e ( t ext ) ;
r e turn G SOURCEREMOVE;

}

s t a t i c gboolean r ende r th r e ad p rog r e s s ( void ∗ userdata ) {
470 ( void ) userdata ;

i f ( ! G. c an c e l l e d )
{

i f (G. p rog r e s s == 0)
{

475 g t k p r o g r e s s b a r pu l s e (GTK PROGRESS BAR(G. bar ) ) ;
}
e l s e
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{
g t k p r o g r e s s b a r s e t f r a c t i o n (GTK PROGRESS BAR (G. bar ) , G. p rog r e s s ) ;

480 }
}
re turn G SOURCEREMOVE;

}

485

s t a t i c i n t progre s s cb ( void ∗userdata , double p rog r e s s ) {
( void ) userdata ;
G. p rog r e s s = prog r e s s ;
gdk th r ead s add id l e ( r ende r th r ead prog r e s s , 0) ;

490 re turn ! G. c an c e l l e d ;
}

s t a t i c void dorender ( s t r u c t view ∗v , s t r u c t per turbator ∗ image , i n t maxiters ) {
495 char ∗buf = c a l l o c (1 , 65536) ; // FIXME f i x ed s i z e bu f f e r

mp f r snp r in t f ( buf , 65536 , ”RENDER\ nr ea l : %Re\nimag : %Re\ nrad ius : %Re\n” , v−>cx⤦
Ç , v−>cy , v−>rad iu s ) ;

gdk th r ead s add id l e ( log append thread , buf ) ;
pe r turbato r s e t max imum ite ra t i ons ( image , maxiters ) ;
p e r t u r b a t o r s t a r t ( image , v−>cx , v−>cy , v−>rad iu s ) ;

500 s t r u c t t imespec timeout ;
do
{

progre s s cb (0 , p e r t u rba t o r g e t p r o g r e s s ( image ) ) ;
c l o ck ge t t ime (CLOCK REALTIME, &timeout ) ;

505 t imeout . t v n s e c += 0.25 ∗ 1000 ∗ 1000 ∗ 1000 ;
whi l e ( t imeout . t v n s e c >= 1000 ∗ 1000 ∗ 1000)
{

t imeout . t v n s e c −= 1000 ∗ 1000 ∗ 1000 ;
t imeout . t v s e c += 1 ;

510 }
} whi le ( ( ! G. c an c e l l e d ) && per tu rba to r wa i t ( image , &timeout ) ) ;
p e r tu rba to r s t op ( image , G. c an c e l l e d ) ;

}

515 s t a t i c i n t channel ( f l o a t c ) {
re turn fminf ( fmaxf ( roundf (255 ∗ c ) , 0) , 255) ;

}

s t a t i c void hsv2rgb ( f l o a t h , f l o a t s , f l o a t v , f l o a t ∗ red , f l o a t ∗grn , f l o a t ∗⤦
Ç blu ) {

520 f l o a t i , f , p , q , t , r , g , b ;
i f ( s == 0) { r = g = b = v ; } e l s e {

h = 6 ∗ (h − f l o o r f (h) ) ;
i n t i i = i = f l o o r f (h ) ;
f = h − i ;

525 p = v ∗ (1 − s ) ;
q = v ∗ (1 − ( s ∗ f ) ) ;
t = v ∗ (1 − ( s ∗ (1 − f ) ) ) ;
switch ( i i ) {

case 0 : r = v ; g = t ; b = p ; break ;
530 case 1 : r = q ; g = v ; b = p ; break ;

case 2 : r = p ; g = v ; b = t ; break ;
case 3 : r = p ; g = q ; b = v ; break ;

39



mandelbrot-perturbator c/bin/m-perturbator-gtk.c

case 4 : r = t ; g = p ; b = v ; break ;
d e f au l t : r = v ; g = p ; b = q ; break ;

535 }
}
∗ red = r ;
∗grn = g ;
∗blu = b ;

540 }

s t a t i c void co l our ( i n t ∗ r , i n t ∗g , i n t ∗b , i n t f i n a l n , f l o a t f i n a l z a b s , f l o a t⤦
Ç f i n a l z a r g , f l o a t de , i n t f i n a l p , i n t t ) {

( void ) f i n a l n ;
f l o a t rad iu s = 0 .0 f , ang le = 0 .0 f ;

545 i f ( t > 0) {
rad iu s = 1 − f i n a l z a b s ;
ang le = f i n a l z a r g ;

} e l s e i f ( t < 0) {
rad iu s = − l o g 2 f ( 1 . 0 f − f i n a l z a b s ) ;

550 ang le = fmodf ( powf ( 2 . 0 , f l o o r f ( rad iu s ) + 3 .0 f ) ∗ f i n a l z a r g , 1 . 0 f ) ;
r ad iu s = 1 .0 − fmodf ( fmodf ( radius , 1 . 0 f ) + 1 . 0 , 1 . 0 ) ;

}
f l o a t k = powf ( 0 . 5 f , 0 . 5 f − rad iu s ) ;
f l o a t g r id we i gh t = 0.05 f ;

555 /∗
f l o a t g r id = fminf

( fmin f ( smoothstep ( g r id we i gh t − dradius , g r i d we i gh t + dradius , r ad iu s )
, 1 . 0 f − smoothstep ( 1 . 0 f − g r id we i gh t − dradius , 1 . 0 f − g r id we i gh t ⤦

Ç + dradius , r ad iu s ) )
, fmin f ( smoothstep ( g r id we i gh t ∗ k − dangle , g r i d we i gh t ∗ k + dangle , ⤦

Ç ang le )
560 , 1 . 0 f − smoothstep ( 1 . 0 − g r id we i gh t ∗ k − dangle , 1 . 0 − g r id we i gh t⤦

Ç ∗ k + dangle , ang le ) )
) ;

∗/
i n t g r id =

gr id we i gh t < rad iu s && rad ius < 1 .0 f − g r id we i gh t &&
565 g r id we i gh t ∗ k < ang le && angle < 1 .0 f − g r id we i gh t ∗ k ;

f l o a t hue = ( f i n a l p − 1 .0 f ) / 24.618033988749895 f ;
f l o a t sa t = 0 .0 f ; // f i n a l p > 0 .0 f ? 0 .5 f : 0 . 0 f ;
f l o a t va l = fmin ( 0 . 5 + 0 .5 ∗ tanh ( fmin ( fmax ( fabs ( de ) , 0 . 0 ) , 4 . 0 ) ) , 0 . 8 + 0 .2 ∗⤦

Ç g r id ) ;
i f ( t == 0) {

570 hue = 0 .0 f ;
s a t = 0 .0 f ;
va l = 1 .0 f ;

}
f l o a t red , grn , blu ;

575 hsv2rgb ( hue , sat , G. dark ? 1 − va l : val , &red , &grn , &blu ) ;
∗ r = channel ( red ) ;
∗g = channel ( grn ) ;
∗b = channel ( blu ) ;

}
580

s t a t i c void doco lour ( s t r u c t per turbator ∗ image ) {
i f ( !G. s u r f a c e ) {

re turn ;
}
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585 const i n t 3 2 t ∗ dwe l l n = pe r tu rba t o r g e t dwe l l n ( image ) ;
const f l o a t ∗ dwe l l f = p e r t u r b a t o r g e t dwe l l f ( image ) ;
const f l o a t ∗ dwe l l a = pe r t u rba t o r g e t dwe l l a ( image ) ;
const f l o a t ∗ d i s t ance = pe r t u rba t o r g e t d i s t an c e ( image ) ;
c a i r o s u r f a c e f l u s h (G. su r f a c e ) ;

590 u in t 32 t ∗data = ( u in t 32 t ∗) c a i r o imag e s u r f a c e g e t d a t a (G. su r f a c e ) ;
i n t channe l s = 4 ;
i n t s t r i d e = c a i r o ima g e s u r f a c e g e t s t r i d e (G. s u r f a c e ) / channe l s ;
#pragma omp p a r a l l e l f o r
f o r ( i n t j = 0 ; j < G. h e i g h t p r i n t ; ++j ) {

595 f o r ( i n t i = 0 ; i < G. width pr in t ; ++i ) {
i n t k i = j ∗ G. width pr in t + i ;
double f i n a l n i n t = dwe l l n [ k i ] ;
double f i n a l z a b s = dwe l l f [ k i ] ;
double f i n a l z a r g = fmod ( dwe l l a [ k i ]+ 1 , 1) ;

600 double de = d i s t anc e [ k i ] ;
i n t f i n a l n = f l o o r ( f i n a l n i n t + f i n a l z a b s ) ;
i n t f i n a l p = de < 0 ? − f i n a l n i n t : 0 ;
i n t t = de < 0 ? −1 : de > 0 ? 1 : 0 ;
i n t r , g , b ;

605 co l our (&r , &g , &b , f i n a l n , f i n a l z a b s , f i n a l z a r g , de , f i n a l p , t ) ;
i n t px = ( r << 16) | ( g << 8) | b ;
i n t ko = j ∗ s t r i d e + i ;
data [ ko ] = (0xFF << 24) | px ;

}
610 }

c a i r o s u r f a c e ma rk d i r t y (G. su r f a c e ) ;
}

s t r u c t render data {
615 s t r u c t view ∗view ;

s t r u c t per turbator ∗ image ;
i n t maximum iterations ;

} ;

620 s t a t i c gboolean r ende r t h r e ad c an c e l l e d ( gpo in te r use r data ) {
s t r u c t render data ∗d = use r data ;
G. d i a l o g = 0 ;
G. bar = 0 ;
log append (”\nCANCELLED”) ;

625 f r e e (d) ;
r e turn G SOURCEREMOVE;

}

s t a t i c gboolean render thread done ( gpo in t e r use r data ) {
630 s t r u c t render data ∗d = use r data ;

g tk w idge t de s t r oy (G. d i a l o g ) ;
G. d i a l o g = 0 ;
G. bar = 0 ;
i f (G. view ) {

635 v i ew de l e t e (G. view ) ;
G. view = 0 ;

}
G. view = d−>view ;
f r e e (d) ;

640 gtk widget queue draw (G. da ) ;
r e turn G SOURCEREMOVE;
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}

s t a t i c gpo in t e r r ender thread ( gpo in te r use r data ) {
645 s t r u c t render data ∗d = use r data ;

i f ( ! G. c an c e l l e d ) {
dorender (d−>view , d−>image , d−>maximum iterations ) ;

}
i n t c an c e l l e d = G. can c e l l e d ;

650 i f ( ! c an c e l l e d ) {
doco lour (d−>image ) ;

}
i f ( c an c e l l e d ) {

v i ew de l e t e (d−>view ) ;
655 d−>view = 0 ;

gdk th r ead s add id l e ( r ende r th r ead canc e l l ed , d) ;
} e l s e {

gdk th r ead s add id l e ( render thread done , d) ;
}

660 re turn 0 ;
}

s t a t i c void s t a r t r e nd e r ( s t r u c t view ∗v ) {

665 GtkDialogFlags f l a g s = GTKDIALOGMODAL | GTK DIALOG DESTROYWITH PARENT;
G. d i a l o g = gtk d ia l og new wi th but tons (” Progres s ” , GTKWINDOW(G. window) , f l a g s ⤦

Ç , NULL, NULL) ;
GtkWidget ∗box = g t k d i a l o g g e t c o n t e n t a r e a (GTK DIALOG(G. d i a l o g ) ) ;
G. bar = gtk progre s s bar new ( ) ;
g tk conta ine r add (GTKCONTAINER(box ) , G. bar ) ;

670

s t r u c t render data ∗d = mal loc ( s i z e o f ( s t r u c t render data ) ) ;
d−>view = v ;
d−>image = G. image ;
d−>maximum iterations = G. maximum iterations ;

675 G. canc e l l e d = 0 ;
G. p rog r e s s = 0 ;

GThread ∗ thread = g thread new (” render ” , render thread , d) ;

680 g tk w idge t show a l l (G. d i a l o g ) ;
g t k d i a l o g run (GTK DIALOG(G. d i a l o g ) ) ;

G. c an c e l l e d = 1 ;
g t h r e ad j o i n ( thread ) ;

685 i f (G. d i a l o g ) {
g tk w idge t de s t r oy (G. d i a l o g ) ;

}
}

690 s t a t i c s t r u c t annotat ion ∗ g e t s e l e c t e d anno t a t i o n ( void )
{

GtkTreeSe lect ion ∗ s e l e c t = g t k t r e e v i ew g e t s e l e c t i o n (GTK TREE VIEW(G.⤦
Ç annotree ) ) ;

GtkTreeIter i t e r ;
GtkTreeModel ∗model ;

695 gpo in t e r th ing ;
i f ( g t k t r e e s e l e c t i o n g e t s e l e c t e d ( s e l e c t , &model , &i t e r ) )
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{
g tk t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
i f ( th ing )

700 {
s t r u c t annotat ion ∗anno = ( s t r u c t annotat ion ∗) th ing ;
re turn anno ;

}
}

705 re turn 0 ;
}

s t a t i c gboolean add annotat ion ( void ∗ userdata ) {
s t a t i c i n t next id = 0 ;

710 s t r u c t annotat ion ∗ l s = userdata ;
l s −>id = ++next id ;
l s −>next = G. anno ;
G. anno = l s ;
// maintain l i s t o f wakes so r t ed by width

715 i f ( l s −>tag == annotat ion wake )
{

s t r u c t annotat ion ∗ws = G. wakes head . u . wake . next wake ;
whi l e (ws−>u . wake . next wake )
{

720 i f (mpq cmp( l s −>u . wake . width , ws−>u . wake . width ) <= 0)
break ;

ws = ws−>u . wake . next wake ;
}
// i n s e r t be f o r e ws

725 l s −>u . wake . next wake = ws ;
l s −>u . wake . pred wake = ws−>u . wake . pred wake ;
ws−>u . wake . pred wake−>u . wake . next wake = l s ;
ws−>u . wake . pred wake = l s ;

}
730 GtkTreeIter i t e r ;

g t k t r e e s t o r e append (G. annostore , &i t e r , NULL) ;
g t k t r e e s t o r e s e t (G. annostore , &i t e r , 0 , l s −> l abe l , 1 , l s , −1) ;
r e turn G SOURCEREMOVE;

}
735

s t a t i c void un l ink annota t i on ( s t r u c t annotat ion ∗a )
{

s t r u c t annotat ion ∗prev = 0 ;
f o r ( s t r u c t annotat ion ∗ l s = G. anno ; l s ; l s = l s −>next ) {

740 i f ( l s −>next == a ) {
prev = l s ;
break ;

}
}

745 i f ( prev ) {
prev−>next = prev−>next−>next ;

} e l s e {
i f (G. anno == a ) {
G. anno = G. anno−>next ;

750 }
}
a−>next = 0 ;
i f ( a−>tag == annotat ion wake )
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{
755 a−>u . wake . next wake−>u . wake . pred wake = a−>u . wake . pred wake ;

a−>u . wake . pred wake−>u . wake . next wake = a−>u . wake . next wake ;
a−>u . wake . next wake = 0 ;
a−>u . wake . pred wake = 0 ;

}
760 }

s t a t i c void f r e e anno t a t i on ( s t r u c t annotat ion ∗a ) {
f r e e ( a−> l a b e l ) ;
switch (a−>tag ) {

765 case annota t i on ray out :
p o i n t s d e l e t e ( a−>u . ray out . l i n e s t a r t ) ;
a−>u . ray out . l i n e s t a r t = 0 ;
a−>u . ray out . l i n e end = 0 ;
break ;

770 case anno ta t i on ray in :
p o i n t s d e l e t e ( a−>u . r ay i n . l i n e s t a r t ) ;
a−>u . r ay i n . l i n e s t a r t = 0 ;
a−>u . r ay i n . l i n e end = 0 ;
m r ex r ay i n d e l e t e ( a−>u . r ay i n . ray ) ;

775 m binang l e c l e a r (&a−>u . r ay i n . ang le ) ;
/∗

mpf r c l ea r ( a−>u . r ay i n . nuc leusx ) ;
mp f r c l e a r ( a−>u . r ay i n . nuc leusy ) ;
mp f r c l e a r ( a−>u . r ay i n . landingx ) ;

780 mpf r c l ea r ( a−>u . r ay i n . landingy ) ;
mp f r c l e a r ( a−>u . r ay i n . eps 2 ) ;

∗/
break ;

case annota t i on t ex t :
785 mpf r c l ea r ( mpc r ea l r e f ( a−>u . t ext . xy ) ) ;

mp f r c l e a r ( mpc imagref ( a−>u . t ext . xy ) ) ;
break ;

case annota t i on nuc l eus :
mpc c lear ( a−>u . nuc leus . xy ) ;

790 mpf r c l ea r ( a−>u . nuc leus . s i z e ) ;
mp f r c l e a r ( a−>u . nuc leus . domain s i ze ) ;
break ;

case annota t i on mi s iu r ew i c z :
mpc c lear ( a−>u . mi s iu rewicz . xy ) ;

795 mpf r c l ea r ( a−>u . mi s iu rewicz . domain s ize ) ;
break ;

case annotat ion wake :
p o i n t s d e l e t e ( a−>u . wake . l i n e s t a r t ) ;
mpq clear ( a−>u . wake . width ) ;

800 f r e e ( a−>u . wake . r a y l o ) ;
f r e e ( a−>u . wake . r ay h i ) ;
break ;

case annotation atom :
p o i n t s d e l e t e ( a−>u . atom . l i n e s t a r t ) ;

805 mpc clear ( a−>u . atom . nuc leus ) ;
break ;

case annotation domain :
p o i n t s d e l e t e ( a−>u . domain . l i n e s t a r t ) ;
mpc c lear ( a−>u . domain . nuc leus ) ;

810 break ;
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}
f r e e ( a ) ;

}

815 s t a t i c void de l e t e anno ta t i on ( s t r u c t annotat ion ∗a )
{

un l ink annota t i on ( a ) ;
f r e e anno t a t i on ( a ) ;

}
820

s t a t i c double image peek dwel l ( s t r u c t per turbator ∗ image , i n t i , i n t j )
{

i n t w = per tu rba to r ge t w id th ( image ) ;
i n t h = pe r tu rba t o r g e t h e i gh t ( image ) ;

825 i f ( ! (0 <= i && i < w && 0 <= j && j < h) )
{

re turn 0 .0 / 0 . 0 ; // unknown
}
const i n t 3 2 t ∗ dwe l l n = pe r tu rba t o r g e t dwe l l n ( image ) ;

830 const f l o a t ∗ dwe l l f = p e r t u r b a t o r g e t dwe l l f ( image ) ;
i n t k = j ∗ w + i ;
double dwel ln = dwe l l n [ k ] ;
double dwe l l f = dwe l l f [ k ] ;
i f ( dwel ln <= 0 | | dwe l l f <= 0) { // i n t e r i o r

835 re turn 1 .0 / 0 . 0 ;
}
re turn dwel ln + dwe l l f ;

}

840 s t r u c t task ;
s t a t i c s t r u c t task ∗ task new ray out (GAsyncQueue ∗output , const mpc t c , i n t ⤦

Ç dwell , i n t l i n e t ype , double s t r ok e r , double s t roke g , double s t r oke b ) ;
s t a t i c s t r u c t task ∗ ta sk new ray in (GAsyncQueue ∗output , const m binangle ∗ angle⤦

Ç , i n t depth , i n t l i n e t ype , double s t r ok e r , double s t roke g , double ⤦
Ç s t r oke b ) ;

s t a t i c s t r u c t task ∗ task new ray extend (GAsyncQueue ∗output , s t r u c t annotat ion ∗⤦
Ç anno , i n t depth ) ;

s t a t i c s t r u c t task ∗ task new nuc leus (GAsyncQueue ∗output , const mpc t c , const ⤦
Ç mpfr t r , i n t dwe l l ) ;

845 s t a t i c s t r u c t task ∗ task new bond (GAsyncQueue ∗output , const mpc t c , i n t per iod⤦
Ç ) ;

s t a t i c s t r u c t task ∗ ta sk new mis iurewicz (GAsyncQueue ∗output , const mpc t c , ⤦
Ç const mpfr t r , i n t maxpreperiod , i n t maxperiod ) ;

s t a t i c s t r u c t task ∗ task new muunit (GAsyncQueue ∗output , const mpc t nucleus , ⤦
Ç i n t per iod ) ;

s t a t i c s t r u c t task ∗ task new muunit nuc leus (GAsyncQueue ∗output , const mpc t ⤦
Ç nucleus , i n t nuc l eus pe r i od , i n t ray per iod , const mpq t ang le ) ;

s t a t i c s t r u c t task ∗ t a sk new f i l ament s (GAsyncQueue ∗output , const mpc t ⤦
Ç i nne r nuc l eu s , i n t i nne r pe r i od , i n t oute r pe r i od , i n t preper iod , i n t ⤦
Ç depth , i n t l i n e t ype , double s t r ok e r , double s t roke g , double s t r oke b ) ;

850 s t a t i c s t r u c t task ∗ task new wake (GAsyncQueue ∗output , s t r u c t annotat ion ∗ lo , ⤦
Ç s t r u c t annotat ion ∗hi , i n t f i l l t y p e , double f i l l r , double f i l l g , double⤦
Ç f i l l b ) ;

s t a t i c s t r u c t task ∗ task new wake2 (GAsyncQueue ∗output , char ∗ lo , char ∗hi , i n t ⤦
Ç depth , i n t f i l l t y p e , double f i l l r , double f i l l g , double f i l l b ) ;

s t a t i c s t r u c t task ∗ task new atom (GAsyncQueue ∗output , const mpc t nucleus , i n t ⤦
Ç per iod , i n t f i l l t y p e , double f i l l r , double f i l l g , double f i l l b ) ;

45



mandelbrot-perturbator c/bin/m-perturbator-gtk.c

s t a t i c s t r u c t task ∗ task new domain (GAsyncQueue ∗output , const mpc t nucleus , ⤦
Ç i n t per iod , i n t l ope r i od , i n t f i l l t y p e , double f i l l r , double f i l l g , ⤦
Ç double f i l l b ) ;

s t a t i c gboolean task enqueue cb ( gpo in te r userdata ) ;
855

s t a t i c void s t a r t r a y ou t ( double x , double y )
{

double dwel l = image peek dwel l (G. image , x , y ) ;
i f ( i s i n f ( dwe l l ) | | i snan ( dwel l ) )

860 {
re turn ;

}
mpc t c ;
mpc in i t2 ( c , 53) ;

865 sc reen to param (x , y , mpc r ea l r e f ( c ) , mpc imagref ( c ) ) ;
s t r u c t task ∗ t = task new ray out (G. annotat ion queue , c , c e i l ( dwe l l ) , G.⤦

Ç l i n e t ype , G. co l ou r r , G. co lour g , G. co l ou r b ) ;
mpc c lear ( c ) ;
task enqueue cb ( t ) ;

}
870

s t a t i c void s t a r t r a y i n ( s t r u c t m binangle ∗ angle , i n t depth ) {
s t r u c t task ∗ t = ta sk new ray in (G. annotat ion queue , angle , depth , G. l i n e t ype ⤦

Ç , G. co l ou r r , G. co lour g , G. co l ou r b ) ;
task enqueue cb ( t ) ;

}
875

s t a t i c void s t a r t r ay ex t end ( s t r u c t annotat ion ∗anno , i n t depth ) {
un l ink annota t i on ( anno ) ;
s t r u c t task ∗ t = task new ray extend (G. annotat ion queue , anno , depth ) ;
task enqueue cb ( t ) ;

880 }

s t a t i c void s t a r t nu c l e u s ( const mpfr t x , const mpfr t y , const mpfr t r , i n t ⤦
Ç maxperiod )

{
mpc t c ;

885 mpc in i t2 ( c , mpf r ge t prec ( x ) ) ;
mp c s e t f r f r ( c , x , y , MPCRNDNN) ;
s t r u c t task ∗ t = task new nuc leus (G. annotat ion queue , c , r , maxperiod ) ;
mpc c lear ( c ) ;
task enqueue cb ( t ) ;

890 }

s t a t i c void s ta r t bond ( const mpc t c , i n t per iod )
{

s t r u c t task ∗ t = task new bond (G. annotat ion queue , c , per iod ) ;
895 task enqueue cb ( t ) ;

}

s t a t i c void s tar t wake ( s t r u c t annotat ion ∗anno , i n t d i r e c t i o n )
{

900 // f i nd ne ighbour ing ang le in d i r e c t i o n
mpq t p , q , r ;
mpq init (p) ;
mpq init ( q ) ;
mpq init ( r ) ;
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905 m binang l e t o r a t i ona l (p , &anno−>u . r ay i n . ang le ) ;
i f ( d i r e c t i o n > 0)
{

mpq se t s i (q , 1 , 1) ;
}

910 e l s e
{

mpq se t s i (q , 0 , 1) ;
}
s t r u c t annotat ion ∗ other = 0 ;

915 s t r u c t annotat ion ∗a = G. anno ;
mpc t d ;
mpc in i t2 (d , 53) ;
whi l e ( a )
{

920 i f ( a−>tag == anno ta t i on ray in &&
a−>u . r ay i n . ang le . pre . l ength == anno−>u . r ay i n . ang le . pre . l ength &&
a−>u . r ay i n . ang le . per . l ength == anno−>u . r ay i n . ang le . per . l ength )

{
m binang l e t o r a t i ona l ( r , &a−>u . r ay i n . ang le ) ;

925 // i f (p < r < q | | q < r < p) && endpoint i s nearby , s e t q = r
i n t pr = mpq cmp(p , r ) ;
i n t rq = mpq cmp( r , q ) ;
mpc sub (d , a−>u . r ay i n . l i n e s t a r t −>xy , anno−>u . r ay i n . l i n e s t a r t −>xy , ⤦

Ç MPCRNDNN) ;
mpc abs ( mpc r ea l r e f (d) , d , MPFRRNDN) ;

930 mpfr div ( mpc r ea l r e f (d) , mpc r ea l r e f (d) , G. view−>radius , MPFRRNDN) ;
double d i s t ance = mpfr get d ( mpc r ea l r e f (d) , MPFRRNDN) ;
i f ( ( ( pr < 0 && rq < 0) | | (0 < pr && 0 < rq ) ) && d i s t anc e < 0 . 1 )
{

other = a ;
935 mpq set (q , r ) ;

}
}
a = a−>next ;

}
940 mpc clear (d) ;

mpq clear (p) ;
mpq clear ( q ) ;
mpq clear ( r ) ;
i f ( other )

945 {
GtkTreeModel ∗model = GTKTREEMODEL(G. annostore ) ;
GtkTreeIter i t e r ;
gboolean ok = g t k t r e e m o d e l g e t i t e r f i r s t (model , &i t e r ) ;
whi l e ( ok )

950 {
gpo in t e r th ing ;
g t k t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
i f ( th ing == anno | | th ing == other )
{

955 ok = gtk t r e e s t o r e r emove (G. annostore , &i t e r ) ;
}
e l s e
{

ok = g t k t r e e mod e l i t e r n e x t (model , &i t e r ) ;
960 }
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}
un l ink annota t i on ( anno ) ;
un l ink annota t i on ( other ) ;
s t r u c t task ∗ t = task new wake (G. annotat ion queue , d i r e c t i o n > 0 ? anno : ⤦

Ç other , d i r e c t i o n > 0 ? other : anno , G. f i l l t y p e , G. co l ou r r , G.⤦
Ç co lour g , G. co l ou r b ) ;

965 task enqueue cb ( t ) ;
}

}

s t a t i c void s tar t wake2 ( i n t depth , char ∗ lo , char ∗ hi )
970 {

s t r u c t task ∗ t = task new wake2 (G. annotat ion queue , lo , hi , depth , G. f i l l t y p e ⤦
Ç , G. co l ou r r , G. co lour g , G. co l ou r b ) ;

task enqueue cb ( t ) ;
}

975 s t a t i c void star t atom ( const mpc t c , i n t per iod )
{

s t r u c t task ∗ t = task new atom (G. annotat ion queue , c , per iod , G. f i l l t y p e , G.⤦
Ç co l ou r r , G. co lour g , G. co l ou r b ) ;

task enqueue cb ( t ) ;
}

980

s t a t i c void start domain ( const mpc t c , i n t per iod , i n t l op e r i od )
{

s t r u c t task ∗ t = task new domain (G. annotat ion queue , c , per iod , l ope r i od , G.⤦
Ç f i l l t y p e , G. co l ou r r , G. co lour g , G. co l ou r b ) ;

task enqueue cb ( t ) ;
985 }

s t a t i c void box r e c tang l e ( double ∗x , double ∗y , double ∗w, double ∗h) {
double dx = fabs (G. box x2 − G. box x1 ) ;
double dy = fabs (G. box y2 − G. box y1 ) ;

990 i f ( dx <= G. box aspect ∗ dy ) {
∗h = dy ;
∗w = ∗h ∗ G. box aspect ;

} e l s e {
∗w = dx ;

995 ∗h = ∗w / G. box aspect ;
}
∗x = G. box x1 − ∗w;
∗y = G. box y1 − ∗h ;
∗w ∗= 2 ;

1000 ∗h ∗= 2 ;
}

s t a t i c void draw box ( c a i r o t ∗ cr ) {
double x , y , w, h ;

1005 box r e c tang l e (&x , &y , &w, &h) ;
c a i r o r e c t a n g l e ( cr , x , y , w, h) ;
i f (G. dark )
{

c a i r o s e t s o u r c e r g b a ( cr , 1 . 0 , 0 . 75 , 0 . 75 , 0 . 25 ) ;
1010 }

e l s e
{
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c a i r o s e t s o u r c e r g b a ( cr , 0 . 5 , 0 . 25 , 0 . 25 , 0 . 25 ) ;
}

1015 c a i r o f i l l p r e s e r v e ( cr ) ;
i f (G. dark )
{

c a i r o s e t s o u r c e r g b a ( cr , 1 . 0 , 0 . 75 , 0 . 75 , 1) ;
}

1020 e l s e
{

c a i r o s e t s o u r c e r g b a ( cr , 0 . 5 , 0 . 25 , 0 . 25 , 1) ;
}
c a i r o s t r o k e ( cr ) ;

1025 }

s t a t i c void b a l l c i r c l e ( double ∗x , double ∗y , double ∗ r ) {
double dx = G. ba l l x 2 − G. ba l l x 1 ;
double dy = G. ba l l y 2 − G. ba l l y 1 ;

1030 ∗x = G. ba l l x 1 ;
∗y = G. ba l l y 1 ;
∗ r = hypot (dx , dy ) ;

}

1035 s t a t i c void draw ba l l ( c a i r o t ∗ cr ) {
double x , y , r ;
b a l l c i r c l e (&x , &y , &r ) ;
c a i r o a r c ( cr , x , y , r , 0 , 6 .283185307179586) ;
i f (G. dark )

1040 {
c a i r o s e t s o u r c e r g b a ( cr , 1 . 0 , 0 . 75 , 0 . 75 , 0 . 25 ) ;

}
e l s e
{

1045 c a i r o s e t s o u r c e r g b a ( cr , 0 . 5 , 0 . 25 , 0 . 25 , 0 . 25 ) ;
}
c a i r o f i l l p r e s e r v e ( cr ) ;
i f (G. dark )
{

1050 c a i r o s e t s o u r c e r g b a ( cr , 1 . 0 , 0 . 75 , 0 . 75 , 1) ;
}
e l s e
{

c a i r o s e t s o u r c e r g b a ( cr , 0 . 5 , 0 . 25 , 0 . 25 , 1) ;
1055 }

c a i r o s t r o k e ( cr ) ;
}

s t a t i c void draw text ( c a i r o t ∗ ctx , c a i r o t ∗ctxmask , c a i r o t ∗ c tx s e l , double x ,⤦
Ç double y , const char ∗ l a b e l )

1060 {
c a i r o s u r f a c e f l u s h (G.mask ) ;
u i n t 32 t ∗ p i x e l s = ( u in t 32 t ∗) c a i r o imag e s u r f a c e g e t d a t a (G.mask ) ;
i n t channe l s = 4 ;
i n t s t r i d e = c a i r o ima g e s u r f a c e g e t s t r i d e (G.mask ) / channe l s ;

1065 bool dodraw = true ;
i f (0 <= x && x < G. width sc reen && 0 <= y && y < G. he i gh t s c r e en ) {

i n t i = x ;
i n t j = y ;
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i n t k = s t r i d e ∗ j + i ;
1070 dodraw = ( p i x e l s [ k ] != 0 x f f f f f f f f ) ;

}
i f ( dodraw )
{

i f (−G. width sc reen <= x && x < 2 ∗ G. width sc reen && −G. he i gh t s c r e en <= y ⤦
Ç && y < 2 ∗ G. he i gh t s c r e en ) {

1075 c a i r o s e l e c t f o n t f a c e ( ctx , ”LMSans10” , CAIRO FONT SLANT NORMAL, ⤦
Ç CAIRO FONT WEIGHT BOLD) ;

c a i r o s e t f o n t s i z e ( ctx , 16 .0 ∗ G. dp i s c r e en / 100) ;
c a i r o t e x t e x t e n t s t e ;
c a i r o t e x t e x t e n t s ( ctx , l abe l , &e ) ;
ca i ro move to ( ctx , x − e . width / 2 . 0 , y + e . he ight / 2 . 0 ) ;

1080 c a i r o t e x t p a t h ( ctx , l a b e l ) ;
c a i r o f i l l ( ctx ) ;
// mask out r e c t ang l e cente red on same point
ca i ro move to ( ctxmask , x − e . width ∗ 2 , y + e . he ight ∗ 2) ;
c a i r o l i n e t o ( ctxmask , x + e . width ∗ 2 , y + e . he ight ∗ 2) ;

1085 c a i r o l i n e t o ( ctxmask , x + e . width ∗ 2 , y − e . he ight ∗ 2) ;
c a i r o l i n e t o ( ctxmask , x − e . width ∗ 2 , y − e . he ight ∗ 2) ;
c a i r o l i n e t o ( ctxmask , x − e . width ∗ 2 , y + e . he ight ∗ 2) ;
c a i r o f i l l ( ctxmask ) ;
ca i ro move to ( c tx s e l , x − e . width ∗ 2 , y + e . he ight ∗ 2) ;

1090 c a i r o l i n e t o ( c t x s e l , x + e . width ∗ 2 , y + e . he ight ∗ 2) ;
c a i r o l i n e t o ( c t x s e l , x + e . width ∗ 2 , y − e . he ight ∗ 2) ;
c a i r o l i n e t o ( c t x s e l , x − e . width ∗ 2 , y − e . he ight ∗ 2) ;
c a i r o l i n e t o ( c t x s e l , x − e . width ∗ 2 , y + e . he ight ∗ 2) ;
c a i r o f i l l ( c t x s e l ) ;

1095 }
}

}

s t a t i c c a i r o p a t t e r n t ∗ g e n e r a t e f i l l p a t t e r n ( c a i r o s u r f a c e t ∗parent , i n t p , ⤦
Ç double r , double g , double b)

1100 {
c a i r o s u r f a c e t ∗ s u r f a c e = 0 ;
i f ( parent )
{

s u r f a c e = c a i r o s u r f a c e c r e a t e s im i l a r ( parent , CAIRO CONTENT COLOR ALPHA, ⤦
Ç 16 , 16) ;

1105 }
e l s e
{

s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, 16 , 16) ;
}

1110 c a i r o t ∗ cr = c a i r o c r e a t e ( s u r f a c e ) ;
c a i r o s e t l i n e c a p ( cr , CAIRO LINE CAP ROUND) ;
c a i r o s e t l i n e j o i n ( cr , CAIRO LINE JOIN ROUND) ;
c a i r o s e t l i n e w i d t h ( cr , 1) ;
c a i r o s e t s o u r c e r g b a ( cr , r , g , b , 0 . 5 ) ;

1115 switch ( ( ( p % 26) + 26) % 26)
{

// shor t and long dashes in 4 d i r e c t i o n s
case 0 : { ca i ro move to ( cr , 5 , 8) ; c a i r o l i n e t o ( cr , 11 , 8) ; break ; }
case 1 : { ca i ro move to ( cr , 3 , 8) ; c a i r o l i n e t o ( cr , 13 , 8) ; break ; }

1120 case 2 : { ca i ro move to ( cr , 8 , 5) ; c a i r o l i n e t o ( cr , 8 , 11) ; break ; }
case 3 : { ca i ro move to ( cr , 8 , 4) ; c a i r o l i n e t o ( cr , 8 , 13) ; break ; }
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case 4 : { ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 11 , 11) ; break ; }
case 5 : { ca i ro move to ( cr , 3 , 4) ; c a i r o l i n e t o ( cr , 13 , 13) ; break ; }
case 6 : { ca i ro move to ( cr , 5 , 11) ; c a i r o l i n e t o ( cr , 11 , 5) ; break ; }

1125 case 7 : { ca i ro move to ( cr , 3 , 13) ; c a i r o l i n e t o ( cr , 13 , 5) ; break ; }
// smal l and l a r g e c r o s s e s in 2 d i r e c t i o n s
case 8 : { ca i ro move to ( cr , 5 , 8) ; c a i r o l i n e t o ( cr , 11 , 8) ; ⤦

Ç ca i ro move to ( cr , 8 , 5) ; c a i r o l i n e t o ( cr , 8 , 11) ; break ; }
case 9 : { ca i ro move to ( cr , 3 , 8) ; c a i r o l i n e t o ( cr , 13 , 8) ; ⤦

Ç ca i ro move to ( cr , 8 , 3) ; c a i r o l i n e t o ( cr , 8 , 13) ; break ; }
case 10 : { ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 11 , 11) ; ⤦

Ç ca i ro move to ( cr , 5 , 11) ; c a i r o l i n e t o ( cr , 11 , 5) ; break ; }
1130 case 11 : { ca i ro move to ( cr , 3 , 3) ; c a i r o l i n e t o ( cr , 13 , 13) ; ⤦

Ç ca i ro move to ( cr , 3 , 13) ; c a i r o l i n e t o ( cr , 13 , 3) ; break ; }
case 12 : { ca i ro move to ( cr , 3 , 8) ; c a i r o l i n e t o ( cr , 13 , 8) ; ⤦

Ç ca i ro move to ( cr , 8 , 3) ; c a i r o l i n e t o ( cr , 8 , 13) ;
ca i ro move to ( cr , 3 , 3) ; c a i r o l i n e t o ( cr , 13 , 13) ; ⤦

Ç ca i ro move to ( cr , 3 , 13) ; c a i r o l i n e t o ( cr , 13 , 3) ; break⤦
Ç ; }

case 13 : { ca i ro move to ( cr , 5 , 8) ; c a i r o l i n e t o ( cr , 11 , 8) ; ⤦
Ç ca i ro move to ( cr , 8 , 5) ; c a i r o l i n e t o ( cr , 8 , 11) ;

ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 11 , 11) ; ⤦
Ç ca i ro move to ( cr , 5 , 11) ; c a i r o l i n e t o ( cr , 11 , 5) ; break⤦
Ç ; }

1135 // smal l and l a r g e t r i a n g l e s in 4 d i r e c t i o n s
case 14 : { ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 11 , 5) ; ⤦

Ç c a i r o l i n e t o ( cr , 8 , 11) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 15 : { ca i ro move to ( cr , 3 , 3) ; c a i r o l i n e t o ( cr , 13 , 3) ; ⤦

Ç c a i r o l i n e t o ( cr , 8 , 13) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 16 : { ca i ro move to ( cr , 5 , 11) ; c a i r o l i n e t o ( cr , 11 , 11) ; ⤦

Ç c a i r o l i n e t o ( cr , 8 , 5) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 17 : { ca i ro move to ( cr , 3 , 13) ; c a i r o l i n e t o ( cr , 13 , 13) ; ⤦

Ç c a i r o l i n e t o ( cr , 8 , 3) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
1140 case 18 : { ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 5 , 11) ; ⤦

Ç c a i r o l i n e t o ( cr , 11 , 8) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 19 : { ca i ro move to ( cr , 3 , 3) ; c a i r o l i n e t o ( cr , 3 , 13) ; ⤦

Ç c a i r o l i n e t o ( cr , 13 , 8) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 20 : { ca i ro move to ( cr , 11 , 5) ; c a i r o l i n e t o ( cr , 11 , 11) ; ⤦

Ç c a i r o l i n e t o ( cr , 5 , 8) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
case 21 : { ca i ro move to ( cr , 13 , 3) ; c a i r o l i n e t o ( cr , 13 , 13) ; ⤦

Ç c a i r o l i n e t o ( cr , 3 , 8) ; c a i r o c l o s e p a t h ( cr ) ; break ; }
// smal l and l a r g e squares in 2 d i r e c t i o n s

1145 case 22 : { ca i ro move to ( cr , 5 , 5) ; c a i r o l i n e t o ( cr , 11 , 5) ; ⤦
Ç c a i r o l i n e t o ( cr , 11 , 11) ; c a i r o l i n e t o ( cr , 5 , 11) ; c a i r o c l o s e p a t h⤦
Ç ( c r ) ; break ; }

case 23 : { ca i ro move to ( cr , 3 , 3) ; c a i r o l i n e t o ( cr , 13 , 3) ; ⤦
Ç c a i r o l i n e t o ( cr , 13 , 13) ; c a i r o l i n e t o ( cr , 3 , 13) ; c a i r o c l o s e p a t h⤦
Ç ( c r ) ; break ; }

case 24 : { ca i ro move to ( cr , 5 , 8) ; c a i r o l i n e t o ( cr , 8 , 5) ; ⤦
Ç c a i r o l i n e t o ( cr , 11 , 8) ; c a i r o l i n e t o ( cr , 8 , 11) ; c a i r o c l o s e p a t h⤦
Ç ( c r ) ; break ; }

case 25 : { ca i ro move to ( cr , 3 , 8) ; c a i r o l i n e t o ( cr , 8 , 3) ; ⤦
Ç c a i r o l i n e t o ( cr , 13 , 8) ; c a i r o l i n e t o ( cr , 8 , 13) ; c a i r o c l o s e p a t h⤦
Ç ( c r ) ; break ; }

}
1150 c a i r o s t r o k e ( cr ) ;

c a i r o d e s t r o y ( cr ) ;
c a i r o p a t t e r n t ∗ pattern = c a i r o p a t t e r n c r e a t e f o r s u r f a c e ( s u r f a c e ) ;
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c a i r o p a t t e r n s e t e x t e nd ( pattern , CAIRO EXTEND REPEAT) ;
c a i r o s u r f a c e d e s t r o y ( s u r f a c e ) ;

1155 re turn pattern ;
}

s t a t i c void i n i t i a l i z e f i l l p a t t e r n s ( void )
{

1160 f o r ( i n t dark = 0 ; dark < 2 ; ++dark )
{

f o r ( i n t p = 0 ; p < 26 ; ++p)
{

G. f i l l p a t t e r n [ dark ] [ p ] = g e n e r a t e f i l l p a t t e r n (0 , p , dark , dark , dark ) ;
1165 }

}
}

s t r u c t dash { double pattern [ 8 ] ; i n t count ; } ;
1170 s t a t i c const s t r u c t dash dashes [ 1 6 ] =

#de f i n e gap 4
{ { { 0 } , 0 }
, { { 2 , gap } , 2 }
, { { 4 , gap } , 2 }

1175 , { { 8 , gap } , 2 }
, { { 2 , gap , 4 , gap } , 4 }
, { { 2 , gap , 8 , gap } , 4 }
, { { 4 , gap , 8 , gap } , 4 }
, { { 2 , gap , 2 , gap , 4 , gap } , 6 }

1180 , { { 2 , gap , 2 , gap , 8 , gap } , 6 }
, { { 2 , gap , 4 , gap , 4 , gap } , 6 }
, { { 2 , gap , 8 , gap , 8 , gap } , 6 }
, { { 4 , gap , 8 , gap , 8 , gap } , 6 }
, { { 2 , gap , 2 , gap , 2 , gap , 4 , gap } , 8 }

1185 , { { 2 , gap , 2 , gap , 2 , gap , 8 , gap } , 8 }
, { { 2 , gap , 2 , gap , 4 , gap , 4 , gap } , 8 }
, { { 4 , gap , 2 , gap , 8 , gap , 2 , gap } , 8 }
} ;

#undef gap
1190

s t a t i c void draw annotat ion ( c a i r o t ∗ ctx , c a i r o t ∗ctxmask , c a i r o t ∗ c tx s e l , ⤦
Ç s t r u c t annotat ion ∗ l s ) {

double alpha = 1 ;
i f ( l s −>tag == annotat ion wake )
{

1195 alpha = 0 . 2 5 ;
}
i f ( l s −>s e l e c t e d ) {

i f (G. dark )
{

1200 c a i r o s e t s o u r c e r g b a ( ctx , 1 . 0 , 0 . 75 , 0 . 75 , alpha ) ;
}
e l s e
{

c a i r o s e t s o u r c e r g b a ( ctx , 0 . 5 , 0 . 25 , 0 . 25 , alpha ) ;
1205 }

c a i r o s e t l i n e w i d t h ( ctx , 3) ;
} e l s e {

i f (G. dark )
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{
1210 c a i r o s e t s o u r c e r g b a ( ctx , 1 , 1 , 1 , alpha ) ;

}
e l s e
{

c a i r o s e t s o u r c e r g b a ( ctx , 0 , 0 , 0 , alpha ) ;
1215 }

c a i r o s e t l i n e w i d t h ( ctx , 1) ;
}
c a i r o s e t s o u r c e r g b a ( c tx s e l , ( ( l s −>id >> 16) & 0xFF) / 255 .0 , ( ( l s −>id >> 8) ⤦

Ç & 0xFF) / 255 .0 , ( ( l s −>id >> 0) & 0xFF) / 255 .0 , 1) ;
s t r u c t po int ∗ l = 0 ;

1220 i n t l t = 0 ;
i n t f t = −1;
double f c r = −1;
double f c g = −1;
double f cb = −1;

1225 double s c r = −1;
double scg = −1;
double scb = −1;
i n t c i r c l e a t l i n e e n d = 0 ;
switch ( l s −>tag ) {

1230 case anno ta t i on ray in :
l = l s −>u . r ay i n . l i n e s t a r t ;
l t = l s −>u . r ay i n . l i n e t y p e ;
s c r = l s −>u . r ay i n . s t r o k e r ;
scg = l s −>u . r ay i n . s t r ok e g ;

1235 scb = l s −>u . r ay i n . s t r oke b ;
break ;

case annota t i on ray out :
l = l s −>u . ray out . l i n e s t a r t ;
l t = l s −>u . ray out . l i n e t y p e ;

1240 s c r = l s −>u . ray out . s t r o k e r ;
scg = l s −>u . ray out . s t r ok e g ;
scb = l s −>u . ray out . s t r oke b ;
break ;

case annota t i on t ex t : {
1245 double x , y ;

param to screen(&x , &y , mpc r ea l r e f ( l s −>u . t ext . xy ) , mpc imagref ( l s −>u . t ext⤦
Ç . xy ) ) ;

draw text ( ctx , ctxmask , c t x s e l , x , y , l s −> l a b e l ) ;
break ;

}
1250 case annota t i on nuc l eus : {

double x , y ;
param to screen(&x , &y , mpc r ea l r e f ( l s −>u . nuc leus . xy ) , mpc imagref ( l s −>u .⤦

Ç nuc leus . xy ) ) ;
draw text ( ctx , ctxmask , c t x s e l , x , y , l s −> l a b e l ) ;
break ;

1255 }
case annota t i on mi s iu r ew i c z : {

double x , y ;
param to screen(&x , &y , mpc r ea l r e f ( l s −>u . mi s iu rewicz . xy ) , mpc imagref ( l s ⤦

Ç −>u . mi s iu rewicz . xy ) ) ;
draw text ( ctx , ctxmask , c t x s e l , x , y , l s −> l a b e l ) ;

1260 break ;
}
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case annotat ion wake :
l = l s −>u . wake . l i n e s t a r t ;
f t = l s −>u . wake . f i l l t y p e ;

1265 s c r = f c r = l s −>u . wake . f i l l r ;
scg = f cg = l s −>u . wake . f i l l g ;
scb = fcb = l s −>u . wake . f i l l b ;
break ;

case annotation atom :
1270 l = l s −>u . atom . l i n e s t a r t ;

f t = l s −>u . atom . f i l l t y p e ;
s c r = f c r = l s −>u . atom . f i l l r ;
scg = f cg = l s −>u . atom . f i l l g ;
scb = fcb = l s −>u . atom . f i l l b ;

1275 break ;
case annotation domain :

l = l s −>u . domain . l i n e s t a r t ;
l t = l s −>u . domain . l i n e t y p e ;
s c r = l s −>u . domain . l i n e r ;

1280 scg = l s −>u . domain . l i n e g ;
scb = l s −>u . domain . l i n e b ;
c i r c l e a t l i n e e n d = 1 ;
break ;

}
1285 i f ( l ) {

c a i r o s e t l i n e w i d t h ( c tx s e l , 8 . 0 ) ;
i n t f i r s t = 1 ;
double x , y , o ldx = 0 , oldy = 0 ;
i n t oldinbounds = 0 ;

1290 i n t count = 0 ;
s t r u c t po int ∗ l 0 = l ;
f o r ( ; l ; l = l−>next ) {

count++;
param to screen c lamped(&x , &y , mpc r ea l r e f ( l−>xy ) , mpc imagref ( l−>xy ) ) ;

1295 i n t inbounds = 0 <= x && x < G. width sc reen && 0 <= y && y < G.⤦
Ç he i gh t s c r e en ;

i f ( o ldinbounds ) {
c a i r o l i n e t o ( ctx , x , y ) ;
c a i r o l i n e t o ( c t x s e l , x , y ) ;

} e l s e {
1300 i f ( inbounds ) {

i f ( f i r s t ) {
ca i ro move to ( ctx , x , y ) ;
ca i ro move to ( c tx s e l , x , y ) ;

} e l s e {
1305 c a i r o l i n e t o ( ctx , oldx , oldy ) ;

c a i r o l i n e t o ( ctx , x , y ) ;
c a i r o l i n e t o ( c t x s e l , oldx , oldy ) ;
c a i r o l i n e t o ( c t x s e l , x , y ) ;

}
1310 } e l s e {

// segment out o f bounds
c a i r o l i n e t o ( ctx , x , y ) ;
c a i r o l i n e t o ( c t x s e l , x , y ) ;

}
1315 }

oldinbounds = inbounds ;
o ldx = x ;
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oldy = y ;
f i r s t = 0 ;

1320 }
i f ( l s −>s e l e c t e d )
{

c a i r o s e t d a s h ( ctx , dashes [ 0 ] . pattern , 0 , 0) ;
}

1325 e l s e
{

c a i r o s e t d a s h ( ctx , dashes [ l t & 0xF ] . pattern , dashes [ l t & 0xF ] . count , 0) ;
}
i f ( f t >= 0)

1330 {
c a i r o p a t t e r n t ∗ o ld = c a i r o g e t s o u r c e ( ctx ) ;
c a i r o p a t t e r n r e f e r e n c e ( o ld ) ;
i f (G. co l ou r == co l o u r t h eme f u l l c o l o u r )
{

1335 c a i r o s e t s o u r c e r g b a ( ctx , f c r , fcg , fcb , 0 . 25 ) ;
c a i r o f i l l p r e s e r v e ( ctx ) ;

}
i f (G. co l ou r == colour theme monochrome )
{

1340 f c r = f cg = fcb = G. dark ;
}
c a i r o p a t t e r n t ∗ fp = g e n e r a t e f i l l p a t t e r n ( c a i r o g e t t a r g e t ( ctx ) , f t , f c r ⤦

Ç , fcg , f cb ) ;
c a i r o s e t s o u r c e ( ctx , fp ) ;
c a i r o f i l l p r e s e r v e ( ctx ) ;

1345 c a i r o s e t s o u r c e ( ctx , o ld ) ;
c a i r o p a t t e r n d e s t r o y ( fp ) ;
c a i r o f i l l p r e s e r v e ( c t x s e l ) ;

}
i f (G. co l ou r && sc r >= 0)

1350 {
c a i r o s e t s o u r c e r g b a ( ctx , scr , scg , scb , 1) ;

}
c a i r o s t r o k e ( ctx ) ;
c a i r o s t r o k e ( c t x s e l ) ;

1355 i f ( c i r c l e a t l i n e e n d )
{

i n t i = 0 ;
f o r ( l = l 0 ; l ; l = l−>next )
{

1360 i f ( i % ( count / 4) == 0)
{

param to screen c lamped(&x , &y , mpc r ea l r e f ( l−>xy ) , mpc imagref ( l−>xy )⤦
Ç ) ;

c a i r o a r c ( ctx , x , y , 8 . 0 ∗ G. dp i s c r e en / 100 , 0 , twopi ) ;
i f ( i == 0)

1365 c a i r o f i l l ( ctx ) ;
e l s e

c a i r o s t r o k e ( ctx ) ;
c a i r o a r c ( c tx s e l , x , y , 8 . 0 ∗ G. dp i s c r e en / 100 , 0 , twopi ) ;
i f ( i == 0)

1370 c a i r o f i l l ( ctx ) ;
e l s e

c a i r o s t r o k e ( c t x s e l ) ;
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}
++i ;

1375 }
}

}
}

1380 s t a t i c gboolean con f i gu r e ev en t cb (GtkWidget ∗widget , GdkEventConfigure ∗ event , ⤦
Ç gpo in t e r data ) {

( void ) event ;
( void ) data ;
i f (G. s u r f a c e ) {

re turn TRUE;
1385 }

G. su r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, G. width pr int , G.⤦
Ç he i gh t p r i n t ) ;

G. mask = ca i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, G. width screen , G.⤦
Ç he i gh t s c r e en ) ;

G. s e l e c t i o n s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, G.⤦
Ç width screen , G. h e i gh t s c r e en ) ;

s t r u c t view ∗v = view copy (G. view ) ;
1390 s t a r t r e nd e r ( v ) ;

gtk widget queue draw ( widget ) ;
r e turn TRUE;

}

1395 s t r u c t draw annotat i on fo reach data
{

i n t s e l e c t e d ;
c a i r o t ∗ cr ;
c a i r o t ∗crmask ;

1400 c a i r o t ∗ c r s e l ;
} ;

s t a t i c gboolean draw annota t i on fo r each func (GtkTreeModel ∗model , GtkTreePath ∗⤦
Ç path , GtkTreeIter ∗ i t e r , gpo in t e r userdata )

{
1405 ( void ) path ;

s t r u c t draw annotat i on fo reach data ∗d = userdata ;
gpo in t e r th ing ;
g t k t r e e mode l g e t (model , i t e r , 1 , &thing , −1) ;
s t r u c t annotat ion ∗ l s = th ing ;

1410 i f ( l s && l s −>s e l e c t e d == d−>s e l e c t e d && ls −>tag != annotation atom && ls −>tag⤦
Ç != annotat ion wake ) {

draw annotat ion (d−>cr , d−>crmask , d−>c r s e l , l s ) ;
}
re turn FALSE;

}
1415

s t a t i c void c l i p s u b t r a c t l o o p ( c a i r o t ∗ cr , s t r u c t po int ∗ l )
{

ca i ro move to ( cr , −10 , −10) ;
c a i r o l i n e t o ( cr , −10 , G. h e i gh t s c r e en + 10) ;

1420 c a i r o l i n e t o ( cr , G. w idth sc reen + 10 , G. h e i gh t s c r e en + 10) ;
c a i r o l i n e t o ( cr , G. w idth sc reen + 10 , −10) ;
c a i r o l i n e t o ( cr , −10 , −10) ;
c a i r o c l o s e p a t h ( cr ) ;
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i n t f i r s t = 1 ;
1425 f o r ( ; l ; l = l−>next )

{
double x = −10 , y = −10;
param to screen c lamped(&x , &y , mpc r ea l r e f ( l−>xy ) , mpc imagref ( l−>xy ) ) ;
i f ( f i r s t ) {

1430 ca i ro move to ( cr , x , y ) ;
f i r s t = 0 ;

}
e l s e
{

1435 c a i r o l i n e t o ( cr , x , y ) ;
}

}
c a i r o c l o s e p a t h ( cr ) ;
c a i r o c l i p ( cr ) ;

1440 }

s t a t i c gboolean draw cb (GtkWidget ∗widget , c a i r o t ∗ cr , gpo in t e r data ) {
( void ) widget ;
( void ) data ;

1445 c a i r o s a v e ( cr ) ;
c a i r o s c a l e ( cr , G. w idth sc reen / ( double ) G. width pr int , G. h e i gh t s c r e en / (⤦

Ç double ) G. h e i g h t p r i n t ) ;
c a i r o s e t s o u r c e s u r f a c e ( cr , G. sur face , 0 , 0) ;
c a i r o p a i n t ( cr ) ;
c a i r o r e s t o r e ( cr ) ;

1450 i f (G. box ) {
draw box ( cr ) ;

}
i f (G. b a l l ) {

draw ba l l ( c r ) ;
1455 }

c a i r o t ∗crmask = c a i r o c r e a t e (G.mask ) ;
c a i r o s e t s o u r c e r g b a ( crmask , 0 , 0 , 0 , 1) ;
c a i r o p a i n t ( crmask ) ;
c a i r o s e t s o u r c e r g b a ( crmask , 1 , 1 , 1 , 1) ;

1460 c a i r o t ∗ c r s e l = c a i r o c r e a t e (G. s e l e c t i o n s u r f a c e ) ;
c a i r o s e t s o u r c e r g b a ( c r s e l , 0 , 0 , 0 , 1) ;
c a i r o p a i n t ( c r s e l ) ;
c a i r o s e t a n t i a l i a s ( c r s e l , CAIRO ANTIALIAS NONE) ;
f o r ( i n t s e l e c t e d = 1 ; s e l e c t e d >= 0 ; −− s e l e c t e d )

1465 {
s t r u c t draw annotat i on fo reach data userdata = { s e l e c t ed , cr , crmask , c r s e l⤦

Ç } ;
g t k t r e e mode l f o r e a ch (GTKTREEMODEL(G. annostore ) , ⤦

Ç draw annotat i on fo reach func , &userdata ) ;
}

1470 c a i r o s e t f i l l r u l e ( cr , CAIRO FILL RULE EVEN ODD) ;
c a i r o s e t f i l l r u l e ( c r s e l , CAIRO FILL RULE EVEN ODD) ;
// draw atoms
s t r u c t annotat ion ∗ as = G. anno ;
whi l e ( as )

1475 {
i f ( as−>tag == annotation atom )
{
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draw annotat ion ( cr , crmask , c r s e l , as ) ;
c l i p s u b t r a c t l o o p ( cr , as−>u . atom . l i n e s t a r t ) ;

1480 c l i p s u b t r a c t l o o p ( c r s e l , as−>u . atom . l i n e s t a r t ) ;
}
as = as−>next ;

}
// draw wakes from narrowest to widest

1485 s t r u c t annotat ion ∗ws = G. wakes head . u . wake . next wake ;
whi l e (ws−>u . wake . next wake )
{

draw annotat ion ( cr , crmask , c r s e l , ws ) ;
c l i p s u b t r a c t l o o p ( cr , ws−>u . wake . l i n e s t a r t ) ;

1490 c l i p s u b t r a c t l o o p ( c r s e l , ws−>u . wake . l i n e s t a r t ) ;
ws = ws−>u . wake . next wake ;

}
c a i r o d e s t r o y ( crmask ) ;
c a i r o d e s t r o y ( c r s e l ) ;

1495 re turn FALSE;
}

s t a t i c void save png ( const char ∗ f i l ename ) {
c a i r o s u r f a c e t ∗ s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32, G.⤦

Ç width pr int , G. h e i g h t p r i n t ) ;
1500 c a i r o t ∗ cr = c a i r o c r e a t e ( s u r f a c e ) ;

c a i r o s c a l e ( cr , G. w idth pr in t / ( double ) G. width screen , G. h e i g h t p r i n t / (⤦
Ç double ) G. h e i gh t s c r e en ) ;

draw cb (0 , cr , 0) ;
c a i r o d e s t r o y ( cr ) ;
c a i r o s u r f a c e w r i t e t o pn g ( sur face , f i l ename ) ;

1505 c a i r o s u r f a c e d e s t r o y ( s u r f a c e ) ;
}

s t a t i c void save pd f ( const char ∗ f i l ename ) {
double w = 210 / 25 .4 ∗ 72 ;

1510 double h = 297 / 25 .4 ∗ 72 ;
// double gw = (210 − 40) / 25 .4 ∗ 72 ;
double gh = (297 − 40) / 25 .4 ∗ 72 ;
double s = gh / G. width sc reen ;
c a i r o s u r f a c e t ∗pdf = c a i r o p d f s u r f a c e c r e a t e ( f i l ename , w, h) ;

1515 c a i r o t ∗ cr = c a i r o c r e a t e ( pdf ) ;
c a i r o t r a n s l a t e ( cr , w / 2 , h / 2) ;
c a i r o r o t a t e ( cr , −pi / 2) ;
c a i r o s c a l e ( cr , s , s ) ;
c a i r o t r a n s l a t e ( cr , −G. width sc reen / 2 , −G. he i gh t s c r e en / 2) ;

1520 c a i r o r e c t a n g l e ( cr , 0 , 0 , G. width screen , G. h e i gh t s c r e en ) ;
c a i r o c l i p ( cr ) ;
draw cb (0 , cr , 0) ;
ca i ro show page ( cr ) ;
c a i r o d e s t r o y ( cr ) ;

1525 c a i r o s u r f a c e d e s t r o y ( pdf ) ;
}

s t a t i c void c lose window ( void ) {
i f (G. s u r f a c e ) {

1530 c a i r o s u r f a c e d e s t r o y (G. su r f a c e ) ;
}
gtk main qu i t ( ) ;
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}

1535 s t a t i c void s a v e c l i c k e d cb (GtkToolButton ∗ save , gpo in t e r userdata ) {
( void ) save ;
( void ) userdata ;
GtkWidget ∗ d i a l o g = g t k f i l e c h o o s e r d i a l o g n ew (” Save F i l e ” , GTKWINDOW(G.⤦

Ç window) , GTK FILE CHOOSER ACTION SAVE, ” Cancel ” , GTK RESPONSE CANCEL, ”⤦
Ç Save ” , GTK RESPONSE ACCEPT, NULL) ;

g t k f i l e c h o o s e r s e t d o o v e rw r i t e c o n f i rma t i o n (GTK FILE CHOOSER( d i a l o g ) , TRUE)⤦
Ç ;

1540 g in t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

char ∗ f i l ename = g t k f i l e c h o o s e r g e t f i l e n am e (GTK FILE CHOOSER( d i a l o g ) ) ;
s e r i a l i z e ( f i l ename ) ; // FIXME TODO handle e r r o r s
g f r e e ( f i l ename ) ;

1545 }
g tk w idge t de s t r oy ( d i a l o g ) ;

}

s t a t i c void s av e image c l i c k ed cb (GtkToolButton ∗ save image , gpo in t e r userdata ) ⤦
Ç {

1550 ( void ) save image ;
( void ) userdata ;
GtkWidget ∗ d i a l o g = g t k f i l e c h o o s e r d i a l o g n ew (” Save PNG” , GTKWINDOW(G.⤦

Ç window) , GTK FILE CHOOSER ACTION SAVE, ” Cancel ” , GTK RESPONSE CANCEL, ”⤦
Ç Save ” , GTK RESPONSE ACCEPT, NULL) ;

g t k f i l e c h o o s e r s e t d o o v e rw r i t e c o n f i rma t i o n (GTK FILE CHOOSER( d i a l o g ) , TRUE)⤦
Ç ;

g i n t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
1555 i f ( r e s == GTK RESPONSE ACCEPT) {

char ∗ f i l ename = g t k f i l e c h o o s e r g e t f i l e n am e (GTK FILE CHOOSER( d i a l o g ) ) ;
save png ( f i l ename ) ; // FIXME TODO handle e r r o r s
g f r e e ( f i l ename ) ;

}
1560 g tk w idge t de s t r oy ( d i a l o g ) ;

}

s t a t i c void s a v e pd f c l i c k e d cb (GtkToolButton ∗ save image , gpo in t e r userdata ) {
( void ) save image ;

1565 ( void ) userdata ;
GtkWidget ∗ d i a l o g = g t k f i l e c h o o s e r d i a l o g n ew (” Save PDF” , GTKWINDOW(G.⤦

Ç window) , GTK FILE CHOOSER ACTION SAVE, ” Cancel ” , GTK RESPONSE CANCEL, ”⤦
Ç Save ” , GTK RESPONSE ACCEPT, NULL) ;

g t k f i l e c h o o s e r s e t d o o v e rw r i t e c o n f i rma t i o n (GTK FILE CHOOSER( d i a l o g ) , TRUE)⤦
Ç ;

g i n t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

1570 char ∗ f i l ename = g t k f i l e c h o o s e r g e t f i l e n am e (GTK FILE CHOOSER( d i a l o g ) ) ;
save pd f ( f i l ename ) ; // FIXME TODO handle e r r o r s
g f r e e ( f i l ename ) ;

}
g tk w idge t de s t r oy ( d i a l o g ) ;

1575 }

s t a t i c void l o a d c l i c k e d c b (GtkToolButton ∗ load , gpo in t e r userdata ) {
( void ) load ;
( void ) userdata ;
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1580 GtkWidget ∗ d i a l o g = g t k f i l e c h o o s e r d i a l o g n ew (”Load F i l e ” , GTKWINDOW(G.⤦
Ç window) , GTK FILE CHOOSER ACTION OPEN, ” Cancel ” , GTK RESPONSE CANCEL, ”⤦
Ç Open” , GTK RESPONSE ACCEPT, NULL) ;

g in t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

char ∗ f i l ename = g t k f i l e c h o o s e r g e t f i l e n am e (GTK FILE CHOOSER( d i a l o g ) ) ;
d e s e r i a l i z e ( f i l ename ) ; // FIXME TODO handle e r r o r s

1585 g f r e e ( f i l ename ) ;
}
g tk w idge t de s t r oy ( d i a l o g ) ;

}

1590 #i f 0
s t a t i c void r e s i z e c l i c k e d c b (GtkToolButton ∗ r e s i z e , gpo in t e r userdata ) {

( void ) r e s i z e ;
( void ) userdata ;
GtkDialogFlags f l a g s = GTKDIALOGMODAL | GTK DIALOG DESTROYWITH PARENT;

1595 GtkWidget ∗ d i a l o g = gtk d ia l og new wi th but tons (” S i z e ” , GTKWINDOW(G. window) , ⤦
Ç f l a g s , ” Cancel ” , GTK RESPONSE CANCEL, ” Res i z e ” , GTK RESPONSE ACCEPT, ⤦
Ç NULL) ;

GtkWidget ∗box = g t k d i a l o g g e t c o n t e n t a r e a (GTK DIALOG( d i a l o g ) ) ;
GtkWidget ∗entryw = gtk entry new ( ) ;
GtkWidget ∗ entryh = gtk entry new ( ) ;
char ∗ l abe lw = mal loc (100) ;

1600 s np r i n t f ( labelw , 99 , ”%d” , G. width sc reen ) ;
char ∗ l ab e l h = mal loc (100) ;
s np r i n t f ( labe lh , 99 , ”%d” , G. h e i gh t s c r e en ) ;
g t k e n t r y s e t t e x t (GTKENTRY( entryw ) , labe lw ) ;
g t k e n t r y s e t t e x t (GTKENTRY( entryh ) , l ab e l h ) ;

1605 gtk conta ine r add (GTKCONTAINER(box ) , entryw ) ;
g tk conta ine r add (GTKCONTAINER(box ) , entryh ) ;
g tk w idge t show a l l ( d i a l o g ) ;
g i n t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

1610 const char ∗ textw = g t k en t r y g e t t e x t (GTKENTRY( entryw ) ) ;
i n t w = a to i ( textw ) ;
const char ∗ texth = g t k en t r y g e t t e x t (GTKENTRY( entryh ) ) ;
i n t h = a t o i ( texth ) ;
i f (w > 0 && h > 0) {

1615 r e s i z e imag e (w, h) ;
}

}
f r e e ( labe lw ) ;
f r e e ( l ab e l h ) ;

1620 g tk w idge t de s t r oy ( d i a l o g ) ;
}
#end i f

s t a t i c void home c l i cked cb (GtkToolButton ∗home , gpo in t e r userdata ) {
1625 ( void ) home ;

( void ) userdata ;
s t r u c t view ∗v = view new ( ) ;
mpf r s e t d (v−>cx , −0.75 , GMPRNDN) ;
mpf r s e t d (v−>cy , 0 . 0 , GMPRNDN) ;

1630 mpfr se t d (v−>radius , 1 . 5 , GMPRNDN) ;
s t a r t r e nd e r ( v ) ;

}
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s t a t i c void zoom out c l i cked cb (GtkToolButton ∗zoom out , gpo in t e r userdata ) {
1635 ( void ) zoom out ;

( void ) userdata ;
s t r u c t view ∗v = view copy (G. view ) ;
mpfr mul d (v−>radius , v−>radius , 10 . 0 , GMPRNDN) ;
s t a r t r e nd e r ( v ) ;

1640 }

s t a t i c void wake l c l i c k ed cb (GtkToolButton ∗wakel , gpo in t e r userdata ) {
( void ) wakel ;
( void ) userdata ;

1645 s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno && anno−>tag == anno ta t i on ray in )
{

s tar t wake ( anno , 1) ;
}

1650 }

s t a t i c void wake r c l i ck ed cb (GtkToolButton ∗waker , gpo in t e r userdata ) {
( void ) waker ;
( void ) userdata ;

1655 s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno && anno−>tag == anno ta t i on ray in )
{

s tar t wake ( anno , −1) ;
}

1660 }

s t a t i c void mo r e i t e r s c l i c k e d c b (GtkToolButton ∗more i t e r s , gpo in t e r userdata ) ⤦
Ç {

( void ) mor e i t e r s ;
1665 ( void ) userdata ;

i f (G. maximum iterations < (1 << 30) )
{

G. maximum iterations ∗= 2 ;
s t r u c t view ∗v = view copy (G. view ) ;

1670 s t a r t r e nd e r ( v ) ;
}

}

s t a t i c void f e w e r i t e r s c l i c k e d c b (GtkToolButton ∗ f ew e r i t e r s , gpo in t e r userdata⤦
Ç ) {

1675 ( void ) f e w e r i t e r s ;
( void ) userdata ;
i f (G. maximum iterations > (1 << 8) )
{

G. maximum iterations /= 2 ;
1680 s t r u c t view ∗v = view copy (G. view ) ;

s t a r t r e nd e r ( v ) ;
}

}

1685 s t a t i c gboolean zoom button pres s event cb (GtkWidget ∗widget , GdkEventButton ∗⤦
Ç event , gpo in t e r data ) {

( void ) data ;
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i f ( event−>button == GDKBUTTONPRIMARY) {
G. box = TRUE;
G. box x1 = event−>x ;

1690 G. box y1 = event−>y ;
G. box x2 = event−>x ;
G. box y2 = event−>y ;
gtk widget queue draw ( widget ) ;

} e l s e {
1695 G. box = FALSE;

gtk widget queue draw ( widget ) ;
}
re turn TRUE;

}
1700

s t a t i c gboolean zoom but ton re l ea s e event cb (GtkWidget ∗widget , GdkEventButton ∗⤦
Ç event , gpo in t e r data ) {

( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {

i f (G. box ) {
1705 i f (G. view ) {

double x , y , w, h ;
box r e c tang l e (&x , &y , &w, &h) ;
i f (w > 0 && h > 0) {

s t r u c t view ∗v = view new ( ) ;
1710 x = (x + w/2 .0 − G. width sc reen / 2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;

y = (G. h e i gh t s c r e en / 2 .0 − ( y + h/2 . 0 ) ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
double r = (h /2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
mpfr t c l i c kx , c l i c ky , l o g r ad i u s ;
mp f r i n i t 2 ( c l i c kx , 53) ;

1715 mpf r i n i t 2 ( c l i c ky , 53) ;
mp f r i n i t 2 ( l og rad iu s , 53) ;
mpf r s e t d ( c l i c kx , x , GMPRNDN) ;
mpf r s e t d ( c l i c ky , y , GMPRNDN) ;
mpfr mul ( c l i c kx , c l i c kx , G. view−>radius , GMPRNDN) ;

1720 mpfr mul ( c l i c ky , c l i c ky , G. view−>radius , GMPRNDN) ;
mpfr mul d (v−>radius , G. view−>radius , r , GMPRNDN) ;
mpfr log2 ( l og rad iu s , v−>radius , GMPRNDN) ;
i n t prec = fmax (53 , 16 − mpfr get d ( l og rad iu s , GMPRNDN) ) ;
mpfr prec round (v−>cx , prec , GMPRNDN) ;

1725 mpfr prec round (v−>cy , prec , GMPRNDN) ;
mpfr add (v−>cx , G. view−>cx , c l i c kx , GMPRNDN) ;
mpfr add (v−>cy , G. view−>cy , c l i c ky , GMPRNDN) ;
mp f r c l e a r ( c l i c k x ) ;
mp f r c l e a r ( c l i c k y ) ;

1730 mpf r c l ea r ( l o g r ad i u s ) ;
s t a r t r e nd e r ( v ) ;

}
}
G. box = FALSE;

1735 gtk widget queue draw ( widget ) ;
}

}
re turn TRUE;

}
1740

s t a t i c gboolean zoom mot ion not i fy event cb (GtkWidget ∗widget , GdkEventMotion ∗⤦
Ç event , gpo in t e r data ) {
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( void ) data ;
i f ( event−>s t a t e & GDKBUTTON1MASK) {
G. box x2 = event−>x ;

1745 G. box y2 = event−>y ;
gtk widget queue draw ( widget ) ;

}
re turn TRUE;

}
1750

s t a t i c void zoom toggled cb (GtkWidget ∗zoom , gpo in t e r userdata ) {
( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM(zoom) ) ;
i f ( a c t i v e ) {

1755 G. box aspect = G. width sc reen / ( double ) G. h e i gh t s c r e en ;
G. zoom mot ion not i fy hand le r = g s i g na l c onn e c t (G. da , ”motion−not i f y −event ” ,⤦

Ç GCALLBACK( zoom mot ion not i fy event cb ) , NULL) ;
G. zoom button pres s hand le r = g s i g na l c onn e c t (G. da , ”button−press −event ” , ⤦

Ç GCALLBACK( zoom button pres s event cb ) , NULL) ;
G. zoom but ton re l ea s e hand l e r = g s i g na l c onn e c t (G. da , ”button− r e l e a s e −event⤦

Ç ” , G CALLBACK( zoom but ton re l ea s e event cb ) , NULL) ;
} e l s e {

1760 i f (G. zoom mot ion not i fy hand le r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. zoom mot ion not i fy hand le r ) ;

}
i f (G. zoom button pres s hand le r ) {

g s i g n a l h and l e r d i s c o nn e c t (G. da , G. zoom button pres s hand le r ) ;
1765 }

i f (G. zoom but ton re l ea s e hand l e r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. zoom but ton re l ea s e hand l e r ) ;

}
G. zoom mot ion not i fy hand le r = 0 ;

1770 G. zoom button pres s hand le r = 0 ;
G. zoom but ton re l ea s e hand l e r = 0 ;

}
}

1775 s t a t i c void in f o update ( double x , double y ) {
i n t i = x ∗ G. width pr in t / G. width screen , j = y ∗ G. h e i g h t p r i n t / G.⤦

Ç he i gh t s c r e en ;
i f (G. image && 0 <= i && i < G. width pr in t && 0 <= j && j < G. h e i g h t p r i n t ) {

mpfr t cx , cy ;
mp f r i n i t 2 ( cx , 53) ;

1780 mpf r i n i t 2 ( cy , 53) ;
sc reen to param (x , y , cx , cy ) ;
i n t k = j ∗ G. width pr in t + i ;
char ∗buf = c a l l o c (1 , 65536) ;
mp f r snp r in t f ( buf , 65536 ,

1785 ”\nINFO\n”
” p i x e l : %d %d\n”
” r e a l : %Re\n”
”imag : %Re\n”
” dwe l l n : %d\n”

1790 ” dwe l l f : %g\n”
” an g l e f : %g\n”
” d i s t anc e : %g\n”
”domain n : %d\n”
”domain x : %g\n”
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1795 ”domain y : %g\n”
, i , j , cx , cy
, p e r t u rba t o r g e t dwe l l n (G. image ) [ k ]
, p e r t u r b a t o r g e t dwe l l f (G. image ) [ k ]
, p e r t u rba t o r g e t dwe l l a (G. image ) [ k ]

1800 , p e r t u r ba t o r g e t d i s t an c e (G. image ) [ k ]
, pe r turbator get domain n (G. image ) [ k ]
, pe r turbator ge t domain x (G. image ) [ k ]
, pe r turbator ge t domain y (G. image ) [ k ]
) ;

1805 log append ( buf ) ;
f r e e ( buf ) ;
mp f r c l e a r ( cx ) ;
mp f r c l e a r ( cy ) ;

}
1810 }

#i f 0
s t a t i c double compute minimum exter ior dwel l ( void )
{

1815 const i n t 3 2 t ∗ dwe l l n = pe r tu rba t o r g e t dwe l l n (G. image ) ;
const f l o a t ∗ dwe l l f = p e r t u r b a t o r g e t dwe l l f (G. image ) ;
double dwel l = 1 .0 / 0 . 0 ;
f o r ( i n t i = 0 ; i < G. width pr in t ; ++i )
{

1820 f o r ( i n t j = 0 ; j < G. h e i g h t p r i n t ; j += G. he i gh t p r i n t − 1)
{

i n t k = j ∗ G. width pr in t + i ;
double n = dwe l l n [ k ] ;
double f = dwe l l f [ k ] ;

1825 i f (n > 0)
{

dwel l = fmin ( dwel l , n + f ) ;
}

}
1830 }

f o r ( i n t i = 0 ; i < G. width pr in t ; i += G. width pr in t − 1)
{

f o r ( i n t j = 0 ; j < G. h e i g h t p r i n t ; ++j )
{

1835 i n t k = j ∗ G. width pr in t + i ;
double n = dwe l l n [ k ] ;
double f = dwe l l f [ k ] ;
i f (n > 0)
{

1840 dwel l = fmin ( dwel l , n + f ) ;
}

}
}
re turn dwel l ;

1845 }
#end i f

s t a t i c gboolean i n f o bu t t on p r e s s e v en t cb (GtkWidget ∗widget , GdkEventButton ∗⤦
Ç event , gpo in t e r data ) {

( void ) widget ;
1850 ( void ) data ;
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i f ( event−>button == GDKBUTTONPRIMARY) {
i n f o update ( event−>x , event−>y ) ;

}
re turn TRUE;

1855 }

s t a t i c void i n f o t o g g l e d c b (GtkWidget ∗ i n fo , gpo in t e r userdata ) {
( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( i n f o ) ) ;

1860 i f ( a c t i v e ) {
G. i n f o bu t t on p r e s s h and l e r = g s i g na l c onn e c t (G. da , ”button−press −event ” , ⤦

Ç GCALLBACK( i n f o bu t t on p r e s s e v en t cb ) , NULL) ;
} e l s e {

i f (G. i n f o bu t t on p r e s s h and l e r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. i n f o bu t t on p r e s s h and l e r ) ;

1865 }
G. i n f o bu t t on p r e s s h and l e r = 0 ;

}
}

1870 s t a t i c void s e l e c t i o n upda t e ( double x , double y ) {
i n t i = x , j = y ;
c a i r o s u r f a c e f l u s h (G. s e l e c t i o n s u r f a c e ) ;
u i n t 32 t ∗ p i x e l s = ( u in t 32 t ∗) c a i r o imag e s u r f a c e g e t d a t a (G.⤦

Ç s e l e c t i o n s u r f a c e ) ;
i n t channe l s = 4 ;

1875 i n t s t r i d e = c a i r o ima g e s u r f a c e g e t s t r i d e (G. s e l e c t i o n s u r f a c e ) / channe l s ;
i f (0 <= i && i < G. width sc reen && 0 <= j && j < G. he i gh t s c r e en )
{

i n t id = p i x e l s [ j ∗ s t r i d e + i ] & 0 x 0 0 f f f f f f ;
s t r u c t annotat ion ∗ l s = G. anno ;

1880 whi le ( l s )
{

l s = l s −>next ;
}
GtkTreeSe lect ion ∗ t s = g t k t r e e v i ew g e t s e l e c t i o n (GTK TREE VIEW(G. annotree )⤦

Ç ) ;
1885 g t k t r e e s e l e c t i o n u n s e l e c t a l l ( t s ) ;

GtkTreeModel ∗model = GTKTREEMODEL(G. annostore ) ;
GtkTreeIter i t e r ;
i f ( g t k t r e e m o d e l g e t i t e r f i r s t (model , &i t e r ) )
{

1890 do
{

gpo in t e r th ing = 0 ;
g tk t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
i f ( th ing )

1895 {
s t r u c t annotat ion ∗ l s = th ing ;
l s −>s e l e c t e d = ( l s −>id == id ) ;
i f ( l s −>s e l e c t e d )
{

1900 g t k t r e e s e l e c t i o n s e l e c t i t e r ( ts , &i t e r ) ;
}

}
} whi le ( g t k t r e e mod e l i t e r n e x t (model , &i t e r ) ) ;

}
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1905 }
}

s t a t i c gboolean s e l e c t i o n bu t t o n p r e s s e v e n t c b (GtkWidget ∗widget , ⤦
Ç GdkEventButton ∗ event , gpo in t e r data ) {

1910 ( void ) widget ;
( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {

s e l e c t i o n upda t e ( event−>x , event−>y ) ;
}

1915 re turn TRUE;
}

s t a t i c void s e l e c t i o n t o g g l e d c b (GtkWidget ∗ s e l , gpo in t e r userdata ) {
( void ) userdata ;

1920 gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( s e l ) ) ;
i f ( a c t i v e ) {
G. s e l e c t i o n bu t t o n p r e s s h and l e r = g s i g na l c onn e c t (G. da , ”button−press −⤦

Ç event ” , G CALLBACK( s e l e c t i o n bu t t o n p r e s s e v e n t c b ) , NULL) ;
} e l s e {

i f (G. s e l e c t i o n bu t t o n p r e s s h and l e r ) {
1925 g s i g n a l h and l e r d i s c o nn e c t (G. da , G. s e l e c t i o n bu t t o n p r e s s h and l e r ) ;

}
G. s e l e c t i o n bu t t o n p r e s s h and l e r = 0 ;

}
}

1930

s t a t i c gboolean ray ou t bu t t on p r e s s ev en t cb (GtkWidget ∗widget , GdkEventButton ⤦
Ç ∗ event , gpo in t e r data ) {

( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {

s t a r t r a y ou t ( event−>x , event−>y ) ;
1935 gtk widget queue draw ( widget ) ;

}
re turn TRUE;

}

1940 s t a t i c void r ay ou t t ogg l ed cb (GtkWidget ∗ ray out , gpo in t e r userdata ) {
( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( ray out ) )⤦

Ç ;
i f ( a c t i v e ) {
G. ray ou t bu t t on p r e s s hand l e r = g s i g na l c onn e c t (G. da , ”button−press −event⤦

Ç ” , G CALLBACK( ray ou t bu t t on p r e s s ev en t cb ) , NULL) ;
1945 } e l s e {

i f (G. r ay ou t bu t t on p r e s s hand l e r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. r ay ou t bu t t on p r e s s hand l e r ) ;

}
G. ray ou t bu t t on p r e s s hand l e r = 0 ;

1950 }
}

s t a t i c void r a y i n c l i c k e d c b (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;

1955 ( void ) use r data ;
const char ∗ l a b e l = ”” ;
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s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno )
{

1960 l a b e l = anno−> l a b e l ;
}
GtkDialogFlags f l a g s = GTKDIALOGMODAL | GTK DIALOG DESTROYWITH PARENT;
GtkWidget ∗ d i a l o g = gtk d ia l og new wi th but tons (”Ray In ” , GTKWINDOW(G. window)⤦

Ç , f l a g s , ” Cancel ” , GTK RESPONSE CANCEL, ” Ray In ” , GTK RESPONSE ACCEPT,⤦
Ç NULL) ;

GtkWidget ∗box = g t k d i a l o g g e t c o n t e n t a r e a (GTK DIALOG( d i a l o g ) ) ;
1965 GtkWidget ∗ aentry = gtk entry new ( ) ;

GtkWidget ∗ppentry = gtk entry new ( ) ;
GtkWidget ∗pentry = gtk entry new ( ) ;
GtkWidget ∗dentry = gtk entry new ( ) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY( aentry ) , ”Angle ”) ;

1970 g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY( ppentry ) , ”Pre−per iod ”) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY( pentry ) , ”Period ”) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY( dentry ) , ”Depth ”) ;
g t k e n t r y s e t t e x t (GTKENTRY( aentry ) , l a b e l ) ;
g t k e n t r y s e t t e x t (GTKENTRY( dentry ) , ”200”) ;

1975 gtk conta ine r add (GTKCONTAINER(box ) , aentry ) ;
g tk conta ine r add (GTKCONTAINER(box ) , ppentry ) ;
g tk conta ine r add (GTKCONTAINER(box ) , pentry ) ;
g tk conta ine r add (GTKCONTAINER(box ) , dentry ) ;
g tk w idge t show a l l ( d i a l o g ) ;

1980 g in t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

const char ∗ atext = g t k en t r y g e t t e x t (GTKENTRY( aentry ) ) ;
const char ∗pptext = g t k en t r y g e t t e x t (GTKENTRY( ppentry ) ) ;
const char ∗ptext = g t k en t r y g e t t e x t (GTKENTRY( pentry ) ) ;

1985 const char ∗dtext = g t k en t r y g e t t e x t (GTKENTRY( dentry ) ) ;
i n t pp = a to i ( pptext ) ;
i n t p = a t o i ( ptext ) ;
s t r u c t m binangle ∗ ang le = c a l l o c (1 , s i z e o f (∗ ang le ) ) ;
m b inang l e i n i t ( ang le ) ;

1990 const char ∗ r e s u l t ;
i f (p > 0 && s t r l e n ( atext ) >= ( s i z e t ) (pp + p) )
{

char ∗ atext2 = c a l l o c (1 , 1 + pp + 1 + p + 1 + 1) ;
i n t k = 0 ;

1995 atext2 [ k++] = ’ . ’ ;
f o r ( i n t j = 0 ; j < pp ; ++j )
{

atext2 [ k++] = atext [ j ] ;
}

2000 atext2 [ k++] = ’ ( ’ ;
f o r ( i n t j = pp ; j < pp + p ; ++j )
{

atext2 [ k++] = atext [ j ] ;
}

2005 atext2 [ k++] = ’ ) ’ ;
a text2 [ k++] = 0 ;
r e s u l t = m binang l e f r om st r ing ( angle , atext2 ) ;
f r e e ( atext2 ) ;

}
2010 e l s e

{
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r e s u l t = m binang l e f r om st r ing ( angle , a text ) ;
}
i n t depth = a to i ( dtext ) ;

2015 i f ( ang le && r e s u l t && ∗ r e s u l t == 0 && depth > 0) {
s t a r t r a y i n ( angle , depth ) ;

}
}
g tk w idge t de s t r oy ( d i a l o g ) ;

2020 }

s t a t i c void ex t end c l i c k ed cb (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;
( void ) use r data ;

2025 GtkTreeSe lect ion ∗ s e l e c t = g t k t r e e v i ew g e t s e l e c t i o n (GTK TREE VIEW(G.⤦
Ç annotree ) ) ;

GtkTreeIter i t e r ;
GtkTreeModel ∗model ;
gpo in t e r th ing ;
s t r u c t annotat ion ∗anno = 0 ;

2030 i f ( g t k t r e e s e l e c t i o n g e t s e l e c t e d ( s e l e c t , &model , &i t e r ) )
{

g tk t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
i f ( th ing )
{

2035 anno = ( s t r u c t annotat ion ∗) th ing ;
}

}
i f ( anno && anno−>tag == anno ta t i on ray in ) {

GtkDialogFlags f l a g s = GTKDIALOGMODAL | GTK DIALOG DESTROYWITH PARENT;
2040 GtkWidget ∗ d i a l o g = gtk d ia l og new wi th but tons (”Extend ” , GTKWINDOW(G.⤦

Ç window) , f l a g s , ” Cancel ” , GTK RESPONSE CANCEL, ” Extend ” , ⤦
Ç GTK RESPONSE ACCEPT, NULL) ;

GtkWidget ∗box = g t k d i a l o g g e t c o n t e n t a r e a (GTK DIALOG( d i a l o g ) ) ;
GtkWidget ∗dentry = gtk entry new ( ) ;
g t k e n t r y s e t t e x t (GTKENTRY( dentry ) , ”1000”) ;
g tk conta ine r add (GTKCONTAINER(box ) , dentry ) ;

2045 g tk w idge t show a l l ( d i a l o g ) ;
g i n t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

const char ∗dtext = g t k en t r y g e t t e x t (GTKENTRY( dentry ) ) ;
i n t depth = a to i ( dtext ) ;

2050 i f ( depth > 0) {
g tk t r e e s t o r e r emove (G. annostore , &i t e r ) ;
s t a r t r ay ex t end ( anno , depth ) ;

}
}

2055 g tk w idge t de s t r oy ( d i a l o g ) ;
}

}

s t a t i c void zoom to c l i ck ed cb (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
2060 ( void ) too lbut ton ;

( void ) use r data ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno && anno−>tag == annotat i on nuc l eus ) {

GtkDialogFlags f l a g s = GTKDIALOGMODAL | GTK DIALOG DESTROYWITH PARENT;
2065 GtkWidget ∗ d i a l o g = gtk d ia l og new wi th but tons (”Zoom To” , GTKWINDOW(G.⤦
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Ç window) , f l a g s , ” Cancel ” , GTK RESPONSE CANCEL, ” Zoom To” , ⤦
Ç GTK RESPONSE ACCEPT, NULL) ;

GtkWidget ∗box = g t k d i a l o g g e t c o n t e n t a r e a (GTK DIALOG( d i a l o g ) ) ;
GtkWidget ∗dentry = gtk entry new ( ) ;
g t k e n t r y s e t t e x t (GTKENTRY( dentry ) , ”0 .75”) ;
g tk conta ine r add (GTKCONTAINER(box ) , dentry ) ;

2070 g tk w idge t show a l l ( d i a l o g ) ;
g i n t r e s = g tk d i a l o g run (GTK DIALOG( d i a l o g ) ) ;
i f ( r e s == GTK RESPONSE ACCEPT) {

const char ∗dtext = g t k en t r y g e t t e x t (GTKENTRY( dentry ) ) ;
mpfr t f a c t o r ;

2075 mpf r i n i t 2 ( f a c to r , 53) ;
mp f r s e t s t r ( f a c to r , dtext , 0 , MPFRRNDN) ;
g tk w idge t de s t r oy ( d i a l o g ) ;
s t r u c t view ∗v = view new ( ) ;
mpfr pow (v−>radius , anno−>u . nuc leus . s i z e , f a c to r , MPFRRNDN) ;

2080 mpf r c l ea r ( f a c t o r ) ;
mp f r s e t p r e c (v−>cx , 53 − mpfr get exp (v−>rad iu s ) ) ;
mp f r s e t p r e c (v−>cy , 53 − mpfr get exp (v−>rad iu s ) ) ;
mpf r se t (v−>cx , mpc r ea l r e f ( anno−>u . nuc leus . xy ) , MPFRRNDN) ;
mpfr se t (v−>cy , mpc imagref ( anno−>u . nuc leus . xy ) , MPFRRNDN) ;

2085 s t a r t r e nd e r ( v ) ;
} e l s e {

g tk w idge t de s t r oy ( d i a l o g ) ;
}

}
2090 }

s t a t i c void muun i t c l i cked cb (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;
( void ) use r data ;

2095 s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno && anno−>tag == annotat i on nuc l eus ) {

task enqueue cb ( task new muunit (G. annotat ion queue , anno−>u . nuc leus . xy , anno⤦
Ç −>u . nuc leus . per iod ) ) ;

}
}

2100

s t a t i c void atom c l i cked cb (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;
( void ) use r data ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;

2105 i f ( anno && anno−>tag == annotat i on nuc l eus ) {
s tar t atom ( anno−>u . nuc leus . xy , anno−>u . nuc leus . per iod ) ;

}
}

2110 s t a t i c void domain c l i cked cb (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;
( void ) use r data ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno && anno−>tag == annotat i on nuc l eus ) {

2115 i n t l op e r i od = a t o i ( g t k e n t r y g e t t e x t (GTKENTRY(G. f i l amen t s p e r i o d ) ) ) ;
s tart domain ( anno−>u . nuc leus . xy , anno−>u . nuc leus . per iod , l op e r i od ) ;

}
}
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2120 s t a t i c void f i l amen t s c l i c k e d c b (GtkToolButton ∗ too lbutton , gpo in t e r use r data )
{

( void ) too lbut ton ;
( void ) use r data ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;

2125 i f ( anno && anno−>tag == annotat i on nuc l eus ) {
i n t preper iod = a t o i ( g t k e n t r y g e t t e x t (GTKENTRY(G. f i l amen t s p r ep e r i od ) ) ) ;
i n t ou t e r p e r i od = a t o i ( g t k e n t r y g e t t e x t (GTKENTRY(G. f i l amen t s p e r i o d ) ) ) ;
i n t depth = a to i ( g t k e n t r y g e t t e x t (GTKENTRY(G. f i l ament s dep th ) ) ) ;
task enqueue cb ( ta sk new f i l ament s (G. annotat ion queue , anno−>u . nuc leus . xy , ⤦

Ç anno−>u . nuc leus . per iod , oute r pe r i od , preper iod , depth , G. l i n e t ype , G⤦
Ç . c o l ou r r , G. co lour g , G. co l ou r b ) ) ;

2130 }
}

s t a t i c gboolean nuc l eu s bu t t on p r e s s ev en t cb (GtkWidget ∗widget , GdkEventButton ⤦
Ç ∗ event , gpo in t e r data ) {

( void ) data ;
2135 i f ( event−>button == GDKBUTTONPRIMARY) {

G. b a l l = TRUE;
G. ba l l x 1 = event−>x ;
G. b a l l y 1 = event−>y ;
G. b a l l x 2 = event−>x ;

2140 G. ba l l y 2 = event−>y ;
gtk widget queue draw ( widget ) ;

} e l s e {
G. b a l l = FALSE;
gtk widget queue draw ( widget ) ;

2145 }
re turn TRUE;

}

s t a t i c gboolean nuc l e u s bu t t on r e l e a s e e v en t cb (GtkWidget ∗widget , ⤦
Ç GdkEventButton ∗ event , gpo in t e r data ) {

2150 ( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {

i f (G. b a l l ) {
i f (G. view ) {

double x , y , r ;
2155 b a l l c i r c l e (&x , &y , &r ) ;

i f ( r > 0) {
i n t i = x ∗ G. width pr in t / G. width screen , j = y ∗ G. h e i g h t p r i n t / G⤦

Ç . h e i gh t s c r e en ;
i n t dwe l l = G. maximum iterations ;
i f (0 <= i && i < G. width pr in t && 0 <= j && j < G. h e i g h t p r i n t )

2160 {
i n t k = j ∗ G. width pr in t + i ;
double dwel ln = pe r tu rba t o r g e t dwe l l n (G. image ) [ k ] ;
double dwe l l f = p e r t u r b a t o r g e t dwe l l f (G. image ) [ k ] ;
i f ( ! ( dwel ln <= 0 | | dwe l l f <= 0) )

2165 {
dwel l = f l o o r ( dwel ln + dwe l l f ) ;

}
}
x = (x − G. width sc reen / 2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;

2170 y = (G. h e i gh t s c r e en / 2 .0 − y ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
r = r / (G. h e i gh t s c r e en / 2 . 0 ) ;
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mpfr t c l i c kx , c l i c ky , c l i c k r , l o g r ad i u s ;
mp f r i n i t 2 ( c l i c kx , 53) ;
mp f r i n i t 2 ( c l i c ky , 53) ;

2175 mpf r i n i t 2 ( c l i c k r , 53) ;
mp f r i n i t 2 ( l og rad iu s , 53) ;
mpf r s e t d ( c l i c kx , x , GMPRNDN) ;
mpf r s e t d ( c l i c ky , y , GMPRNDN) ;
mpfr mul ( c l i c kx , c l i c kx , G. view−>radius , GMPRNDN) ;

2180 mpfr mul ( c l i c ky , c l i c ky , G. view−>radius , GMPRNDN) ;
mpfr mul d ( c l i c k r , G. view−>radius , r , GMPRNDN) ;
mpfr log2 ( l og rad iu s , c l i c k r , GMPRNDN) ;
i n t prec = fmax (53 , 16 − mpfr get d ( l og rad iu s , GMPRNDN) ) ;
mpfr prec round ( c l i c kx , prec , GMPRNDN) ;

2185 mpfr prec round ( c l i c ky , prec , GMPRNDN) ;
mpfr add ( c l i c kx , G. view−>cx , c l i c kx , GMPRNDN) ;
mpfr add ( c l i c ky , G. view−>cy , c l i c ky , GMPRNDN) ;
mp f r c l e a r ( l o g r ad i u s ) ;
s t a r t nu c l e u s ( c l i c kx , c l i c ky , c l i c k r , dwe l l ) ;

2190 mpf r c l ea r ( c l i c k x ) ;
mp f r c l e a r ( c l i c k y ) ;
mp f r c l e a r ( c l i c k r ) ;

}
}

2195 G. b a l l = FALSE;
gtk widget queue draw ( widget ) ;

}
}
re turn TRUE;

2200 }

s t a t i c gboolean nuc l eu s mot i on no t i f y ev en t cb (GtkWidget ∗widget , GdkEventMotion⤦
Ç ∗ event , gpo in t e r data ) {

( void ) data ;
i f ( event−>s t a t e & GDKBUTTON1MASK) {

2205 G. ba l l x 2 = event−>x ;
G. b a l l y 2 = event−>y ;
gtk widget queue draw ( widget ) ;

}
re turn TRUE;

2210 }

s t a t i c void nuc l eu s t ogg l ed cb (GtkWidget ∗nucleus , gpo in t e r userdata ) {
( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( nuc leus ) )⤦

Ç ;
2215 i f ( a c t i v e ) {

G. nuc l eu s mot i on no t i f y hand l e r = g s i g na l c onn e c t (G. da , ”motion−not i f y −⤦
Ç event ” , G CALLBACK( nuc l eu s mot i on no t i f y ev en t cb ) , NULL) ;

G. nuc l eu s bu t t on p r e s s hand l e r = g s i g na l c onn e c t (G. da , ”button−press −event⤦
Ç ” , G CALLBACK( nuc l eu s bu t t on p r e s s ev en t cb ) , NULL) ;

G. nu c l e u s bu t t on r e l e a s e hand l e r = g s i g na l c onn e c t (G. da , ”button− r e l e a s e −⤦
Ç event ” , G CALLBACK( nuc l e u s bu t t on r e l e a s e e v en t cb ) , NULL) ;

} e l s e {
2220 i f (G. nuc l eu s mot i on no t i f y hand l e r ) {

g s i g n a l h and l e r d i s c o nn e c t (G. da , G. nuc l eu s mot i on no t i f y hand l e r ) ;
}
i f (G. nuc l eu s bu t t on p r e s s hand l e r ) {
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g s i g n a l h and l e r d i s c o nn e c t (G. da , G. nuc l eu s bu t t on p r e s s hand l e r ) ;
2225 }

i f (G. nu c l e u s bu t t on r e l e a s e hand l e r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. nu c l e u s bu t t on r e l e a s e hand l e r ) ;

}
G. nuc l eu s mot i on no t i f y hand l e r = 0 ;

2230 G. nuc l eu s bu t t on p r e s s hand l e r = 0 ;
G. nu c l e u s bu t t on r e l e a s e hand l e r = 0 ;

}
}

2235 s t a t i c void s t a r t m i s i u r ew i c z ( mpfr t x , mpfr t y , mpfr t r , i n t maxpreperiod , ⤦
Ç i n t maxperiod )

{
mpc t c ;
mpc in i t2 ( c , mpf r ge t prec ( x ) ) ;
mp c s e t f r f r ( c , x , y , MPCRNDNN) ;

2240 s t r u c t task ∗ t = task new mis iurewicz (G. annotat ion queue , c , r , maxpreperiod , ⤦
Ç maxperiod ) ;

mpc c lear ( c ) ;
task enqueue cb ( t ) ;

}

2245 s t a t i c gboolean mi s i u r ew i c z bu t t on p r e s s ev en t cb (GtkWidget ∗widget , ⤦
Ç GdkEventButton ∗ event , gpo in t e r data ) {

( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {
G. box = TRUE;
G. box x1 = event−>x ;

2250 G. box y1 = event−>y ;
G. box x2 = event−>x ;
G. box y2 = event−>y ;
gtk widget queue draw ( widget ) ;

} e l s e {
2255 G. box = FALSE;

gtk widget queue draw ( widget ) ;
}
re turn TRUE;

}
2260

s t a t i c gboolean m i s i u r ew i c z bu t t on r e l e a s e e v en t cb (GtkWidget ∗widget , ⤦
Ç GdkEventButton ∗ event , gpo in t e r data ) {

( void ) data ;
i f ( event−>button == GDKBUTTONPRIMARY) {

i f (G. box ) {
2265 i f (G. view ) {

double x , y , w, h ;
box r e c tang l e (&x , &y , &w, &h) ;
i f (w > 0 && h > 0) {

i n t i = (x + w/2 . 0 ) ∗ G. width pr in t / G. width screen , j = (y + h/2 . 0 ) ⤦
Ç ∗ G. h e i g h t p r i n t / G. h e i gh t s c r e en ;

2270 i n t dwe l l = G. maximum iterations ;
i f (0 <= i && i < G. width pr in t && 0 <= j && j < G. h e i g h t p r i n t )
{

i n t k = j ∗ G. width pr in t + i ;
double dwel ln = pe r tu rba t o r g e t dwe l l n (G. image ) [ k ] ;

2275 double dwe l l f = p e r t u r b a t o r g e t dwe l l f (G. image ) [ k ] ;
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i f ( ! ( dwel ln <= 0 | | dwe l l f <= 0) )
{

dwel l = f l o o r ( dwel ln + dwe l l f ) ;
}

2280 }
x = (x + w/2 .0 − G. width sc reen / 2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
y = (G. h e i gh t s c r e en / 2 .0 − ( y + h/2 . 0 ) ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
double r = (h /2 . 0 ) / (G. h e i gh t s c r e en / 2 . 0 ) ;
mpfr t c l i c kx , c l i c ky , c l i c k r , l o g r ad i u s ;

2285 mpf r i n i t 2 ( c l i c kx , 53) ;
mp f r i n i t 2 ( c l i c ky , 53) ;
mp f r i n i t 2 ( c l i c k r , 53) ;
mp f r i n i t 2 ( l og rad iu s , 53) ;
mpf r s e t d ( c l i c kx , x , GMPRNDN) ;

2290 mpfr se t d ( c l i c ky , y , GMPRNDN) ;
mpfr mul ( c l i c kx , c l i c kx , G. view−>radius , GMPRNDN) ;
mpfr mul ( c l i c ky , c l i c ky , G. view−>radius , GMPRNDN) ;
mpfr mul d ( c l i c k r , G. view−>radius , r , GMPRNDN) ;
mpfr log2 ( l og rad iu s , c l i c k r , GMPRNDN) ;

2295 i n t prec = fmax (53 , 16 − mpfr get d ( l og rad iu s , GMPRNDN) ) ;
mpfr prec round ( c l i c kx , prec , GMPRNDN) ;
mpfr prec round ( c l i c ky , prec , GMPRNDN) ;
mpfr add ( c l i c kx , G. view−>cx , c l i c kx , GMPRNDN) ;
mpfr add ( c l i c ky , G. view−>cy , c l i c ky , GMPRNDN) ;

2300 mpf r c l ea r ( l o g r ad i u s ) ;
const char ∗ txt = g t k en t r y g e t t e x t (GTKENTRY(G. f i l amen t s p e r i o d ) ) ;
i n t maxperiod = a to i ( txt ) ;
s t a r t m i s i u r ew i c z ( c l i c kx , c l i c ky , c l i c k r , dwel l , maxperiod > 0 ? ⤦

Ç maxperiod : dwe l l ) ;
mp f r c l e a r ( c l i c k x ) ;

2305 mpf r c l ea r ( c l i c k y ) ;
mp f r c l e a r ( c l i c k r ) ;

}
}
G. box = FALSE;

2310 gtk widget queue draw ( widget ) ;
}

}
re turn TRUE;

}
2315

s t a t i c gboolean mi s i u r ew i c z mot i on no t i f y ev en t cb (GtkWidget ∗widget , ⤦
Ç GdkEventMotion ∗ event , gpo in t e r data ) {

( void ) data ;
i f ( event−>s t a t e & GDKBUTTON1MASK) {
G. box x2 = event−>x ;

2320 G. box y2 = event−>y ;
gtk widget queue draw ( widget ) ;

}
re turn TRUE;

}
2325

s t a t i c void m i s i u r ew i c z t ogg l ed cb (GtkWidget ∗mis iurewicz , gpo in t e r userdata ) {
( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM(⤦

Ç mis iurewicz ) ) ;
i f ( a c t i v e ) {
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2330 G. box aspect = 1 . 0 ;
G. m i s i u r ew i c z mot i on no t i f y hand l e r = g s i g na l c onn e c t (G. da , ”motion−not i f y −⤦

Ç event ” , G CALLBACK( mi s i u r ew i c z mot i on no t i f y ev en t cb ) , NULL) ;
G. m i s i u r ew i c z bu t t on p r e s s hand l e r = g s i g na l c onn e c t (G. da , ”button−press −⤦

Ç event ” , G CALLBACK( mi s i u r ew i c z bu t t on p r e s s ev en t cb ) , NULL) ;
G. m i s i u r ew i c z bu t t on r e l e a s e hand l e r = g s i g na l c onn e c t (G. da , ”button−⤦

Ç r e l e a s e −event ” , G CALLBACK( m i s i u r ew i c z bu t t on r e l e a s e e v en t cb ) , NULL)⤦
Ç ;

} e l s e {
2335 i f (G. m i s i u r ew i c z mot i on no t i f y hand l e r ) {

g s i g n a l h and l e r d i s c o nn e c t (G. da , G. m i s i u r ew i c z mot i on no t i f y hand l e r ) ;
}
i f (G. m i s i u r ew i c z bu t t on p r e s s hand l e r ) {

g s i g n a l h and l e r d i s c o nn e c t (G. da , G. m i s i u r ew i c z bu t t on p r e s s hand l e r ) ;
2340 }

i f (G. m i s i u r ew i c z bu t t on r e l e a s e hand l e r ) {
g s i g n a l h and l e r d i s c o nn e c t (G. da , G. m i s i u r ew i c z bu t t on r e l e a s e hand l e r ) ;

}
G. mi s i u r ew i c z mot i on no t i f y hand l e r = 0 ;

2345 G. mi s i u r ew i c z bu t t on p r e s s hand l e r = 0 ;
G. m i s i u r ew i c z bu t t on r e l e a s e hand l e r = 0 ;

}
}

2350 // bond

s t a t i c gboolean bond but ton pre s s event cb (GtkWidget ∗widget , GdkEventButton ∗⤦
Ç event , gpo in t e r data ) {

( void ) widget ;
( void ) data ;

2355 i f ( event−>button == GDKBUTTONPRIMARY) {
i n t i = event−>x ∗ G. width pr in t / G. width sc reen ;
i n t j = event−>y ∗ G. h e i g h t p r i n t / G. h e i gh t s c r e en ;
i f (0 <= i && i < G. width pr in t && 0 <= j && j < G. h e i g h t p r i n t ) {

i n t 3 2 t dwel l = pe r tu rba t o r g e t dwe l l n (G. image ) [ j ∗ G. width pr in t + i ] ;
2360 i f ( dwe l l < 0) {

i n t per iod = −dwel l ;
mpc t c ;
mpc in i t2 ( c , 53) ;
sc reen to param ( event−>x , event−>y , mpc r ea l r e f ( c ) , mpc imagref ( c ) ) ;

2365 s ta r t bond ( c , per iod ) ;
mpc c lear ( c ) ;

}
}

}
2370 re turn TRUE;

}

s t a t i c void bond togg led cb (GtkWidget ∗bond , gpo in t e r userdata ) {
( void ) userdata ;

2375 gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM(bond ) ) ;
i f ( a c t i v e ) {
G. bond button pre s s hand l e r = g s i g na l c onn e c t (G. da , ”button−press −event ” , ⤦

Ç GCALLBACK( bond but ton pre s s event cb ) , NULL) ;
} e l s e {

i f (G. bond button pre s s hand l e r ) {
2380 g s i g n a l h and l e r d i s c o nn e c t (G. da , G. bond button pre s s hand l e r ) ;
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}
G. bond button pre s s hand l e r = 0 ;

}
}

2385

s t a t i c void u p d a t e f i l l t y p e ( i n t t )
{

G. f i l l t y p e = t ;
g tk combo box se t ac t i ve (GTKCOMBOBOX(G. f i l l c ombo ) , t ) ;

2390 }

s t a t i c void upda t e l i n e t ype ( i n t t )
{

G. l i n e t y p e = t ;
2395 gtk combo box se t ac t i ve (GTKCOMBOBOX(G. dashcombo ) , t ) ;

}

s t a t i c void update co lour ( double r , double g , double b)
{

2400 G. c o l o u r r = r ;
G. c o l ou r g = g ;
G. co l ou r b = b ;
GdkRGBA c = { r , g , b , 1 } ;
g t k c o l o r c h o o s e r s e t r g b a (GTKCOLORCHOOSER(G. co lourbutton ) , &c ) ;

2405 }

s t a t i c void anno t r e e s e l e c t i on changed cb ( GtkTreeSe lect ion ∗ s e l e c t i o n , gpo in t e r ⤦
Ç data ) {

( void ) data ;
GtkTreeIter i t e r ;

2410 GtkTreeModel ∗model ;
gpo in t e r th ing ;
i f ( g t k t r e e s e l e c t i o n g e t s e l e c t e d ( s e l e c t i o n , &model , &i t e r ) ) {

g tk t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
s t r u c t annotat ion ∗ l s ;

2415 f o r ( l s = G. anno ; l s ; l s = l s −>next ) {
l s −>s e l e c t e d = 0 ;

}
l s = ( s t r u c t annotat ion ∗) th ing ;
i f ( l s ) {

2420 l s −>s e l e c t e d = 1 ;
switch ( l s −>tag )
{

case annota t i on ray out :
upda t e l i n e type ( l s −>u . ray out . l i n e t y p e ) ;

2425 update co lour ( l s −>u . ray out . s t r ok e r , l s −>u . ray out . s t roke g , l s −>u .⤦
Ç ray out . s t r oke b ) ;

break ;
case anno ta t i on ray in :

upda t e l i n e type ( l s −>u . r ay i n . l i n e t y p e ) ;
update co lour ( l s −>u . r ay i n . s t r ok e r , l s −>u . r ay i n . s t roke g , l s −>u .⤦

Ç r ay i n . s t r oke b ) ;
2430 break ;

case annotat ion wake :
u p d a t e f i l l t y p e ( l s −>u . wake . f i l l t y p e ) ;
update co lour ( l s −>u . wake . f i l l r , l s −>u . wake . f i l l g , l s −>u . wake . f i l l b )⤦

Ç ;
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break ;
2435 case annotation atom :

u p d a t e f i l l t y p e ( l s −>u . atom . f i l l t y p e ) ;
update co lour ( l s −>u . atom . f i l l r , l s −>u . atom . f i l l g , l s −>u . atom . f i l l b )⤦

Ç ;
break ;

case annotation domain :
2440 upda t e l i n e type ( l s −>u . domain . l i n e t y p e ) ;

update co lour ( l s −>u . domain . l i n e r , l s −>u . domain . l i n e g , l s −>u . domain .⤦
Ç l i n e b ) ;

break ;
case annota t i on t ex t :
case annota t i on nuc l eus :

2445 case annota t i on mi s iu r ew i c z :
break ;

}
}

}
2450 gtk widget queue draw (G. da ) ;

}

s t a t i c void d e l e t e c l i c k e d c b (GtkToolButton ∗ too lbutton , gpo in t e r use r data ) {
( void ) too lbut ton ;

2455 ( void ) use r data ;
GtkTreeSe lect ion ∗ s e l e c t = g t k t r e e v i ew g e t s e l e c t i o n (GTK TREE VIEW(G.⤦

Ç annotree ) ) ;
GtkTreeIter i t e r ;
GtkTreeModel ∗model ;
gpo in t e r th ing ;

2460 i f ( g t k t r e e s e l e c t i o n g e t s e l e c t e d ( s e l e c t , &model , &i t e r ) ) {
g tk t r e e mode l g e t (model , &i t e r , 1 , &thing , −1) ;
i f ( th ing ) {

g tk t r e e s t o r e r emove (GTK TREE STORE(model ) , &i t e r ) ;
d e l e t e anno ta t i on ( ( s t r u c t annotat ion ∗) th ing ) ;

2465 }
}

}

s t a t i c i n t s e r i a l i z e ( const char ∗ f i l ename ) {
2470 FILE ∗out = fopen ( f i l ename , ”wb”) ;

i f ( out ) {
i n t l a s t l i n e t y p e = −1;
i n t l a s t f i l l t y p e = −1;
double l a s t r = −1;

2475 double l a s t g = −1;
double l a s t b = −1;
f p r i n t f ( out , ”m−perturbator −gtk %s \n” , VERSION) ;
f p r i n t f ( out , ” s i z e %d %d\n” , G. width pr int , G. h e i g h t p r i n t ) ;
mp f r f p r i n t f

2480 ( out
, ”view %Pd %Re %Re %Re\n”
, mpf r ge t prec (G. view−>cx )
, G. view−>cx
, G. view−>cy

2485 , G. view−>rad iu s
) ;

f p r i n t f ( out , ”dark %d\n” , G. dark ) ;
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f p r i n t f ( out , ” co l our %d\n” , G. co l ou r ) ;
f o r ( s t r u c t annotat ion ∗anno = G. anno ; anno ; anno = anno−>next ) {

2490 switch ( anno−>tag ) {
case annota t i on ray out : {

i f ( l a s t r != anno−>u . ray out . s t r o k e r | |
l a s t g != anno−>u . ray out . s t r ok e g | |
l a s t b != anno−>u . ray out . s t r oke b )

2495 {
l a s t r = anno−>u . ray out . s t r o k e r ;
l a s t g = anno−>u . ray out . s t r ok e g ;
l a s t b = anno−>u . ray out . s t r oke b ;
f p r i n t f ( out , ” rgb %f %f %f \n” , l a s t r , l a s t g , l a s t b ) ;

2500 }
i f ( l a s t l i n e t y p e != anno−>u . ray out . l i n e t y p e )
{

l a s t l i n e t y p e = anno−>u . ray out . l i n e t y p e ;
f p r i n t f ( out , ” l i n e t y p e %d\n” , l a s t l i n e t y p e ) ;

2505 }
s t r u c t po int ∗p = anno−>u . ray out . l i n e end ;
mp f r f p r i n t f

( out
, ” ray out %Pd %Re %Re\n”

2510 , mp f r ge t prec ( mpc r ea l r e f (p−>xy ) )
, mpc r ea l r e f (p−>xy )
, mpc imagref (p−>xy )
) ;

break ;
2515 }

case anno ta t i on ray in : {
i f ( l a s t r != anno−>u . r ay i n . s t r o k e r | |

l a s t g != anno−>u . r ay i n . s t r ok e g | |
l a s t b != anno−>u . r ay i n . s t r oke b )

2520 {
l a s t r = anno−>u . r ay i n . s t r o k e r ;
l a s t g = anno−>u . r ay i n . s t r ok e g ;
l a s t b = anno−>u . r ay i n . s t r oke b ;
f p r i n t f ( out , ” rgb %f %f %f \n” , l a s t r , l a s t g , l a s t b ) ;

2525 }
i f ( l a s t l i n e t y p e != anno−>u . r ay i n . l i n e t y p e )
{

l a s t l i n e t y p e = anno−>u . r ay i n . l i n e t y p e ;
f p r i n t f ( out , ” l i n e t y p e %d\n” , l a s t l i n e t y p e ) ;

2530 }
char ∗ s = m binang l e to new s t r ing (&anno−>u . r ay i n . ang le ) ;
f p r i n t f ( out , ” r ay i n %d %s \n” , anno−>u . r ay i n . depth , s ) ;
f r e e ( s ) ;
break ;

2535 }
case annota t i on t ex t : {

mp f r f p r i n t f
( out
, ” t ex t %Pd %Re %Re %s \n”

2540 , mp f r ge t prec ( mpc r ea l r e f ( anno−>u . t ext . xy ) )
, mpc r ea l r e f ( anno−>u . t ext . xy )
, mpc imagref ( anno−>u . t ext . xy )
, anno−> l a b e l
) ;
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2545 break ;
}
case annota t i on nuc l eus : {

mp f r f p r i n t f
( out

2550 , ” nuc leus %Pd %Re %Re %d %Re %Re %s \n”
, mpf r ge t prec ( mpc r ea l r e f ( anno−>u . nuc leus . xy ) )
, mpc r ea l r e f ( anno−>u . nuc leus . xy )
, mpc imagref ( anno−>u . nuc leus . xy )
, anno−>u . nuc leus . per iod

2555 , anno−>u . nuc leus . domain s i ze
, anno−>u . nuc leus . s i z e
, anno−> l a b e l
) ;

break ;
2560 }

case annota t i on mi s iu r ew i c z : {
mp f r f p r i n t f

( out
, ”mi s iu rew icz %Pd %Re %Re %d %d %Re %s \n”

2565 , mp f r ge t prec ( mpc r ea l r e f ( anno−>u . mi s iu rewicz . xy ) )
, mpc r ea l r e f ( anno−>u . mi s iu rewicz . xy )
, mpc imagref ( anno−>u . mi s iu rewicz . xy )
, anno−>u . mi s iu rewicz . p reper i od
, anno−>u . mi s iu rewicz . per iod

2570 , anno−>u . mi s iu rewicz . domain s ize
, anno−> l a b e l
) ;

break ;
}

2575 case annotat ion wake : {
i f ( l a s t r != anno−>u . wake . f i l l r | |

l a s t g != anno−>u . wake . f i l l g | |
l a s t b != anno−>u . wake . f i l l b )

{
2580 l a s t r = anno−>u . wake . f i l l r ;

l a s t g = anno−>u . wake . f i l l g ;
l a s t b = anno−>u . wake . f i l l b ;
f p r i n t f ( out , ” rgb %f %f %f \n” , l a s t r , l a s t g , l a s t b ) ;

}
2585 i f ( l a s t f i l l t y p e != anno−>u . wake . f i l l t y p e )

{
l a s t f i l l t y p e = anno−>u . wake . f i l l t y p e ;
f p r i n t f ( out , ” f i l l t y p e %d\n” , l a s t f i l l t y p e ) ;

}
2590 f p r i n t f ( out , ”wake %d %s %s \n” , anno−>u . wake . ray depth , anno−>u . wake .⤦

Ç ray lo , anno−>u . wake . r ay h i ) ;
break ;

}
case annotation atom : {

i f ( l a s t r != anno−>u . atom . f i l l r | |
2595 l a s t g != anno−>u . atom . f i l l g | |

l a s t b != anno−>u . atom . f i l l b )
{

l a s t r = anno−>u . atom . f i l l r ;
l a s t g = anno−>u . atom . f i l l g ;

2600 l a s t b = anno−>u . atom . f i l l b ;
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f p r i n t f ( out , ” rgb %f %f %f \n” , l a s t r , l a s t g , l a s t b ) ;
}
i f ( l a s t f i l l t y p e != anno−>u . atom . f i l l t y p e )
{

2605 l a s t f i l l t y p e = anno−>u . atom . f i l l t y p e ;
f p r i n t f ( out , ” f i l l t y p e %d\n” , l a s t f i l l t y p e ) ;

}
mp f r f p r i n t f

( out
2610 , ”atom %Pd %Re %Re %d\n”

, mpf r ge t prec ( mpc r ea l r e f ( anno−>u . atom . nuc leus ) )
, mpc r ea l r e f ( anno−>u . atom . nuc leus )
, mpc imagref ( anno−>u . atom . nuc leus )
, anno−>u . atom . per iod

2615 ) ;
break ;

}
case annotation domain : {

i f ( l a s t r != anno−>u . domain . l i n e r | |
2620 l a s t g != anno−>u . domain . l i n e g | |

l a s t b != anno−>u . domain . l i n e b )
{

l a s t r = anno−>u . domain . l i n e r ;
l a s t g = anno−>u . domain . l i n e g ;

2625 l a s t b = anno−>u . domain . l i n e b ;
f p r i n t f ( out , ” rgb %f %f %f \n” , l a s t r , l a s t g , l a s t b ) ;

}
i f ( l a s t l i n e t y p e != anno−>u . domain . l i n e t y p e )
{

2630 l a s t l i n e t y p e = anno−>u . domain . l i n e t y p e ;
f p r i n t f ( out , ” l i n e t y p e %d\n” , l a s t l i n e t y p e ) ;

}
mp f r f p r i n t f

( out
2635 , ”domain %Pd %Re %Re %d %d\n”

, mpf r ge t prec ( mpc r ea l r e f ( anno−>u . domain . nuc leus ) )
, mpc r ea l r e f ( anno−>u . domain . nuc leus )
, mpc imagref ( anno−>u . domain . nuc leus )
, anno−>u . domain . per iod

2640 , anno−>u . domain . l op e r i od
) ;

break ;
}

}
2645 }

f c l o s e ( out ) ;
r e turn 0 ;

} e l s e {
re turn 1 ;

2650 }
}

s t a t i c i n t d e s e r i a l i z e ( const char ∗ f i l ename ) {
FILE ∗ in = fopen ( f i l ename , ” rb ”) ;

2655 i f ( in ) {
whi le (G. anno ) {

GtkTreeIter i t e r ;
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gpo in t e r th ing ;
g t k t r e e m o d e l g e t i t e r f i r s t (GTKTREEMODEL(G. annostore ) , &i t e r ) ;

2660 i f ( g t k t r e e mod e l i t e r n e x t (GTKTREEMODEL(G. annostore ) , &i t e r ) ) {
g tk t r e e mode l g e t (GTKTREEMODEL(G. annostore ) , &i t e r , 1 , &thing , −1) ;
i f ( th ing ) {

de l e t e anno ta t i on ( ( s t r u c t annotat ion ∗) th ing ) ;
g t k t r e e s t o r e r emove (G. annostore , &i t e r ) ;

2665 }
}

}
char ∗ l i n e = 0 ;
s i z e t l i n e l e n = 0 ;

2670 s s i z e t r ead l en = 0 ;
whi l e (−1 != ( read l en = g e t l i n e (& l i n e , &l i n e l e n , in ) ) ) {

i f ( r ead l en && l i n e [ readlen −1] == ’\n ’ ) {
l i n e [ r ead l en − 1 ] = 0 ;

}
2675 i f (0 == strncmp ( l i n e , ”m−perturbator −gtk ” , 18) ) {

i f (0 < strcmp ( l i n e + 18 , VERSION) ) {
p r i n t f (” ve r s i on mismatch : f i l e %s , program %s \n” , l i n e + 18 , VERSION) ;

}
} e l s e i f (0 == strncmp ( l i n e , ” s i z e ” , 5) ) {

2680 i n t w = 0 , h = 0 ;
s s c an f ( l i n e + 5 , ”%d %d\n” , &w, &h) ;
// r e s i z e imag e (w, h) ; // FIXME TODO make t h i s work . . .

} e l s e i f (0 == strncmp ( l i n e , ”view ” , 5) ) {
i n t p = 53 ;

2685 i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;
char ∗ys = mal loc ( r ead l en ) ;
char ∗ r s = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 5 , ”%d %s %s %s ” , &p , xs , ys , r s ) ;

2690 s t r u c t view ∗v = view new ( ) ;
mp f r s e t p r e c (v−>cx , p) ;
mp f r s e t p r e c (v−>cy , p) ;
s e t r e s u l t = mp f r s e t s t r (v−>cx , xs , 0 , GMPRNDN) ;
s e t r e s u l t = s e t r e s u l t + mp f r s e t s t r (v−>cy , ys , 0 , GMPRNDN) ;

2695 s e t r e s u l t = s e t r e s u l t + mp f r s e t s t r (v−>radius , rs , 0 , GMPRNDN) ;
f r e e ( xs ) ;
f r e e ( ys ) ;
f r e e ( r s ) ;
i f ( s e t r e s u l t < 0) { p r i n t f (” view l i n e not va l id , check chars \n”) ; ⤦

Ç re turn 1 ; }
2700 s t a r t r e nd e r ( v ) ;

} e l s e i f (0 == strncmp ( l i n e , ”dark ” , 5) ) {
s s c an f ( l i n e + 5 , ”%d” , &G. dark ) ;
se t dark theme (G. dark ) ;

} e l s e i f (0 == strncmp ( l i n e , ” co l our ” , 7) ) {
2705 s s c an f ( l i n e + 7 , ”%d” , &G. co l our ) ;

s e t co l ou r theme (G. co l our ) ;
} e l s e i f (0 == strncmp ( l i n e , ” rgb ” , 4) ) {

s s c an f ( l i n e + 4 , ”% l f %l f %l f ” , &G. co l ou r r , &G. co lour g , &G. co l ou r b ) ;
update co lour (G. co l ou r r , G. co lour g , G. co l ou r b ) ;

2710 } e l s e i f (0 == strncmp ( l i n e , ” l i n e t y p e ” , 10) ) {
s s c an f ( l i n e + 10 , ”%d” , &G. l i n e t y p e ) ;
upda t e l i n e type (G. l i n e t y p e ) ;

} e l s e i f (0 == strncmp ( l i n e , ” f i l l t y p e ” , 10) ) {
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s s c an f ( l i n e + 10 , ”%d” , &G. f i l l t y p e ) ;
2715 upd a t e f i l l t y p e (G. f i l l t y p e ) ;

} e l s e i f (0 == strncmp ( l i n e , ” ray out ” , 8) ) {
i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;

2720 char ∗ys = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 8 , ”%d %s %s ” , &p , xs , ys ) ;
mpfr t cx , cy ;
mp f r i n i t 2 ( cx , p) ;
mp f r i n i t 2 ( cy , p) ;

2725 s e t r e s u l t = mp f r s e t s t r ( cx , xs , 0 , GMPRNDN) ;
s e t r e s u l t = s e t r e s u l t + mp f r s e t s t r ( cy , ys , 0 , GMPRNDN) ;
f r e e ( xs ) ;
f r e e ( ys ) ;
double x = 0 , y = 0 ;

2730 param to screen(&x , &y , cx , cy ) ;
mp f r c l e a r ( cx ) ;
mp f r c l e a r ( cy ) ;
i f ( s e t r e s u l t < 0) { p r i n t f (” ray out l i n e not va l id , check chars \n”) ; ⤦

Ç re turn 1 ; }
s t a r t r a y ou t (x , y ) ;

2735 } e l s e i f (0 == strncmp ( l i n e , ” r ay i n ” , 7) ) {
i n t depth = 1000 ;
char ∗ as = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 7 , ”%d %s ” , &depth , as ) ;
s t r u c t m binangle ∗ ang le = mal loc ( s i z e o f (∗ ang le ) ) ;

2740 m binang l e i n i t ( ang le ) ;
m b inang l e f r om st r ing ( angle , as ) ;
m b inang l e c anon i c a l i z e ( ang le ) ;
s t a r t r a y i n ( angle , depth ) ;
f r e e ( as ) ;

2745 } e l s e i f (0 == strncmp ( l i n e , ” t ext ” , 5) ) {
i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;
char ∗ys = mal loc ( r ead l en ) ;

2750 char ∗ s s = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 5 , ”%d %s %s %s ” , &p , xs , ys , s s ) ;
s t r u c t annotat ion ∗anno = c a l l o c (1 , s i z e o f ( s t r u c t annotat ion ) ) ;
anno−>tag = annota t i on t ex t ;
anno−> l a b e l = s s ;

2755 mpf r i n i t 2 ( mpc r ea l r e f ( anno−>u . t ext . xy ) , p ) ;
mp f r i n i t 2 ( mpc imagref ( anno−>u . t ext . xy ) , p ) ;
s e t r e s u l t = mp f r s e t s t r ( mpc r ea l r e f ( anno−>u . t ext . xy ) , xs , 0 , GMPRNDN)⤦

Ç ;
s e t r e s u l t = s e t r e s u l t + mp f r s e t s t r ( mpc imagref ( anno−>u . t ext . xy ) , ys ,⤦

Ç 0 , GMPRNDN) ;
f r e e ( xs ) ;

2760 f r e e ( ys ) ;
i f ( s e t r e s u l t < 0) {

f r e e ( s s ) ;
mp f r c l e a r ( mpc r ea l r e f ( anno−>u . t ext . xy ) ) ;
mp f r c l e a r ( mpc imagref ( anno−>u . t ext . xy ) ) ;

2765 p r i n t f (” t ext l i n e not va l id , check chars \n”) ;
r e turn 1 ;

}
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add annotat ion ( anno ) ;
} e l s e i f (0 == strncmp ( l i n e , ” nuc leus ” , 8) ) {

2770 i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;
char ∗ys = mal loc ( r ead l en ) ;
i n t per iod = 0 ;

2775 char ∗dzs = mal loc ( r ead l en ) ;
char ∗ s z s = mal loc ( r ead l en ) ;
char ∗ s s = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 8 , ”%d %s %s %d %s %s %s ” , &p , xs , ys , &per iod , dzs , szs , ⤦

Ç s s ) ;
s t r u c t annotat ion ∗anno = c a l l o c (1 , s i z e o f ( s t r u c t annotat ion ) ) ;

2780 anno−>tag = annota t i on nuc l eus ;
anno−> l a b e l = s s ;
anno−>u . nuc leus . per iod = per iod ;
mp f r i n i t 2 ( mpc r ea l r e f ( anno−>u . nuc leus . xy ) , p ) ;
mp f r i n i t 2 ( mpc imagref ( anno−>u . nuc leus . xy ) , p ) ;

2785 mpf r i n i t 2 ( anno−>u . nuc leus . domain s ize , 53) ;
mp f r i n i t 2 ( anno−>u . nuc leus . s i z e , 53) ;
s e t r e s u l t = mp f r s e t s t r ( mpc r ea l r e f ( anno−>u . nuc leus . xy ) , xs , 0 , ⤦

Ç GMPRNDN) ;
s e t r e s u l t += mp f r s e t s t r ( mpc imagref ( anno−>u . nuc leus . xy ) , ys , 0 , ⤦

Ç GMPRNDN) ;
s e t r e s u l t += mp f r s e t s t r ( anno−>u . nuc leus . domain s ize , dzs , 0 , GMPRNDN⤦

Ç ) ;
2790 s e t r e s u l t += mp f r s e t s t r ( anno−>u . nuc leus . s i z e , szs , 0 , GMPRNDN) ;

f r e e ( xs ) ;
f r e e ( ys ) ;
f r e e ( dzs ) ;
f r e e ( s z s ) ;

2795 i f ( s e t r e s u l t < 0 | | per iod <= 0) {
f r e e ( s s ) ;
mpc c lear ( anno−>u . nuc leus . xy ) ;
mp f r c l e a r ( anno−>u . nuc leus . domain s i ze ) ;
mp f r c l e a r ( anno−>u . nuc leus . s i z e ) ;

2800 f r e e ( anno ) ;
p r i n t f (” nuc leus l i n e not va l id , check chars \n”) ;
r e turn 1 ;

}
add annotat ion ( anno ) ;

2805 } e l s e i f (0 == strncmp ( l i n e , ”mi s iu rewicz ” , 12) ) {
i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;
char ∗ys = mal loc ( r ead l en ) ;

2810 i n t preper i od = −1;
i n t per iod = 0 ;
char ∗dzs = mal loc ( r ead l en ) ;
char ∗ s s = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 12 , ”%d %s %s %d %d %s %s ” , &p , xs , ys , &preper iod , &⤦

Ç per iod , dzs , s s ) ;
2815 s t r u c t annotat ion ∗anno = c a l l o c (1 , s i z e o f ( s t r u c t annotat ion ) ) ;

anno−>tag = annota t i on mi s iu r ew i c z ;
anno−> l a b e l = s s ;
anno−>u . mi s iu rewicz . p reper i od = preper iod ;
anno−>u . mi s iu rewicz . per iod = per iod ;
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2820 mpf r i n i t 2 ( mpc r ea l r e f ( anno−>u . mi s iu rewicz . xy ) , p ) ;
mp f r i n i t 2 ( mpc imagref ( anno−>u . mi s iu rewicz . xy ) , p ) ;
mp f r i n i t 2 ( anno−>u . mi s iu rewicz . domain s ize , 53) ;
s e t r e s u l t = mp f r s e t s t r ( mpc r ea l r e f ( anno−>u . mi s iu rewicz . xy ) , xs , 0 , ⤦

Ç GMPRNDN) ;
s e t r e s u l t += mp f r s e t s t r ( mpc imagref ( anno−>u . mi s iu rewicz . xy ) , ys , 0 , ⤦

Ç GMPRNDN) ;
2825 s e t r e s u l t += mp f r s e t s t r ( anno−>u . mi s iu rewicz . domain s ize , dzs , 0 , ⤦

Ç GMPRNDN) ;
f r e e ( xs ) ;
f r e e ( ys ) ;
f r e e ( dzs ) ;
i f ( s e t r e s u l t < 0 | | preper i od <= 0 | | per iod <= 0) {

2830 f r e e ( s s ) ;
mpc c lear ( anno−>u . mi s iu rewicz . xy ) ;
mp f r c l e a r ( anno−>u . mi s iu rewicz . domain s ize ) ;
f r e e ( anno ) ;
p r i n t f (” mi s iu rewicz l i n e not va l id , check chars \n”) ;

2835 re turn 1 ;
}
add annotat ion ( anno ) ;

} e l s e i f (0 == strncmp ( l i n e , ”wake ” , 5) ) {
i n t depth = 0 ;

2840 char ∗ l o = mal loc ( r ead l en ) ;
char ∗ hi = mal loc ( r ead l en ) ;
s s c an f ( l i n e + 5 , ”%d %s %s ” , &depth , lo , h i ) ;
s tar t wake2 ( depth , lo , h i ) ;
f r e e ( l o ) ;

2845 f r e e ( h i ) ;
} e l s e i f (0 == strncmp ( l i n e , ”atom ” , 5) ) {

i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;

2850 char ∗ys = mal loc ( r ead l en ) ;
i n t per iod = 0 ;
s s c an f ( l i n e + 5 , ”%d %s %s %d” , &p , xs , ys , &per iod ) ;
mpc t nuc leus ;
mpc in i t2 ( nucleus , p ) ;

2855 s e t r e s u l t = mp f r s e t s t r ( mpc r ea l r e f ( nuc leus ) , xs , 0 , MPFRRNDN) ;
s e t r e s u l t += mp f r s e t s t r ( mpc imagref ( nuc leus ) , ys , 0 , MPFRRNDN) ;
f r e e ( xs ) ;
f r e e ( ys ) ;
s tar t atom ( nucleus , per iod ) ;

2860 mpc clear ( nuc leus ) ;
} e l s e i f (0 == strncmp ( l i n e , ”domain ” , 7) ) {

i n t p = 53 ;
i n t s e t r e s u l t ;
char ∗xs = mal loc ( r ead l en ) ;

2865 char ∗ys = mal loc ( r ead l en ) ;
i n t per iod = 0 ;
i n t l op e r i od = 0 ;
i f (5 != s s c an f ( l i n e + 7 , ”%d %s %s %d %d” , &p , xs , ys , &per iod , &⤦

Ç l o p e r i od ) )
{

2870 l o p e r i od = 0 ;
s s c an f ( l i n e + 7 , ”%d %s %s %d” , &p , xs , ys , &per iod ) ;

}
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mpc t nuc leus ;
mpc in i t2 ( nucleus , p ) ;

2875 s e t r e s u l t = mp f r s e t s t r ( mpc r ea l r e f ( nuc leus ) , xs , 0 , MPFRRNDN) ;
s e t r e s u l t += mp f r s e t s t r ( mpc imagref ( nuc leus ) , ys , 0 , MPFRRNDN) ;
f r e e ( xs ) ;
f r e e ( ys ) ;
s tart domain ( nucleus , per iod , l op e r i od ) ;

2880 mpc clear ( nuc leus ) ;
}

}
f r e e ( l i n e ) ;
f c l o s e ( in ) ;

2885 re turn 0 ;
} e l s e {

re turn 1 ;
}

}
2890

s t a t i c g in t so r tab l e annota t i on compare (GtkTreeModel ∗model , GtkTreeIter ∗a , ⤦
Ç GtkTreeIter ∗b , gpo in te r use r data )

{
( void ) use r data ;
gpo in t e r th inga = 0 , thingb = 0 ;

2895 g tk t r e e mode l g e t (model , a , 1 , &thinga , −1) ;
g t k t r e e mode l g e t (model , b , 1 , &thingb , −1) ;
s t r u c t annotat ion ∗ l a = ( s t r u c t annotat ion ∗) th inga ;
s t r u c t annotat ion ∗ lb = ( s t r u c t annotat ion ∗) thingb ;
i f ( l a && lb ) {

2900 i f ( la−>tag < lb−>tag ) re turn −1;
i f ( la−>tag > lb−>tag ) re turn 1 ;
switch ( la−>tag )
{

case annota t i on t ex t :
2905 re turn strcmp ( la−> l abe l , lb−> l a b e l ) ;

case annota t i on ray out :
r e turn strcmp ( la−> l abe l , lb−> l a b e l ) ;

case anno ta t i on ray in :
{

2910 mpq t a , b ;
mpq init ( a ) ;
mpq init (b) ;
m b inang l e t o r a t i ona l ( a , &la−>u . r ay i n . ang le ) ;
m b inang l e t o r a t i ona l (b , &lb−>u . r ay i n . ang le ) ;

2915 i n t r = mpq cmp(a , b) ;
mpq clear ( a ) ;
mpq clear (b) ;
r e turn ( r > 0) − (0 > r ) ;

}
2920 case annota t i on nuc l eus :

{
i n t dp = la−>u . nuc leus . per iod − lb−>u . nuc leus . per iod ;
re turn (dp > 0) − (0 > dp) ;

}
2925 case annota t i on mi s iu r ew i c z :

{
i n t pp = la−>u . mi s iu rewicz . p reper i od − lb−>u . mi s iu rewicz . p reper iod ;
i n t p = la−>u . mi s iu rewicz . per iod − lb−>u . mi s iu rewicz . per iod ;
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pp = (pp > 0) − (0 > pp) ;
2930 p = (p > 0) − (0 > p) ;

r e turn pp ? pp : p ;
}
case annotat ion wake :

re turn strcmp ( la−> l abe l , lb−> l a b e l ) ;
2935 case annotation atom :

re turn strcmp ( la−> l abe l , lb−> l a b e l ) ;
case annotation domain :
{

i n t pp = la−>u . domain . l op e r i od − lb−>u . domain . l op e r i od ;
2940 i n t p = la−>u . domain . per iod − lb−>u . domain . per iod ;

pp = (pp > 0) − (0 > pp) ;
p = (p > 0) − (0 > p) ;
r e turn pp ? pp : p ;

}
2945 }

}
i f ( l a ) re turn −1;
i f ( lb ) re turn 1 ;
re turn 0 ;

2950 }

s t a t i c void ta sk func ( gpo in t e r data , gpo in t e r userdata ) ;
s t a t i c gpo in t e r annotat ion thread ( gpo in t e r userdata ) ;

2955 s t a t i c void da sh ing s e l e c t i on changed cb (GtkWidget ∗widget , gpo in t e r userdata )
{

( void ) userdata ;
G. l i n e t y p e = gtk combo box get ac t ive (GTKCOMBOBOX( widget ) ) ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;

2960 i f ( anno )
{

i f ( a nn o t a t i o n s e t l i n e t y p e ( anno , G. l i n e t y p e ) )
{

gtk widget queue draw (G. da ) ;
2965 }

}
}

s t a t i c void f i l l s e l e c t i o n c h a n g e d c b (GtkWidget ∗widget , gpo in t e r userdata )
2970 {

( void ) userdata ;
G. f i l l t y p e = gtk combo box get ac t ive (GTKCOMBOBOX( widget ) ) ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno )

2975 {
i f ( a n n o t a t i o n s e t f i l l t y p e ( anno , G. f i l l t y p e ) )
{

gtk widget queue draw (G. da ) ;
}

2980 }
}

s t a t i c void set dark theme ( bool use dark theme )
{

2985 G. dark = use dark theme ;

85



mandelbrot-perturbator c/bin/m-perturbator-gtk.c

i n t a c t i v e = gtk combo box get ac t ive (GTKCOMBOBOX(G. dashcombo ) ) ;
gtk combo box set model (GTKCOMBOBOX(G. dashcombo ) , GTKTREEMODEL(G. dashs tore⤦

Ç [G. dark ] ) ) ;
g tk combo box se t ac t i ve (GTKCOMBOBOX(G. dashcombo ) , a c t i v e ) ;
a c t i v e = gtk combo box get ac t ive (GTKCOMBOBOX(G. f i l l c ombo ) ) ;

2990 gtk combo box set model (GTKCOMBOBOX(G. f i l l c ombo ) , GTKTREEMODEL(G. f i l l s t o r e⤦
Ç [G. dark ] ) ) ;

g tk combo box se t ac t i ve (GTKCOMBOBOX(G. f i l l c ombo ) , a c t i v e ) ;
#i f d e f GDKWINDOWING X11

GdkWindow ∗window = gtk widget get parent window (G. dashcombo ) ;
i f ( ! window)

2995 {
f p r i n t f ( s tde r r , ”bad window f o r widget %p\n” , ( void ∗) G. dashcombo ) ;
r e turn ;

}
GdkDisplay ∗ d i sp l ay = gdk d i s p l a y g e t d e f a u l t ( ) ;

3000 i f (GDK IS X11 DISPLAY( d i sp l ay ) )
{

Display ∗ xd i sp lay = GDK DISPLAY XDISPLAY( d i sp l ay ) ;
XChangeProperty

( xd i sp lay
3005 , GDKWINDOWXID(window)

, XInternAtom ( xdisp lay , ” GTK THEME VARIANT” , Fa l se )
, XInternAtom ( xdisp lay , ”UTF8 STRING” , Fa l se )
, 8
, PropModeReplace

3010 , ( unsigned char ∗) ( use dark theme ? ”dark” : ” l i g h t ”)
, use dark theme ? 4 : 5
) ;

}
#end i f

3015 doco lour (G. image ) ;
}

s t a t i c void s e t co l ou r theme (enum co lour theme t use co lour theme )
{

3020 G. co l our = use co lour theme ;
}

s t a t i c void dark togg l ed cb (GtkWidget ∗widget , gpo in t e r userdata )
{

3025 ( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( widget ) ) ;
i f ( a c t i v e )
{

set dark theme (1 ) ;
3030 gtk widget queue draw (G. da ) ;

}
}

s t a t i c void l i g h t t o g g l e d c b (GtkWidget ∗widget , gpo in t e r userdata )
3035 {

( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( widget ) ) ;
i f ( a c t i v e )
{

3040 set dark theme (0 ) ;
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gtk widget queue draw (G. da ) ;
}

}

3045 s t a t i c void monochrome toggled cb (GtkWidget ∗widget , gpo in t e r userdata )
{

( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( widget ) ) ;
i f ( a c t i v e )

3050 {
s e t co l ou r theme ( colour theme monochrome ) ;
gtk widget queue draw (G. da ) ;

}
}

3055

s t a t i c void l ow co l ou r t o gg l ed cb (GtkWidget ∗widget , gpo in t e r userdata )
{

( void ) userdata ;
gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( widget ) ) ;

3060 i f ( a c t i v e )
{

s e t co l ou r theme ( co l ou r theme low co l our ) ;
gtk widget queue draw (G. da ) ;

}
3065 }

s t a t i c void f u l l c o l o u r t o g g l e d c b (GtkWidget ∗widget , gpo in t e r userdata )
{

( void ) userdata ;
3070 gboolean a c t i v e = gtk check menu i t em get ac t i ve (GTK CHECKMENU ITEM( widget ) ) ;

i f ( a c t i v e )
{

s e t co l ou r theme ( c o l o u r t h eme f u l l c o l o u r ) ;
gtk widget queue draw (G. da ) ;

3075 }
}

s t a t i c void c o l o u r a c t i v a t ed cb (GtkWidget ∗widget , gpo in t e r userdata )
{

3080 ( void ) userdata ;
GdkRGBA rgba = {0 , 0 , 0 , 1} ;
g t k c o l o r c h o o s e r g e t r g b a (GTKCOLORCHOOSER( widget ) , &rgba ) ;
G. c o l o u r r = rgba . red ;
G. c o l ou r g = rgba . green ;

3085 G. co l ou r b = rgba . blue ;
s t r u c t annotat ion ∗anno = ge t s e l e c t e d anno t a t i o n ( ) ;
i f ( anno )
{

i f ( a nno t a t i o n s e t c o l ou r ( anno , G. co l ou r r , G. co lour g , G. co l ou r b ) )
3090 {

gtk widget queue draw (G. da ) ;
}

}
}

3095

extern i n t main ( i n t argc , char ∗∗ argv ) {
m symbo l i c s i n i t ( ) ;
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memset(&G, 0 , s i z e o f (G) ) ;
g t k d i s a b l e s e t l o c a l e ( ) ; // FIXME TODO f ind a be t t e r way f o r s a f e ( de )⤦

Ç s e r i a l i s a t i o n
3100 g t k i n i t (&argc , &argv ) ;

GdkRectangle workarea = {0} ;
gdk monitor get workarea (

gdk d i sp l ay ge t pr imary mon i to r (
g dk d i s p l a y g e t d e f a u l t ( )

3105 ) , &workarea ) ;
G. dp i s c r e en = workarea . width ∗ 2 / 3 ∗ 25 .4 / (297 − 40) ;
G. dp i p r i n t = 0 ;
f o r ( i n t i = 1 ; i < argc − 1 ; ++i )
{

3110 i f ( ! strcmp ( argv [ i ] , ”−−dpi ”) )
{

G. dp i p r i n t = a to f ( argv [ i + 1 ] ) ;
}

}
3115 i f ( ! (G. dp i p r i n t > 0) )

{
G. dp i p r i n t = G. dp i s c r e en ;

}
G. width sc reen = (297 − 40) / 25 .4 ∗ G. dp i s c r e en ;

3120 G. he i gh t s c r e en = (210 − 40) / 25 .4 ∗ G. dp i s c r e en ;
G. w idth pr in t = (297 − 40) / 25 .4 ∗ G. dp i p r i n t ;
G. h e i g h t p r i n t = (210 − 40) / 25 .4 ∗ G. dp i p r i n t ;
G. threads = g get num proce s so r s ( ) ;
G. dark = f a l s e ;

3125

G. wakes head . u . wake . next wake = &G. wake s t a i l ;
G. wak e s t a i l . u . wake . pred wake = &G. wakes head ;
G. maximum iterations = 1 << 16 ;
G. chunk = 256 ;

3130 G. e s cape r ad iu s = 512 ;
G. g l i t c h t h r e s h o l d = 1e −3;
mp f r i n i t 2 (G. e s cape rad ius2 , 53) ;
mpf r s e t d (G. e s cape rad ius2 , G. e s c ape r ad iu s ∗ G. escape rad iu s , GMPRNDN) ;
G. view = view new ( ) ;

3135 mpfr se t d (G. view−>cx , −0.75 , GMPRNDN) ;
mpf r s e t d (G. view−>cy , 0 . 0 , GMPRNDN) ;
mpf r s e t d (G. view−>radius , 1 . 5 , GMPRNDN) ;
G. image = perturbator new (G. threads , G. width pr int , G. he i gh t p r i n t , G.⤦

Ç maximum iterations , G. chunk , G. e s cape rad iu s , G. g l i t c h t h r e s h o l d ) ;

3140 G. window = gtk window new (GTKWINDOWTOPLEVEL) ;
char t i t l e [ 1 0 2 4 ] ;
s n p r i n t f ( t i t l e , 1024 , ”Mandelbrot Perturbator GTK ( ve r s i on %s ) ” , VERSION) ;
g t k w i ndow s e t t i t l e (GTKWINDOW(G. window) , t i t l e ) ;
g t k w indow s e t r e s i z ab l e (GTKWINDOW(G. window) , TRUE) ;

3145 g s i g na l c onn e c t (G. window , ” des t roy ” , G CALLBACK( close window ) , NULL) ;

GtkWidget ∗h0 = gtk box new (GTK ORIENTATION HORIZONTAL, 0) ;
GtkWidget ∗v1 = gtk box new (GTK ORIENTATION VERTICAL, 0) ;
GtkWidget ∗h2 = gtk box new (GTK ORIENTATION HORIZONTAL, 0) ;

3150 GtkWidget ∗v3 = gtk box new (GTK ORIENTATION VERTICAL, 0) ;
GtkWidget ∗v4 = gtk box new (GTK ORIENTATION VERTICAL, 0) ;
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G. da = gtk drawing area new ( ) ;
g t k w i d g e t s e t s i z e r e q u e s t (G. da , G. width screen , G. h e i gh t s c r e en ) ;

3155 g s i g na l c onn e c t (G. da , ”draw” , G CALLBACK( draw cb ) , NULL) ;
g s i g n a l c onn e c t (G. da , ” con f i gure −event ” , G CALLBACK( con f i gu r e ev en t cb ) , NULL)⤦

Ç ;
g t k w idg e t s e t e v en t s (G. da , g t k w idg e t g e t ev en t s (G. da ) | ⤦

Ç GDK BUTTON PRESS MASK | GDKBUTTONRELEASEMASK | ⤦
Ç GDK POINTERMOTIONMASK) ;

GtkWidget ∗menu = gtk menu bar new ( ) ;
3160

GtkWidget ∗ f i l e = gtk menu i tem new with labe l (” F i l e ”) ;
GtkWidget ∗ f i l em = gtk menu new ( ) ;

GtkWidget ∗open = gtk menu i tem new with labe l (”Open”) ;
3165 g s i g na l c onn e c t ( open , ” a c t i v a t e ” , G CALLBACK( l o ad c l i c k e d c b ) , NULL) ;

gtk menu she l l append (GTKMENU SHELL( f i l em ) , open ) ;

GtkWidget ∗ save = gtk menu i tem new with labe l (” Save ”) ;
g s i g n a l c onn e c t ( save , ” a c t i v a t e ” , G CALLBACK( s av e c l i c k e d cb ) , NULL) ;

3170 gtk menu she l l append (GTKMENU SHELL( f i l em ) , save ) ;

GtkWidget ∗ save image = gtk menu i tem new with labe l (” Save PNG”) ;
g s i g n a l c onn e c t ( save image , ” a c t i v a t e ” , G CALLBACK( save image c l i c k ed cb ) , ⤦

Ç NULL) ;
gtk menu she l l append (GTKMENU SHELL( f i l em ) , save image ) ;

3175

GtkWidget ∗ save pd f = gtk menu i tem new with labe l (” Save PDF”) ;
g s i g n a l c onn e c t ( save pdf , ” a c t i v a t e ” , G CALLBACK( s a v e pd f c l i c k e d cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( f i l em ) , save pd f ) ;

3180 GSList ∗dark group = NULL;

GtkWidget ∗dark = gtk rad io menu i t em new wi th labe l ( dark group , ”Dark”) ;
dark group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( dark ) ) ;
g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM( dark ) , G. dark ) ;

3185 g s i g na l c onn e c t ( dark , ” togg l ed ” , G CALLBACK( dark togg l ed cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( f i l em ) , dark ) ;

GtkWidget ∗ l i g h t = gtk rad io menu i t em new wi th labe l ( dark group , ”Light ”) ;
dark group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( l i g h t ) ) ;

3190 g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM( l i g h t ) , ! G. dark ) ;
g s i g n a l c onn e c t ( l i gh t , ” togg l ed ” , G CALLBACK( l i g h t t o g g l e d c b ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( f i l em ) , l i g h t ) ;

GSList ∗ co lour group = NULL;
3195

GtkWidget ∗monochrome = gtk rad io menu i t em new wi th labe l ( co lour group , ”⤦
Ç Monochrome”) ;

co lour group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM(monochrome ) ) ;
g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM(monochrome ) , G. co l ou r == ⤦

Ç colour theme monochrome ) ;
g s i g n a l c onn e c t (monochrome , ” togg l ed ” , G CALLBACK(monochrome toggled cb ) , ⤦

Ç NULL) ;
3200 gtk menu she l l append (GTKMENU SHELL( f i l em ) , monochrome ) ;

GtkWidget ∗ l ow co lour = gtk rad io menu i t em new wi th labe l ( co lour group , ”Low ⤦
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Ç Colour ”) ;
co lour group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( low co lour ) ) ;
g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM( low co lour ) , G. co l ou r == ⤦

Ç co l ou r theme low co l our ) ;
3205 g s i g na l c onn e c t ( low co lour , ” togg l ed ” , G CALLBACK( l ow co l ou r t o gg l ed cb ) , ⤦

Ç NULL) ;
gtk menu she l l append (GTKMENU SHELL( f i l em ) , l ow co lour ) ;

GtkWidget ∗ f u l l c o l o u r = gtk rad io menu i t em new wi th labe l ( co lour group , ”⤦
Ç Ful l Colour ”) ;

co lour group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( f u l l c o l o u r ) )⤦
Ç ;

3210 g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM( f u l l c o l o u r ) , G. co l our == ⤦
Ç c o l o u r t h eme f u l l c o l o u r ) ;

g s i g n a l c onn e c t ( f u l l c o l o u r , ” togg l ed ” , G CALLBACK( f u l l c o l o u r t o g g l e d c b ) , ⤦
Ç NULL) ;

gtk menu she l l append (GTKMENU SHELL( f i l em ) , f u l l c o l o u r ) ;

gtk menu item set submenu (GTKMENU ITEM( f i l e ) , f i l em ) ;
3215 gtk menu she l l append (GTKMENU SHELL(menu) , f i l e ) ;

GSList ∗group = NULL;

GtkWidget ∗ exp lo r e = gtk menu i tem new with labe l (” Explore ”) ;
3220 GtkWidget ∗ explorem = gtk menu new ( ) ;

GtkWidget ∗home = gtk menu i tem new with labe l (”Home”) ;
g s i g n a l c onn e c t (home , ” a c t i v a t e ” , G CALLBACK( home c l i cked cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , home) ;

3225

GtkWidget ∗zoom out = gtk menu i tem new with labe l (”Zoom Out”) ;
g s i g n a l c onn e c t ( zoom out , ” a c t i v a t e ” , G CALLBACK( zoom out c l i cked cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , zoom out ) ;

3230 GtkWidget ∗zoom = gtk rad io menu i t em new wi th labe l ( group , ”Zoom”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM(zoom) ) ;
g tk check menu i t em se t ac t i v e (GTK CHECKMENU ITEM(zoom) , TRUE) ;
g s i g n a l c onn e c t (zoom , ” togg l ed ” , G CALLBACK( zoom toggled cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , zoom) ;

3235

GtkWidget ∗ zoom to = gtk menu i tem new with labe l (”Zoom To”) ;
g s i g n a l c onn e c t ( zoom to , ” a c t i v a t e ” , G CALLBACK( zoom to c l i ck ed cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , zoom to ) ;

3240 GtkWidget ∗ i n f o = gtk rad io menu i t em new wi th labe l ( group , ” In f o ”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( i n f o ) ) ;
g s i g n a l c onn e c t ( in fo , ” togg l ed ” , G CALLBACK( i n f o t o g g l e d c b ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , i n f o ) ;

3245 GtkWidget ∗ s e l e c t = gtk rad io menu i t em new wi th labe l ( group , ” S e l e c t ”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( s e l e c t ) ) ;
g s i g n a l c onn e c t ( s e l e c t , ” togg l ed ” , G CALLBACK( s e l e c t i o n t o g g l e d c b ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , s e l e c t ) ;

3250 GtkWidget ∗more i t e r s = gtk menu i tem new with labe l (” In c r ea s e I t e r a t i o n s ”) ;
g s i g n a l c onn e c t ( more i t e r s , ” a c t i v a t e ” , G CALLBACK( mo r e i t e r s c l i c k e d c b ) , ⤦

Ç NULL) ;
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gtk menu she l l append (GTKMENU SHELL( explorem ) , mo r e i t e r s ) ;

GtkWidget ∗ f e w e r i t e r s = gtk menu i tem new with labe l (” Decrease I t e r a t i o n s ”) ;
3255 g s i g na l c onn e c t ( f ew e r i t e r s , ” a c t i v a t e ” , G CALLBACK( f ew e r i t e r s c l i c k e d c b ) , ⤦

Ç NULL) ;
gtk menu she l l append (GTKMENU SHELL( explorem ) , f e w e r i t e r s ) ;

gtk menu item set submenu (GTKMENU ITEM( exp lo r e ) , explorem ) ;
gtk menu she l l append (GTKMENU SHELL(menu) , exp lo r e ) ;

3260

GtkWidget ∗ f e a t u r e = gtk menu i tem new with labe l (” Feature ”) ;
GtkWidget ∗ featurem = gtk menu new ( ) ;

3265 GtkWidget ∗ nuc leus = gtk rad io menu i t em new wi th labe l ( group , ”Nucleus ”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( nuc leus ) ) ;
g s i g n a l c onn e c t ( nucleus , ” togg l ed ” , G CALLBACK( nuc l eu s t ogg l ed cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , nuc leus ) ;

3270 GtkWidget ∗bond = gtk rad io menu i t em new wi th labe l ( group , ”Bond”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM(bond ) ) ;
g s i g n a l c onn e c t (bond , ” togg l ed ” , G CALLBACK( bond togg led cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , bond ) ;

3275 GtkWidget ∗mis iurewicz = gtk rad io menu i t em new wi th labe l ( group , ”⤦
Ç Mis iurewicz ”) ;

group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( mis iu rewicz ) ) ;
g s i g n a l c onn e c t ( mis iurewicz , ” togg l ed ” , G CALLBACK( mi s i u r ew i c z t ogg l ed cb ) , ⤦

Ç NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , mi s iu rew icz ) ;

3280 GtkWidget ∗ ray out = gtk rad io menu i t em new wi th labe l ( group , ”Ray Out”) ;
group = gtk rad io menu i tem get group (GTK RADIO MENU ITEM( ray out ) ) ;
g s i g n a l c onn e c t ( ray out , ” togg l ed ” , G CALLBACK( ray ou t t ogg l ed cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , ray out ) ;

3285 GtkWidget ∗ r ay i n = gtk menu i tem new with labe l (”Ray In ”) ;
g s i g n a l c onn e c t ( ray in , ” a c t i v a t e ” , G CALLBACK( r a y i n c l i c k e d c b ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , r ay i n ) ;

GtkWidget ∗ extend = gtk menu i tem new with labe l (”Extend Ray”) ;
3290 g s i g na l c onn e c t ( extend , ” a c t i v a t e ” , G CALLBACK( ex t end c l i c k ed cb ) , NULL) ;

gtk menu she l l append (GTKMENU SHELL( featurem ) , extend ) ;

GtkWidget ∗wakel = gtk menu i tem new with labe l (”Wake <”) ;
g s i g n a l c onn e c t ( wakel , ” a c t i v a t e ” , G CALLBACK( wake l c l i c k ed cb ) , NULL) ;

3295 gtk menu she l l append (GTKMENU SHELL( featurem ) , wakel ) ;

GtkWidget ∗waker = gtk menu i tem new with labe l (”Wake >”) ;
g s i g n a l c onn e c t (waker , ” a c t i v a t e ” , G CALLBACK( wake r c l i ck ed cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , waker ) ;

3300

GtkWidget ∗atom = gtk menu i tem new with labe l (”Atom”) ;
g s i g n a l c onn e c t (atom , ” a c t i v a t e ” , G CALLBACK( atom c l i cked cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , atom) ;

3305 GtkWidget ∗domain = gtk menu i tem new with labe l (”Domain”) ;
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g s i g na l c onn e c t ( domain , ” a c t i v a t e ” , G CALLBACK( domain c l i cked cb ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , domain ) ;

GtkWidget ∗mu unit = gtk menu i tem new with labe l (”Mu−Unit ”) ;
3310 g s i g na l c onn e c t (mu unit , ” a c t i v a t e ” , G CALLBACK( muun i t c l i cked cb ) , NULL) ;

gtk menu she l l append (GTKMENU SHELL( featurem ) , mu unit ) ;

GtkWidget ∗ f i l amen t s = gtk menu i tem new with labe l (” Fi laments ”) ;
g s i g n a l c onn e c t ( f i l ament s , ” a c t i v a t e ” , G CALLBACK( f i l amen t s c l i c k e d c b ) , NULL⤦

Ç ) ;
3315 gtk menu she l l append (GTKMENU SHELL( featurem ) , f i l amen t s ) ;

GtkWidget ∗ d e l e t e = gtk menu i tem new with labe l (” Delete ”) ;
g s i g n a l c onn e c t ( d e l e t e , ” a c t i v a t e ” , G CALLBACK( d e l e t e c l i c k e d c b ) , NULL) ;
gtk menu she l l append (GTKMENU SHELL( featurem ) , d e l e t e ) ;

3320

gtk menu item set submenu (GTKMENU ITEM( f e a tu r e ) , featurem ) ;
gtk menu she l l append (GTKMENU SHELL(menu) , f e a tu r e ) ;

GtkWidget ∗ tbar = gtk too lbar new ( ) ;
3325

G. f i l amen t s p e r i o d = gtk entry new ( ) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY(G. f i l amen t s p e r i o d ) , ”Period ”) ;
g t k en t r y s e t w i d th cha r s (GTKENTRY(G. f i l amen t s p e r i o d ) , 6) ;
GtkToolItem ∗ f i l amen t s p e r i o d = gtk too l i t em new ( ) ;

3330 gtk too l i t em se t homogeneous ( f i l amen t s p e r i od , 0) ;
g tk conta ine r add (GTKCONTAINER( f i l amen t s p e r i o d ) , G. f i l amen t s p e r i o d ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , f i l amen t s p e r i od , −1) ;
G. f i l amen t s p r ep e r i o d = gtk entry new ( ) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY(G. f i l amen t s p r ep e r i od ) , ”n−Fold ”) ;

3335 g t k en t r y s e t w i d th cha r s (GTKENTRY(G. f i l amen t s p r ep e r i o d ) , 6) ;
GtkToolItem ∗ f i l amen t s p r ep e r i o d = gtk too l i t em new ( ) ;
g tk too l i t em se t homogeneous ( f i l amen t s p r epe r i od , 0) ;
g tk conta ine r add (GTKCONTAINER( f i l amen t s p r ep e r i od ) , G. f i l amen t s p r ep e r i o d ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , f i l amen t s p r epe r i od , −1) ;

3340 G. f i l ament s depth = gtk entry new ( ) ;
g t k e n t r y s e t p l a c e h o l d e r t e x t (GTKENTRY(G. f i l ament s dep th ) , ”Depth ”) ;
g t k en t r y s e t w i d th cha r s (GTKENTRY(G. f i l ament s depth ) , 6) ;
GtkToolItem ∗ f i l ament s depth = gtk too l i t em new ( ) ;
g tk too l i t em se t homogeneous ( f i l aments depth , 0) ;

3345 gtk conta ine r add (GTKCONTAINER( f i l ament s dep th ) , G. f i l ament s depth ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , f i l aments depth , −1) ;

f o r ( i n t dark = 0 ; dark <= 1 ; ++dark )
{

3350 G. dashs tore [ dark ] = g t k l i s t s t o r e n ew (1 , GDK TYPE PIXBUF) ;
f o r ( i n t l t = 0 ; l t < 16 ; ++l t )
{

c a i r o s u r f a c e t ∗ s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32,⤦
Ç 64 , 16) ;

c a i r o t ∗ cr = c a i r o c r e a t e ( s u r f a c e ) ;
3355 c a i r o s e t s o u r c e r g b a ( cr , 0 , 0 , 0 , 0) ;

c a i r o p a i n t ( cr ) ;
i f ( dark )
{

c a i r o s e t s o u r c e r g b a ( cr , 1 , 1 , 1 , 1) ;
3360 }
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e l s e
{

c a i r o s e t s o u r c e r g b a ( cr , 0 , 0 , 0 , 1) ;
}

3365 c a i r o s e t l i n e w i d t h ( cr , 1) ;
c a i r o s e t l i n e c a p ( cr , CAIRO LINE CAP ROUND) ;
c a i r o s e t l i n e j o i n ( cr , CAIRO LINE JOIN ROUND) ;
c a i r o s e t d a s h ( cr , dashes [ l t ] . pattern , dashes [ l t ] . count , 0) ;
ca i ro move to ( cr , 8 , 8) ;

3370 c a i r o l i n e t o ( cr , 56 , 8) ;
c a i r o s t r o k e ( cr ) ;
GtkTreeIter i t e r ;
g t k l i s t s t o r e a pp e nd (G. dashs tore [ dark ] , &i t e r ) ;
g t k l i s t s t o r e s e t (G. dashs tore [ dark ] , &i t e r , 0 , ⤦

Ç gdk p i xbu f g e t f r om su r f a c e ( sur face , 0 , 0 , 64 , 16) , −1) ;
3375 c a i r o d e s t r o y ( cr ) ;

c a i r o s u r f a c e d e s t r o y ( s u r f a c e ) ;
}

}
G. dashcombo = gtk combo box new with model (GTKTREEMODEL(G. dashs tore [G. dark ] )⤦

Ç ) ;
3380 gtk combo box se t ac t i ve (GTKCOMBOBOX(G. dashcombo ) , 0) ;

GtkCellRenderer ∗ r endere r2 = g t k c e l l r e nd e r e r p i x bu f n ew ( ) ;
g t k c e l l l a y o u t p a c k s t a r t (GTK CELL LAYOUT(G. dashcombo ) , renderer2 , FALSE) ;
g t k c e l l l a y o u t s e t a t t r i b u t e s (GTK CELL LAYOUT(G. dashcombo ) , renderer2 , ”⤦

Ç pixbuf ” , 0 , NULL) ;
g s i g n a l c onn e c t (G. dashcombo , ”changed ” , G CALLBACK(⤦

Ç da sh ing s e l e c t i on changed cb ) , NULL) ;
3385 GtkToolItem ∗dashing = gtk too l i t em new ( ) ;

g tk too l i t em se t homogeneous ( dashing , 0) ;
g tk conta ine r add (GTKCONTAINER( dashing ) , G. dashcombo ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , dashing , −1) ;

3390 i n i t i a l i z e f i l l p a t t e r n s ( ) ;
f o r ( i n t dark = 0 ; dark <= 1 ; ++dark )
{

G. f i l l s t o r e [ dark ] = g t k l i s t s t o r e n ew (1 , GDK TYPE PIXBUF) ;
f o r ( i n t f t = 0 ; f t < 26 ; ++f t )

3395 {
c a i r o s u r f a c e t ∗ s u r f a c e = c a i r o imag e s u r f a c e c r e a t e (CAIRO FORMAT ARGB32,⤦

Ç 64 , 16) ;
c a i r o t ∗ cr = c a i r o c r e a t e ( s u r f a c e ) ;
c a i r o s e t s o u r c e r g b a ( cr , 0 , 0 , 0 , 0) ;
c a i r o p a i n t ( cr ) ;

3400 c a i r o s e t s o u r c e ( cr , G. f i l l p a t t e r n [ dark ] [ f t ] ) ;
c a i r o p a i n t ( cr ) ;
GtkTreeIter i t e r ;
g t k l i s t s t o r e a pp e nd (G. f i l l s t o r e [ dark ] , &i t e r ) ;
g t k l i s t s t o r e s e t (G. f i l l s t o r e [ dark ] , &i t e r , 0 , ⤦

Ç gdk p i xbu f g e t f r om su r f a c e ( sur face , 0 , 0 , 64 , 16) , −1) ;
3405 c a i r o d e s t r o y ( cr ) ;

c a i r o s u r f a c e d e s t r o y ( s u r f a c e ) ;
}

}
G. f i l l c ombo = gtk combo box new with model (GTKTREEMODEL(G. f i l l s t o r e [G. dark ] )⤦

Ç ) ;
3410 gtk combo box se t ac t i ve (GTKCOMBOBOX(G. f i l l c ombo ) , 0) ;
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g t k c e l l l a y o u t p a c k s t a r t (GTK CELL LAYOUT(G. f i l l c ombo ) , renderer2 , FALSE) ;
g t k c e l l l a y o u t s e t a t t r i b u t e s (GTK CELL LAYOUT(G. f i l l c ombo ) , renderer2 , ”⤦

Ç pixbuf ” , 0 , NULL) ;
g s i g n a l c onn e c t (G. f i l l combo , ”changed ” , G CALLBACK( f i l l s e l e c t i o n c h a n g e d c b )⤦

Ç , NULL) ;
GtkToolItem ∗ f i l l i n g = gtk too l i t em new ( ) ;

3415 gtk too l i t em se t homogeneous ( f i l l i n g , 0) ;
g tk conta ine r add (GTKCONTAINER( f i l l i n g ) , G. f i l l c ombo ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , f i l l i n g , −1) ;

G. co lourbutton = gtk co lo r but ton new ( ) ;
3420 g s i g na l c onn e c t (G. co lourbutton , ” co lo r − s e t ” , G CALLBACK( co l ou r a c t i v a t ed cb ) ,⤦

Ç NULL) ;
GtkToolItem ∗ c o l o r t o o l = gtk too l i t em new ( ) ;
g tk too l i t em se t homogeneous ( c o l o r t o o l , 0) ;
g tk conta ine r add (GTKCONTAINER( c o l o r t o o l ) , G. co lourbutton ) ;
g t k t o o l b a r i n s e r t (GTKTOOLBAR( tbar ) , c o l o r t o o l , −1) ;

3425

gtk conta ine r add (GTKCONTAINER(h0 ) , menu) ;
g tk conta ine r add (GTKCONTAINER(h0 ) , tbar ) ;

G. l og = gtk text v i ew new ( ) ;
3430 g t k t e x t v i ew s e t e d i t a b l e (GTK TEXT VIEW(G. log ) , FALSE) ;

g t k t e x t v i ew s e t c u r s o r v i s i b l e (GTK TEXT VIEW(G. log ) , FALSE) ;
g tk text v i ew set wrap mode (GTK TEXT VIEW(G. log ) , GTKWRAPCHAR) ;
GtkWidget ∗ s c r o l l = gtk scro l l ed window new (NULL, NULL) ;
g t k w i d g e t s e t s i z e r e q u e s t ( s c r o l l , G. width screen , −1) ;

3435 gtk widget se t vexpand (G. log , TRUE) ;
gtk widget se t hexpand (G. log , FALSE) ;
g tk widget se t vexpand ( s c r o l l , TRUE) ;
gtk widget se t hexpand ( s c r o l l , FALSE) ;
g tk conta ine r add (GTKCONTAINER( s c r o l l ) , G. l og ) ;

3440

G. annostore = g tk t r e e s t o r e n ew (2 , G TYPE STRING, G TYPE POINTER) ;
G. annotree = gtk t ree v i ew new with mode l (GTKTREEMODEL(G. annostore ) ) ;
g o b j e c t un r e f (G OBJECT(G. annostore ) ) ;
GtkTreeIter i t e r ;

3445 g tk t r e e s t o r e append (G. annostore , &i t e r , NULL) ;
g t k t r e e s t o r e s e t (G. annostore , &i t e r , 0 , ”( none ) ” , 1 , NULL, −1) ;
GtkCellRenderer ∗ r ende re r = g t k c e l l r e n d e r e r t e x t n ew ( ) ;
GtkTreeViewColumn ∗column = gtk t r e e v i ew co lumn new wi th a t t r i bu t e s (”⤦

Ç Annotations ” , renderer , ” t ext ” , 0 , NULL) ;
g t k t r e e v i ew co l umn s e t s o r t c o l umn id ( column , 0) ;

3450 g t k t r e e s o r t a b l e s e t s o r t f u n c (GTK TREE SORTABLE(G. annostore ) , 0 , ⤦
Ç sor tab l e annotat ion compare , 0 , 0) ;

gtk tree v iew append co lumn (GTK TREE VIEW(G. annotree ) , column ) ;
GtkTreeSe lect ion ∗ s e l e c t = g t k t r e e v i ew g e t s e l e c t i o n (GTK TREE VIEW(G.⤦

Ç annotree ) ) ;
g t k t r e e s e l e c t i o n s e t mod e ( s e l e c t , GTK SELECTION SINGLE) ;
g s i g n a l c onn e c t ( s e l e c t , ” changed ” , G CALLBACK( anno t r e e s e l e c t i on changed cb ) ,⤦

Ç NULL) ;
3455 GtkWidget ∗ s c r o l l 2 = gtk scro l l ed window new (NULL, NULL) ;

g tk widget se t hexpand (G. annotree , TRUE) ;
g tk widget se t vexpand (G. annotree , TRUE) ;
gtk widget se t hexpand ( s c r o l l 2 , TRUE) ;
g tk widget se t vexpand ( s c r o l l 2 , TRUE) ;

3460 gtk conta ine r add (GTKCONTAINER( s c r o l l 2 ) , G. annotree ) ;
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G. annotat ion queue = g async queue new ( ) ;
g thread new (” annotate ” , annotat ion thread , G. annotat ion queue ) ;
G. ta sk worker s = g thread poo l new ( task func , NULL, g ge t num proce s so r s ( ) , ⤦

Ç FALSE, NULL) ;
3465 G. task box = gtk box new (GTK ORIENTATION VERTICAL, 0) ;

GtkWidget ∗ s c r o l l 3 = gtk scro l l ed window new (NULL, NULL) ;
g t k w i d g e t s e t s i z e r e q u e s t ( s c r o l l 3 , −1 , −1) ;
g tk widget se t vexpand (G. task box , TRUE) ;
gtk widget se t hexpand (G. task box , TRUE) ;

3470 gtk widget se t vexpand ( s c r o l l 3 , TRUE) ;
gtk widget se t hexpand ( s c r o l l 3 , TRUE) ;
g tk conta ine r add (GTKCONTAINER( s c r o l l 3 ) , G. task box ) ;

g tk conta ine r add (GTKCONTAINER(G. window) , v1 ) ;
3475 gtk conta ine r add (GTKCONTAINER( v1 ) , h0 ) ;

g tk conta ine r add (GTKCONTAINER( v1 ) , h2 ) ;
g tk conta ine r add (GTKCONTAINER(h2 ) , v3 ) ;
g tk conta ine r add (GTKCONTAINER( v3 ) , G. da ) ;
g tk conta ine r add (GTKCONTAINER( v3 ) , s c r o l l ) ;

3480 gtk conta ine r add (GTKCONTAINER(h2 ) , v4 ) ;
g tk conta ine r add (GTKCONTAINER( v4 ) , s c r o l l 2 ) ;
g tk conta ine r add (GTKCONTAINER( v4 ) , s c r o l l 3 ) ;

gtk window maximize (GTKWINDOW(G. window) ) ;
3485 g tk w idge t show a l l (G. window) ;

zoom toggled cb (zoom , 0) ;

gtk main ( ) ;
m symbo l i c s ex i t ( ) ;

3490 re turn 0 ;
}

enum ta s k t
{

3495 ta sk ray out ,
t a sk r ay in ,
ta sk ray extend ,
ta sk nuc l eus ,
task bond ,

3500 ta sk mi s iu r ew i cz ,
task muunit ,
task muunit nuc leus ,
t a sk f i l amen t s ,
task wake ,

3505 task wake2 , // t r a c e s i t s own rays
task atom ,
task domain

} ;

3510 s t r u c t t a sk ray ou t
{

mpc t c ;
i n t dwe l l ;
i n t l i n e t y p e ;

3515 double s t r o k e r ;
double s t r ok e g ;
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double s t r oke b ;
} ;

3520 s t r u c t t a s k r a y i n
{

m binangle ang le ;
i n t depth ;
i n t l i n e t y p e ;

3525 double s t r o k e r ;
double s t r ok e g ;
double s t r oke b ;

} ;

3530 s t r u c t ta sk ray ex tend
{

s t r u c t annotat ion ∗anno ;
i n t depth ;

} ;
3535

s t r u c t t a sk nuc l eu s
{

mpc t c ;
mpfr t r ;

3540 i n t maxperiod ;
} ;

s t r u c t task bond
{

3545 mpc t c ;
i n t per iod ;

} ;

s t r u c t t a sk mi s i u r ew i c z
3550 {

mpc t c ;
mpfr t r ;
i n t maxpreperiod ;
i n t maxperiod ;

3555 } ;

s t r u c t task muunit
{

mpc t nuc leus ;
3560 i n t per iod ;

} ;

s t r u c t task muuni t nuc leus
{

3565 mpc t nuc leus ;
i n t nuc l eu s pe r i od ;
i n t r ay pe r i od ;
mpq t ang le ;

} ;
3570

s t r u c t t a s k f i l amen t s
{

mpc t i nne r nuc l eu s ;
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i n t i nn e r p e r i od ;
3575 i n t ou t e r p e r i od ;

i n t preper i od ;
i n t depth ;
i n t l i n e t y p e ;
double s t r o k e r ;

3580 double s t r ok e g ;
double s t r oke b ;

} ;

s t r u c t task wake
3585 {

s t r u c t annotat ion ∗ l o ;
s t r u c t annotat ion ∗ hi ;
i n t f i l l t y p e ;
double f i l l r ;

3590 double f i l l g ;
double f i l l b ;

} ;

s t r u c t task wake2
3595 {

char ∗ l o ;
char ∗ hi ;
i n t depth ;
i n t f i l l t y p e ;

3600 double f i l l r ;
double f i l l g ;
double f i l l b ;

} ;

3605 s t r u c t task atom
{

mpc t nuc leus ;
i n t per iod ;
i n t f i l l t y p e ;

3610 double f i l l r ;
double f i l l g ;
double f i l l b ;

} ;

3615 s t r u c t task domain
{

mpc t nuc leus ;
i n t l op e r i od ;
i n t per iod ;

3620 i n t l i n e t y p e ;
double l i n e r ;
double l i n e g ;
double l i n e b ;

} ;
3625

s t r u c t task
{

enum ta s k t tag ;
char ∗ l a b e l ;

3630 GAsyncQueue ∗output ;
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GtkWidget ∗hbox ;
GtkWidget ∗ prog r e s s ba r ;
double p rog r e s s ;
bool c an c e l l e d ;

3635 union
{

s t r u c t t a sk ray ou t ray out ;
s t r u c t t a s k r a y i n r ay in ;
s t r u c t ta sk ray ex tend ray extend ;

3640 s t r u c t t a sk nuc l eu s nuc leus ;
s t r u c t task bond bond ;
s t r u c t t a sk mi s i u r ew i c z mis iu rew icz ;
s t r u c t task muunit muunit ;
s t r u c t task muuni t nuc leus muunit nucleus ;

3645 s t r u c t t a s k f i l amen t s f i l amen t s ;
s t r u c t task wake wake ;
s t r u c t task wake2 wake2 ;
s t r u c t task atom atom ;
s t r u c t task domain domain ;

3650 } u ;
} ;

s t a t i c void t a s k c an c e l c b (GtkWidget ∗ cance l , gpo in t e r userdata )
{

3655 s t r u c t task ∗ t = userdata ;
t−>c an c e l l e d = true ;
g t k w i d g e t s e t s e n s i t i v e ( cance l , FALSE) ;

}

3660 s t a t i c gboolean task enqueue cb ( gpo in te r userdata )
{

s t r u c t task ∗ t = userdata ;
t−>prog r e s s ba r = gtk progre s s bar new ( ) ;
GtkWidget ∗ l a b e l = gtk l abe l new ( t−> l a b e l ) ;

3665 GtkWidget ∗ cance l = gtk but ton new wi th l abe l (” Cancel ”) ;
g s i g n a l c onn e c t ( cance l , ” c l i c k e d ” , G CALLBACK( ta s k c an c e l c b ) , t ) ;
t−>hbox = gtk box new (GTK ORIENTATION HORIZONTAL, 0) ;
g tk conta ine r add (GTKCONTAINER( t−>hbox ) , cance l ) ;
g tk conta ine r add (GTKCONTAINER( t−>hbox ) , t−>prog r e s s ba r ) ;

3670 gtk conta ine r add (GTKCONTAINER( t−>hbox ) , l a b e l ) ;
g tk conta ine r add (GTKCONTAINER(G. task box ) , t−>hbox ) ;
g tk w idge t show a l l (G. task box ) ;
g thread poo l push (G. task workers , t , NULL) ;
re turn G SOURCEREMOVE;

3675 }

s t a t i c void task enqueue ( s t r u c t task ∗ t )
{

gdk th r ead s add id l e ( task enqueue cb , t ) ;
3680 }

s t a t i c gboolean t a s k s e t p r o g r e s s c b ( gpo in te r userdata )
{

s t r u c t task ∗ t = userdata ;
3685 i f ( t−>prog r e s s ba r )

{
i f ( t−>prog r e s s == 0 . 0 )
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{
g t k p r o g r e s s b a r pu l s e (GTK PROGRESS BAR( t−>prog r e s s ba r ) ) ;

3690 }
e l s e
{

g t k p r o g r e s s b a r s e t f r a c t i o n (GTK PROGRESS BAR( t−>prog r e s s ba r ) , t−>⤦
Ç prog r e s s ) ;

}
3695 }

re turn G SOURCEREMOVE;
}

s t a t i c void t a s k s e t p r o g r e s s ( s t r u c t task ∗ t )
3700 {

gdk th r ead s add id l e ( t a s k s e t p r o g r e s s c b , t ) ;
}

s t a t i c gboolean ta sk de s t r oy cb ( gpo in te r userdata )
3705 {

s t r u c t task ∗ t = userdata ;
t−>output = 0 ;
i f ( t−>hbox )
{

3710 g tk w idge t de s t r oy ( t−>hbox ) ;
t−>hbox = 0 ;

}
t−>prog r e s s ba r = 0 ;
i f ( t−> l a b e l )

3715 {
f r e e ( t−> l a b e l ) ;
t−> l a b e l = 0 ;

}
switch ( t−>tag )

3720 {
case t a sk ray ou t :
{

mpc clear ( t−>u . ray out . c ) ;
break ;

3725 }
case t a s k r a y i n :
{

m binang l e c l e a r (&t−>u . r ay i n . ang le ) ;
break ;

3730 }
case ta sk ray ex tend :
{

// nop , always succeeds
break ;

3735 }
case t a sk nuc l eu s :
{

mpc clear ( t−>u . nuc leus . c ) ;
mp f r c l e a r ( t−>u . nuc leus . r ) ;

3740 break ;
}
case task bond :
{
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mpc clear ( t−>u . bond . c ) ;
3745 break ;

}
case t a sk mi s i u r ew i c z :
{

mpc clear ( t−>u . mi s iu rewicz . c ) ;
3750 mpf r c l ea r ( t−>u . mi s iu rewicz . r ) ;

break ;
}
case task muunit :
{

3755 mpc clear ( t−>u . muunit . nuc leus ) ;
break ;

}
case task muuni t nuc l eus :
{

3760 mpc clear ( t−>u . muunit nucleus . nuc leus ) ;
mpq clear ( t−>u . muunit nucleus . ang le ) ;
break ;

}
case t a s k f i l amen t s :

3765 {
mpc clear ( t−>u . f i l amen t s . i nn e r nuc l eu s ) ;
break ;

}
case task wake :

3770 {
// nop , always succeeds
break ;

}
case task wake2 :

3775 {
f r e e ( t−>u . wake2 . l o ) ;
f r e e ( t−>u . wake2 . h i ) ;
break ;

}
3780 case task atom :

{
mpc clear ( t−>u . atom . nuc leus ) ;
break ;

}
3785 case task domain :

{
mpc clear ( t−>u . domain . nuc leus ) ;
break ;

}
3790 }

f r e e ( t ) ;
r e turn G SOURCEREMOVE;

}

3795 s t a t i c void task done ( s t r u c t task ∗ t )
{

gdk th r ead s add id l e ( ta sk de s t roy cb , t ) ;
}

3800 s t a t i c s t r u c t task ∗ task new ray out (GAsyncQueue ∗output , const mpc t c , i n t ⤦
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Ç dwell , i n t l i n e t ype , double s t r ok e r , double s t roke g , double s t r oke b )
{

s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ”Ray Out from %+Re + %Re i dwel l %d ” ;

3805 i n t bytes = mpf r snp r in t f (NULL, 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦
Ç dwel l ) ;

i f ( bytes < 0)
{

bytes = 0 ; // e r r o r ?
}

3810 t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦

Ç dwel l ) ;
i f ( bytes == 0)
{

t−> l a b e l [ bytes ] = 0 ; // paranoia
3815 }

t−>tag = ta sk ray ou t ;
mpc in i t2 ( t−>u . ray out . c , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . ray out . c , c , MPCRNDNN) ;
t−>u . ray out . dwe l l = dwel l ;

3820 t−>u . ray out . l i n e t y p e = l i n e t y p e ;
t−>u . ray out . s t r o k e r = s t r o k e r ;
t−>u . ray out . s t r ok e g = s t r ok e g ;
t−>u . ray out . s t r oke b = s t roke b ;
re turn t ;

3825 }

s t a t i c s t r u c t task ∗ ta sk new ray in (GAsyncQueue ∗output , const m binangle ∗ angle⤦
Ç , i n t depth , i n t l i n e t ype , double s t r ok e r , double s t roke g , double ⤦
Ç s t r oke b )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

3830 t−>output = output ;
t−> l a b e l = m binang l e to new s t r ing ( ang le ) ;
t−>tag = t a s k r a y i n ;
m b inang l e i n i t (&t−>u . r ay i n . ang le ) ;
m b inang l e s e t (&t−>u . r ay i n . angle , ang le ) ;

3835 t−>u . r ay i n . depth = depth ;
t−>u . r ay i n . l i n e t y p e = l i n e t y p e ;
t−>u . r ay i n . s t r o k e r = s t r o k e r ;
t−>u . r ay i n . s t r ok e g = s t r ok e g ;
t−>u . r ay i n . s t r oke b = s t roke b ;

3840 re turn t ;
}

s t a t i c s t r u c t task ∗ task new ray extend (GAsyncQueue ∗output , s t r u c t annotat ion ∗⤦
Ç anno , i n t depth )

{
3845 s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

t−>output = output ;
t−> l a b e l = strdup ( anno−> l a b e l ) ;
t−>tag = task ray extend ;
t−>u . ray extend . anno = anno ;

3850 t−>u . ray extend . depth = depth ;
re turn t ;
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}

s t a t i c s t r u c t task ∗ task new nuc leus (GAsyncQueue ∗output , const mpc t c , const ⤦
Ç mpfr t r , i n t dwe l l )

3855 {
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ” nuc leus near %+Re + %+Re i @ %Re” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , r ) ;

3860 i f ( bytes < 0)
{

bytes = 0 ;
}
t−> l a b e l = mal loc ( bytes + 1) ;

3865 mpf r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , r ) ;
t−>tag = ta sk nuc l eu s ;
mpc in i t2 ( t−>u . nuc leus . c , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . nuc leus . c , c , MPCRNDNN) ;
mp f r i n i t 2 ( t−>u . nuc leus . r , 53) ;

3870 mpfr se t ( t−>u . nuc leus . r , r , MPFRRNDN) ;
t−>u . nuc leus . maxperiod = dwel l ;
r e turn t ;

}

3875 s t a t i c s t r u c t task ∗ task new bond (GAsyncQueue ∗output , const mpc t c , i n t per iod⤦
Ç )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ”Bond near %+Re + %+Re i P %d” ;

3880 i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , per iod⤦
Ç ) ;

i f ( bytes < 0)
{

bytes = 0 ;
}

3885 t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦

Ç per iod ) ;
t−>tag = task bond ;
mpc in i t2 ( t−>u . bond . c , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . bond . c , c , MPCRNDNN) ;

3890 t−>u . bond . per iod = per iod ;
re turn t ;

}

s t a t i c s t r u c t task ∗ ta sk new mis iurewicz (GAsyncQueue ∗output , const mpc t c , ⤦
Ç const mpfr t r , i n t maxpreperiod , i n t maxperiod )

3895 {
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ”Mis iurewicz near %+Re + %+Re i @ %Re” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , r ) ;

3900 i f ( bytes < 0)
{

bytes = 0 ;
}
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t−> l a b e l = mal loc ( bytes + 1) ;
3905 mpf r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , r ) ;

t−>tag = ta sk mi s i u r ew i c z ;
mpc in i t2 ( t−>u . mi s iu rewicz . c , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . mi s iu rewicz . c , c , MPCRNDNN) ;
mp f r i n i t 2 ( t−>u . mi s iu rewicz . r , 53) ;

3910 mpfr se t ( t−>u . mi s iu rewicz . r , r , MPFRRNDN) ;
t−>u . mi s iu rewicz . maxpreperiod = maxpreperiod ;
t−>u . mi s iu rewicz . maxperiod = maxperiod ;
re turn t ;

}
3915

s t a t i c s t r u c t task ∗ task new muunit (GAsyncQueue ∗output , const mpc t c , i n t ⤦
Ç per iod )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;

3920 const char ∗ format = ”Mu−uni t near %+Re + %+Re i P %d” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , per iod⤦

Ç ) ;
i f ( bytes < 0)
{

bytes = 0 ;
3925 }

t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦

Ç per iod ) ;
t−>tag = task muunit ;
mpc in i t2 ( t−>u . muunit . nucleus , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;

3930 mpc set ( t−>u . muunit . nucleus , c , MPCRNDNN) ;
t−>u . muunit . per iod = per iod ;
re turn t ;

}

3935 s t a t i c s t r u c t task ∗ task new muunit nuc leus (GAsyncQueue ∗output , const mpc t ⤦
Ç nucleus , i n t nuc l eus pe r i od , i n t ray per iod , const mpq t ang le )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ”Mu−uni t nuc leus near %+Re + %+Re i P %d = %d ∗ %d” ;

3940 i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( nuc leus ) , mpc imagref (⤦
Ç nuc leus ) , nuc l eu s pe r i od ∗ ray per iod , nuc l eus pe r i od , r ay pe r i od ) ;

i f ( bytes < 0)
{

bytes = 0 ;
}

3945 t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( nuc leus ) , mpc imagref (⤦

Ç nuc leus ) , nuc l eu s pe r i od ∗ ray per iod , nuc l eus pe r i od , r ay pe r i od ) ;
t−>tag = task muuni t nuc leus ;
mpc in i t2 ( t−>u . muunit nucleus . nucleus , mpf r ge t prec ( mpc r ea l r e f ( nuc leus ) ) ) ;
mpc set ( t−>u . muunit nucleus . nucleus , nucleus , MPCRNDNN) ;

3950 t−>u . muunit nucleus . nuc l eu s pe r i od = nuc l eu s pe r i od ;
t−>u . muunit nucleus . r ay pe r i od = ray pe r i od ;
mpq init ( t−>u . muunit nucleus . ang le ) ;
mpq set ( t−>u . muunit nucleus . angle , ang le ) ;
r e turn t ;
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3955 }

s t a t i c s t r u c t task ∗ t a sk new f i l ament s (GAsyncQueue ∗output , const mpc t ⤦
Ç i nne r nuc l eu s , i n t i nne r pe r i od , i n t oute r pe r i od , i n t preper iod , i n t ⤦
Ç depth , i n t l i n e t ype , double s t r ok e r , double s t roke g , double s t r oke b )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

3960 t−>output = output ;
const char ∗ format = ”Filaments near %+Re + %+Re i P %d / %d / %d” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( i nne r nuc l eu s ) , ⤦

Ç mpc imagref ( i nn e r nuc l eu s ) , i nne r pe r i od , oute r pe r i od , preper i od ) ;
i f ( bytes < 0)
{

3965 bytes = 0 ;
}
t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( i nne r nuc l eu s ) , ⤦

Ç mpc imagref ( i nn e r nuc l eu s ) , i nne r pe r i od , oute r pe r i od , preper i od ) ;
t−>tag = ta s k f i l amen t s ;

3970 mpc in i t2 ( t−>u . f i l amen t s . i nne r nuc l eu s , mpf r ge t prec ( mpc r ea l r e f (⤦
Ç i nn e r nuc l eu s ) ) ) ;

mpc set ( t−>u . f i l amen t s . i nne r nuc l eu s , i nne r nuc l eu s , MPCRNDNN) ;
t−>u . f i l amen t s . i nn e r p e r i od = inne r p e r i od ;
t−>u . f i l amen t s . ou t e r p e r i od = out e r p e r i od ;
t−>u . f i l amen t s . p reper i od = preper iod ;

3975 t−>u . f i l amen t s . depth = depth ;
t−>u . f i l amen t s . l i n e t y p e = l i n e t y p e ;
t−>u . f i l amen t s . s t r o k e r = s t r o k e r ;
t−>u . f i l amen t s . s t r ok e g = s t r ok e g ;
t−>u . f i l amen t s . s t r oke b = s t roke b ;

3980 re turn t ;
}

s t a t i c s t r u c t task ∗ task new wake (GAsyncQueue ∗output , s t r u c t annotat ion ∗ lo , ⤦
Ç s t r u c t annotat ion ∗hi , i n t f i l l t y p e , double f i l l r , double f i l l g , double⤦
Ç f i l l b )

{
3985 s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

t−>output = output ;
t−> l a b e l = strdup (”Wake”) ;
t−>tag = task wake ;
t−>u . wake . f i l l t y p e = f i l l t y p e ;

3990 t−>u . wake . f i l l r = f i l l r ;
t−>u . wake . f i l l g = f i l l g ;
t−>u . wake . f i l l b = f i l l b ;
t−>u . wake . l o = l o ;
t−>u . wake . h i = hi ;

3995 re turn t ;
}

s t a t i c s t r u c t task ∗ task new wake2 (GAsyncQueue ∗output , char ∗ lo , char ∗hi , i n t ⤦
Ç depth , i n t f i l l t y p e , double f i l l r , double f i l l g , double f i l l b )

{
4000 s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

t−>output = output ;
t−> l a b e l = strdup (”Wake”) ;
t−>tag = task wake2 ;
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t−>u . wake2 . f i l l t y p e = f i l l t y p e ;
4005 t−>u . wake2 . f i l l r = f i l l r ;

t−>u . wake2 . f i l l g = f i l l g ;
t−>u . wake2 . f i l l b = f i l l b ;
t−>u . wake2 . l o = strdup ( l o ) ;
t−>u . wake2 . h i = strdup ( h i ) ;

4010 t−>u . wake2 . depth = depth ;
re turn t ;

}

s t a t i c s t r u c t task ∗ task new atom (GAsyncQueue ∗output , const mpc t c , i n t per iod⤦
Ç , i n t f i l l t y p e , double f i l l r , double f i l l g , double f i l l b )

4015 {
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;
t−>output = output ;
const char ∗ format = ”Atom near %+Re + %+Re i P %d” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , per iod⤦

Ç ) ;
4020 i f ( bytes < 0)

{
bytes = 0 ;

}
t−> l a b e l = mal loc ( bytes + 1) ;

4025 mpf r snp r in t f ( t−> l abe l , bytes + 1 , format , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦
Ç per iod ) ;

t−>tag = task atom ;
mpc in i t2 ( t−>u . atom . nucleus , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . atom . nucleus , c , MPCRNDNN) ;
t−>u . atom . per iod = per iod ;

4030 t−>u . atom . f i l l t y p e = f i l l t y p e ;
t−>u . atom . f i l l r = f i l l r ;
t−>u . atom . f i l l g = f i l l g ;
t−>u . atom . f i l l b = f i l l b ;
r e turn t ;

4035 }

s t a t i c s t r u c t task ∗ task new domain (GAsyncQueue ∗output , const mpc t c , i n t ⤦
Ç per iod , i n t l ope r i od , i n t l i n e t ype , double l i n e r , double l i n e g , double ⤦
Ç l i n e b )

{
s t r u c t task ∗ t = c a l l o c (1 , s i z e o f (∗ t ) ) ;

4040 t−>output = output ;
const char ∗ format = ”Domain %dp%d near %+Re + %+Re i ” ;
i n t bytes = mpf r snp r in t f (0 , 0 , format , l ope r i od , per iod , mpc r ea l r e f ( c ) , ⤦

Ç mpc imagref ( c ) ) ;
i f ( bytes < 0)
{

4045 bytes = 0 ;
}
t−> l a b e l = mal loc ( bytes + 1) ;
mp f r snp r in t f ( t−> l abe l , bytes + 1 , format , l ope r i od , per iod , mpc r ea l r e f ( c ) , ⤦

Ç mpc imagref ( c ) ) ;
t−>tag = task domain ;

4050 mpc in i t2 ( t−>u . domain . nucleus , mpf r ge t prec ( mpc r ea l r e f ( c ) ) ) ;
mpc set ( t−>u . domain . nucleus , c , MPCRNDNN) ;
t−>u . domain . per iod = per iod ;
t−>u . domain . l op e r i od = l ope r i od ;
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t−>u . domain . l i n e t y p e = l i n e t y p e ;
4055 t−>u . domain . l i n e r = l i n e r ;

t−>u . domain . l i n e g = l i n e g ;
t−>u . domain . l i n e b = l i n e b ;
re turn t ;

}
4060

s t a t i c gboolean annotat ion cb ( gpo in te r userdata )
{

s t r u c t annotat ion ∗a = userdata ;
add annotat ion ( a ) ;

4065 gtk widget queue draw (G. da ) ;
r e turn G SOURCEREMOVE;

}

s t a t i c gpo in t e r annotat ion thread ( gpo in t e r userdata )
4070 {

GAsyncQueue ∗q = userdata ;
s t r u c t annotat ion ∗a ;
whi l e ( ( a = g async queue pop (q ) ) )
{

4075 gdk th r ead s add id l e ( annotat ion cb , a ) ;
}
re turn 0 ;

}

4080 s t a t i c void ta sk func ( gpo in t e r data , gpo in t e r userdata )
{

( void ) userdata ;
s t r u c t task ∗ t = data ;
switch ( t−>tag )

4085 {

case t a sk ray ou t :
{

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
4090 a−>tag = annota t i on ray out ;

a−>u . ray out . l i n e t y p e = t−>u . ray out . l i n e t y p e ;
a−>u . ray out . s t r o k e r = t−>u . ray out . s t r o k e r ;
a−>u . ray out . s t r ok e g = t−>u . ray out . s t r ok e g ;
a−>u . ray out . s t r oke b = t−>u . ray out . s t r oke b ;

4095 char ∗ accumulated b i t s = mal loc ( t−>u . ray out . dwe l l + 10) ;
i n t i = 0 ;
i n t sharpness = 16 ;
m r exray out ∗ ray = m r exray out new ( t−>u . ray out . c , sharpness , t−>u .⤦

Ç ray out . dwe l l ∗ 2 , 65536) ;
double t o t a l = 0 .5 ∗ sharpness ∗ t−>u . ray out . dwe l l ∗ (1 + t−>u . ray out .⤦

Ç dwel l ) ;
4100 double p rog r e s s = 0 ;

double increment = t−>u . ray out . dwe l l ;
m newton suc c e s s = m fa i l ed ;
i n t f i r s t = 1 ;
whi l e ( ! t−>c an c e l l e d && ( m fa i l ed != ( suc c e s s = m r exray out s t ep ( ray ) ) )⤦

Ç )
4105 {

prog r e s s = prog r e s s + increment ;
t−>prog r e s s = prog r e s s / t o t a l ;
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t a s k s e t p r o g r e s s ( t ) ;
a−>u . ray out . l i n e s t a r t = point new (a−>u . ray out . l i n e s t a r t ) ;

4110 i f ( f i r s t )
{

f i r s t = 0 ;
a−>u . ray out . l i n e end = a−>u . ray out . l i n e s t a r t ;

}
4115 m r exray out ge t ( ray , a−>u . ray out . l i n e s t a r t −>xy ) ;

i f ( m r ex ray out have b i t ( ray ) )
{

increment = increment − 1 ;
bool b i t = m r ex r ay ou t g e t b i t ( ray ) ;

4120 accumulated b i t s [ i++] = b i t ? ’1 ’ : ’ 0 ’ ;
i f ( i >= t−>u . ray out . dwe l l + 10 − 1)
{

// should never happen?
suc c e s s = m fa i l ed ;

4125 break ;
}

}
i f ( s u c c e s s == m converged )
{

4130 break ;
}

}
i f ( ! t−>c an c e l l e d && succ e s s == m converged )
{

4135 accumulated b i t s [ i ] = 0 ;
i n t nb i t s = i ;
char ∗ r e v e r s e d b i t s = mal loc ( nb i t s + 1) ;
f o r ( i n t i = 0 ; i < nb i t s ; ++i )
{

4140 r e v e r s e d b i t s [ i ] = accumulated b i t s [ nb i t s −1 − i ] ;
}
r e v e r s e d b i t s [ nb i t s ] = 0 ;
a−> l a b e l = r e v e r s e d b i t s ;
g async queue push ( t−>output , a ) ;

4145 }
e l s e
{

f r e e anno t a t i on ( a ) ;
}

4150 f r e e ( accumulated b i t s ) ;
m r ex ray ou t de l e t e ( ray ) ;
break ;

} // ta sk ray ou t

4155 case t a s k r a y i n :
{

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−>u . r ay i n . l i n e t y p e = t−>u . r ay i n . l i n e t y p e ;
a−>u . r ay i n . s t r o k e r = t−>u . r ay i n . s t r o k e r ;

4160 a−>u . r ay i n . s t r ok e g = t−>u . r ay i n . s t r ok e g ;
a−>u . r ay i n . s t r oke b = t−>u . r ay i n . s t r oke b ;
a−> l a b e l = m binang l e to new s t r ing (&t−>u . r ay i n . ang le ) ;
a−>tag = anno ta t i on ray in ;
m b inang l e i n i t (&a−>u . r ay i n . ang le ) ;
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4165 m binang l e s e t (&a−>u . r ay i n . angle , &t−>u . r ay i n . ang le ) ;
i n t depth = t−>u . r ay i n . depth ;
i n t sharpness = 16 ;
mpq t q ;
mpq init ( q ) ;

4170 m binang l e t o r a t i ona l (q , &t−>u . r ay i n . ang le ) ;
mpq canon ica l i ze ( q ) ;
m r exray in ∗ ray = m r exray in new (q , sharpness ) ;
mpq clear ( q ) ;
i n t i = 0 ;

4175 double t o t a l = 0 .5 ∗ sharpness ∗ depth ∗ (1 + depth ) ;
double p rog r e s s = 0 ;
i n t increment = 1 ;
m newton suc c e s s = m fa i l ed ;
i n t f i r s t = 1 ;

4180 whi le ( ! t−>c an c e l l e d && ( m fa i l ed != ( suc c e s s = m r ex ray in s t ep ( ray , ⤦
Ç 64) ) ) )

{
prog r e s s = prog r e s s + increment ;
t−>prog r e s s = prog r e s s / t o t a l ;
t a s k s e t p r o g r e s s ( t ) ;

4185 a−>u . r ay i n . l i n e s t a r t = point new (a−>u . r ay i n . l i n e s t a r t ) ;
m r ex ray in g e t ( ray , a−>u . r ay i n . l i n e s t a r t −>xy ) ;
i f ( f i r s t )
{

f i r s t = 0 ;
4190 a−>u . r ay i n . l i n e end = a−>u . r ay i n . l i n e s t a r t ;

}
i f (++i >= sharpness )
{

i = 0 ;
4195 increment = increment + 1 ;

i f ( increment >= depth )
{

su c c e s s = m converged ;
break ;

4200 }
}
i f ( s u c c e s s == m converged )
{

break ;
4205 }

}
a−>u . r ay i n . ray = ray ;
a−>u . r ay i n . depth = increment ;
i f ( ! t−>c an c e l l e d && succ e s s == m converged )

4210 {
g async queue push ( t−>output , a ) ;

}
e l s e
{

4215 f r e e anno t a t i on ( a ) ;
}
break ;

} // t a s k r a y i n

4220 case ta sk ray ex tend :
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{
s t r u c t annotat ion ∗a = t−>u . ray extend . anno ;
m r exray in ∗ ray = a−>u . r ay i n . ray ;
i n t sharpness = 16 ; // FIXME must match ray in above

4225 i n t s t a r t d ep th = a−>u . r ay i n . depth ;
i n t end depth = t−>u . ray extend . depth ;
i n t i = 0 ;
double t o t a l = 0 .5 ∗ sharpness ∗ ( end depth − s t a r t d ep th ) ∗ ( end depth + ⤦

Ç s t a r t d ep th ) ;
double p rog r e s s = 0 ;

4230 i n t increment = s ta r t d ep th ;
m newton suc c e s s = m fa i l ed ;
whi l e ( ! t−>c an c e l l e d && ( m fa i l ed != ( suc c e s s = m r ex ray in s t ep ( ray , ⤦

Ç 64) ) ) )
{

prog r e s s = prog r e s s + increment ;
4235 t−>prog r e s s = prog r e s s / t o t a l ;

t a s k s e t p r o g r e s s ( t ) ;
a−>u . r ay i n . l i n e s t a r t = point new (a−>u . r ay i n . l i n e s t a r t ) ;
m r ex ray in g e t ( ray , a−>u . r ay i n . l i n e s t a r t −>xy ) ;
i f (++i >= sharpness )

4240 {
i = 0 ;
increment = increment + 1 ;
i f ( increment >= end depth )
{

4245 su c c e s s = m converged ;
break ;

}
}
i f ( s u c c e s s == m converged )

4250 {
break ;

}
}
a−>u . r ay i n . depth = increment ;

4255 g async queue push ( t−>output , a ) ;
break ;

} // ta sk ray ex tend

case t a sk nuc l eu s :
4260 {

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−>tag = annota t i on nuc l eus ;
i n t prec = 53 − 2 ∗ mpfr get exp ( t−>u . nuc leus . r ) ;
mpc in i t2 ( a−>u . nuc leus . xy , prec ) ;

4265 mpf r i n i t 2 ( a−>u . nuc leus . s i z e , 53) ;
mp f r i n i t 2 ( a−>u . nuc leus . domain s ize , 53) ;
i n t per iod = m r ba l l p e r i od do ( t−>u . nuc leus . c , t−>u . nuc leus . r , t−>u .⤦

Ç nuc leus . maxperiod ) ;
t a s k s e t p r o g r e s s ( t ) ;
bool done = f a l s e ;

4270 i f ( per iod && ! t−>c an c e l l e d )
{

a−> l a b e l = mal loc (100) ;
s np r i n t f ( a−> l abe l , 99 , ”%d” , per iod ) ;
a−>u . nuc leus . per iod = per iod ;
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4275 i f ( prec > 4 ∗ per iod + 53) prec = 4 ∗ per iod + 53 ;
i f ( prec < 53) prec = 53 ;
mpfr prec round ( mpc r ea l r e f ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
mpfr prec round ( mpc imagref ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
mpc set ( a−>u . nuc leus . xy , t−>u . nuc leus . c , MPCRNDNN) ;

4280 m newton ok = m r nuc leus ( a−>u . nuc leus . xy , a−>u . nuc leus . xy , per iod , 64 , ⤦
Ç 0) ;

t a s k s e t p r o g r e s s ( t ) ;
i f ( ok != m fa i l ed && ! t−>c an c e l l e d )
{

mpc t de l t a ;
4285 mpc in i t2 ( de l ta , 53) ;

mpc sub ( de l ta , t−>u . nuc leus . c , a−>u . nuc leus . xy , MPCRNDNN) ;
mpfr t d i s t ance ;
mp f r i n i t 2 ( d i s tance , 53) ;
mpc abs ( d i s tance , de l ta , MPFRRNDN) ;

4290 bool nearby = mp f r l e s s p ( d i s tance , t−>u . nuc leus . r ) ;
mpc c lear ( d e l t a ) ;
mp f r c l e a r ( d i s t ance ) ;
t a s k s e t p r o g r e s s ( t ) ;
i f ( nearby && ! t−>c an c e l l e d )

4295 {
mpc t s i z e ;
mpc in i t2 ( s i z e , 53) ;
m r s i z e ( s i z e , a−>u . nuc leus . xy , per iod ) ;
mpc abs ( a−>u . nuc leus . s i z e , s i z e , MPFRRNDN) ;

4300 mpc clear ( s i z e ) ;
t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )
{

prec = 53 − mpfr get exp (a−>u . nuc leus . s i z e ) ;
4305 i f ( prec > 4 ∗ per iod + 53) prec = 4 ∗ per iod + 53 ;

i f ( prec < 53) prec = 53 ;
mpfr prec round ( mpc r ea l r e f ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
mpfr prec round ( mpc imagref ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
m r nuc leus ( a−>u . nuc leus . xy , a−>u . nuc leus . xy , per iod , 2 , 0) ;

4310 t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )
{

m r domain s ize ( a−>u . nuc leus . domain s ize , a−>u . nuc leus . xy , ⤦
Ç per iod ) ;

t a s k s e t p r o g r e s s ( t ) ;
4315 i f ( ! t−>c an c e l l e d )

{
g async queue push ( t−>output , a ) ;
done = true ;

}
4320 }

}
}

}
}

4325 i f ( ! done )
{

f r e e anno t a t i on ( a ) ;
}
break ;
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4330 } // ta sk nuc l eu s

case task bond :
{

bool done = f a l s e ;
4335 s t r u c t annotat ion ∗a = 0 ;

mpf r prec t prec = mpf r ge t prec ( mpc r ea l r e f ( t−>u . bond . c ) ) ;
mpc t c , root , parent ;
mpc in i t2 ( c , prec ) ;
mpc in i t2 ( root , prec ) ;

4340 mpc in i t2 ( parent , prec ) ;
mpc set ( c , t−>u . bond . c , MPCRNDNN) ;
m r nuc leus ( c , c , t−>u . bond . per iod , 64 , 0) ;
t a s k s e t p r o g r e s s ( t ) ;
mpq t ang le ;

4345 mpq init ( ang le ) ;
i f ( ! t−>c an c e l l e d )
{

i n t p = m r parent ( angle , root , parent , c , t−>u . bond . per iod , 16 , 0) ;
t a s k s e t p r o g r e s s ( t ) ;

4350 i f (p && ! t−>c an c e l l e d ) {
a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−> l a b e l = mal loc (100) ;
mp f r snp r in t f ( a−> l abe l , 99 , ”%Qd” , ang le ) ;
a−>tag = annota t i on t ex t ;

4355 mpc in i t2 ( a−>u . t ext . xy , mpf r ge t prec ( mpc r ea l r e f ( root ) ) ) ;
mpc set ( a−>u . t ext . xy , root , MPCRNDNN) ;
g async queue push ( t−>output , a ) ;
done = true ;

}
4360 }

mpq clear ( ang le ) ;
mpc c lear ( root ) ;
mpc c lear ( parent ) ;
mpc c lear ( c ) ;

4365 i f ( ! done )
{

i f ( a )
{

f r e e anno t a t i on ( a ) ;
4370 }

}
break ;

} // task bond

4375 case t a sk mi s i u r ew i c z :
{

bool done = f a l s e ;
s t r u c t annotat ion ∗a = 0 ;
i n t preper i od = −1 , per iod = 0 ;

4380 i f ( m r box mis iurewicz do (&preper iod , &period , t−>u . mi s iu rewicz . c , t−>u .⤦
Ç mis iurewicz . r , t−>u . mi s iu rewicz . maxpreperiod , t−>u . mi s iu rewicz .⤦
Ç maxperiod ) )

{
t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )
{
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4385 a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−> l a b e l = mal loc (100) ;
s np r i n t f ( a−> l abe l , 99 , ”%dp%d” , preper iod , per iod ) ;
a−>tag = annota t i on mi s iu r ew i c z ;
a−>u . mi s iu rewicz . p reper i od = preper iod ;

4390 a−>u . mi s iu rewicz . per iod = per iod ;
mpc in i t2 ( a−>u . mi s iu rewicz . xy , mpf r ge t prec ( mpc r ea l r e f ( t−>u .⤦

Ç mis iurewicz . c ) ) ) ;
mp f r i n i t 2 ( a−>u . mi s iu rewicz . domain s ize , 53) ;
m r mis iurewicz ( a−>u . mi s iu rewicz . xy , t−>u . mi s iu rewicz . c , preper iod , ⤦

Ç per iod , 64) ;
t a s k s e t p r o g r e s s ( t ) ;

4395 i f ( ! t−>c an c e l l e d )
{

m r mis iu r ew i c z na ive ( a−>u . mi s iu rewicz . xy , a−>u . mi s iu rewicz . xy , ⤦
Ç preper iod , per iod , 64) ;

t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )

4400 {
mp f r s e t s i ( a−>u . mi s iu rewicz . domain s ize , 0 , MPFRRNDN) ; // FIXME ⤦

Ç implement t h i s
g async queue push ( t−>output , a ) ;
done = true ;

}
4405 }

}
}
i f ( ! done )
{

4410 i f ( a )
{

f r e e anno t a t i on ( a ) ;
}

}
4415 break ;

} // ta sk mi s i u r ew i c z

case task muunit :
{

4420 mpq t q ;
mpq init ( q ) ;
f o r ( i n t per iod = 2 ; per iod <= 6 ; ++per iod )
{

i n t den = (1 << per iod ) − 1 ;
4425 f o r ( i n t num = 1 ; num < den ; num += 2)

{
mpq set u i (q , num, den ) ;
mpq canon ica l i ze ( q ) ;
task enqueue ( task new muunit nuc leus ( t−>output , t−>u . muunit . nucleus , t⤦

Ç −>u . muunit . per iod , per iod , q ) ) ;
4430 }

}
mpq clear ( q ) ;
break ;

} // task muunit
4435

case task muuni t nuc l eus :
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{
bool done = f a l s e ;
s t r u c t annotat ion ∗a = 0 ;

4440 mpc t c , z , cc ;
mpc in i t2 ( c , 53) ;
mpc in i t2 ( z , 53) ;
mpc in i t2 ( cc , 53) ;
m r exray in ∗ ray = m r exray in new ( t−>u . muunit nucleus . angle , 16) ;

4445 f o r ( i n t i = 0 ; i < 16 ∗ 4 ∗ t−>u . muunit nucleus . r ay pe r i od ; ++i )
{

m r ex ray in s t ep ( ray , 64) ;
}
m r ex ray in g e t ( ray , c ) ;

4450 m r ex r ay i n d e l e t e ( ray ) ;
i f ( m fa i l ed != m r nuc leus ( c , c , t−>u . muunit nucleus . ray per iod , 64 , 0) ⤦

Ç && ! t−>c an c e l l e d )
{

t a s k s e t p r o g r e s s ( t ) ;
mpc set dc ( z , 0 , MPCRNDNN) ;

4455 f o r ( i n t r = 0 ; r <= 64 ; ++r )
{

mpfr mul d ( mpc r ea l r e f ( cc ) , mpc r ea l r e f ( c ) , r / 64 . 0 , MPFRRNDN) ;
mpfr mul d ( mpc imagref ( cc ) , mpc imagref ( c ) , r / 64 . 0 , MPFRRNDN) ;
i f ( m fa i l ed == m r a t t r a c t o r ( z , z , cc , 1 , 64) ) break ;

4460 }
mpfr mul d ( mpc r ea l r e f ( cc ) , mpc r ea l r e f ( z ) , 2 , MPFRRNDN) ;
mpfr mul d ( mpc imagref ( cc ) , mpc imagref ( z ) , 2 , MPFRRNDN) ;
mpf r prec t prec = mpf r ge t prec ( mpc r ea l r e f ( t−>u . muunit nucleus . nuc leus⤦

Ç ) ) ;
mp f r s e t p r e c ( mpc r ea l r e f ( z ) , prec ) ;

4465 mpf r s e t p r e c ( mpc imagref ( z ) , prec ) ;
mp f r s e t p r e c ( mpc r ea l r e f ( c ) , prec ) ;
mp f r s e t p r e c ( mpc imagref ( c ) , prec ) ;
mpc set dc ( z , 0 , MPCRNDNN) ;
i f ( m fa i l ed != m r i n t e r i o r ( z , c , z , t−>u . muunit nucleus . nucleus , cc , t⤦

Ç −>u . muunit nucleus . nuc l eus pe r i od , 64) && ! t−>c an c e l l e d )
4470 {

t a s k s e t p r o g r e s s ( t ) ;
i n t per iod = t−>u . muunit nucleus . nuc l eu s pe r i od ∗ t−>u . muunit nucleus .⤦

Ç r ay pe r i od ;
i f ( m fa i l ed != m r nuc leus ( c , c , per iod , 64 , 0) && ! t−>c an c e l l e d )
{

4475 t a s k s e t p r o g r e s s ( t ) ;
a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−> l a b e l = mal loc (100) ;
s np r i n t f ( a−> l abe l , 99 , ”%d” , per iod ) ;
a−>tag = annota t i on nuc l eus ;

4480 i f ( prec > 4 ∗ per iod + 53) prec = 4 ∗ per iod + 53 ;
i f ( prec < 53) prec = 53 ;
mpc in i t2 ( a−>u . nuc leus . xy , prec ) ;
mp f r i n i t 2 ( a−>u . nuc leus . s i z e , 53) ;
mp f r i n i t 2 ( a−>u . nuc leus . domain s ize , 53) ;

4485 a−>u . nuc leus . per iod = per iod ;
i f ( m fa i l ed != m r nuc leus ( a−>u . nuc leus . xy , c , per iod , 64 , 0) && ! ⤦

Ç t−>c an c e l l e d )
{

t a s k s e t p r o g r e s s ( t ) ;
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mpc t s i z e ;
4490 mpc in i t2 ( s i z e , 53) ;

m r s i z e ( s i z e , a−>u . nuc leus . xy , per iod ) ;
mpc abs ( a−>u . nuc leus . s i z e , s i z e , MPFRRNDN) ;
mpc c lear ( s i z e ) ;
t a s k s e t p r o g r e s s ( t ) ;

4495 i f ( ! t−>c an c e l l e d )
{

prec = 53 − mpfr get exp (a−>u . nuc leus . s i z e ) ;
i f ( prec > 4 ∗ per iod + 53) prec = 4 ∗ per iod + 53 ;
i f ( prec < 53) prec = 53 ;

4500 mpfr prec round ( mpc r ea l r e f ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
mpfr prec round ( mpc imagref ( a−>u . nuc leus . xy ) , prec , MPFRRNDN) ;
m r nuc leus ( a−>u . nuc leus . xy , a−>u . nuc leus . xy , per iod , 2 , 0) ;
t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )

4505 {
m r domain s ize ( a−>u . nuc leus . domain s ize , a−>u . nuc leus . xy , ⤦

Ç per iod ) ;
t a s k s e t p r o g r e s s ( t ) ;
i f ( ! t−>c an c e l l e d )
{

4510 g async queue push ( t−>output , a ) ;
done = true ;

}
}

}
4515 }

}
}

}
i f ( ! done )

4520 {
i f ( a )
{

f r e e anno t a t i on ( a ) ;
}

4525 }
break ;

} // task muuni t nuc l eus

case t a s k f i l amen t s :
4530 {

i f ( t−>u . f i l amen t s . ou t e r p e r i od <= 0) t−>u . f i l amen t s . ou t e r p e r i od = 1 ;
i f ( t−>u . f i l amen t s . p reper i od <= 0) t−>u . f i l amen t s . p reper i od = 0 ;
i f ( t−>u . f i l amen t s . depth <= 0) t−>u . f i l amen t s . depth = 1 ;
char ∗ l o = 0 ;

4535 char ∗ hi = 0 ;
m r ex t e rna l ang l e s (&lo , &hi , t−>u . f i l amen t s . i nne r nuc l eu s , t−>u . f i l amen t s⤦

Ç . i nne r pe r i od , 0 . 75 , 63) ;
i f ( l o && hi )
{

m binangle inner , INNER, outer , OUTER, a , b , i , o ;
4540 m binang l e i n i t (& inner ) ;

m b inang l e i n i t (&INNER) ;
m b inang l e i n i t (&outer ) ;
m b inang l e i n i t (&OUTER) ;
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m binang l e i n i t (&a ) ;
4545 m binang l e i n i t (&b) ;

m b inang l e i n i t (& i ) ;
m b inang l e i n i t (&o ) ;
m b inang l e f r om st r ing (&inner , l o ) ;
m b inang l e f r om st r ing (&INNER, h i ) ;

4550 f r e e ( l o ) ;
f r e e ( h i ) ;
l o = 0 ;
h i = 0 ;
// FIXME v e r i f y c o r r e c t n e s s

4555 mpc t ou t e r nuc l eu s ;
mpc in i t2 ( oute r nuc l eus , mpf r ge t prec ( mpc r ea l r e f ( t−>u . f i l amen t s .⤦

Ç i nn e r nuc l eu s ) ) ) ;
m r nuc leus ( oute r nuc l eus , t−>u . f i l amen t s . i nne r nuc l eu s , t−>u . f i l amen t s .⤦

Ç oute r pe r i od , 64 , 0) ;
m r ex t e rna l ang l e s (&lo , &hi , oute r nuc l eus , t−>u . f i l amen t s . oute r pe r i od ⤦

Ç , 0 . 75 , 63) ;
mpc c lear ( ou t e r nuc l eu s ) ;

4560 i f ( l o && hi )
{

m binang l e f r om st r ing (&outer , l o ) ;
m b inang l e f r om st r ing (&OUTER, h i ) ;
i n t depth = 2 ∗ (4 ∗ t−>u . f i l amen t s . ou t e r p e r i od + t−>u . f i l amen t s .⤦

Ç i n n e r p e r i od ∗ ( t−>u . f i l amen t s . p reper i od + 1) ) ;
4565 i n t outer preper iod max = t−>u . f i l amen t s . depth − t−>u . f i l amen t s .⤦

Ç preper iod ;
i f ( outer preper iod max < 1) outer preper iod max = 1 ;
f o r ( i n t ou t e r p r epe r i od = 0 ; ou t e r p r epe r i od <= outer preper iod max ; ⤦

Ç ++oute r p r epe r i od )
{

f o r ( i n t ou t e r p r e = out e r p r epe r i od ? 1 : 0 ; ou t e r p r e < 1 << ⤦
Ç ou t e r p r epe r i od ; ou t e r p r e += 2)

4570 {
mpz set u i ( a . pre . b i t s , ou t e r p r e ) ;
a . pre . l ength = out e r p r epe r i od ;
mpz se t u i ( a . per . b i t s , 0) ;
a . per . l ength = 1 ;

4575 f o r ( i n t i nne r p r e = 0 ; i nne r p r e < 1 << t−>u . f i l amen t s . p reper i od ;⤦
Ç ++inne r p r e )

{
mpz set u i (b . pre . b i t s , i nn e r p r e ) ;
b . pre . l ength = t−>u . f i l amen t s . p reper i od ;
mpz se t u i (b . per . b i t s , 0) ;

4580 b . per . l ength = 1 ;
m binangle tune(&i , &b , &inner . per , &INNER. per ) ;
m binangle tune(&o , &a , &outer . per , &OUTER. per ) ;
m block append(&o . pre , &i . pre , &o . pre ) ;
task enqueue ( ta sk new ray in ( t−>output , &o , depth , t−>u .⤦

Ç f i l amen t s . l i n e t ype , t−>u . f i l amen t s . s t r ok e r , t−>u .⤦
Ç f i l amen t s . s t roke g , t−>u . f i l amen t s . s t r oke b ) ) ;

4585 i f ( m b inang l e o th e r r ep r e s en ta t i on (&a ) && outer . per . l ength > 1)
{

m binangle tune(&i , &b , &inner . per , &INNER. per ) ;
m binangle tune(&o , &a , &outer . per , &OUTER. per ) ;
m block append(&o . pre , &i . pre , &o . pre ) ;

4590 task enqueue ( ta sk new ray in ( t−>output , &o , depth , t−>u .⤦
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Ç f i l amen t s . l i n e t ype , t−>u . f i l amen t s . s t r ok e r , t−>u .⤦
Ç f i l amen t s . s t roke g , t−>u . f i l amen t s . s t r oke b ) ) ;

}
}

}
}

4595 }
m binang l e c l e a r (& inner ) ;
m b inang l e c l e a r (&INNER) ;
m b inang l e c l e a r (&outer ) ;
m b inang l e c l e a r (&OUTER) ;

4600 m binang l e c l e a r (&a ) ;
m b inang l e c l e a r (&b) ;
m b inang l e c l e a r (& i ) ;
m b inang l e c l e a r (&o ) ;

}
4605 i f ( l o ) f r e e ( l o ) ;

i f ( h i ) f r e e ( h i ) ;
break ;

} // t a s k f i l amen t s

4610 case task wake :
{

t a s k s e t p r o g r e s s ( t ) ;
// copy l i n e s
s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;

4615 a−>tag = annotat ion wake ;
i n t bytes = s t r l e n ( ” [ ” ) + s t r l e n ( t−>u . wake . lo−> l a b e l ) + s t r l e n ( ” | ” ) + ⤦

Ç s t r l e n ( t−>u . wake . hi−> l a b e l ) + s t r l e n ( ” ] ” ) + 1 ;
a−> l a b e l = c a l l o c (1 , bytes + 1) ;
s np r i n t f ( a−> l abe l , bytes , ”[% s |%s ] ” , t−>u . wake . lo−> l abe l , t−>u . wake . hi−>⤦

Ç l a b e l ) ;
a−>u . wake . r a y l o = strdup ( t−>u . wake . lo−> l a b e l ) ;

4620 a−>u . wake . r ay h i = strdup ( t−>u . wake . hi−> l a b e l ) ;
i n t d lo = t−>u . wake . lo−>u . r ay i n . depth ;
i n t dhi = t−>u . wake . hi−>u . r ay i n . depth ;
a−>u . wake . ray depth = dlo > dhi ? d lo : dhi ;
a−>u . wake . f i l l t y p e = t−>u . wake . f i l l t y p e ;

4625 a−>u . wake . f i l l r = t−>u . wake . f i l l r ;
a−>u . wake . f i l l g = t−>u . wake . f i l l g ;
a−>u . wake . f i l l b = t−>u . wake . f i l l b ;
t a s k s e t p r o g r e s s ( t ) ;
a−>u . wake . l i n e s t a r t = po int s copy ( t−>u . wake . lo−>u . r ay i n . l i n e end , &a−>u .⤦

Ç wake . l i n e end ) ;
4630 t a s k s e t p r o g r e s s ( t ) ;

s t r u c t po int ∗p = 0 , ∗q = 0 ;
p = po int s copy ( t−>u . wake . hi−>u . r ay i n . l i n e end , &q) ;
// r e v e r s e and prepend
t a s k s e t p r o g r e s s ( t ) ;

4635 whi le (p)
{

q = p−>next ;
p−>pred = 0 ;
p−>next = a−>u . wake . l i n e s t a r t ;

4640 a−>u . wake . l i n e s t a r t = p ;
i f (p−>next ) p−>next−>pred = p ;
p = q ;
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}
t a s k s e t p r o g r e s s ( t ) ;

4645 mpq t s lo , s h i ;
mpq init ( s l o ) ;
mpq init ( s h i ) ;
m b inang l e t o r a t i ona l ( s l o , &t−>u . wake . lo−>u . r ay i n . ang le ) ;
m b inang l e t o r a t i ona l ( sh i , &t−>u . wake . hi−>u . r ay i n . ang le ) ;

4650 mpq init ( a−>u . wake . width ) ;
mpq sub (a−>u . wake . width , sh i , s l o ) ;
mpq clear ( sh i ) ;
mpq clear ( s l o ) ;
g async queue push ( t−>output , t−>u . wake . l o ) ;

4655 g async queue push ( t−>output , t−>u . wake . h i ) ;
g async queue push ( t−>output , a ) ;
break ;

} // task wake

4660 case task wake2 :
{

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−>tag = annotat ion wake ;
i n t bytes = s t r l e n ( ” [ ” ) + s t r l e n ( t−>u . wake2 . l o ) + s t r l e n ( ” | ” ) + s t r l e n ( t−>⤦

Ç u . wake2 . h i ) + s t r l e n ( ” ] ” ) + 1 ;
4665 a−> l a b e l = c a l l o c (1 , bytes + 1) ;

s np r i n t f ( a−> l abe l , bytes , ”[% s |%s ] ” , t−>u . wake2 . lo , t−>u . wake2 . h i ) ;
a−>u . wake . r a y l o = strdup ( t−>u . wake2 . l o ) ;
a−>u . wake . r ay h i = strdup ( t−>u . wake2 . h i ) ;
a−>u . wake . ray depth = t−>u . wake2 . depth ;

4670 a−>u . wake . f i l l t y p e = t−>u . wake2 . f i l l t y p e ;
a−>u . wake . f i l l r = t−>u . wake2 . f i l l r ;
a−>u . wake . f i l l g = t−>u . wake2 . f i l l g ;
a−>u . wake . f i l l b = t−>u . wake2 . f i l l b ;
t a s k s e t p r o g r e s s ( t ) ;

4675 // t r a c e l o ray
m binangle b ;
m b inang l e i n i t (&b) ;
m b inang l e f r om st r ing (&b , t−>u . wake2 . l o ) ;
i n t depth = t−>u . wake2 . depth ;

4680 i n t sharpness = 16 ;
mpq t q1 , q2 ;
mpq init ( q1 ) ;
mpq init ( q2 ) ;
m b inang l e t o r a t i ona l ( q1 , &b) ;

4685 m r exray in ∗ ray = m r exray in new (q1 , sharpness ) ;
i n t i = 0 ;
double t o t a l = 0 .5 ∗ sharpness ∗ depth ∗ (1 + depth ) ∗ 2 ;
double p rog r e s s = 0 ;
i n t increment = 1 ;

4690 m newton succ e s s1 = m fa i l ed ;
m newton succ e s s2 = m fa i l ed ;
i n t f i r s t = 1 ;
whi l e ( ! t−>c an c e l l e d && ( m fa i l ed != ( succ e s s1 = m r ex ray in s t ep ( ray , ⤦

Ç 64) ) ) )
{

4695 prog r e s s = prog r e s s + increment ;
t−>prog r e s s = prog r e s s / t o t a l ;
t a s k s e t p r o g r e s s ( t ) ;
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// prepend po int
a−>u . wake . l i n e s t a r t = point new (a−>u . wake . l i n e s t a r t ) ;

4700 m r ex ray in g e t ( ray , a−>u . wake . l i n e s t a r t −>xy ) ;
i f ( f i r s t )
{

f i r s t = 0 ;
a−>u . wake . l i n e end = a−>u . wake . l i n e s t a r t ;

4705 }
i f (++i >= sharpness )
{

i = 0 ;
increment = increment + 1 ;

4710 i f ( increment >= depth )
{

suc c e s s 1 = m converged ;
break ;

}
4715 }

i f ( su c c e s s 1 == m converged )
{

break ;
}

4720 }
m r ex r ay i n d e l e t e ( ray ) ;
// t r a c e h i ray
m b inang l e f r om st r ing (&b , t−>u . wake2 . h i ) ;
m b inang l e t o r a t i ona l ( q2 , &b) ;

4725 ray = m r exray in new (q2 , sharpness ) ;
i = 0 ;
increment = 1 ;
whi l e ( ! t−>c an c e l l e d && ( m fa i l ed != ( succ e s s2 = m r ex ray in s t ep ( ray , ⤦

Ç 64) ) ) )
{

4730 prog r e s s = prog r e s s + increment ;
t−>prog r e s s = prog r e s s / t o t a l ;
t a s k s e t p r o g r e s s ( t ) ;
// append point
s t r u c t po int ∗end = point new (0) ;

4735 m r ex ray in g e t ( ray , end−>xy ) ;
a−>u . wake . l i n e end −>next = end ;
end−>pred = a−>u . wake . l i n e end ;
a−>u . wake . l i n e end = end ;
i f (++i >= sharpness )

4740 {
i = 0 ;
increment = increment + 1 ;
i f ( increment >= depth )
{

4745 suc c e s s 2 = m converged ;
break ;

}
}
i f ( su c c e s s 2 == m converged )

4750 {
break ;

}
}
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m r ex r ay i n d e l e t e ( ray ) ;
4755 mpq init ( a−>u . wake . width ) ;

mpq sub (a−>u . wake . width , q2 , q1 ) ;
mpq clear ( q1 ) ;
mpq clear ( q2 ) ;
i f ( ! t−>c an c e l l e d && succe s s1 == m converged && succe s s2 == m converged )

4760 {
g async queue push ( t−>output , a ) ;

}
e l s e
{

4765 f r e e anno t a t i on ( a ) ;
}
break ;

} // task wake2

4770 case task atom :
{

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−>tag = annotation atom ;
mpf r prec t prec = mpf r ge t prec ( mpc r ea l r e f ( t−>u . atom . nuc leus ) ) ;

4775 a−> l a b e l = mal loc (100) ;
s np r i n t f ( a−> l abe l , 99 , ”Atom p%d” , t−>u . atom . per iod ) ;
a−>u . atom . f i l l t y p e = t−>u . atom . f i l l t y p e ;
a−>u . atom . f i l l r = t−>u . atom . f i l l r ;
a−>u . atom . f i l l g = t−>u . atom . f i l l g ;

4780 a−>u . atom . f i l l b = t−>u . atom . f i l l b ;
mpc in i t2 ( a−>u . atom . nucleus , prec ) ;
mpc set ( a−>u . atom . nucleus , t−>u . atom . nucleus , MPCRNDNN) ;
a−>u . atom . per iod = t−>u . atom . per iod ;
a−>u . atom . shape = m r shape (a−>u . atom . nucleus , a−>u . atom . per iod ) ;

4785 mpc t z , c , i n t e r i o r ;
mpc in i t2 ( i n t e r i o r , 53) ;
mpc in i t2 ( z , prec ) ;
mpc in i t2 ( c , prec ) ;
mpc set dc ( z , 0 , MPCRNDNN) ;

4790 mpc set ( c , a−>u . atom . nucleus , MPCRNDNN) ;
f o r ( i n t i = 0 ; i < 64 ; ++i )
{

i f ( t−>c an c e l l e d ) break ;
t−>prog r e s s = ( i + 0 . 5 ) / 64 ;

4795 t a s k s e t p r o g r e s s ( t ) ;
double s = ( i + (a−>u . atom . shape == m c i r c l e ? 0 .5 : 0) ) ∗ twopi / 64 ;
mpc set dc ( i n t e r i o r , cexp ( s ∗ I ) , MPCRNDNN) ;
m r i n t e r i o r ( z , c , z , c , i n t e r i o r , a−>u . atom . per iod , 64) ;
a−>u . atom . l i n e s t a r t = point new (a−>u . atom . l i n e s t a r t ) ;

4800 i f ( i == 0)
{

a−>u . atom . l i n e end = a−>u . atom . l i n e s t a r t ;
}
mpc set prec ( a−>u . atom . l i n e s t a r t −>xy , prec ) ;

4805 mpc set ( a−>u . atom . l i n e s t a r t −>xy , c , MPCRNDNN) ;
}
mpc clear ( c ) ;
mpc c lear ( z ) ;
mpc c lear ( i n t e r i o r ) ;

4810 i f ( t−>c an c e l l e d )
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{
f r e e anno t a t i on ( a ) ;

}
e l s e

4815 {
g async queue push ( t−>output , a ) ;

}
break ;

} // task atom
4820

case task domain :
{

s t r u c t annotat ion ∗a = c a l l o c (1 , s i z e o f (∗ a ) ) ;
a−>tag = annotation domain ;

4825 mpfr prec t prec = mpf r ge t prec ( mpc r ea l r e f ( t−>u . domain . nuc leus ) ) ;
a−> l a b e l = mal loc (100) ;
a−>u . domain . l i n e t y p e = t−>u . domain . l i n e t y p e ;
a−>u . domain . l i n e r = t−>u . domain . l i n e r ;
a−>u . domain . l i n e g = t−>u . domain . l i n e g ;

4830 a−>u . domain . l i n e b = t−>u . domain . l i n e b ;
mpc in i t2 ( a−>u . domain . nucleus , prec ) ;
mpc set ( a−>u . domain . nucleus , t−>u . domain . nucleus , MPCRNDNN) ;
a−>u . domain . per iod = t−>u . domain . per iod ;
mpc t c , domain ;

4835 mpc in i t2 ( domain , 53) ;
mpc in i t2 ( c , prec ) ;
mpc set dc ( c , 0 , MPCRNDNN) ;
mpf r s e t d ( mpc r ea l r e f ( domain ) , 1 . 0 / 0 . 0 , MPFRRNDN) ;
a−>u . domain . l op e r i od = t−>u . domain . l op e r i od ;

4840 i f ( a−>u . domain . l op e r i od <= 0)
{

f o r ( i n t i = 1 ; i < a−>u . domain . per iod ; ++i )
{

mpc sqr ( c , c , MPCRNDNN) ;
4845 mpc add ( c , c , a−>u . domain . nucleus , MPCRNDNN) ;

mpc norm(mpc imagref ( domain ) , c , MPFRRNDN) ;
i f ( mp f r l e s s p ( mpc imagref ( domain ) , mpc r ea l r e f ( domain ) ) )
{

a−>u . domain . l op e r i od = i ;
4850 mpfr se t ( mpc r ea l r e f ( domain ) , mpc imagref ( domain ) , MPFRRNDN) ;

}
}

}
s np r i n t f ( a−> l abe l , 99 , ”Domain %dp%d” , a−>u . domain . l ope r i od , a−>u . domain .⤦

Ç per iod ) ;
4855 i n t sharpness = 64 ;

f o r ( i n t i = 0 ; i < sharpness ; ++i )
{

i f ( t−>c an c e l l e d ) break ;
t−>prog r e s s = ( i + 0 . 5 ) / sharpness ;

4860 t a s k s e t p r o g r e s s ( t ) ;
mpc set ( c , a−>u . domain . nucleus , MPCRNDNN) ;
double Complex s = cexp ( ( ( i + 0 . 5 ) / sharpness ) ∗ twopi ∗ I ) ;
f o r ( i n t j = 1 ; j <= sharpness ; ++j )
{

4865 mpc set dc ( domain , j ∗ s / sharpness , MPCRNDNN) ;
m r domain coord ( c , c , domain , a−>u . domain . l ope r i od , a−>u . domain .⤦
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Ç per iod , 16) ;
i f ( j == sharpness )
{

a−>u . domain . l i n e s t a r t = point new (a−>u . domain . l i n e s t a r t ) ;
4870 i f ( i == 0)

{
a−>u . domain . l i n e end = a−>u . domain . l i n e s t a r t ;

}
mpc set prec ( a−>u . domain . l i n e s t a r t −>xy , prec ) ;

4875 mpc set ( a−>u . domain . l i n e s t a r t −>xy , c , MPCRNDNN) ;
}

}
}
mpc clear ( c ) ;

4880 mpc clear ( domain ) ;
i f ( t−>c an c e l l e d )
{

f r e e anno t a t i on ( a ) ;
}

4885 e l s e
{

g async queue push ( t−>output , a ) ;
}
break ;

4890 } // task atom

}
task done ( t ) ;

}

8 c/bin/m-perturbator-offline.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #de f i n e POSIX C SOURCE 199309L

#inc lude <math . h>
#inc lude <a s s e r t . h>
#inc lude <s tdboo l . h>

10 #inc lude <s t d i n t . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <time . h>

15

#inc lude <mpfr . h>
#inc lude <mpc . h>

#inc lude <mandelbrot−per turbator . h>
20

s t a t i c i n l i n e i n t max( i n t a , i n t b) {
re turn a > b ? a : b ;

}

25 s t a t i c i n t env i ( const char ∗name , i n t de f ) {
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const char ∗e = getenv (name) ;
i f ( e ) {

re turn a t o i ( e ) ;
} e l s e {

30 re turn de f ;
}

}

s t a t i c double envd ( const char ∗name , double de f ) {
35 const char ∗e = getenv (name) ;

i f ( e ) {
re turn a to f ( e ) ;

} e l s e {
re turn de f ;

40 }
}

s t a t i c i n t envr ( mpfr t out , const char ∗name , const char ∗ de f ) {
const char ∗e = getenv (name) ;

45 i f ( e ) {
re turn mp f r s e t s t r ( out , e , 10 , MPFRRNDN) ;

} e l s e {
re turn mp f r s e t s t r ( out , def , 10 , MPFRRNDN) ;

}
50 }

extern i n t main ( i n t argc , char ∗∗ argv ) {
i n t workers = envi (” threads ” , 4) ;
i n t width = envi (” width ” , 1280) ;

55 i n t he ight = envi (” he ight ” , 720) ;
i n t d e t e c t g l i t c h e s = envi (” d e t e c t g l i t c h e s ” , 1) ;
i n t approx sk ip = envi (” approx sk ip ” , 0) ;
i n t maxiters = envi (” maxiters ” , 1 << 18) ;
i n t chunk = envi (” chunk ” , 1 << 8) ;

60 double e s c ape r ad iu s = envd (” e s cape rad iu s ” , 25) ;
double g l i t c h t h r e s h o l d = envd (” g l i t c h t h r e s h o l d ” , 1e −6) ;
i n t p r e c i s i o n = envi (” p r e c i s i o n ” , 53) ;
mpfr t radius , centerx , cente ry ;
mp f r i n i t 2 ( radius , 53) ;

65 envr ( radius , ” rad iu s ” , ”2 . 0” ) ;
i n t e = max(53 , 53 − mpfr get exp ( rad iu s ) ) ;
i f ( e > p r e c i s i o n ) {

f p r i n t f ( s tde r r , ”WARNING: i n c r e a s i n g p r e c i s i o n to %d\n” , e ) ;
p r e c i s i o n = e ;

70 }
mpf r i n i t 2 ( centerx , p r e c i s i o n ) ;
mp f r i n i t 2 ( centery , p r e c i s i o n ) ;
envr ( centerx , ” r e a l ” , ” −0.75”) ;
envr ( centery , ” imag ” , ”0 . 0” ) ;

75 s t r u c t per turbator ∗ context = perturbator new ( workers , width , height , maxiters⤦
Ç , chunk , e s cape rad iu s , g l i t c h t h r e s h o l d ) ;

p e r t u r b a t o r s e t d e t e c t g l i t c h e s ( context , d e t e c t g l i t c h e s ) ;
p e r t u rba t o r s e t app r ox sk i p ( context , approx sk ip ) ;
p e r t u r b a t o r s t a r t ( context , centerx , centery , rad iu s ) ;
p e r tu rba to r s t op ( context , f a l s e ) ;

80 fw r i t e ( p e r t u rba t o r g e t dwe l l n ( context ) , width ∗ he ight ∗ s i z e o f ( i n t 3 2 t ) , 1 , ⤦
Ç stdout ) ;
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fw r i t e ( p e r t u r b a t o r g e t dwe l l f ( context ) , width ∗ he ight ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç stdout ) ;

fw r i t e ( p e r t u rba t o r g e t dwe l l a ( context ) , width ∗ he ight ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç stdout ) ;

fw r i t e ( p e r t u r ba t o r g e t d i s t an c e ( context ) , width ∗ he ight ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç stdout ) ;

fw r i t e ( per turbator get domain n ( context ) , width ∗ he ight ∗ s i z e o f ( i n t 3 2 t ) , 1 ,⤦
Ç stdout ) ;

85 fw r i t e ( per turbator get domain x ( context ) , width ∗ he ight ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç stdout ) ;

fw r i t e ( per turbator get domain y ( context ) , width ∗ he ight ∗ s i z e o f ( f l o a t ) , 1 , ⤦
Ç stdout ) ;

f f l u s h ( stdout ) ;
r e turn 0 ;

( void ) argc ;
90 ( void ) argv ;

}

9 c/include/mandelbrot-perturbator.h

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015−2019 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #i f n d e f MANDELBROTPERTURBATORH
#de f i n e MANDELBROTPERTURBATORH 1

#inc lude <mpfr . h>

10 #i f d e f c p l u s p l u s
extern ”C” {
#end i f

s t r u c t per turbator ;
15 s t r u c t per turbator ∗perturbator new ( i n t workers , i n t width , i n t height , i n t ⤦

Ç maxiters , i n t maxchunk , double e s cape rad iu s , double g l i t c h t h r e s h o l d ) ;
// void p e r t u rba t o r d e l e t e ( s t r u c t per turbator ∗ context ) ;
void per turbato r s e t max imum ite ra t i ons ( s t r u c t per turbator ∗ context , i n t ⤦

Ç maxiters ) ;
void p e r t u r b a t o r s e t d e t e c t g l i t c h e s ( s t r u c t per turbator ∗ context , i n t ⤦

Ç d e t e c t g l i t c h e s ) ;
void p e r tu rba t o r s e t app r ox sk i p ( s t r u c t per turbator ∗ context , i n t approx sk ip ) ;

20

// render ing con t r o l
void p e r t u r b a t o r s t a r t ( s t r u c t per turbator ∗ context , const mpfr t x , const mpfr t⤦

Ç y , const mpfr t r ) ;
void pe r tu rba to r s t op ( s t r u c t per turbator ∗ context , i n t f o r c e ) ;
bool pe r tu rba to r wa i t ( s t r u c t per turbator ∗ context , const s t r u c t t imespec ∗⤦

Ç wa i tun t i l ) ;
25 i n t p e r t u rba t o r a c t i v e ( s t r u c t per turbator ∗ context ) ;

double p e r t u r ba t o r g e t p r o g r e s s ( s t r u c t per turbator ∗ context ) ;

// get output data
i n t pe r tu rba to r ge t w id th ( s t r u c t per turbator ∗ context ) ;

30 i n t p e r t u rba t o r g e t h e i gh t ( s t r u c t per turbator ∗ context ) ;
// po i n t e r s are va l i d un t i l pe r turbator i s de le ted , contents are updated during ⤦

Ç r ender ing
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const i n t 3 2 t ∗ pe r t u rba t o r g e t dwe l l n ( s t r u c t per turbator ∗ context ) ;
const f l o a t ∗ p e r t u r b a t o r g e t dwe l l f ( s t r u c t per turbator ∗ context ) ;
const f l o a t ∗ pe r t u rba t o r g e t dwe l l a ( s t r u c t per turbator ∗ context ) ;

35 const f l o a t ∗ pe r t u rba t o r g e t d i s t an c e ( s t r u c t per turbator ∗ context ) ;
const i n t 3 2 t ∗ per turbator get domain n ( s t r u c t per turbator ∗ context ) ;
const f l o a t ∗ per turbator ge t domain x ( s t r u c t per turbator ∗ context ) ;
const f l o a t ∗ per turbator ge t domain y ( s t r u c t per turbator ∗ context ) ;

40 i n t p e r t u rba t o r g e t p r ima ry r e f e r en c e ( s t r u c t per turbator ∗ context , mpfr t x , ⤦
Ç mpfr t y ) ;

#i f d e f c p l u s p l u s
}
#end i f

45

#end i f

10 c/lib/complex.hpp

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #i f n d e f MANDELBROTPERTURBATORCOMPLEXH
#de f i n e MANDELBROTPERTURBATORCOMPLEXH 1

#inc lude <cmath>

10 template <typename R>
s t r u c t complex
{

R re , im ;
i n l i n e complex ( const complex<R> &c ) : re ( c . re ) , im( c . im) { } ;

15 i n l i n e complex ( const R &r , const R &i ) : re ( r ) , im( i ) { } ;
i n l i n e complex ( const R &r ) : re ( r ) , im (0) { } ;
i n l i n e complex ( const i n t &r ) : re ( r ) , im (0) { } ;
i n l i n e complex ( ) : re (0 ) , im (0) { } ;
i n l i n e complex<R> &operator+=(const complex<R> &y)

20 {
re turn ∗ t h i s = ∗ t h i s + y ;

} ;
i n l i n e complex<R> &operator ∗=(const complex<R> &y)
{

25 re turn ∗ t h i s = ∗ t h i s ∗ y ;
} ;

} ;

template<typename R>
30 i n l i n e const R r e a l ( const complex<R> &x) { re turn x . re ; }

template<typename R>
i n l i n e const R imag ( const complex<R> &x) { re turn x . im ; }

35 template<typename R>
i n l i n e const R norm( const complex<R> &x) { re turn x . re ∗ x . re + x . im ∗ x . im ; }

template<typename R>
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i n l i n e const R arg ( const complex<R> &x) { re turn std : : atan2 (x . im , x . re ) ; }
40

template<typename R>
i n l i n e complex<R> operator −( const complex<R> &x)
{

re turn complex<R>(−x . re , −x . im) ;
45 }

template<typename R>
i n l i n e complex<R> operator −( const i n t &y , const complex<R> &x)
{

50 re turn complex<R>(y − x . re , −x . im) ;
}

template<typename R>
i n l i n e complex<R> operator −( const complex<R> &x , const complex<R> &y)

55 {
re turn complex<R>(x . re − y . re , x . im − y . im) ;

}

template<typename R>
60 i n l i n e complex<R> operator −( const complex<R> &x , const i n t &y)

{
re turn complex<R>(x . re − y , x . im) ;

}

65 template<typename R>
i n l i n e complex<R> operator+(const complex<R> &x , const i n t &y)
{

re turn complex<R>(x . re + y , x . im) ;
}

70

template<typename R>
i n l i n e complex<R> operator+(const complex<R> &x , const R &y)
{

re turn complex<R>(x . re + y , x . im) ;
75 }

template<typename R>
i n l i n e complex<R> operator+(const complex<R> &x , const complex<R> &y)
{

80 re turn complex<R>(x . re + y . re , x . im + y . im) ;
}

template<typename R>
i n l i n e complex<R> operator ∗( const i n t &x , const complex<R> &y)

85 {
re turn complex<R>(x ∗ y . re , x ∗ y . im) ;

}

template<typename R>
90 i n l i n e complex<R> operator ∗( const R &x , const complex<R> &y)

{
re turn complex<R>(x ∗ y . re , x ∗ y . im) ;

}

95 template<typename R>
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i n l i n e complex<R> operator ∗( const complex<R> &y , const R &x)
{

re turn complex<R>(x ∗ y . re , x ∗ y . im) ;
}

100

template<typename R>
i n l i n e complex<R> operator /( const complex<R> &y , const R &x)
{

re turn complex<R>(y . re / x , y . im / x ) ;
105 }

template<typename R>
i n l i n e complex<R> operator ∗( const complex<R> &x , const complex<R> &y)
{

110 re turn complex<R>(x . re ∗ y . re − x . im ∗ y . im , x . re ∗ y . im + x . im ∗ y . re ) ;
}

template<typename R>
i n l i n e complex<R> operator /( const complex<R> &x , const complex<R> &y)

115 {
re turn complex<R>(x . re ∗ y . re + x . im ∗ y . im , −x . re ∗ y . im + x . im ∗ y . re ) / ⤦

Ç norm(y ) ;
}

#end i f

11 c/lib/edouble.cc

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #i f n d e f MANDELBROTEDOUBLECC
#de f i n e MANDELBROTEDOUBLECC 1

#inc lude <cmath>
#inc lude <algor ithm>

10 #inc lude <iostream>

#inc lude <mpfr . h>

#inc lude ”complex . hpp”
15

// ldexp i s ˜2x s lower than s c a l i n g v ia t ab l e o f powers o f two
//#de f i n e EDOUBLE USE LDEXP
// union hacking i s 10% f a s t e r than s c a l i n g v ia t ab l e
#de f i n e EDOUBLE USE UNION

20 union idoub l e { double d ; i n t 6 4 t i ; } ;

// not check ing f o r 0 or i n f or nan or over f l ow or underf low i s ˜35% f a s t e r . . .
// but i t ’ s unsa fe so d i s ab l e i t f o r f o r s e e a b l e fu tu r e
//#de f i n e EDOUBLE UNSAFE

25

// annotat ing branch p r ed i c t i on makes add i t i on ˜10% f a s t e r
#de f i n e un l i k e l y ( x ) b u i l t i n e x p e c t (x , f a l s e )

i n l i n e double s i gn ( double x ) {
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30 re turn (x > 0) − ( x < 0) ;
}

c l a s s edouble {
pr i va t e :

35 s t a t i c const i n t 6 4 t maxexponent = (1LL << 60) − 2 ;
s t a t i c const i n t 6 4 t minexponent = 2 − (1LL << 60) ;
s t a t i c const i n t 6 4 t supexponent = maxexponent − 2000 ;
s t a t i c const i n t 6 4 t in fexponent = minexponent + 2080 ;
double x ;

40 i n t 6 4 t e ;
pub l i c :

s t a t i c const double s c a l i n g [ 1 2 9 ] ;
i n l i n e edouble ( ) : x (0 ) , e (0 ) { } ;
i n l i n e edouble ( const edouble &that ) : x ( that . x ) , e ( that . e ) { } ;

45 i n l i n e edouble ( const double &x0 , const i n t 6 4 t &e0 ) {
#i f n d e f EDOUBLE UNSAFE

i f ( un l i k e l y ( ! s td : : i snormal ( x0 ) ) ) {
x = ( std : : i snan ( x0 ) | | std : : i s i n f ( x0 ) ) ? x0 : 0 . 0 ; // squash subnormals
e = 0 ;

50 } e l s e {
#end i f
#i f d e f EDOUBLE USE UNION

idoub l e f ;
f . d = x0 ;

55 i n t 6 4 t e1 ( ( ( f . i & 0x7FF0000000000000LL )>>52) − 1022LL) ;
f . i = ( f . i & 0x800FFFFFFFFFFFFFLL) | 0x3FE0000000000000LL ;
double x1 ( f . d ) ;

#e l s e
i n t tmp(0) ;

60 double x1 ( std : : f r exp ( x0 , &tmp) ) ;
i n t 6 4 t e1 (tmp) ;

#end i f
e1 += e0 ;

#i f n d e f EDOUBLE UNSAFE
65 i f ( u n l i k e l y ( e0 > supexponent | | e1 > maxexponent ) ) {

x = s ign ( x0 ) / 0 . 0 ; // i n f i n i t y with s i gn
e = 0 ;

} e l s e i f ( un l i k e l y ( e0 < in f exponent | | e1 < minexponent ) ) {
x = s ign ( x0 ) ∗ 0 . 0 ; // 0 with s i gn

70 e = 0 ;
} e l s e {

#end i f
x = x1 ;
e = e1 ;

75 #i f n d e f EDOUBLE UNSAFE
}

}
#end i f

} ;
80 i n l i n e edouble ( const long double &x0 , const i n t 6 4 t &e0 ) {

i f ( u n l i k e l y ( ! s td : : i snormal ( x0 ) ) ) {
x = ( std : : i snan ( x0 ) | | std : : i s i n f ( x0 ) ) ? x0 : 0 . 0 ; // squash subnormals
e = 0 ;

} e l s e {
85 i n t tmp(0) ;

long double x1 ( f r exp ( x0 , &tmp) ) ;
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i n t 6 4 t e1 (tmp) ;
e1 += e0 ;
i f ( un l i k e l y ( e0 > supexponent | | e1 > maxexponent ) ) {

90 x = s ign ( x0 ) / 0 . 0 ;
e = 0 ;

} e l s e i f ( un l i k e l y ( e0 < in f exponent | | e1 < minexponent ) ) {
x = s ign ( x0 ) ∗ 0 . 0 ;
e = 0 ;

95 } e l s e {
x = x1 ;
e = e1 ;

}
}

100 } ;
i n l i n e edouble ( const double &x) : edouble (x , 0) { } ;
i n l i n e edouble ( const long double &x) : edouble (x , 0) { } ;
i n l i n e e x p l i c i t edouble ( const mpfr t &a ) {

long e (0 ) ;
105 double x ( mpfr get d 2exp(&e , a , MPFRRNDN) ) ;

∗ t h i s = edouble (x , e ) ;
}
i n l i n e edouble ( const i n t &x) : edouble ( double ( x ) ) { } ;
i n l i n e ˜ edouble ( ) { } ;

110 i n l i n e i n t 6 4 t exponent ( ) const { re turn e ; } ;
i n l i n e void to mpfr ( mpfr t &m) {

mpfr se t d (m, x , MPFRRNDN) ;
mpfr mul 2s i (m, m, e , MPFRRNDN) ;

} ;
115 i n l i n e long double t o l d ( ) {

i n t tmp( e ) ;
i f ( un l i k e l y ( e > i n t 6 4 t (tmp) ) ) {

re turn s i gn (x ) / 0 . 0 ;
}

120 i f ( u n l i k e l y ( e < i n t 6 4 t (tmp) ) ) {
re turn s i gn (x ) ∗ 0 . 0 ;

}
re turn std : : ldexp ( ( long double ) x , tmp) ;

}
125 f r i e nd i n l i n e bool operator==(const edouble &a , const edouble &b) ;

f r i e nd i n l i n e bool operator !=( const edouble &a , const edouble &b) ;
f r i e nd i n l i n e i n t compare ( const edouble &a , const edouble &b) ;
f r i e nd i n l i n e i n t s i gn ( const edouble &a ) ;
f r i e nd i n l i n e edouble abs ( const edouble &a ) ;

130 f r i e nd i n l i n e edouble sq r t ( const edouble &a ) ;
f r i e nd i n l i n e edouble operator+(const edouble &a , const edouble &b) ;
f r i e nd i n l i n e edouble operator −( const edouble &a ) ;
f r i e nd i n l i n e edouble operator −( const edouble &a , const edouble &b) ;
f r i e nd i n l i n e edouble operator ∗( const edouble &a , const edouble &b) ;

135 f r i e nd i n l i n e edouble r e c i p ( const edouble &a ) ;
f r i e nd i n l i n e edouble operator /( const edouble &a , const edouble &b) ;
f r i e nd i n l i n e bool i snan ( const edouble &a ) ;
f r i e nd i n l i n e bool i s i n f ( const edouble &a ) ;
f r i e nd i n l i n e edouble ldexp ( const edouble &a , i n t 6 4 t e ) ;

140 f r i e nd i n l i n e std : : ostream& operator<<(std : : ostream& o , const edouble& a ) ;
f r i e nd i n l i n e std : : i s t ream& operator>>(std : : i s t ream& i , edouble& a ) ;
i n l i n e edouble &operator+=(const edouble &a ) {

∗ t h i s = ∗ t h i s + a ;
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re turn ∗ t h i s ;
145 } ;

i n l i n e edouble &operator −=(const edouble &a ) {
∗ t h i s = ∗ t h i s − a ;
re turn ∗ t h i s ;

} ;
150 i n l i n e edouble &operator ∗=(const edouble &a ) {

∗ t h i s = ∗ t h i s ∗ a ;
re turn ∗ t h i s ;

} ;
i n l i n e edouble &operator /=( const edouble &a ) {

155 ∗ t h i s = ∗ t h i s / a ;
r e turn ∗ t h i s ;

} ;
} ;
// ( 0 : ) . take 128 . map (min 1) . i t e r a t e (∗ 2) $ 2 ˆˆ negate 128

160 const double edouble : : s c a l i n g [ 1 2 9 ] = {0 .0 ,5 .877471754111438 e⤦
Ç −39 ,1.1754943508222875 e −38 ,2.350988701644575 e −38 ,4.70197740328915 e⤦
Ç −38 ,9.4039548065783 e −38 ,1.88079096131566 e −37 ,3.76158192263132 e⤦
Ç −37 ,7.52316384526264 e −37 ,1.504632769052528 e −36 ,3.009265538105056 e⤦
Ç −36 ,6.018531076210112 e −36 ,1.2037062152420224 e −35 ,2.407412430484045 e⤦
Ç −35 ,4.81482486096809 e −35 ,9.62964972193618 e −35 ,1.925929944387236 e⤦
Ç −34 ,3.851859888774472 e −34 ,7.703719777548943 e −34 ,1.5407439555097887 e⤦
Ç −33 ,3.0814879110195774 e −33 ,6.162975822039155 e −33 ,1.232595164407831 e⤦
Ç −32 ,2.465190328815662 e −32 ,4.930380657631324 e −32 ,9.860761315262648 e⤦
Ç −32 ,1.9721522630525295 e −31 ,3.944304526105059 e −31 ,7.888609052210118 e⤦
Ç −31 ,1.5777218104420236 e −30 ,3.1554436208840472 e −30 ,6.310887241768095 e⤦
Ç −30 ,1.262177448353619 e −29 ,2.524354896707238 e −29 ,5.048709793414476 e⤦
Ç −29 ,1.0097419586828951 e −28 ,2.0194839173657902 e −28 ,4.0389678347315804 e⤦
Ç −28 ,8.077935669463161 e −28 ,1.6155871338926322 e −27 ,3.2311742677852644 e⤦
Ç −27 ,6.462348535570529 e −27 ,1.2924697071141057 e −26 ,2.5849394142282115 e⤦
Ç −26 ,5.169878828456423 e −26 ,1.0339757656912846 e −25 ,2.0679515313825692 e⤦
Ç −25 ,4.1359030627651384 e −25 ,8.271806125530277 e −25 ,1.6543612251060553 e⤦
Ç −24 ,3.308722450212111 e −24 ,6.617444900424222 e −24 ,1.3234889800848443 e⤦
Ç −23 ,2.6469779601696886 e −23 ,5.293955920339377 e −23 ,1.0587911840678754 e⤦
Ç −22 ,2.117582368135751 e −22 ,4.235164736271502 e −22 ,8.470329472543003 e⤦
Ç −22 ,1.6940658945086007 e −21 ,3.3881317890172014 e −21 ,6.776263578034403 e⤦
Ç −21 ,1.3552527156068805 e −20 ,2.710505431213761 e −20 ,5.421010862427522 e⤦
Ç −20 ,1.0842021724855044 e −19 ,2.168404344971009 e −19 ,4.336808689942018 e⤦
Ç −19 ,8.673617379884035 e −19 ,1.734723475976807 e −18 ,3.469446951953614 e⤦
Ç −18 ,6.938893903907228 e −18 ,1.3877787807814457 e −17 ,2.7755575615628914 e⤦
Ç −17 ,5.551115123125783 e −17 ,1.1102230246251565 e −16 ,2.220446049250313 e⤦
Ç −16 ,4.440892098500626 e −16 ,8.881784197001252 e −16 ,1.7763568394002505 e⤦
Ç −15 ,3.552713678800501 e −15 ,7.105427357601002 e −15 ,1.4210854715202004 e⤦
Ç −14 ,2.842170943040401 e −14 ,5.684341886080802 e −14 ,1.1368683772161603 e⤦
Ç −13 ,2.2737367544323206 e −13 ,4.547473508864641 e −13 ,9.094947017729282 e⤦
Ç −13 ,1.8189894035458565 e −12 ,3.637978807091713 e −12 ,7.275957614183426 e⤦
Ç −12 ,1.4551915228366852 e −11 ,2.9103830456733704 e −11 ,5.820766091346741 e⤦
Ç −11 ,1.1641532182693481 e −10 ,2.3283064365386963 e −10 ,4.656612873077393 e⤦
Ç −10 ,9.313225746154785 e −10 ,1.862645149230957 e −9 ,3.725290298461914 e⤦
Ç −9 ,7.450580596923828 e −9 ,1.4901161193847656 e −8 ,2.9802322387695313 e⤦
Ç −8 ,5.960464477539063 e −8 ,1.1920928955078125 e −7 ,2.384185791015625 e⤦
Ç −7 ,4.76837158203125 e −7 ,9.5367431640625 e −7 ,1.9073486328125 e⤦
Ç −6 ,3.814697265625 e −6 ,7.62939453125 e −6 ,1.52587890625 e −5 ,3.0517578125 e⤦
Ç −5 ,6 .103515625 e −5 ,1 .220703125 e −4 ,2 .44140625 e −4 ,4 .8828125 e −4 ,9 .765625 e⤦
Ç −4 ,1 .953125 e −3 ,3 .90625 e −3 ,7 .8125 e −3 ,1 .5625 e −2 ,3 .125 e −2 ,6 .25 e⤦
Ç −2 , 0 . 1 2 5 , 0 . 2 5 , 0 . 5 , 1 . 0} ;
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i n l i n e bool operator==(const edouble &a , const edouble &b) {
re turn a . e == b . e && a . x == b . x ;

}
165

i n l i n e bool operator !=( const edouble &a , const edouble &b) {
re turn a . e != b . e | | a . x != b . x ;

}

170 i n l i n e i n t compare ( const double &a , const double &b) {
re turn s i gn ( a − b) ;

}

i n l i n e i n t compare ( const edouble &a , const edouble &b) {
175 #i f n d e f EDOUBLE UNSAFE

i f ( un l i k e l y ( a . x == 0 . 0 ) ) {
re turn − s i gn (b . x ) ;

}
i f ( u n l i k e l y (b . x == 0 . 0 ) ) {

180 re turn s i gn ( a . x ) ;
}

#end i f
i n t 6 4 t e ( std : : max( a . e , b . e ) ) ;
i n t 6 4 t da ( a . e − e ) ;

185 i n t 6 4 t db(b . e − e ) ;
#i f n d e f EDOUBLE UNSAFE

in t i a ( da ) ;
i n t ib (db) ;
i f ( un l i k e l y ( i n t 6 4 t ( i a ) != da ) ) {

190 // a −> 0
return − s i gn (b . x ) ;

}
i f ( u n l i k e l y ( i n t 6 4 t ( ib ) != db) ) {

// b −> 0
195 re turn s i gn ( a . x ) ;

}
#end i f
#i f d e f EDOUBLE USE LDEXP

return compare ( std : : ldexp ( a . x , i a ) , s td : : ldexp (b . x , ib ) ) ;
200 #e l s e

#i f d e f EDOUBLE USE UNION
double ax = a . x ;
i f (0 > da )
{

205 i f ( da > −1000)
{

i doub l e f ;
f . d = ax ;
f . i = ( f . i & 0x800FFFFFFFFFFFFFLL) | ( (1022LL + da ) << 52) ;

210 ax = f . d ;
}
e l s e

ax = 0 . 0 ;
}

215 double bx = b . x ;
i f (0 > db)
{
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i f ( db > −1000)
{

220 i doub l e f ;
f . d = bx ;
f . i = ( f . i & 0x800FFFFFFFFFFFFFLL) | ( (1022LL + db) << 52) ;
bx = f . d ;

}
225 e l s e

bx = 0 . 0 ;
}
re turn compare ( ax , bx ) ;

#e l s e
230 double sa = edouble : : s c a l i n g [ std : : max( da + 128 , 0L) ] ;

double sb = edouble : : s c a l i n g [ std : : max(db + 128 , 0L) ] ;
r e turn compare ( a . x ∗ sa , b . x ∗ sb ) ;

#end i f
#end i f

235 }

i n l i n e bool operator <( const edouble &a , const edouble &b) {
re turn compare ( a , b ) < 0 ;

}
240

i n l i n e bool operator<=(const edouble &a , const edouble &b) {
re turn compare ( a , b ) <= 0 ;

}

245 i n l i n e bool operator >( const edouble &a , const edouble &b) {
re turn compare ( a , b ) > 0 ;

}

i n l i n e bool operator>=(const edouble &a , const edouble &b) {
250 re turn compare ( a , b ) >= 0 ;

}

i n l i n e i n t s i gn ( const edouble &a ) {
re turn s i gn ( a . x ) ;

255 }

i n l i n e edouble abs ( const edouble &a ) {
re turn { std : : abs ( a . x ) , a . e } ;

}
260

i n l i n e edouble sq r t ( const edouble &a ) {
re turn { std : : s q r t ( ( a . e & 1) ? 2 .0 ∗ a . x : a . x ) , ( a . e & 1) ? ( a . e − 1) / 2 : a⤦

Ç . e / 2 } ;
}

265 i n l i n e edouble operator+(const edouble &a , const edouble &b) {
#i f n d e f EDOUBLE UNSAFE

i f ( un l i k e l y ( a . x == 0 . 0 ) ) {
re turn b ;

}
270 i f ( u n l i k e l y (b . x == 0 . 0 ) ) {

re turn a ;
}

#end i f
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i n t 6 4 t e ( std : : max( a . e , b . e ) ) ;
275 i n t 6 4 t da ( a . e − e ) ;

i n t 6 4 t db(b . e − e ) ;
#i f n d e f EDOUBLE UNSAFE

in t i a ( da ) ;
i n t ib (db) ;

280 i f ( u n l i k e l y ( i n t 6 4 t ( i a ) != da ) ) {
// a −> 0
return b ;

}
i f ( u n l i k e l y ( i n t 6 4 t ( ib ) != db) ) {

285 // b −> 0
return a ;

}
#end i f
#i f d e f EDOUBLE USE LDEXP

290 re turn edouble ( std : : ldexp ( a . x , i a ) + std : : ldexp (b . x , ib ) , e ) ;
#e l s e
#i f d e f EDOUBLE USE UNION

double ax = a . x ;
i f (0 > da )

295 {
i f ( da > −1000)
{

i doub l e f ;
f . d = ax ;

300 f . i = ( f . i & 0x800FFFFFFFFFFFFFLL) | ( (1022LL + da ) << 52) ;
ax = f . d ;

}
e l s e

ax = 0 . 0 ;
305 }

double bx = b . x ;
i f (0 > db)
{

i f ( db > −1000)
310 {

i doub l e f ;
f . d = bx ;
f . i = ( f . i & 0x800FFFFFFFFFFFFFLL) | ( (1022LL + db) << 52) ;
bx = f . d ;

315 }
e l s e

bx = 0 . 0 ;
}
re turn edouble ( ax + bx , e ) ;

320 #e l s e
double sa = edouble : : s c a l i n g [ std : : max( da + 128 , 0L) ] ;
double sb = edouble : : s c a l i n g [ std : : max(db + 128 , 0L) ] ;
r e turn edouble ( a . x ∗ sa + b . x ∗ sb , e ) ;

#end i f
325 #end i f

}

i n l i n e edouble operator −( const edouble &a ) {
re turn { −a . x , a . e } ;

330 }
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i n l i n e edouble operator −( const edouble &a , const edouble &b) {
re turn a + (−b) ;

}
335

i n l i n e edouble operator ∗( const edouble &a , const edouble &b) {
re turn edouble ( a . x ∗ b . x , a . e + b . e ) ;

}

340 i n l i n e double r e c i p ( const double &a ) {
re turn 1 .0 / a ;

}

i n l i n e edouble r e c i p ( const edouble &a ) {
345 re turn edouble ( r e c i p ( a . x ) , −a . e ) ;

}

i n l i n e edouble operator /( const edouble &a , const edouble &b) {
re turn edouble ( a . x / b . x , a . e − b . e ) ;

350 }

i n l i n e bool i snan ( const edouble &a ) {
us ing std : : i snan ;
re turn i snan ( a . x ) ;

355 }

i n l i n e bool i s i n f ( const edouble &a ) {
us ing std : : i s i n f ;
r e turn i s i n f ( a . x ) ;

360 }

i n l i n e edouble ldexp ( const edouble &a , i n t 6 4 t e ) {
re turn edouble ( a . x , a . e + e ) ;

}
365

i n l i n e void to mpfr ( f l o a t from , mpfr t &to ) {
mp f r s e t f l t ( to , from , MPFRRNDN) ;

}

370 i n l i n e void to mpfr ( double from , mpfr t &to ) {
mpfr se t d ( to , from , MPFRRNDN) ;

}

i n l i n e void to mpfr ( long double from , mpfr t &to ) {
375 mpf r s e t l d ( to , from , MPFRRNDN) ;

}

i n l i n e void to mpfr ( edouble from , mpfr t &to ) {
from . to mpfr ( to ) ;

380 }

i n l i n e long double t o l d ( f l o a t x ) {
re turn x ;

}
385

i n l i n e long double t o l d ( double x ) {
re turn x ;
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}

390 i n l i n e long double t o l d ( long double x ) {
re turn x ;

}

i n l i n e long double t o l d ( edouble x ) {
395 re turn x . t o l d ( ) ;

}

template <typename S , typename T>
i n l i n e T to R (S x , const T &dummy) {

400 ( void ) dummy;
re turn T( t o l d (x ) ) ;

}

i n l i n e edouble to R ( edouble x , const edouble &dummy) {
405 ( void ) dummy;

re turn x ;
}

template <typename S , typename T>
410 i n l i n e complex<T> to C ( complex<S> x , const T &dummy) {

re turn complex<T>(to R ( r e a l ( x ) , dummy) , to R ( imag (x ) , dummy) ) ;
}

i n l i n e complex<edouble> to C ( complex<edouble> x , const edouble &dummy) {
415 ( void ) dummy;

re turn x ;
}

i n l i n e std : : ostream& operator<<(std : : ostream& o , const edouble& a ) {
420 re turn o << a . x << ” ” << a . e ;

}

i n l i n e std : : i s t ream& operator>>(std : : i s t ream& i , edouble& a ) {
double x ;

425 i n t 6 4 t e ;
i >> x >> e ;
a = edouble (x , e ) ;
r e turn i ;

}
430

i n t 6 4 t exponent ( f l o a t z )
{

i n t e ;
f r exp ( z , &e ) ;

435 re turn e ;
}

i n t 6 4 t exponent ( double z )
{

440 i n t e ;
f r exp ( z , &e ) ;
r e turn e ;

}
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445 i n t 6 4 t exponent ( long double z )
{

i n t e ;
f r e x p l ( z , &e ) ;
r e turn e ;

450 }

i n t 6 4 t exponent ( edouble z )
{

re turn z . exponent ( ) ;
455 }

i n t 6 4 t exponent ( const mpfr t z )
{

i f ( mp f r r egu la r p ( z ) )
460 re turn mpfr get exp ( z ) ;

r e turn 0 ;
}

bool i s f i n i t e ( edouble z )
465 {

re turn ! ( i s i n f ( z ) | | i snan ( z ) ) ;
}

#i f d e f EDOUBLESTANDALONE
470

#inc lude <c s t d l i b>
#inc lude <c s td io>

#inc lude ” f l o a t exp . h”
475

edouble erandom ( )
{

i n t r = std : : rand ( ) ;
r e turn edouble ( ( 1 . 0 + ( r / ( double ) RANDMAX) ) ∗ ( ( r & 1) − 0 . 5 ) , ( r & 511) − ⤦

Ç 256) ;
480 }

f l o a t e xp frandom ( )
{

i n t r = std : : rand ( ) ;
485 re turn f l o a t exp ( ( 1 . 0 + ( r / ( double ) RANDMAX) ) ∗ ( ( r & 1) − 0 . 5 ) , ( r & 511) −⤦

Ç 256) ;
}

i n t main ( ) {
#i f 0

490 mpfr t m;
mp f r i n i t 2 (m, 53) ;
edouble x (2 ) ;
do {

std : : cout << x << std : : endl ;
495 x . to mpfr (m) ;

mp f r p r i n t f (”%Re\n” , m) ;
x ∗= x ;

} whi le ( ! i s i n f ( x ) ) ;
mp f r c l e a r (m) ;
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500 #end i f
#de f i n e N (1<<14)

srand (0xDe4dF00d ) ;
edouble r [N ] ;
f o r ( i n t i = 0 ; i < N; ++i )

505 r [ i ] = erandom ( ) ;
p r i n t f (”+ edouble \n”) ; f f l u s h ( stdout ) ;
edouble esum (0) ;
f o r ( i n t i = 0 ; i < N; ++i )

f o r ( i n t j = 0 ; j < N; ++j )
510 esum += r [ i ] + r [ j ] ;

s td : : c e r r << esum << std : : endl ;
p r i n t f (”∗ edouble \n”) ; f f l u s h ( stdout ) ;
edouble eprod (1 ) ;
f o r ( i n t i = 0 ; i < N; ++i )

515 f o r ( i n t j = 0 ; j < N; ++j )
eprod ∗= r [ i ] ∗ r [ j ] ;

s td : : c e r r << eprod << std : : endl ;

srand (0xDe4dF00d ) ;
520 f l o a t e xp s [N ] ;

f o r ( i n t i = 0 ; i < N; ++i )
s [ i ] = frandom ( ) ;

p r i n t f (”+ f l o a t exp \n”) ; f f l u s h ( stdout ) ;
f l o a t exp fsum ( 0 . 0 ) ;

525 std : : c e r r << fsum . va l << ” ” << fsum . exp << std : : endl ;
f o r ( i n t i = 0 ; i < N; ++i )

f o r ( i n t j = 0 ; j < N; ++j )
fsum += s [ i ] + s [ j ] ;

s td : : c e r r << fsum . va l << ” ” << fsum . exp << std : : endl ;
530 p r i n t f (”∗ f l o a t e xp \n”) ; f f l u s h ( stdout ) ;

f l o a t exp fprod (1 ) ;
f o r ( i n t i = 0 ; i < N; ++i )

f o r ( i n t j = 0 ; j < N; ++j )
fprod ∗= s [ i ] ∗ s [ j ] ;

535 std : : c e r r << fprod . va l << ” ” << fprod . exp << std : : endl ;
p r i n t f (”DONE\n”) ; f f l u s h ( stdout ) ;
r e turn 0 ;

}

540 #end i f

#end i f

12 c/lib/floatexp.h

#de f i n e GCC
#de f i n e BOOL bool
#de f i n e FALSE f a l s e
#de f i n e TRUE true

5 #de f i n e i n t 6 4 i n t 6 4 t
#de f i n e i n l i n e i n l i n e
#inc lude <s t r i n g . h>
#i f 0
#inc lude <windows . h>

10 #end i f
#inc lude <math . h>
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#i f n d e f GCC
#inc lude ”CFixedFloat . h”
#end i f

15 #i f n d e f FLOATEXP H
#de f i n e FLOATEXP H
#de f i n e MAXPREC 1020

#i f d e f GCC
20 #de f i n e ALIGN ( val , exp ) exp += ( ( ∗ ( ( i n t 6 4 ∗)&va l ) & 0x7FF0000000000000LL )>>52)⤦

Ç − 1023 ; ∗ ( ( i n t 6 4 ∗)&va l ) = (∗ ( ( i n t 6 4 ∗)&va l ) & 0x800FFFFFFFFFFFFFLL) | ⤦
Ç 0x3FF0000000000000LL ;

#e l s e
#de f i n e ALIGN ( val , exp ) exp += ( ( ∗ ( ( i n t 6 4 ∗)&va l ) & 0x7FF0000000000000 )>>52) −⤦

Ç 1023 ; ∗ ( ( i n t 6 4 ∗)&va l ) = (∗ ( ( i n t 6 4 ∗)&va l ) & 0x800FFFFFFFFFFFFF) | 0⤦
Ç x3FF0000000000000 ;

#end i f
c l a s s f l o a t exp

25 {
pub l i c :

double va l ;
i n t 6 4 exp ;

f l o a t exp &abs ( )
30 {

i f ( val<0)
va l=−va l ;

r e turn ∗ t h i s ;
}

35 i n l i n e void initFromDouble ( double a )
{

va l=a ;
exp=0;
ALIGN ( val , exp )

40 }
i n l i n e void a l i g n ( )

{
#i f d e f GCC

exp += ( ( ∗ ( ( i n t 6 4 ∗)&va l ) & 0x7FF0000000000000LL )>>52) − 1023 ;
45 #e l s e

exp += ( ( ∗ ( ( i n t 6 4 ∗)&va l ) & 0x7FF0000000000000 )>>52) − 1023 ;
#end i f
// i n t 6 4 tmpval = (∗ ( ( i n t 6 4 ∗)&va l ) & 0x800FFFFFFFFFFFFF) | 0⤦

Ç x3FF0000000000000 ;
// memcpy(&val ,&tmpval , s i z e o f ( double ) ) ;

50 #i f d e f GCC
∗ ( ( i n t 6 4 ∗)&va l ) = (∗ ( ( i n t 6 4 ∗)&va l ) & 0x800FFFFFFFFFFFFFLL) |⤦

Ç 0x3FF0000000000000LL ;
#e l s e

∗ ( ( i n t 6 4 ∗)&va l ) = (∗ ( ( i n t 6 4 ∗)&va l ) & 0x800FFFFFFFFFFFFF) | 0⤦
Ç x3FF0000000000000 ;

#end i f
55 }

i n l i n e double setExp ( double newval , i n t 6 4 newexp )
{

// i n t 6 4 tmpval = (∗ ( ( i n t 6 4 ∗)&newval ) & 0x800FFFFFFFFFFFFF) | ⤦
Ç ( ( newexp+1023)<<52) ;

// memcpy(&newval ,&tmpval , s i z e o f ( double ) ) ;
60 // return newval ;
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#i f d e f GCC
∗ ( ( i n t 6 4 ∗)&newval ) = (∗ ( ( i n t 6 4 ∗)&newval ) & 0⤦

Ç x800FFFFFFFFFFFFFLL) | ( ( newexp+1023)<<52) ;
#e l s e

∗ ( ( i n t 6 4 ∗)&newval ) = (∗ ( ( i n t 6 4 ∗)&newval ) & 0⤦
Ç x800FFFFFFFFFFFFF) | ( ( newexp+1023)<<52) ;

65 #end i f
r e turn newval ;

}
f l o a t e xp ( )
{

70 va l = 0 ;
exp = 0 ;

}
f l o a t e xp ( double a )
{

75 initFromDouble ( a ) ;
}
f l o a t e xp ( double a , i n t 6 4 e )
{

initFromDouble ( a ) ;
80 exp += e ;

}
i n l i n e f l o a t exp &operator =(const f l o a t exp &a )

{
va l=a . va l ;

85 exp=a . exp ;
re turn ∗ t h i s ;

}
i n l i n e f l o a t exp &operator =( i n t a )

{
90 initFromDouble ( ( double ) a ) ;

r e turn ∗ t h i s ;
}

i n l i n e f l o a t exp &operator =(double a )
{

95 initFromDouble ( a ) ;
r e turn ∗ t h i s ;

}
i n l i n e f l o a t exp operator ∗( const f l o a t e xp &a )

{
100 f l o a t e xp r ;

r . va l = a . va l ∗ va l ;
r . exp = a . exp+exp ;
ALIGN ( r . val , r . exp )
re turn r ;

105 }
i n l i n e f l o a t exp operator /( const f l o a t e xp &a )

{
f l o a t e xp r ;
r . va l = va l /a . va l ;

110 r . exp = exp − a . exp ;
ALIGN ( r . val , r . exp )
re turn r ;

}
i n l i n e f l o a t exp operator +(const f l o a t exp &a )

115 {
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f l o a t e xp r ;
i n t 6 4 d i f f ;

i f ( exp>a . exp ) {
d i f f = exp−a . exp ;

120 r . exp = exp ;
i f ( d i f f>MAXPREC)

r . va l=va l ;
e l s e {

double ava l = setExp ( a . val ,− d i f f ) ;
125 r . va l = va l+ava l ;

}
}
e l s e {

d i f f = a . exp−exp ;
130 r . exp = a . exp ;

i f ( d i f f>MAXPREC)
r . va l=a . va l ;

e l s e {
double ava l = setExp ( val ,− d i f f ) ;

135 r . va l = a . va l+aval ;
}

}
ALIGN ( r . val , r . exp )
re turn r ;

140 }
i n l i n e f l o a t exp operator −()

{
f l o a t e xp r=∗ t h i s ;
r . va l=−r . va l ;

145 re turn r ;
}

i n l i n e f l o a t exp &operator +=(const f l o a t e xp &a )
{

#i f d e f GCC
150 f l o a t e xp r = ∗ t h i s+a ;

∗ t h i s = r ;
#e l s e

∗ t h i s = ∗ t h i s+a ;
#end i f

155 re turn ∗ t h i s ;
}

i n l i n e f l o a t exp &operator ∗=(const f l o a t e xp &a )
{

#i f d e f GCC
160 f l o a t e xp r = ∗ t h i s ∗a ;

∗ t h i s = r ;
#e l s e

∗ t h i s = ∗ t h i s ∗a ;
#end i f

165 re turn ∗ t h i s ;
}

i n l i n e f l o a t exp operator −( const f l o a t exp &a )
{

f l o a t e xp r ;
170 i n t 6 4 d i f f ;

i f ( exp>a . exp ) {
d i f f = exp−a . exp ;
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r . exp = exp ;
i f ( d i f f>MAXPREC)

175 r . va l = va l ;
e l s e {

double ava l = setExp ( a . val ,− d i f f ) ;
r . va l = val −ava l ;

}
180 }

e l s e {
d i f f = a . exp−exp ;
r . exp = a . exp ;
i f ( d i f f>MAXPREC)

185 r . va l=−a . va l ;
e l s e {

double ava l = setExp ( val ,− d i f f ) ;
r . va l = aval −a . va l ;

}
190 }

ALIGN ( r . val , r . exp )
re turn r ;

}
i n l i n e f l o a t exp &operator −=(const f l o a t e xp &a )

195 {
#i f d e f GCC

f l o a t e xp r = ∗ th i s −a ;
∗ t h i s = r ;

#e l s e
200 ∗ t h i s = ∗ th i s −a ;

#end i f
r e turn ∗ t h i s ;

}
i n l i n e BOOL operator >( const f l o a t e xp &a )

205 {
i f ( val>0){

i f ( a . val<0)
re turn TRUE;

i f ( exp>a . exp )
210 re turn TRUE;

e l s e i f ( exp<a . exp )
re turn FALSE;

re turn val>a . va l ;
}

215 e l s e {
i f ( a . val>0)

re turn FALSE;
i f ( exp>a . exp )

re turn FALSE;
220 e l s e i f ( exp<a . exp )

re turn TRUE;
return val>a . va l ;

}
}

225 i n l i n e BOOL operator <( const f l o a t e xp &a )
{

i f ( val>0){
i f ( a . val<0)

re turn FALSE;
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230 i f ( exp>a . exp )
re turn FALSE;

e l s e i f ( exp<a . exp )
re turn TRUE;

return val<a . va l ;
235 }

e l s e {
i f ( a . val>0)

re turn TRUE;
i f ( exp>a . exp )

240 re turn TRUE;
e l s e i f ( exp<a . exp )

re turn FALSE;
re turn val<a . va l ;

}
245 }

i n l i n e BOOL operator <=(const i n t a )
{

f l o a t e xp aa ( a ) ;
r e turn (∗ th i s<a | | ∗ t h i s==a ) ;

250 }
i n l i n e BOOL operator ==(const f l o a t exp &a )

{
i f ( exp!=a . exp )

re turn FALSE;
255 re turn va l==a . va l ;

}
bool i s z e r o ( )
{

re turn ( va l==0 && exp==0) ;
260 }

double todouble ( )
{

i f ( exp<−MAXPREC | | exp>MAXPREC)
return 0 ;

265 re turn setExp ( val , exp ) ;
}
double todouble ( i n t nSca l ing )
{

i f ( ! nSca l ing )
270 re turn todouble ( ) ;

f l o a t e xp r e t = ∗ t h i s ;
whi l e ( nScal ing >9){

r e t . va l∗=1e10 ;
ALIGN ( r e t . val , r e t . exp )

275 nScal ing −=10;
}
whi le ( nScal ing >2){

r e t . va l∗=1e3 ;
ALIGN ( r e t . val , r e t . exp )

280 nScal ing −=3;
}
whi le ( nSca l ing ) {

r e t . va l∗=1e1 ;
ALIGN ( r e t . val , r e t . exp )

285 nScal ing −−;
}
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i f ( r e t . exp<−MAXPREC | | r e t . exp>MAXPREC)
return 0 ;

re turn setExp ( r e t . val , r e t . exp ) ;
290 }

i n l i n e f l o a t exp &operator /=(double a )
{

va l/=a ;
ALIGN ( val , exp )

295 re turn ∗ t h i s ;
}

i n l i n e f l o a t exp &operator ∗=(double a )
{

va l∗=a ;
300 ALIGN ( val , exp )

re turn ∗ t h i s ;
}

#i f n d e f GCC
i n l i n e f l o a t exp &operator =(const CFixedFloat &a )

305 {
exp=0;
va l =0;

f l o a t e xp s ta r t exp =1;
310 f l o a t e xp partmax = FIXEDFLOATPARTMAX;

i n t nStart = 0 ;
f o r ( nStart =0; nStart<a . m nValues ; nStart++){

i f ( a . m pValues [ nStart ] )
break ;

315 s t a r t exp=sta r t exp /partmax ;
}
i f ( nStart>a . m nValues )

nStart=a . m nValues ;
i n t n=nStart+24/FIXEDFLOAT DIGITS ;

320 i f (n>a . m nValues −1)
n=a . m nValues −1;

f o r ( ; n>=nStart && n>=0;n−−)
va l = va l /FIXEDFLOATPARTMAX + a . m pValues [ n ] ;

ALIGN ( val , exp )
325 ∗ t h i s = ∗ t h i s ∗ s t a r t exp ;

i f ( a . m bSign )
va l = −va l ;

r e turn ∗ t h i s ;
330 }

#e l s e
i n l i n e f l o a t exp setLongDouble ( long double a )

{
i n t 6 4 va l [ 2 ]={0} ;

335 memcpy( val , ( void ∗)&a , s i z e o f ( va l ) ) ;
exp = ( va l [1 ]&0x7FFF) −16383;
va l [ 1 ] = ( va l [1 ]&0 x8000 ) + 16383;
i f ( va l [ 0 ] && val [ 1 ] ) {

memcpy( ( void ∗)&a , val , s i z e o f ( va l ) ) ;
340 th i s −>va l = ( double ) a ;

}
e l s e {

th i s −>va l =1;
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exp=−16383;
345 }

re turn ∗ t h i s ;
}

i n l i n e long double toLongDouble ( )
{

350 long double r e t = va l ;
i n t 6 4 ∗v = ( i n t 6 4 ∗)&r e t ;

v [ 1 ] = (v [1 ]&0 x8000 ) | ( exp + 16383) ;
r e turn r e t ;

}
355 #end i f

} ;
#end i f // FLOATEXP H

13 c/lib/generator.hs

−− per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
−− Copyright (C) 2015 ,2016 Claude Heiland −Allen
−− License GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 {−# LANGUAGE F l e x i b l e I n s t an c e s #−}
−−module Main (main ) where

import Control .Monad ( forM , un l e s s )
import Control .Monad . Trans .RWS ( put , get , t e l l , execRWS , RWS)

10 import Data . E i ther ( l e f t s , r i g h t s )
import q u a l i f i e d Data . Foldable as F
import Data . Function ( on )
import Data . L i s t ( group , groupBy , sort , sortBy , i n t e r c a l a t e , p a r t i t i o n )
import Data .Map. S t r i c t (Map)

15 import q u a l i f i e d Data .Map. S t r i c t as M
import Data . Monoid (Monoid , (<>))
import Data . Set ( Set )
import q u a l i f i e d Data . Set as S
import System . IO ( hFlush , stdout )

20

−− import Debug . Trace ( traceShow )
−−debug x = traceShow x x

−− not in ghc −7.6
25 i sR ight : : E i ther a b −> Bool

i sR ight ( Right ) = True
i sR ight = False

−− new in ghc −7.10
30 sortOn : : Ord o => ( a −> o ) −> [ a ] −> [ a ]

sortOn f = sortBy ( compare ‘ on ‘ f )

groupOn : : Eq e => ( a −> e ) −> [ a ] −> [ [ a ] ]
groupOn f = groupBy ((==) ‘ on ‘ f )

35

c l a s s D i f f e where
d i f f : : e −> e

c l a s s S imp l i f y e where
40 s imp l i f y : : e −> e
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c l a s s Co l l e c t e where
c o l l e c t : : e −> e

45 normal ize : : ( S imp l i f y e , Co l l e c t e ) => e −> e
normal ize = s imp l i f y . c o l l e c t . s imp l i f y

data E = Sum [E] | Product [E ] | N Int eg e r | A Int eg e r | Z | C | DeltaZ | DiffA ⤦

Ç I n t eg e r | Dif fZ | Dif fDe l taZ | DeltaC{− must be l a s t −}
de r i v i ng (Read , Show , Eq , Ord)

50

i n s t ance Num E where
f romInteger = N
e + f = Sum [ e , f ]
e ∗ f = Product [ e , f ]

55 negate e = Product [N (−1) , e ]

i n s t ance D i f f E where
d i f f (Sum es ) = Sum (map d i f f e s )
d i f f ( Product [ ] ) = 0

60 d i f f ( Product ( e : e s ) ) = d i f f e ∗ Product es + e ∗ d i f f ( Product es )
d i f f (N ) = 0
d i f f (A n) = DiffA n
d i f f Z = Di f fZ
d i f f C = 1

65 d i f f DeltaZ = Di f fDe l taZ
d i f f DeltaC = 0
d i f f e = e r r o r $ ” d i f f : ” ++ show e

in s t ance S imp l i f y E where
70 s imp l i f y (Sum es ) = simpli fySum ( sortBy sumCmp (map s imp l i f y es ) )

where
simpli fySum ss = case s s o f

[ ] −> 0
[ e ] −> e

75 N 0 : gs −> simpli fySum $ gs
N i : N j : gs −> simpli fySum $ (N ( i + j ) : gs )
Sum f s : gs −> s imp l i f y $ Sum ( f s ++ gs )
gs −> Sum gs

sumCmp (Sum a ) (Sum b) = compare a b
80 sumCmp (Sum ) = LT

sumCmp (Sum ) = GT
sumCmp (N a ) (N b) = compare a b
sumCmp (N ) = LT
sumCmp (N ) = GT

85 sumCmp a b = compare a b
s imp l i f y ( Product es ) = s impl i fyProduct ( sortBy prodCmp (map s imp l i f y es ) )

where
s impl i fyProduct s s = case s s o f

[ ] −> 1
90 [ e ] −> e

N 0 : −> 0
N 1 : gs −> s imp l i fyProduct $ gs
N i : N j : gs −> s imp l i fyProduct $ (N ( i ∗ j ) : gs )
Sum f s : gs −> s imp l i f y $ Sum [ Product ( f : gs ) | f <− f s ]

95 Product f s : gs −> s imp l i f y $ Product ( f s ++ gs )
gs −> Product gs

144



mandelbrot-perturbator c/lib/generator.hs

prodCmp ( Product a ) ( Product b) = compare a b
prodCmp ( Product ) = LT
prodCmp ( Product ) = GT

100 prodCmp (Sum a ) (Sum b) = compare a b
prodCmp (Sum ) = LT
prodCmp (Sum ) = GT
prodCmp (N a ) (N b) = compare a b
prodCmp (N ) = LT

105 prodCmp (N ) = GT
prodCmp a b = compare a b

s imp l i f y e = e

in s t ance Co l l e c t E where
110 c o l l e c t (Sum es ) = Sum ( concatMap accum . groupOn snd . sortOn snd . map ⤦

Ç s i n g l e $ es )
where

s i n g l e ( Product (N n : f s ) ) = (n , f s )
s i n g l e ( Product f s ) = (1 , f s )
s i n g l e e = (1 , [ e ] )

115 accum ps = case sum $ map f s t ps o f
0 −> [ ]
1 −> [ Product ( snd ( head ps ) ) ]
n −> [ Product (N n : snd ( head ps ) ) ]

c o l l e c t e = e
120

perturb : : E −> E
perturb Z = Z + DeltaZ
perturb C = C + DeltaC
perturb (Sum es ) = Sum (map perturb es )

125 perturb ( Product es ) = Product (map perturb es )
perturb e = e

perturbed : : E −> E
perturbed e = perturb e − e

130

s e r i e s : : I n t e g e r −> E
s e r i e s n = sum [ A i ∗ DeltaC ˆ i | i <− [ 1 . . n ] ]

sub : : E −> E −> E
135 sub e (Sum es ) = Sum (map ( sub e ) es )

sub e ( Product es ) = Product (map ( sub e ) es )
sub e DeltaZ = e
sub f = f

140 c o l l a t e : : E −> [ ( Integer , E) ]
c o l l a t e (Sum es ) = map accum . groupOn f s t . sortOn f s t . map s i n g l e $ es

where
s i n g l e ( Product f s ) = ( t o In t e g e r ( l ength gs ) , Product ( r e v e r s e hs ) )

where
145 ( gs , hs ) = span (DeltaC ==) . r e v e r s e $ f s

s i n g l e e = s i n g l e ( Product [ e ] )
accum ps = ( f s t ( head ps ) , sum (map snd ps ) )

c o l l a t e e = c o l l a t e (Sum [ e ] )

150

data CE
= CSum [CE] | CProduct [CE] | CN Int eg e r
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| ARe In t eg e r | AIm Int eg e r | ZRe | ZIm | CRe | CIm
| DeltaZRe | DeltaZIm | DeltaCRe | DeltaCIm

155 | DiffARe In t eg e r | DiffAIm In t eg e r
| DiffZRe | DiffZIm | DiffDeltaZRe | DiffDeltaZIm
| I
d e r i v i ng (Read , Show , Eq , Ord)

160 i n s t ance Num CE where
f romInteger = CN
e + f = CSum [ e , f ]
e ∗ f = CProduct [ e , f ]
negate e = CProduct [CN (−1) , e ]

165

i n s t ance S imp l i f y CE where
s imp l i f y (CSum es ) = simpli fySum ( sortBy sumCmp (map s imp l i f y es ) )

where
simpli fySum ss = case s s o f

170 [ ] −> 0
[ e ] −> e
CN 0 : gs −> simpli fySum $ gs
CN i : CN j : gs −> simpli fySum $ (CN ( i + j ) : gs )
CSum f s : gs −> s imp l i f y $ CSum ( f s ++ gs )

175 gs −> CSum gs
sumCmp (CSum a ) (CSum b) = compare a b
sumCmp (CSum ) = LT
sumCmp (CSum ) = GT
sumCmp (CN a ) (CN b) = compare a b

180 sumCmp (CN ) = LT
sumCmp (CN ) = GT
sumCmp a b = compare a b

s imp l i f y (CProduct es ) = s impl i fyProduct ( sortBy prodCmp (map s imp l i f y es ) )
where

185 s imp l i fyProduct s s = case s s o f
[ ] −> 1
[ e ] −> e
I : I : gs −> s imp l i fyProduct $ (CN (−1) : gs )
I : gs −> case s impl i fyProduct gs o f

190 CProduct hs −> CProduct ( I : hs )
h −> CProduct [ I , h ]

CN 0 : −> 0
CN 1 : gs −> s imp l i fyProduct $ gs
CN i : CN j : gs −> s imp l i fyProduct $ (CN ( i ∗ j ) : gs )

195 CSum f s : gs −> s imp l i f y $ CSum [ CProduct ( f : gs ) | f <− f s ]
CProduct f s : gs −> s imp l i f y $ CProduct ( f s ++ gs )
gs −> CProduct gs

prodCmp (CProduct a ) (CProduct b) = compare a b
prodCmp (CProduct ) = LT

200 prodCmp (CProduct ) = GT
prodCmp (CSum a ) (CSum b) = compare a b
prodCmp (CSum ) = LT
prodCmp (CSum ) = GT
prodCmp I I = EQ

205 prodCmp I = LT
prodCmp I = GT
prodCmp (CN a ) (CN b) = compare a b
prodCmp (CN ) = LT
prodCmp (CN ) = GT
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210 prodCmp a b = compare a b
s imp l i f y e = e

in s t ance Co l l e c t CE where
c o l l e c t (CSum es ) = CSum ( concatMap accum . groupOn snd . sortOn snd . map ⤦

Ç s i n g l e $ es )
215 where

s i n g l e (CProduct (CN n : f s ) ) = (n , f s )
s i n g l e ( CProduct f s ) = (1 , f s )
s i n g l e e = (1 , [ e ] )
accum ps = case sum $ map f s t ps o f

220 0 −> [ ]
1 −> [ CProduct ( snd ( head ps ) ) ]
n −> [ CProduct (CN n : snd ( head ps ) ) ]

c o l l e c t e = e

225 complex : : E −> CE
complex Z = ZRe + I ∗ ZIm
complex C = CRe + I ∗ CIm
complex DeltaZ = DeltaZRe + I ∗ DeltaZIm
complex DeltaC = DeltaCRe + I ∗ DeltaCIm

230 complex (A n) = ARe n + I ∗ AIm n
complex (N n) = CN n
complex (Sum es ) = CSum (map complex es )
complex ( Product es ) = CProduct (map complex es )
complex Di f fZ = DiffZRe + I ∗ DiffZIm

235 complex Di f fDe l taZ = Dif fDeltaZRe + I ∗ DiffDeltaZIm
complex ( DiffA n) = DiffARe n + I ∗ DiffAIm n

newtype Pair t = Pair { unPair : : ( t , t ) }
de r i v i ng (Read , Show , Eq , Ord)

240

i n s t ance Functor Pair where
fmap f ( Pair ( a , b ) ) = Pair ( f a , f b )

decomplex : : CE −> Pair CE
245 decomplex (CSum es )= Pair (CSum res , CSum ims )

where ( res , ims ) = unzip (map ( unPair . decomplex ) es )
decomplex (CProduct es )

| even n = Pair (CProduct ( i : f s ) , 0)
| otherwi s e = Pair (0 , CProduct ( i : f s ) )

250 where
f s = f i l t e r ( I /=) es
n = length ( f i l t e r ( I ==) es )
i = case n ‘mod ‘ 4 o f

0 −> 1
255 1 −> 1

2 −> −1
3 −> −1

decomplex I = Pair (0 , 1)
decomplex e = Pair ( e , 0)

260

cnormal i ze : : E −> Pair CE
cnormal i ze = fmap normal ize . decomplex . normal ize . complex . normal ize

265 data OSum = OSum [ OProduct ]
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de r i v i ng (Read , Show , Eq , Ord)
data OProduct = OProduct In t eg e r [ OPower ]

d e r i v i ng (Read , Show , Eq)
in s t ance Ord OProduct where

270 compare (OProduct x xs ) (OProduct y ys ) = compare ( abs x ) ( abs y ) <> compare (⤦
Ç signum y) ( signum x) <> compare xs ys

data OPower = OPower OVar In t eg e r
d e r i v i ng (Read , Show , Eq , Ord)

data OVar = OVar In t eg e r
d e r i v i ng (Read , Show , Eq , Ord)

275

osum : : CE −> OSum
osum (CSum cs ) = OSum ( so r t . map oproduct $ cs )
osum c = OSum [ oproduct c ]

280 oproduct : : CE −> OProduct
oproduct (CProduct (CN n : cs ) ) = OProduct n ( s o r t . map opower . group $ cs )
oproduct (CProduct cs ) = OProduct 1 ( s o r t . map opower . group $ cs )
oproduct (CN n) = OProduct n [ ]
oproduct c = OProduct 1 [ opower [ c ] ]

285

opower : : [CE] −> OPower
opower cs@ ( c : ) = OPower ( ovar c ) ( t o In t e g e r $ l ength cs )

ovar : : CE −> OVar
290 ovar CRe = OVar 0

ovar CIm = OVar 1
ovar ZRe = OVar 2
ovar ZIm = OVar 3
ovar DiffZRe = OVar 4

295 ovar DiffZIm = OVar 5
ovar (ARe n) = OVar $ 4 ∗ n + 2
ovar (AIm n) = OVar $ 4 ∗ n + 3
ovar ( DiffARe n) = OVar $ 4 ∗ n + 4
ovar ( DiffAIm n) = OVar $ 4 ∗ n + 5

300 ovar e = e r r o r $ ”ovar : ” ++ show e

data PSum = PSum [PMul1 ]
d e r i v i ng (Read , Show , Eq , Ord)

data PMul1 = PMul1 In t eg e r [ PMul2 ]
305 de r i v i ng (Read , Show , Eq , Ord)

data PMul2 = PMul2 Bool In t eg e r [ PPower ]
d e r i v i ng (Read , Show , Eq , Ord)

type PPower = OPower
type PVar = OVar

310

pmul1s : : PMul1 −> I n t eg e r
pmul1s (PMul1 i ) = i

pmul1p : : PMul1 −> [ PMul2 ]
315 pmul1p (PMul1 p) = p

psum : : OSum −> PSum
psum (OSum ps ) = PSum . map (\pms@(PMul1 i : ) −> PMul1 i ( concatMap pmul1p ⤦

Ç pms) ) . groupOn pmul1s . s o r t . map (pmul1 0) $ ps

320 pmul1 : : I n t eg e r −> OProduct −> PMul1
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pmul1 n (OProduct i os )
| odd i = PMul1 ( abs i ) [ PMul2 ( i < 0) n os ]
| otherwi s e = pmul1 (n + 1) (OProduct ( i ‘ div ‘ 2) os )

325 −− outermost f i r s t
data P

= P’Add1 P P
| P’Mul1 P In t eg e r
| P’Add2 P P

330 | P’ Neg P
| P’Mul2 P In t eg e r
| P’Mul P P
| P’ Sqr P
| P’ Var In t eg e r

335 | P’ Constant In t eg e r
d e r i v i ng (Read , Show , Eq , Ord)

c l a s s Compile p where
compi le : : p −> P

340

i n s t ance Compile OVar where
compi le (OVar v ) = P’ Var v

in s t ance Compile OPower where
345 compi le (OPower v 1) = compile v

compi le (OPower v n)
| even n = P’ Sqr ( compi le (OPower v (n ‘ div ‘ 2) ) )
| otherwi s e = P’Mul ( compi le (OPower v (n ‘ div ‘ 2) ) ) ( compi le (OPower v ( ( n ⤦

Ç ‘ div ‘ 2) + 1) ) )

350 i n s t ance Compile PMul2 where
compi le (PMul2 s i [ ] ) = P’ Constant ( ( i f s then negate e l s e id ) (2ˆ i ) )
compi le (PMul2 s i xs ) = ( i f s then P’ Neg e l s e id ) . ( i f i == 0 then id e l s e ⤦

Ç ( ‘P’Mul2 ‘ i ) ) . compi le $ xs

in s t ance Compile [ OPower ] where
355 compi le [ x ] = compi le x

compi le [ x , y ] = P’Mul ( compi le x ) ( compi le y )
compi le xs = case sp l i tA t ( l ength xs ‘ div ‘ 2) xs o f

( ys , z s ) −> P’Mul ( compi le ys ) ( compi le zs )

360 i n s t ance Compile PMul1 where
compi le p@(PMul1 [ ] ) = e r r o r $ ” compile : ” ++ show p
compile (PMul1 1 xs ) = compile xs
compi le (PMul1 n xs ) = P’Mul1 ( compi le xs ) n

365 i n s t ance Compile [ PMul2 ] where
compi le [ x ] = compi le x
compi le [ x , y ] = P’Add2 ( compi le x ) ( compi le y )
compi le xs = case sp l i tA t ( l ength xs ‘ div ‘ 2) xs o f

( ys , z s ) −> P’Add2 ( compi le ys ) ( compi le zs )
370

i n s t ance Compile PSum where
compi le p@(PSum [ ] ) = e r r o r $ ” compile : ” ++ show p
compile (PSum xs ) = compile xs

375 i n s t ance Compile [ PMul1 ] where
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compi le [ x ] = compi le x
compi le [ x , y ] = P’Add1 ( compi le x ) ( compi le y )
compi le xs = case sp l i tA t ( l ength xs ‘ div ‘ 2) xs o f

( ys , z s ) −> P’Add1 ( compi le ys ) ( compi le zs )
380

p a r a l l e l : : [P ] −> RWS () [ Phase ] (Map P Int ) ( )
p a r a l l e l e xp r e s s i on s = case groupOn pType . S . t oL i s t . S . f romList $ exp r e s s i on s ⤦

Ç o f
[ ] −> re turn ( )
( ops : opss ) −> do

385 r e s u l t s <− mapM temporary ops
l e t subs = map subexpre s s i on s ops
arguments <− mapM (mapM temporary ) subs
un l e s s ( nu l l ( concat arguments ) ) $

t e l l [ Phase ( phaseOp . pType . head $ ops ) ( z ip r e s u l t s arguments ) ]
390 p a r a l l e l ( concat ( subs ++ opss ) )

data Phase = Phase Op [ ( Ei ther In t eg e r Int , [ E i ther In t eg e r Int ] ) ]
d e r i v i ng (Read , Show , Eq , Ord)

395 data T = T’Add1 | T’Mul1 | T’Add2 | T’Neg | T’Mul2 | T’Mul | T’ Sqr | T’ Var | T’⤦
Ç Constant

de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded )

pType : : P −> T
pType P’Add1{} = T’Add1

400 pType P’Mul1{} = T’Mul1
pType P’Add2{} = T’Add2
pType P’ Neg{} = T’Neg
pType P’Mul2{} = T’Mul2
pType P’Mul{} = T’Mul

405 pType P’ Sqr{} = T’ Sqr
pType P’ Var{} = T’ Var
pType P’ Constant {} = T’ Constant

subexpre s s i on s : : P −> [P ]
410 subexpre s s i on s (P’Add1 a b) = [ a , b ]

subexpre s s i on s (P’Mul1 a b) = [ a , P’ Constant b ]
subexpre s s i on s (P’Add2 a b) = [ a , b ]
subexpre s s i on s (P’ Neg a ) = [ a ]
subexpre s s i on s (P’Mul2 a b) = [ a , P’ Constant b ]

415 subexpre s s i on s (P’Mul a b) = [ a , b ]
subexpre s s i on s (P’ Sqr a ) = [ a ]
subexpre s s i on s = [ ]

temporary : : Monoid w => P −> RWS r w (Map P Int ) ( Ei ther In t eg e r Int )
420 temporary (P’ Constant n) = return ( Le f t n)

temporary p = do
m <− get
case M. lookup p m of

Nothing −> do
425 l e t n = M. s i z e m

put (M. i n s e r t p n m)
return ( Right n)

Just n −> re turn ( Right n)

430 data Op = OpAdd | OpAddI | OpMulI | OpNeg | OpMul2 | OpMul | OpSqr | OpVar | ⤦
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Ç OpSet
de r i v i ng (Read , Show , Eq , Ord , Enum, Bounded )

phaseOp : : T −> Op
phaseOp T’Add1 = OpAdd

435 phaseOp T’Mul1 = OpMulI
phaseOp T’Add2 = OpAdd
phaseOp T’ Neg = OpNeg
phaseOp T’Mul2 = OpMul2
phaseOp T’Mul = OpMul

440 phaseOp T’ Sqr = OpSqr

re f e renceCounts : : [ Phase ] −> Map Int Int
re f e renceCounts ps = M. fromListWith (+) [ ( a , 1) | Phase ras <− ps , ( , a rgs ) ⤦

Ç <− ras , Right a <− args ]

445 dup l i c a t e s : : Map Int Int −> Set Int
dup l i c a t e s = M. keysSet . M. f i l t e r (1 <)

i np l a c e : : [ Phase ] −> [ Phase ]
i np l a c e phases = renames phases . f s t $ execRWS ( t e l l ( ) >> u n i f i e s phases ) ( ) S⤦

Ç . empty
450

compact : : [ Phase ] −> [ Phase ]
compact phases = renamem phases (M. f romList ( z ip (S . t oL i s t (M. keysSet (⤦

Ç r e f e r enceCounts phases ) ) ) [ 0 . . ] ) )

renames : : [ Phase ] −> Set ( Set Int ) −> [ Phase ]
455 renames phases renamings = map f phases

where
rens = S . t oL i s t renamings
f ( Phase op ras ) = Phase op (map g ras )
g ( res , a rgs ) = (h res , map h args )

460 h ( Right r ) = case f i l t e r (S .member r ) rens o f
[ ] −> Right r
[ s ] −> Right (S . f indMin s )
s s −> e r r o r $ ”renames : ” ++ show s s

h l = l
465

renamem : : [ Phase ] −> Map Int Int −> [ Phase ]
renamem phases renamingm = map f phases

where
f ( Phase op ras ) = Phase op (map g ras )

470 g ( res , a rgs ) = (h res , map h args )
h ( Right r ) = Right ( renamingm M. ! r )
h l = l

un i fy : : Monoid w => Set Int −> RWS r w ( Set ( Set Int ) ) ( )
475 un i fy xs = do

s <− get
l e t ( d i s j o i n t , i n t e r s e c t i n g ) = S . p a r t i t i o n (S . nu l l . S . i n t e r s e c t i o n xs ) s
put $ S . i n s e r t (S . unions ( xs : S . t oL i s t i n t e r s e c t i n g ) ) d i s j o i n t

480 u n i f i e s : : Monoid w => [ Phase ] −> RWS r w ( Set ( Set Int ) ) ( )
u n i f i e s phases = forM phases $ \( Phase op ras ) −> case op o f

OpNeg −> mapM go ras
OpMul2 −> mapM go ras

151



mandelbrot-perturbator c/lib/generator.hs

−> re turn ( )
485 where

dups = dup l i c a t e s . r e f e renceCounts $ phases
go ( res , a rgs )

| any ( ‘ S .member ‘ dups ) i o s = return ( )
| otherw i s e = un i fy (S . f romList i o s )

490 where
i o s = r i g h t s ( r e s : a rgs )

sp l i tAdds : : [ Phase ] −> [ Phase ]
sp l i tAdds = concatMap f

495 where
f ( Phase OpAdd ras ) = case p a r t i t i o n ( a l l i sR ight . snd ) ra s o f

( [ ] , a i ) −> [ Phase OpAddI a i ]
( a , [ ] ) −> [ Phase OpAdd a ]
( a , a i ) −> [ Phase OpAdd a , Phase OpAddI a i ]

500 f p = [ p ]

codegen : : I n t eg e r −> St r ing −> [ ( Int , Phase ) ] −> [ ( Fi lePath , S t r ing ) ]
codegen order fname ps =

505

[ ( stem ++ ” . c ” ,
”#inc lude <complex>\n\
\#inc lude <algor ithm>\n\
\#inc lude < l im i t s . h>\n\

510 \#inc lude <math . h>\n\
\#inc lude <s tdboo l . h>\n\
\#inc lude <s t d i n t . h>\n\
\#inc lude <s t d i o . h>\n\
\#inc lude <s t d l i b . h>\n\

515 \#inc lude <mpfr . h>\n\
\\n\
\#inc lude ” ++ show ( stem ++ ” . h”) ++ ”\n\
\#inc lude ” ++ show ” . . / edouble . cc ” ++ ”\n\
\\n\

520 \ s t a t i c const s t r u c t {\n” ++ un l i n e s (map s t r u c t ps ) ++ ” ” ++ in t ++ ” v [ ” ⤦
Ç ++ show order ++ ” ] [ 2 ] ; \ n ” ++ in t ++ ” dv [ ” ++ show order ++”] [2 ] ;\n} ⤦
Ç ” ++ stem ++ ” s e r i e s s p e c =\n\

\{\n” ++ i n t e r c a l a t e ”\n ,\n” (map va lue s ps ++ [ v a l i d s ( l a s t ps ) , dva l i d s (⤦
Ç l a s t ps ) ] ) ++ ”} ;\n\

\\n\
\ s t r u c t ” ++ stem ++ ” s e r i e s ∗” ++ stem ++ ” s e r i e s n ew ( const mpfr t cx , ⤦

Ç const mpfr t cy ) {\n\
\ s t r u c t ” ++ stem ++ ” s e r i e s ∗ s = ( s t r u c t ” ++ stem ++ ” s e r i e s ∗) mal loc (⤦

Ç s i z e o f (∗ s ) ) ;\n\
525 \ i f ( ! s ) { re turn 0 ; }\n\

\ mpfr prec t p = std : : max( mpf r ge t prec ( cx ) , mpf r ge t prec ( cy ) ) ;\n\
\ f o r ( i n t i = 0 ; i < ” ++ show count ++ ” ; ++i ) {\n\
\ mpf r i n i t 2 ( s−>v [ i ] , p ) ;\n\
\ mp f r s e t s i ( s−>v [ i ] , 0 , MPFRRNDN) ;\n\

530 \ } ;\n\
\ mpfr se t ( s−>v [ 0 ] , cx , MPFRRNDN) ;\n\
\ mpfr se t ( s−>v [ 1 ] , cy , MPFRRNDN) ;\n\
\ mpfr se t ( s−>v [ 2 ] , cx , MPFRRNDN) ;\n\
\ mpfr se t ( s−>v [ 3 ] , cy , MPFRRNDN) ;\n\

535 \ mp f r s e t s i ( s−>v [ 4 ] , 1 , MPFRRNDN) ;\n\
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\ mp f r s e t s i ( s−>v [ 6 ] , 1 , MPFRRNDN) ;\n\
\ s−>n = 1 ;\n\
\ re turn s ;\n\
\}\n\

540 \\n\
\void ” ++ stem ++ ” s e r i e s d e l e t e ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) {\n\
\ f o r ( i n t i = 0 ; i < ” ++ show count ++ ” ; ++i ) {\n\
\ mpf r c l ea r ( s−>v [ i ] ) ;\n\
\ }\n\

545 \ f r e e ( s ) ;\n\
\}\n\
\\n\
\ i n t ” ++ stem ++ ” s e r i e s g e t n ( const s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) {\n\
\ re turn s−>n ;\n\

550 \}\n\
\\n\
\bool ” ++ stem ++ ” s e r i e s s t e p ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , mpfr exp t ⤦

Ç exponent , mpfr exp t th r e sho ld ) {\n\n” ++
un l i n e s (map genphase ( i n i t ps ) ) ++
” bool va l i d = true , dva l id = true ;\n\

555 \ mpfr exp t e0 ;\n\
\ mpfr exp t e1 ;\n\
\ mpfr exp t de0 ;\n\
\ mpfr exp t de1 ;\n\
\ f o r ( i n t i = 0 ; i < ” ++ show order ++ ” ; ++i ) {\n\

560 \ e1 = LONGMIN;\n\
\ de1 = LONG MIN;\n\
\ f o r ( i n t j = 0 ; j < 2 ; ++j ) {\n\
\ i f ( ! mpfr zero p ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . v [ i ] [ j ] ] ) ) {\n\
\ e1 = std : : max( e1 , mpfr get exp ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . v [ i ] [ j⤦

Ç ] ] ) ) ;\n\
565 \ }\n\

\ i f ( ! mpfr zero p ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . dv [ i ] [ j ] ] ) ) {\n\
\ de1 = std : : max( de1 , mpfr get exp ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . dv [ i⤦

Ç ] [ j ] ] ) ) ;\n\
\ }\n\
\ }\n\

570 \ i f ( i > 0) {\n\
\ va l i d = e0 − exponent >= e1 + thre sho ld ;\n\
\ dva l id = de0 − exponent >= de1 + thre sho ld ;\n\
\ e0 = std : : max( e0 − exponent , e1 ) ;\n\
\ de0 = std : : max( de0 − exponent , de1 ) ;\n\

575 \ } e l s e {\n\
\ e0 = e1 ;\n\
\ de0 = de1 ;\n\
\ }\n\
\ }\n\

580 \ i f ( ( ! v a l i d ) | | ( ! dva l id ) ) { re turn f a l s e ; }\n\
\\n\
\ s−>n += 1;\n\n” ++
un l i n e s [ genphase ( l a s t ps ) ] ++
” return true ;\n\

585 \}\n\
\\n\
\ s t r u c t ” ++ fname ++ ” r e f e r e n c e ∗” ++ stem ++ ” re f e r enc e new ( const s t r u c t ”⤦

Ç ++ stem ++ ” s e r i e s ∗ s ) {\n\
\ re turn ” ++ fname ++ ” re f e r enc e new ( s−>v [ 0 ] , s−>v [ 1 ] , s−>v [ 2 ] , s−>v [ 3 ] , s⤦
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Ç −>n) ;\n\
\}\n\

590 \\n”)

, ( stem ++ ” na t i v e . c ” ,
” template <typename R>\n\
\ s t r u c t ” ++ stem ++ ” approx {\n\

595 \ std : : complex<R> v [ ” ++ show order ++ ” ] ; \ n\
\ std : : complex<R> dv [ ” ++ show ( order + 1) ++ ” ] ; \ n\
\ i n t exponent ;\n\
\} ;\n\
\\n\

600 \ template <typename R>\n\
\ s t r u c t ” ++ stem ++ ” approx<R> ∗” ++ stem ++ ” approx new ( const s t r u c t ” ++⤦

Ç stem ++ ” s e r i e s ∗ s , i n t exponent , const R &dummy) {\n\
\ ( void ) dummy;\n\
\ s t r u c t ” ++ stem ++ ” approx<R> ∗a = ( s t r u c t ” ++ stem ++ ” approx<R> ∗) ⤦

Ç malloc ( s i z e o f (∗ a ) ) ;\n\
\ mpfr t t ;\n\

605 \ mpf r i n i t 2 ( t , mpf r ge t prec ( s−>v [ 0 ] ) ) ;\n\
\ {\n\
\ R dre = mpfr get ( s−>v [ 4 ] , MPFRRNDN, R(0) ) ;\n\
\ R dim = mpfr get ( s−>v [ 5 ] , MPFRRNDN, R(0) ) ;\n\
\ a−>dv [ 0 ] = std : : complex<R>(dre , dim) ;\n\

610 \ }\n\
\ f o r ( i n t i = 0 ; i < ” ++ show order ++ ” ; ++i ) {\n\
\ mpfr se t ( t , s−>v [ 4 ∗ ( i + 1) + 2 ] , MPFRRNDN) ;\n\
\ mpfr mul 2s i ( t , t , ( i + 1) ∗ exponent , MPFRRNDN) ;\n\
\ R re = mpfr get ( t , MPFRRNDN, R(0) ) ;\n\

615 \ mpfr se t ( t , s−>v [ 4 ∗ ( i + 1) + 3 ] , MPFRRNDN) ;\n\
\ mpfr mul 2s i ( t , t , ( i + 1) ∗ exponent , MPFRRNDN) ;\n\
\ R im = mpfr get ( t , MPFRRNDN, R(0) ) ;\n\
\ a−>v [ i ] = std : : complex<R>(re , im) ;\n\
\ mpfr se t ( t , s−>v [ 4 ∗ ( i + 1) + 4 ] , MPFRRNDN) ;\n\

620 \ mpfr mul 2s i ( t , t , ( i + 1) ∗ exponent , MPFRRNDN) ;\n\
\ R dre = mpfr get ( t , MPFRRNDN, R(0) ) ;\n\
\ mpfr se t ( t , s−>v [ 4 ∗ ( i + 1) + 5 ] , MPFRRNDN) ;\n\
\ mpfr mul 2s i ( t , t , ( i + 1) ∗ exponent , MPFRRNDN) ;\n\
\ R dim = mpfr get ( t , MPFRRNDN, R(0) ) ;\n\

625 \ a−>dv [ i + 1 ] = std : : complex<R>(dre , dim) ;\n\
\ }\n\
\ mpf r c l ea r ( t ) ;\n\
\ a−>exponent = −exponent ;\n\
\ re turn a ;\n\

630 \}\n\
\\n\
\ template <typename R>\n\
\void ” ++ stem ++ ” approx do ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a , std : :⤦

Ç complex<R> dc , std : : complex<R> ∗dz out , s td : : complex<R> ∗ddz out ) {\n\
\ std : : complex<R> z ( ldexp ( std : : r e a l ( dc ) , a−>exponent ) , ldexp ( std : : imag ( dc ) , a⤦

Ç −>exponent ) ) ;\n\
635 \ std : : complex<R> z i ( z ) ;\n\

\ std : : complex<R> s (0 ) ;\n\
\ std : : complex<R> ds (a−>dv [ 0 ] ) ;\n\
\ f o r ( i n t i = 0 ; i < ” ++ show order ++ ” ; ++i ) {\n\
\ s += a−>v [ i ] ∗ z i ;\n\

640 \ ds += a−>dv [ i + 1 ] ∗ z i ;\n\
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\ z i ∗= z ;\n\
\ }\n\
\ ∗dz out = s ;\n\
\ ∗ddz out = ds ;\n\

645 \}\n\
\\n\
\ template<typename R>\n\
\ i n t ” ++ stem ++ ” approx get exponent ( const s t r u c t ” ++ stem ++ ” approx<R> ⤦

Ç ∗a ) {\n\
\ re turn a−>exponent ;\n\

650 \}\n\
\ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t c o e f f i c i e n t s ( const s t r u c t ” ⤦

Ç ++ stem ++ ” approx<R> ∗a ) {\n\
\ re turn &a−>v [ 0 ] ; \ n\
\}\n\

655 \ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t d c o e f f i c i e n t s ( const s t r u c t ”⤦

Ç ++ stem ++ ” approx<R> ∗a ) {\n\
\ re turn &a−>dv [ 0 ] ; \ n\
\}\n\
\”)

660

, ( stem ++ ” . h” ,
”#i f n d e f ” ++ stem ++ ” h\n\
\#de f i n e ” ++ stem ++ ” h 1\n\
\\n\

665 \#inc lude <complex>\n\
\#inc lude <mpfr . h>\n\
\\n\
\#inc lude ” ++ show ( fname ++ ” r e f . h”) ++ ”\n\
\\n\

670 \ s t r u c t ” ++ stem ++ ” s e r i e s {\n\
\ mpfr t v [ ” ++ show count ++ ” ] ; \ n\
\ i n t n ;\n\
\} ;\n\
\\n\

675 \ s t r u c t ” ++ stem ++ ” s e r i e s ∗” ++ stem ++ ” s e r i e s n ew ( const mpfr t cx , ⤦
Ç const mpfr t cy ) ;\n\

\void ” ++ stem ++ ” s e r i e s d e l e t e ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) ;\n\
\ i n t ” ++ stem ++ ” s e r i e s g e t n ( const s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) ;\n\
\bool ” ++ stem ++ ” s e r i e s s t e p ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , mpfr exp t ⤦

Ç exponent , mpfr exp t th r e sho ld ) ;\n\
\ s t r u c t ” ++ fname ++ ” r e f e r e n c e ∗” ++ stem ++ ” re f e r enc e new ( const s t r u c t ”⤦

Ç ++ stem ++ ” s e r i e s ∗ s ) ;\n\
680 \ template <typename R>\n\

\ s t r u c t ” ++ stem ++ ” approx ;\n\
\ template <typename R>\n\
\ s t r u c t ” ++ stem ++ ” approx<R> ∗” ++ stem ++ ” approx new ( const s t r u c t ” ++⤦

Ç stem ++ ” s e r i e s ∗ s , i n t exponent , const R &dummy) ;\n\
\ template <typename R>\n\

685 \void ” ++ stem ++ ” approx de l e t e ( s t r u c t ” ++ stem ++ ” approx<R> ∗ s ) ;\n\
\ template <typename R>\n\
\ i n t ” ++ stem ++ ” approx get exponent ( const s t r u c t ” ++ stem ++ ” approx<R> ⤦

Ç ∗a ) ;\n\
\ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t c o e f f i c i e n t s ( const s t r u c t ” ⤦
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Ç ++ stem ++ ” approx<R> ∗a ) ;\n\
690 \ template <typename R>\n\

\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t d c o e f f i c i e n t s ( const s t r u c t ”⤦
Ç ++ stem ++ ” approx<R> ∗a ) ;\n\

\ template <typename R>\n\
\void ” ++ stem ++ ” approx do ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a , std : :⤦

Ç complex<R> dc , std : : complex<R> ∗dz out , s td : : complex<R> ∗ddz out ) ;\n\
\\n\

695 \#inc lude \”” ++ stem ++ ” na t i v e . c \”\n\
\\n\
\#end i f \n”) ]

where
700 i n t

| count <= 2ˆ( 8 : : Int ) = ” u i n t 8 t ”
| count <= 2ˆ(16 : : Int ) = ” u in t 16 t ”
| count <= 2ˆ(32 : : Int ) = ” u in t 32 t ”
| otherw i s e = ” u in t 64 t ”

705 stem = fname ++ ” ” ++ show order
s t r u c t ( i , Phase ras@ ( ( , args ) : ) ) = ” ” ++ in t ++ ” p” ++ show i ++ ”[”⤦

Ç ++ show ( length ras ) ++ ” ] [ ” ++ show ( length args + 1) ++ ” ] ; ”
va lue s ( , Phase ra s ) = ”{\n” ++ i n t e r c a l a t e ” ,\n” (map value ras ) ++ ”\n⤦

Ç }”
value ( Right res , a rgs ) = ”{ ” ++ show r e s ++ ” , ” ++ i n t e r c a l a t e ” , ” (⤦

Ç map show ( r i g h t s args ) ++ map show ( l e f t s args ) ) ++ ” }”
count = 1 + maximum [ i | ( , Phase ra s ) <− ps , ( res , a rgs ) <−ras , Right i⤦

Ç <− r e s : a rgs ]
710 va l i d s ( , Phase OpSet ra s )

= ”{\n” ++ i n t e r c a l a t e ” ,\n”
[ ”{ ” ++ show re ++ ” , ” ++ show im ++ ” }”
| o <− [ 1 . . f r omInteg ra l order ]
, ( Right sre , [ Right re ] ) <− ra s

715 , s r e == 4 ∗ o + 2
, ( Right sim , [ Right im ] ) <− ra s
, sim == 4 ∗ o + 3
] ++ ”\n}\n”

dva l i d s ( , Phase OpSet ra s )
720 = ”{\n” ++ i n t e r c a l a t e ” ,\n”

[ ”{ ” ++ show re ++ ” , ” ++ show im ++ ” }”
| o <− [ 1 . . f r omInteg ra l order ]
, ( Right sre , [ Right re ] ) <− ra s
, s r e == 4 ∗ o + 4

725 , ( Right sim , [ Right im ] ) <− ra s
, sim == 4 ∗ o + 5
] ++ ”\n}\n”

genphase (p , Phase op ras ) =
” #pragma omp p a r a l l e l f o r \n\

730 \ f o r ( i n t i = 0 ; i < ” ++ show ( length ras ) ++ ” ; ++i ) {\n” ++
( case op o f

OpAdd −> o3 ”mpfr add”
OpAddI −> o3 i ”mpf r add s i ”
OpMulI −> o3 i ”mpfr mul s i ”

735 OpNeg −> o2 ”mpfr neg”
OpMul2 −> o3 i ”mpfr mul 2s i ”
OpMul −> o3 ”mpfr mul”
OpSqr −> o2 ”mpfr sqr ”
OpSet −> o2 ”mpfr se t ”
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740 −> e r r o r $ ”genphase : ” ++ show op ) ++
” }\n”
where

o3 s = ” ” ++ s ++ ”\n\
\ ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 0 ] ] \⤦

Ç n\
745 \ , s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 1 ] ] \⤦

Ç n\
\ , s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 2 ] ] \⤦

Ç n\
\ , MPFRRNDN\n\
\ ) ;\n”

o3 i s = ” ” ++ s ++ ”\n\
750 \ ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 0 ] ] \⤦

Ç n\
\ , s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 1 ] ] \⤦

Ç n\
\ , ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 2 ] \ n⤦

Ç \
\ , MPFRRNDN\n\
\ ) ;\n”

755 o2 s = ” ” ++ s ++ ”\n\
\ ( s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 0 ] ] \⤦

Ç n\
\ , s−>v [ ” ++ stem ++ ” s e r i e s s p e c . p” ++ show p ++ ” [ i ] [ 1 ] ] \⤦

Ç n\
\ , MPFRRNDN\n\
\ ) ;\n”

760

main ’ : : S t r ing −> [ I n t eg e r ] −> E −> [ ( Fi lePath , S t r ing ) ]
main ’ stem orde r s f = main ’ ’ ’ stem f ++ concat [ main ’ ’ stem order f | order <− ⤦

Ç orde r s ] ++ codegenWrap stem orde r s ++ codegenMake stem orde r s

main ’ ’ ’ : : S t r ing −> E −> [ ( Fi lePath , S t r ing ) ]
765 main ’ ’ ’ stem f = codegenRef stem r e f

where
r e f = z ip [ 0 . . ] . sp l i tAdds . compact . i np l a c e . r e v e r s e $ f i n a l i z e : ⤦

Ç phases
where

f i n a l i z e = Phase OpSet $ z ip (map ( Right . ( v a r i a b l e s M. ! ) ) vs ) (map ⤦
Ç ( ( : [ ] ) . Right . ( v a r i a b l e s M. ! ) ) es )

770 i n i t i a l = f s t $ execRWS i n i t i a l i z e ( ) M. empty
i n i t i a l i z e = t e l l ( ) >> mapM temporary ( [ var CRe, var CIm] ++ vs ++ es )
( va r i ab l e s , phases ) = execRWS ( p a r a l l e l e s ) ( ) i n i t i a l
( vs , e s ) = unzip [ ( var v , expr e ) | (v , e ) <− ves ]
var = compile . ovar

775 expr = compi le . psum . osum
ves =

[ (ZRe , f r e )
, (ZIm , fim )
, ( DiffZRe , gre )

780 , ( DiffZIm , gim )
]

Pair ( f r e , f im ) = cnormal i ze $ f
Pair ( gre , gim ) = cnormal i ze . normal ize . d i f f $ f

785 codegenMake : : S t r ing −> [ I n t eg e r ] −> [ ( Fi lePath , S t r ing ) ]
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codegenMake stem orde r s =
[ ( ”Make f i l e ” ,
”OBJECTS = \\\n” ++
un l i n e s [ ”\ t ” ++ stem ++ ” ” ++ show order ++ ” . o \\” | order <− orde r s ] ++

790 ”\ t ” ++ stem ++ ” r e f . o \\\n\ t ” ++ stem ++ ” . o\n\
\\n\
\ a l l : $ (OBJECTS) \n\
\ .SUFFIXES:\n\
\ .PHONY: a l l \n\

795 \%.o : %.c . . / edouble . cc \n\
\\ tg++ −std=c++11 −pedant ic −Wall −Wextra −fopenmp −O3 −march=nat ive −c $<\n\
\\n”)
]

800 codegenWrap : : S t r ing −> [ I n t eg e r ] −> [ ( Fi lePath , S t r ing ) ]
codegenWrap stem orde r s =

[ ( stem ++ ” . h” ,
”#i f n d e f ” ++ stem ++ ” h\n\
\#de f i n e ” ++ stem ++ ” h 1\n\

805 \\n\
\#inc lude <complex>\n\
\\n\
\#inc lude ” ++ show ( stem ++ ” r e f . h”) ++ ”\n\
\\n” ++

810 un l i n e s [ ”#inc lude ” ++ show ( stem ++ ” ” ++ show order ++ ” . h”) | order <− ⤦
Ç orde r s ] ++

”\n\
\ s t r u c t ” ++ stem ++ ” s e r i e s {\n\
\ i n t order ;\n\
\ void ∗ s e r i e s ;\n\

815 \} ;\n\
\\n\
\ s t r u c t ” ++ stem ++ ” s e r i e s ∗” ++ stem ++ ” s e r i e s n ew ( const i n t order , ⤦

Ç const mpfr t cx , const mpfr t cy ) ;\n\
\void ” ++ stem ++ ” s e r i e s d e l e t e ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) ;\n\
\bool ” ++ stem ++ ” s e r i e s s t e p ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , const ⤦

Ç mpfr exp t exponent , const mpfr exp t th r e sho ld ) ;\n\
820 \ i n t ” ++ stem ++ ” s e r i e s g e t n ( const s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) ;\n\

\ s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗” ++ stem ++ ” s e r i e s r e f e r e n c e n ew ( const ⤦
Ç s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) ;\n\

\\n\
\#inc lude \”” ++ stem ++ ” approx nat ive . c \”\n\
\\n\

825 \#end i f \n\
\\n”)

, ( stem ++ ” approx nat ive . h” ,
” template <typename R>\n\

830 \ s t r u c t ” ++ stem ++ ” approx ;\n\
\ template <typename R>\n\
\ s t r u c t ” ++ stem ++ ” approx<R> ∗” ++ stem ++ ” se r i e s app rox new ( const ⤦

Ç s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , const i n t exponent , const R &dummy) ;\n\
\ template <typename R>\n\
\void ” ++ stem ++ ” approx de l e t e ( s t r u c t ” ++ stem ++ ” approx<R> ∗a ) ;\n\

835 \ template <typename R>\n\
\ i n t ” ++ stem ++ ” approx ge t o rde r ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a )⤦

Ç ;\n\
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\ template <typename R>\n\
\ i n t ” ++ stem ++ ” approx get exponent ( const s t r u c t ” ++ stem ++ ” approx<R> ⤦

Ç ∗a ) ;\n\
\ template <typename R>\n\

840 \ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t c o e f f i c i e n t s ( const s t r u c t ” ⤦
Ç ++ stem ++ ” approx<R> ∗a ) ;\n\

\ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t d c o e f f i c i e n t s ( const s t r u c t ”⤦

Ç ++ stem ++ ” approx<R> ∗a ) ;\n\
\ template <typename R>\n\
\void ” ++ stem ++ ” approx do ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a , const⤦

Ç std : : complex<R> dc , std : : complex<R> ∗dz out , s td : : complex<R> ∗ddz out )⤦
Ç ;\n\

845 \\n”)

, ( stem ++ ” . c ” ,
”#i f n d e f ” ++ stem ++ ” c \n\
\#de f i n e ” ++ stem ++ ” c 1\n\

850 \\n\
\#inc lude <s t d l i b . h>\n\
\\n\
\#inc lude \”” ++ stem ++ ” . h\”\n\
\\n\

855 \ s t r u c t ” ++ stem ++ ” s e r i e s ∗” ++ stem ++ ” s e r i e s n ew ( const i n t order , ⤦
Ç const mpfr t cx , const mpfr t cy ) {\n\

\ s t r u c t ” ++ stem ++ ” s e r i e s ∗ s = ( s t r u c t ” ++ stem ++ ” s e r i e s ∗) c a l l o c⤦
Ç (1 , s i z e o f (∗ s ) ) ;\n\

\ i f ( ! s ) { re turn 0 ; }\n\
\ s−>order = order ;\n\
\ switch ( order ) {\n” ++

860 un l i n e s [ ” case ” ++ show order ++ ” : s−> s e r i e s = ” ++ stem ++ ” ” ++ show⤦
Ç order ++ ” s e r i e s n ew ( cx , cy ) ; break ; ” | order <− orde r s ] ++

” }\n\
\ i f ( ! s−> s e r i e s ) {\n\
\ f r e e ( s ) ;\n\
\ re turn 0 ;\n\

865 \ }\n\
\ re turn s ;\n\
\}\n\
\\n\
\void ” ++ stem ++ ” s e r i e s d e l e t e ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) {\n\

870 \ i f ( ! s ) {\n\
\ re turn ;\n\
\ }\n\
\ switch ( s−>order ) {\n” ++
un l i n e s [ ” case ” ++ show order ++ ” : ” ++ stem ++ ” ” ++ show order ++ ”⤦

Ç s e r i e s d e l e t e ( ( s t r u c t ” ++ stem ++ ” ” ++ show order ++ ” s e r i e s ∗) s−>⤦
Ç s e r i e s ) ; break ; ” | order <− orde r s ] ++

875 ” }\n\
\ f r e e ( s ) ;\n\
\}\n\
\\n\
\bool ” ++ stem ++ ” s e r i e s s t e p ( s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , const ⤦

Ç mpfr exp t exponent , const mpfr exp t th r e sho ld ) {\n\
880 \ i f ( ! s ) {\n\

\ re turn f a l s e ;\n\
\ }\n\
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\ switch ( s−>order ) {\n” ++
un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” s e r i e s s t e p ( ( s t r u c t ” ++ stem ++ ” ” ++ show order ++ ”⤦
Ç s e r i e s ∗) s−>s e r i e s , exponent , th r e sho ld ) ; ” | order <− orde r s ] ++

885 ” }\n\
\ re turn f a l s e ;\n\
\}\n\
\\n\
\ i n t ” ++ stem ++ ” s e r i e s g e t n ( const s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) {\n\

890 \ i f ( ! s ) {\n\
\ re turn 0 ;\n\
\ }\n\
\ switch ( s−>order ) {\n” ++
un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” s e r i e s g e t n ( ( const s t r u c t ” ++ stem ++ ” ” ++ show order ++ ⤦
Ç ” s e r i e s ∗) s−> s e r i e s ) ; ” | order <− orde r s ] ++

895 ” }\n\
\ re turn 0 ;\n\
\}\n\
\\n\
\ s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗” ++ stem ++ ” s e r i e s r e f e r e n c e n ew ( const ⤦

Ç s t r u c t ” ++ stem ++ ” s e r i e s ∗ s ) {\n\
900 \ i f ( ! s ) {\n\

\ re turn 0 ;\n\
\ }\n\
\ switch ( s−>order ) {\n” ++
un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” re f e r enc e new ( ( const s t r u c t ” ++ stem ++ ” ” ++ show order ++⤦
Ç ” s e r i e s ∗) s−> s e r i e s ) ; ” | order <− orde r s ] ++

905 ” }\n\
\ re turn 0 ;\n\
\}\n\
\\n\
\#end i f \n\

910 \\n”)

, ( stem ++ ” approx nat ive . c ” ,
” template <typename R>\n\
\ s t r u c t ” ++ stem ++ ” approx {\n\

915 \ i n t order ;\n\
\ void ∗approx ;\n\
\} ;\n\
\\n\
\ template <typename R>\n\

920 \ s t r u c t ” ++ stem ++ ” approx<R> ∗” ++ stem ++ ” se r i e s app rox new ( const ⤦
Ç s t r u c t ” ++ stem ++ ” s e r i e s ∗ s , const i n t exponent , const R &dummy) {\n⤦
Ç \

\ ( void ) dummy;\n\
\ i f ( ! s ) {\n\
\ re turn 0 ;\n\
\ }\n\

925 \ s t r u c t ” ++ stem ++ ” approx<R> ∗a = ( s t r u c t ” ++ stem ++ ” approx<R> ∗) ⤦
Ç c a l l o c (1 , s i z e o f (∗ a ) ) ;\n\

\ a−>order = s−>order ;\n\
\ switch ( s−>order ) {\n” ++
un l i n e s [ ” case ” ++ show order ++ ” : a−>approx = ” ++ stem ++ ” ” ++ show⤦

Ç order ++ ” approx new ( ( const s t r u c t ” ++ stem ++ ” ” ++ show order ++ ”⤦
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Ç s e r i e s ∗) s−>s e r i e s , exponent , dummy) ; break ; ” | order <− orde r s ] ++
” }\n\

930 \ i f ( ! a−>approx ) {\n\
\ f r e e ( a ) ;\n\
\ re turn 0 ;\n\
\ }\n\
\ re turn a ;\n\

935 \}\n\
\\n\
\ template <typename R>\n\
\void ” ++ stem ++ ” approx de l e t e ( s t r u c t ” ++ stem ++ ” approx<R> ∗a ) {\n\
\ i f ( ! a ) {\n\

940 \ re turn ;\n\
\ }\n\
\ f r e e ( a−>approx ) ; // FIXME check t h i s \n\
\ f r e e ( a ) ;\n\
\}\n\

945 \\n\
\ template <typename R>\n\
\ i n t ” ++ stem ++ ” approx ge t o rde r ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a )⤦

Ç {\n\
\ i f ( ! a ) {\n\
\ re turn 0 ;\n\

950 \ }\n\
\ re turn a−>order ;\n\
\}\n\
\\n\
\ template <typename R>\n\

955 \ i n t ” ++ stem ++ ” approx get exponent ( const s t r u c t ” ++ stem ++ ” approx<R> ⤦
Ç ∗a ) {\n\

\ i f ( ! a ) {\n\
\ re turn 0 ;\n\
\ }\n\
\ switch (a−>order ) {\n” ++

960 un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” approx get exponent ( ( const s t r u c t ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” approx<R> ∗) a−>approx ) ; ” | order <− orde r s ] ++
” }\n\
\ re turn 0 ;\n\
\}\n\
\\n\

965 \ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t c o e f f i c i e n t s ( const s t r u c t ” ⤦

Ç ++ stem ++ ” approx<R> ∗a ) {\n\
\ i f ( ! a ) {\n\
\ re turn 0 ;\n\
\ }\n\

970 \ switch (a−>order ) {” ++
un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” a p p r o x g e t c o e f f i c i e n t s ( ( const s t r u c t ” ++ stem ++ ” ” ++ ⤦
Ç show order ++ ” approx<R> ∗) a−>approx ) ; ” | order <− orde r s ] ++

” }\n\
\ re turn 0 ;\n\
\}\n\

975 \\n\
\ template <typename R>\n\
\ const std : : complex<R> ∗” ++ stem ++ ” app r o x g e t d c o e f f i c i e n t s ( const s t r u c t ”⤦
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Ç ++ stem ++ ” approx<R> ∗a ) {\n\
\ i f ( ! a ) {\n\
\ re turn 0 ;\n\

980 \ }\n\
\ switch (a−>order ) {” ++
un l i n e s [ ” case ” ++ show order ++ ” : re turn ” ++ stem ++ ” ” ++ show ⤦

Ç order ++ ” app r o x g e t d c o e f f i c i e n t s ( ( const s t r u c t ” ++ stem ++ ” ” ++ ⤦
Ç show order ++ ” approx<R> ∗) a−>approx ) ; ” | order <− orde r s ] ++

” }\n\
\ re turn 0 ;\n\

985 \}\n\
\\n\
\ template <typename R>\n\
\void ” ++ stem ++ ” approx do ( const s t r u c t ” ++ stem ++ ” approx<R> ∗a , const⤦

Ç std : : complex<R> dc , std : : complex<R> ∗dz out , s td : : complex<R> ∗ddz out ) ⤦
Ç {\n\

\ i f ( ! a ) {\n\
990 \ ∗dz out = 0 ;\n\

\ ∗ddz out = 0 ;\n\
\ re turn ;\n\
\ }\n\
\ switch (a−>order ) {\n” ++

995 un l i n e s [ ” case ” ++ show order ++ ” : ” ++ stem ++ ” ” ++ show order ++ ”⤦
Ç approx do ( ( const s t r u c t ” ++ stem ++ ” ” ++ show order ++ ” approx<R> ⤦
Ç ∗) a−>approx , dc , dz out , ddz out ) ; r e turn ; ” | order <− orde r s ] ++

” }\n\
\ ∗dz out = 0 ;\n\
\ ∗ddz out = 0 ;\n\
\ re turn ;\n\

1000 \}\n\
\\n”)
]

codegenRef : : S t r ing −> [ ( Int , Phase ) ] −> [ ( Fi lePath , S t r ing ) ]
1005 codegenRef stem ps =

[ ( stem ++ ” r e f . c ” ,
”#inc lude <complex>\n\
\#inc lude <algor ithm>\n\
\#inc lude < l im i t s . h>\n\

1010 \#inc lude <math . h>\n\
\#inc lude <s tdboo l . h>\n\
\#inc lude <s t d i n t . h>\n\
\#inc lude <s t d l i b . h>\n\
\#inc lude <mpfr . h>\n\

1015 \\n\
\#inc lude ” ++ show ( stem ++ ” r e f . h”) ++ ”\n\
\\n\
\ s t a t i c const s t r u c t {\n” ++ un l i n e s (map s t r u c t ps ) ++ ”} ” ++ stem ++ ”⤦

Ç r e f e r e n c e s p e c =\n\
\{\n” ++ i n t e r c a l a t e ”\n ,\n” (map va lue s ps ) ++ ”} ;\n\

1020 \\n\
\ s t r u c t ” ++ stem ++ ” r e f e r e n c e {\n\
\ mpfr t v [ ” ++ show count ++ ” ] ; \ n\
\ i n t n ;\n\
\} ;\n\

1025 \\n\
\ s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗” ++ stem ++ ” re f e r enc e new ( const mpfr t cx⤦
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Ç , const mpfr t cy , const mpfr t zx , const mpfr t zy , i n t n) {\n\
\ s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r = ( s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗) ⤦

Ç malloc ( s i z e o f (∗ r ) ) ;\n\
\ i f ( ! r ) { re turn 0 ; }\n\
\ mpfr prec t p = std : : max( std : : max( mpf r ge t prec ( cx ) , mpf r ge t prec ( cy ) ) , ⤦

Ç std : : max( mpf r ge t prec ( zx ) , mpf r ge t prec ( zy ) ) ) ;\n\
1030 \ f o r ( i n t i = 0 ; i < ” ++ show count ++ ” ; ++i ) {\n\

\ mpf r i n i t 2 ( r−>v [ i ] , p ) ;\n\
\ mp f r s e t s i ( r−>v [ i ] , 0 , MPFRRNDN) ;\n\
\ } ;\n\
\ mpfr se t ( r−>v [ 0 ] , cx , MPFRRNDN) ;\n\

1035 \ mpfr se t ( r−>v [ 1 ] , cy , MPFRRNDN) ;\n\
\ mpfr se t ( r−>v [ 2 ] , zx , MPFRRNDN) ;\n\
\ mpfr se t ( r−>v [ 3 ] , zy , MPFRRNDN) ;\n\
\ r−>n = n ;\n\
\ re turn r ;\n\

1040 \}\n\
\\n\
\void ” ++ stem ++ ” r e f e r e n c e d e l e t e ( s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r ) {\n\
\ f o r ( i n t i = 0 ; i < ” ++ show count ++ ” ; ++i ) {\n\
\ mpf r c l ea r ( r−>v [ i ] ) ;\n\

1045 \ }\n\
\ f r e e ( r ) ;\n\
\}\n\
\\n\
\void ” ++ stem ++ ” r e f e r e n c e s t e p ( s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r ) {\n\n”⤦

Ç ++
1050 un l i n e s (map genphase ps ) ++

” r−>n += 1;\n\
\}\n\
\\n\
\ i n t ” ++ stem ++ ” r e f e r e n c e g e t n ( const s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r ) ⤦

Ç {\n\
1055 \ re turn r−>n ;\n\

\}\n\
\\n\
\ std : : complex<f l o a t> ” ++ stem ++ ” r e f e r e n c e g e t z f ( const s t r u c t ” ++ stem ++⤦

Ç ” r e f e r e n c e ∗ r ) {\n\
\ re turn std : : complex<f l o a t >(mp f r g e t f l t ( r−>v [ 2 ] , MPFRRNDN) , mp f r g e t f l t ( r⤦

Ç −>v [ 3 ] , MPFRRNDN) ) ;\n\
1060 \}\n\

\\n\
\ std : : complex<double> ” ++ stem ++ ” r e f e r e n c e g e t z ( const s t r u c t ” ++ stem ++⤦

Ç ” r e f e r e n c e ∗ r ) {\n\
\ re turn std : : complex<double>(mpfr get d ( r−>v [ 2 ] , MPFRRNDN) , mpfr get d ( r−>v⤦

Ç [ 3 ] , MPFRRNDN) ) ;\n\
\}\n\

1065 \\n\
\ std : : complex<long double> ” ++ stem ++ ” r e f e r e n c e g e t z l ( const s t r u c t ” ++ ⤦

Ç stem ++ ” r e f e r e n c e ∗ r ) {\n\
\ re turn std : : complex<long double>(mp f r ge t ld ( r−>v [ 2 ] , MPFRRNDN) , ⤦

Ç mpf r ge t ld ( r−>v [ 3 ] , MPFRRNDN) ) ;\n\
\}\n\
\\n\

1070 \void ” ++ stem ++ ” r e f e r e n c e g e t z r ( const s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗⤦
Ç r e f , mpfr t zx , mpfr t zy ) {\n\

\ mpf r s e t p r e c ( zx , mpf r ge t prec ( r e f −>v [ 2 ] ) ) ;\n\
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\ mpf r s e t p r e c ( zy , mpf r ge t prec ( r e f −>v [ 3 ] ) ) ;\n\
\ mpfr se t ( zx , r e f −>v [ 2 ] , MPFRRNDN) ;\n\
\ mpfr se t ( zy , r e f −>v [ 3 ] , MPFRRNDN) ;\n\

1075 \}\n\
\\n”)

, ( stem ++ ” r e f . h” ,
”#i f n d e f ” ++ stem ++ ” r e f h \n\

1080 \#de f i n e ” ++ stem ++ ” r e f h 1\n\
\\n\
\#inc lude <complex>\n\
\#inc lude <mpfr . h>\n\
\\n\

1085 \ s t r u c t ” ++ stem ++ ” r e f e r e n c e ;\n\
\ s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗” ++ stem ++ ” re f e r enc e new ( const mpfr t cx⤦

Ç , const mpfr t cy , const mpfr t zx , const mpfr t zy , i n t n) ;\n\
\void ” ++ stem ++ ” r e f e r e n c e d e l e t e ( s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r ) ;\n\
\void ” ++ stem ++ ” r e f e r e n c e s t e p ( s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r ) ;\n\
\ i n t ” ++ stem ++ ” r e f e r e n c e g e t n ( const s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗ r )⤦

Ç ;\n\
1090 \ std : : complex<f l o a t> ” ++ stem ++ ” r e f e r e n c e g e t z f ( const s t r u c t ” ++ stem ++⤦

Ç ” r e f e r e n c e ∗ r ) ;\n\
\ std : : complex<double> ” ++ stem ++ ” r e f e r e n c e g e t z ( const s t r u c t ” ++ stem ++⤦

Ç ” r e f e r e n c e ∗ r ) ;\n\
\ std : : complex<long double> ” ++ stem ++ ” r e f e r e n c e g e t z l ( const s t r u c t ” ++ ⤦

Ç stem ++ ” r e f e r e n c e ∗ r ) ;\n\
\void ” ++ stem ++ ” r e f e r e n c e g e t z r ( const s t r u c t ” ++ stem ++ ” r e f e r e n c e ∗⤦

Ç r e f , mpfr t zx , mpfr t zy ) ;\n\
\\n\

1095 \#end i f \n”) ]

where
i n t

| count <= 2ˆ( 8 : : Int ) = ” u i n t 8 t ”
1100 | count <= 2ˆ(16 : : Int ) = ” u in t 16 t ”

| count <= 2ˆ(32 : : Int ) = ” u in t 32 t ”
| otherw i s e = ” u in t 64 t ”

s t r u c t ( i , Phase ras@ ( ( , args ) : ) ) = ” ” ++ in t ++ ” p” ++ show i ++ ”[”⤦
Ç ++ show ( length ras ) ++ ” ] [ ” ++ show ( length args + 1) ++ ” ] ; ”

va lue s ( , Phase ra s ) = ”{\n” ++ i n t e r c a l a t e ” ,\n” (map value ras ) ++ ”\n⤦
Ç }”

1105 value ( Right res , a rgs ) = ”{ ” ++ show r e s ++ ” , ” ++ i n t e r c a l a t e ” , ” (⤦
Ç map show ( r i g h t s args ) ++ map show ( l e f t s args ) ) ++ ” }”

count = 1 + maximum [ i | ( , Phase ra s ) <− ps , ( res , a rgs ) <−ras , Right i⤦
Ç <− r e s : a rgs ]

genphase (p , Phase op ras ) =
” #pragma omp p a r a l l e l f o r \n\

1110 \ f o r ( i n t i = 0 ; i < ” ++ show ( length ras ) ++ ” ; ++i ) {\n” ++
( case op o f

OpAdd −> o3 ”mpfr add”
OpAddI −> o3 i ”mpf r add s i ”
OpMulI −> o3 i ”mpfr mul s i ”

1115 OpNeg −> o2 ”mpfr neg”
OpMul2 −> o3 i ”mpfr mul 2s i ”
OpMul −> o3 ”mpfr mul”
OpSqr −> o2 ”mpfr sqr ”
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OpSet −> o2 ”mpfr se t ”
1120 −> e r r o r $ ” r e f . genphase : ” ++ show op ) ++

” }\n”
where

o3 s = ” ” ++ s ++ ”\n\
\ ( r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 0 ] ] \ n\
1125 \ , r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 1 ] ] \ n\
\ , r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 2 ] ] \ n\
\ , MPFRRNDN\n\
\ ) ;\n”

o3 i s = ” ” ++ s ++ ”\n\
1130 \ ( r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 0 ] ] \ n\
\ , r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 1 ] ] \ n\
\ , ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 2 ] \ n\
\ , MPFRRNDN\n\
\ ) ;\n”

1135 o2 s = ” ” ++ s ++ ”\n\
\ ( r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 0 ] ] \ n\
\ , r−>v [ ” ++ stem ++ ” r e f e r e n c e s p e c . p” ++ show p ++ ” [ i⤦

Ç ] [ 1 ] ] \ n\
\ , MPFRRNDN\n\
\ ) ;\n”

1140

main ’ ’ : : S t r ing −> I n t eg e r −> E −> [ ( Fi lePath , S t r ing ) ]
main ’ ’ stem n f = codegen n stem . z ip [ 0 . . ] . sp l i tAdds . compact . i np l a c e . ⤦

Ç r e v e r s e $ f i n a l i z e : phases
where

f i n a l i z e = Phase OpSet $ z ip (map ( Right . ( v a r i a b l e s M. ! ) ) vs ) (map ( ( : [ ] ) ⤦
Ç . Right . ( v a r i a b l e s M. ! ) ) es )

1145 i n i t i a l = f s t $ execRWS i n i t i a l i z e ( ) M. empty
i n i t i a l i z e = t e l l ( ) >> mapM temporary ( [ var CRe, var CIm] ++ vs ++ es )
( va r i ab l e s , phases ) = execRWS ( p a r a l l e l e s ) ( ) i n i t i a l
( vs , e s ) = unzip [ ( var v , expr e ) | (v , e ) <− ves ]
var = compile . ovar

1150 expr = compi le . psum . osum
ves =

[ (ZRe , f r e )
, (ZIm , fim )
, ( DiffZRe , gre )

1155 , ( DiffZIm , gim )
] ++ concat
[ [ (ARe i , are )

, (AIm i , aim )
, ( DiffARe j , bre )

1160 , ( DiffAIm j , bim)
]

| ( ( i , Pair ( are , aim ) ) , ( j , Pair ( bre , bim) ) ) <− i e s ‘ z ip ‘ j e s
]

Pair ( f r e , f im ) = cnormal i ze $ f
1165 Pair ( gre , gim ) = cnormal i ze . normal ize . d i f f $ f
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i e s
= take ( f romInteger n)
. map ( fmap cnormal i ze )
. c o l l a t e

1170 . normal ize
. sub ( s e r i e s n)
. normal ize
. perturbed
$ f

1175 j e s
= take ( f romInteger n)
. map ( fmap cnormal i ze )
. c o l l a t e
. normal ize

1180 . d i f f
. normal ize
. sub ( s e r i e s n)
. normal ize
. perturbed

1185 $ f

main : : IO ( )
main = mapM (\ ( f , s ) −> wr i t eF i l e f s >> pr in t f >> hFlush stdout ) . main ’ ” z2c⤦

Ç ” [ 4 , 6 , 8 , 1 2 , 16 , 24 , 32 , 48 , 64 ] $ Z ˆ ( 2 : : Int ) + C

14 c/lib/Makefile

# mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
# Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen
# License GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 p r e f i x ?= $ (HOME)/opt
CC ?= g++

PROJECT := mandelbrot−per turbator
PKGCONFIG := PKG CONFIG PATH=”$ ( p r e f i x ) / l i b / pkgconf ig ” pkg− c on f i g

10 COMPILE := $ (CC) −xc++ −std=c++11 −Wall −Wextra −pedant ic −fPIC −Ofast −march=⤦
Ç nat ive −fopenmp −pipe −g −MMD − I . . / i n c lude −c

LINK := $ (CC) −Ofast −fopenmp −shared −g
AR := ar
LIBRARY := l i b $ (PROJECT)
SOURCES := per turbator . c

15 OBJECTS := $ ( patsubst %.c ,%.o , $ (SOURCES) )
DEPENDS := $ ( patsubst %.o ,%.d , $ (OBJECTS) )

a l l : $ (LIBRARY) . a $ (LIBRARY) . so pkgconf ig /$ (PROJECT) . pc

20 c l ean :
@echo ”CLEAN” ; rm − f $ (OBJECTS) $ (DEPENDS) $ (LIBRARY) . a $ (LIBRARY) . so ⤦

Ç pkgconf ig /$ (PROJECT) . pc

i n s t a l l : $ (LIBRARY) . a $ (LIBRARY) . so . . / i n c lude /$ (PROJECT) . h pkgconf ig /$ (PROJECT)⤦
Ç . pc

i n s t a l l −d ”$ ( p r e f i x ) / in c lude ” ”$ ( p r e f i x ) / l i b ” ”$ ( p r e f i x ) / l i b / pkgconf ig ”
25 i n s t a l l −m 644 −t ”$ ( p r e f i x ) / in c lude ” . . / i n c lude /$ (PROJECT) . h

i n s t a l l −m 644 −t ”$ ( p r e f i x ) / l i b ” $ (LIBRARY) . a $ (LIBRARY) . so
i n s t a l l −m 644 −t ”$ ( p r e f i x ) / l i b / pkgconf ig ” pkgconf ig /$ (PROJECT) . pc
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$ (LIBRARY) . a : $ (OBJECTS)
30 @echo ”A $@” ; $ (AR) − r s $@ $ˆ | | ( echo ”ERROR $ (AR) − r s $@ $ˆ”⤦

Ç && f a l s e )

$ (LIBRARY) . so : $ (OBJECTS)
@echo ”SO $@” ; $ (LINK) −o $@ $ˆ −lmpc − lmpfr −lgmp −lm | | ( echo ”⤦

Ç ERROR $ (LINK) −o $@ $ˆ −lmpc − lmpfr −lgmp −lm” && f a l s e )

35 %.o : %.c
@echo ”O $@” ; $ (COMPILE) −o $@ $< | | ( echo ”ERROR $ (COMPILE) −⤦

Ç o $@ $<” && f a l s e )

pkgconf ig /$ (PROJECT) . pc : pkgconf ig /$ (PROJECT) . pc . in
@echo ”PC $@” ; ( echo ” p r e f i x=$ ( p r e f i x ) ” ; cat pkgconf ig /$ (PROJECT⤦

Ç ) . pc . in ) > pkgconf ig /$ (PROJECT) . pc | | ( echo ’ERROR ( echo ”⤦
Ç p r e f i x=$ ( p r e f i x ) ” ; cat pkgconf ig /$ (PROJECT) . pc . in ) > pkgconf ig /$⤦
Ç (PROJECT) . pc ’ && f a l s e )

40

. SUFFIXES :

.PHONY: a l l c l ean i n s t a l l

− i n c lude $ (DEPENDS)

15 c/lib/perturbator.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015−2019 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #inc lude <ca s s e r t>
#inc lude <cmath>
#inc lude <cstdboo l>
#inc lude <c s td in t>
#inc lude <c s td io>

10 #inc lude <c s t d l i b>
#inc lude <c s t r i ng>

#inc lude <atomic>

15 #inc lude <pthread . h>

#inc lude <mpc . h>

#inc lude ”mandelbrot−per turbator . h”
20

#inc lude ”complex . hpp”
#inc lude ” edouble . cc ”

s t a t i c const double twopi = 6.283185307179586 ;
25

f l o a t mpfr get ( const mpfr t &op , mpfr rnd t rnd , f l o a t dummy) {
( void ) dummy;
re turn mp f r g e t f l t ( op , rnd ) ;

}
30

double mpfr get ( const mpfr t &op , mpfr rnd t rnd , double dummy) {
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( void ) dummy;
re turn mpfr get d ( op , rnd ) ;

}
35

long double mpfr get ( const mpfr t &op , mpfr rnd t rnd , long double dummy) {
( void ) dummy;
re turn mpf r ge t ld ( op , rnd ) ;

}
40

edouble mpfr get ( const mpfr t &op , mpfr rnd t rnd , edouble dummy) {
( void ) dummy;
( void ) rnd ;
re turn edouble ( op ) ;

45 }

s t a t i c i n l i n e bool i s f i n i t e ( double x )
{

re turn ! ( std : : i snan (x ) | | std : : i s i n f ( x ) ) ;
50 }

s t a t i c i n l i n e bool i s f i n i t e ( long double x )
{

re turn ! ( std : : i snan (x ) | | std : : i s i n f ( x ) ) ;
55 }

template< typename R >
s t a t i c i n l i n e bool i s f i n i t e ( const complex< R > &z )
{

60 re turn i s f i n i t e ( r e a l ( z ) ) && i s f i n i t e ( imag ( z ) ) ;
}

enum f l o a t t y p e
{ f t f l o a t

65 , f t d oub l e
, f t l o n g doub l e
, f t e doub l e
} ;

70 enum render method
{ rm pla in
, rm perturb
} ;

75 #inc lude ” z2c . c”

extern ”C” {

enum m shape { m cardioid , m c i r c l e } ;
80 typede f enum m shape m shape ;

enum m newton { m fa i l ed , m stepped , m converged } ;
typede f enum m newton m newton ;

85 extern i n t m r box per iod do ( const mpc t center , const mpfr t radius , i n t ⤦
Ç maxperiod ) ;

extern m newton m r nuc leus (mpc t c out , const mpc t c guess , i n t per iod , i n t ⤦
Ç maxsteps ) ;
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extern m shape m r shape ( const mpc t nucleus , i n t per iod ) ;
extern i n t m r domain s ize ( mpfr t s i z e , const mpc t nucleus , i n t per iod ) ;

90 }

// don ’ t use f l o a t , d e r i v a t i v e ove r f l ows too e a s i l y . . .
#de f i n e EXP THRESHOLD PLAIN FLOAT (−21)
#de f i n e EXP THRESHOLD PLAIN DOUBLE (−50)

95 #de f i n e EXP THRESHOLD PLAIN LONG DOUBLE ( s i z e o f ( long double ) == s i z e o f ( double ) ?⤦
Ç EXP THRESHOLD PLAIN DOUBLE : −60)

#de f i n e EXP THRESHOLD PERTURB FLOAT −120
#de f i n e EXP THRESHOLD PERTURBDOUBLE ( −1016)
#de f i n e EXP THRESHOLD PERTURB LONGDOUBLE ( s i z e o f ( long double ) == s i z e o f ( double )⤦

Ç ? EXP THRESHOLD PERTURBDOUBLE : −16376)
#de f i n e EXP THRESHOLD PERTURB EDOUBLE (−(1LL<<62LL) )

100

s t r u c t s e r i e s n od e {
s t r u c t s e r i e s n od e ∗next ;
i n t 6 4 t exponent ;
i n t i t e r s ;

105 mpc t z ;
s t r u c t z2c approx ∗approx ;

} ;

110 template <typename R>
s t r u c t r e f e r e n c e ;

s t r u c t per turbator {
i n t workers ;

115 i n t width ;
i n t he ight ;
i n t d e t e c t g l i t c h e s ;
i n t c o r r e c t g l i t c h e s ;
i n t approx sk ip ;

120 i n t maxiters ;
double e s c ape r ad iu s ;
double g l i t c h t h r e s h o l d ;
i n t p r e c i s i o n ;
i n t maxchunk ;

125 mpc t cente r ;
mpfr t rad iu s ;
double e s c ap e r ad i u s 2 ;
double l o g e s c a p e r a d i u s 2 ;
i n t newton s t eps roo t ;

130 i n t newton s t ep s ch i l d ;
i n t order ;
i n t 6 4 t th r e sho ld ;
i n t l ogg ing ;

135 // cache
mpc t l a s t r e f e r e n c e ;
i n t l a s t p e r i o d ;
s t r u c t z 2 c s e r i e s ∗ s e r i e s ;
s t r u c t s e r i e s n od e ∗nodes ;

140

// s t r u c t p ixe l<R>
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void ∗ p i x e l d a t a ;
s i z e t p i x e l d a t a s i z e ; // bytes

145 u in t 32 t ∗ index data ;
s i z e t p i x e l c oun t ; // width ∗ he ight

pthread mutex t mutex ;
pthread cond t cond , cond done ;

150 pthread t ∗ threads ;

i n t v o l a t i l e a c t i v e worke r s ;
bool v o l a t i l e running ;

155 i n t v o l a t i l e queue id ;
i n t v o l a t i l e s t a r t i d ;

std : : atomic<int> s c an l i n e ;

160 std : : atomic<int> done p i x e l s ;

enum f l o a t t y p e f t ;
enum render method rm ;
void ∗ v o l a t i l e r e f s ;

165

// [ j ∗ width + i ]
i n t 3 2 t ∗ output dwe l l n ;
f l o a t ∗ ou tpu t dwe l l f ;
f l o a t ∗ output dwe l l a ;

170 f l o a t ∗ output d i s tance ;
i n t 3 2 t ∗output domain n ;
f l o a t ∗output domain x ;
f l o a t ∗output domain y ;

} ;
175

extern const i n t 3 2 t ∗ pe r t u rba t o r g e t dwe l l n ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output dwe l l n ; }

extern const f l o a t ∗ p e r t u r b a t o r g e t dwe l l f ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>ou tpu t dwe l l f ; }

extern const f l o a t ∗ pe r t u rba t o r g e t dwe l l a ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output dwe l l a ; }

extern const f l o a t ∗ pe r t u rba t o r g e t d i s t an c e ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output d i s tance ; }

180 extern const i n t 3 2 t ∗ per turbator get domain n ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output domain n ; }

extern const f l o a t ∗ per turbator ge t domain x ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output domain x ; }

extern const f l o a t ∗ per turbator ge t domain y ( s t r u c t per turbator ∗ img ) { re turn⤦
Ç img−>output domain y ; }

s t a t i c bool image running ( s t r u c t per turbator ∗ img ) {
185 re turn img−>running ;

}

extern i n t p e r t u rba t o r a c t i v e ( s t r u c t per turbator ∗ img ) {
pthread mutex lock(&img−>mutex ) ;

190 bool a c t i v e = img−>ac t i v e worke r s ;
pthread mutex unlock(&img−>mutex ) ;
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re turn a c t i v e ;
}

195 #de f i n e LOG VIEW 1
#de f i n e LOGQUEUE 2
#de f i n e LOGCACHE 4

#de f i n e image log ( img , aspect , . . . ) do{ \
200 i f ( ( img )−> l o gg ing & ( aspect ) ) { mp f r f p r i n t f ( s tde r r , VA ARGS ) ; } \

}whi le (0 )

s t r u c t s e r i e s n od e ∗ image cached approx ( s t r u c t per turbator ∗ img , bool reused , ⤦
Ç const mpc t c , i n t 6 4 t exponent , mpc t z , i n t ∗ i t e r ) ;

205

i n t mpfr add ( mpfr t &rop , const mpfr t &op1 , f l o a t op2 , mpfr rnd t rnd ) {
re turn mpfr add d ( rop , op1 , op2 , rnd ) ;

}
210

i n t mpfr add ( mpfr t &rop , const mpfr t &op1 , double op2 , mpfr rnd t rnd ) {
re turn mpfr add d ( rop , op1 , op2 , rnd ) ;

}

215 i n t mpfr add ( mpfr t &rop , const mpfr t &op1 , long double op2 , mpfr rnd t rnd ) {
mpfr t tmp ;
mp f r i n i t 2 (tmp , 64) ;
to mpfr ( op2 , tmp) ;
i n t r = mpfr add ( rop , op1 , tmp , rnd ) ;

220 mpf r c l ea r (tmp) ;
re turn r ;

}

i n t mpfr add ( mpfr t &rop , const mpfr t &op1 , edouble op2 , mpfr rnd t rnd ) {
225 mpfr t tmp ;

mp f r i n i t 2 (tmp , 53) ;
to mpfr ( op2 , tmp) ;
i n t r = mpfr add ( rop , op1 , tmp , rnd ) ;
mp f r c l e a r (tmp) ;

230 re turn r ;
}

template <typename R>
void to mpc ( const complex<R> &from , mpc t &to ) {

235 to mpfr ( r e a l ( from ) , mpc r ea l r e f ( to ) ) ;
to mpfr ( imag ( from ) , mpc imagref ( to ) ) ;

}

template <typename T>
240 i n t mpc add (mpc t &rop , const mpc t &op1 , const complex<T> &op2 , mpc rnd t rnd ) ⤦

Ç {
( void ) rnd ;

mpfr add ( mpc r ea l r e f ( rop ) , mpc r ea l r e f ( op1 ) , r e a l ( op2 ) , MPFRRNDN) ;
re turn mpfr add ( mpc imagref ( rop ) , mpc imagref ( op1 ) , imag ( op2 ) , MPFRRNDN) ;

}
245

template <typename T>
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i n t mpc div (mpc t &rop , const mpc t &op1 , const complex<T> &op2 , mpc rnd t rnd ) ⤦
Ç {

mpc t tmp ;
mpc in i t2 (tmp , 64) ;

250 to mpc ( op2 , tmp) ;
i n t r = mpc div ( rop , op1 , tmp , rnd ) ;
mpc c lear (tmp) ;
re turn r ;

}
255

template <typename T>
complex<T> mpc get ( const mpc t &op , mpc rnd t rnd , T dummy) {

( void ) rnd ;
re turn complex<T>(mpfr get ( mpc r ea l r e f ( op ) , MPFRRNDN, dummy) , mpfr get (⤦

Ç mpc imagref ( op ) , MPFRRNDN, dummy) ) ;
260 }

template <typename R>
s t r u c t p i x e l {

complex<R> c ;
265 complex<R> z ;

complex<R> dz ;
complex<R> mz;
u in t 32 t i t e r s ;

} ;
270

template <typename R>
s t a t i c i n t cmp p i x e l b y i t e r s a s c r ( const void ∗a , const void ∗b , void ∗p) {

const s t r u c t p ixe l<R> ∗q = ( const s t r u c t p ixe l<R> ∗) p ;
const u i n t 32 t ∗x = ( const u i n t 32 t ∗) a ;

275 const u i n t 32 t ∗y = ( const u i n t 32 t ∗) b ;
i f ( q [∗ x ] . i t e r s < q [∗ y ] . i t e r s ) { re turn −1; }
i f ( q [∗ x ] . i t e r s > q [∗ y ] . i t e r s ) { re turn 1 ; }

/∗
R x2 = norm(x−>z ) ;

280 R y2 = norm(y−>z ) ;
i f ( x2 < y2 ) { re turn −1; }
i f ( x2 > y2 ) { re turn 1 ; }

∗/
return 0 ;

285 }

template <typename R>
s t r u c t r e f e r e n c e {

s t r u c t r e f e r en c e<R> ∗next ;
290

i n t has parent ;
mpc t parent c ;
mpc t parent z ;

295 i n t queue id ;
i n t s t a r t i d ;

i n t per iod ;
i n t i t e r s ;

300 mpc t c ;
mpc t z ;
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complex<R> z d o l d ;
complex<R> z d ;
R z d2eM6 ;

305

/∗
[ . . . ] [ s r c . . . . . . . . . . . . . . . . . . . . ] [ . . . ]

| | |
| V |

310 [ . . . ] [ a c t ive − > ] [ . . . ] [ < − g l i t c h ] [ . . . ]
∗/

s t r u c t p ixe l<R> ∗ p i x e l d a t a ; // owned by context , ordered by p i x e l index
u in t 32 t ∗ index data [ 2 ] ; // owned by context , t h i s r e f owns the s r c r eg i on ⤦

Ç below
in t i nd ex s r c ; // 0 or 1

315 i n t i n d e x s r c o f f s e t ; // index in to index data [ i nd ex s r c ] ;
i n t i ndex s r c m in i x ;
i n t i ndex s r c coun t ;

} ;

320 template <typename R>
s t a t i c void r e f e r e n c e r e l e a s e ( s t r u c t r e f e r enc e<R> ∗ r e f ) {

i f ( r e f ) {
r e f −>p i x e l d a t a = 0 ;
r e f −>index data [ 0 ] = 0 ;

325 r e f −>index data [ 1 ] = 0 ;
i f ( r e f −>has parent ) {

mpc clear ( r e f −>parent c ) ;
mpc c lear ( r e f −>parent z ) ;
r e f −>has parent = 0 ;

330 }
mpc clear ( r e f −>c ) ;
mpc c lear ( r e f −>z ) ;
f r e e ( r e f ) ;

}
335 }

template <typename R>
i n t image dequeue p la in ( s t r u c t per turbator ∗ img )

340 {
pthread mutex lock(&img−>mutex ) ;
img−>ac t i v e worke r s −= 1 ;
i n t j = img−>s c an l i n e++;
i f ( img−>running && j < img−>he ight ) {

345 img−>ac t i v e worke r s += 1 ;
}
e l s e
{

j = −1;
350 i f ( ! img−>ac t i v e worke r s )

{
img−>running = f a l s e ;

}
}

355 i f ( ! img−>running )
{

pthread cond broadcast (&img−>cond done ) ;
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}
pthread mutex unlock(&img−>mutex ) ;

360 re turn j ;
}

template <typename R>
s t a t i c s t r u c t r e f e r en c e<R> ∗ image dequeue ( s t r u c t per turbator ∗ img , s t r u c t ⤦

Ç r e f e r en c e<R> ∗ r e f ) {
365 pthread mutex lock(&img−>mutex ) ;

// a s s e r t ( img−> f t == FT) ;
i f ( r e f ) {

image log ( img , LOGQUEUE, ”%8d DONE %8d\n” , r e f −>s t a r t i d , r e f −>queue id ) ;
}

370 // r e l e a s e the o ld r e f e r e n c e
r e f e r e n c e r e l e a s e ( r e f ) ;
// i f no workers are working and the queue i s empty , i t would be empty f o r e v e r
img−>ac t i v e worke r s −= 1 ;
whi l e ( img−>running && ! img−> r e f s ) {

375 i f ( ! img−>ac t i v e worke r s ) {
img−>running = f a l s e ;
pthread cond broadcast (&img−>cond ) ;

} e l s e {
pthread cond wait (&img−>cond , &img−>mutex ) ;

380 }
}

i f ( img−>running && img−> r e f s ) {
// s t i l l work to do

385 r e f = ( s t r u c t r e f e r enc e<R> ∗) img−> r e f s ;
img−> r e f s = re f −>next ;
r e f −> s t a r t i d = ( img−> s t a r t i d += 1) ;
img−>ac t i v e worke r s += 1 ;
image log ( img , LOGQUEUE, ”%8d START %8d%8d%8d%16d\n” , r e f −>s t a r t i d , r e f −>⤦

Ç queue id , r e f −> i t e r s , r e f −>per iod , r e f −> i nd ex s r c coun t ) ;
390 } e l s e {

r e f = 0 ;
}
i f ( ! img−>running )
{

395 pthread cond broadcast (&img−>cond done ) ;
}
pthread mutex unlock(&img−>mutex ) ;
r e turn r e f ;

}
400

template <typename R>
s t a t i c void image enqueue ( s t r u c t per turbator ∗ img , s t r u c t r e f e r enc e<R> ∗ r e f ) {

pthread mutex lock(&img−>mutex ) ;
// a s s e r t ( img−> f t == FT) ;

405 r e f −>queue id = ( img−>queue id += 1) ;
image log ( img , LOGQUEUE, ” QUEUE %8d%8d%8d%16d\n” , r e f −>queue id , ⤦

Ç r e f −> i t e r s , r e f −>per iod , r e f −> i nd ex s r c coun t ) ;
// i n i t i a l i z e
i f ( r e f −>has parent ) {

mpc in i t2 ( r e f −>z , img−>p r e c i s i o n ) ;
410 mpc s e t u i u i ( r e f −>z , 0 , 0 , MPCRNDNN) ;

mpc in i t2 ( r e f −>c , img−>p r e c i s i o n ) ;
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mpc s e t u i u i ( r e f −>c , 0 , 0 , MPCRNDNN) ;
}
// l i n k in to r e f e r e n c e queue ( so r t ed by count descending )

415 s t r u c t r e f e r en c e<R> ∗ be f o r e = 0 ;
s t r u c t r e f e r en c e<R> ∗ a f t e r = ( s t r u c t r e f e r enc e<R> ∗) img−> r e f s ;
whi l e ( a f t e r && a f t e r −> i nd ex s r c coun t > r e f −> i nd ex s r c coun t ) {

be f o r e = a f t e r ;
a f t e r = a f t e r −>next ;

420 }
r e f −>next = a f t e r ;
i f ( b e f o r e ) {

before −>next = r e f ;
} e l s e {

425 img−> r e f s = r e f ;
}
// wake wai t ing workers
pthread cond broadcast (&img−>cond ) ;
pthread mutex unlock(&img−>mutex ) ;

430 }

template <typename R>
s t a t i c void ∗ image worker ( void ∗ arg ) ;

435 template <typename R>
s t a t i c void ∗ image worker p la in ( void ∗ arg ) ;

template <typename R>
void p e r t u r b a t o r s t a r t i n t e r n a l p l a i n ( s t r u c t per turbator ∗ img ) {

440 img−>threads = ( pthread t ∗) c a l l o c (1 , img−>workers ∗ s i z e o f (∗ img−>threads ) ) ;
img−>running = true ;
img−>s c an l i n e = 0 ;
pthread mutex lock(&img−>mutex ) ;
img−>ac t i v e worke r s = img−>workers ;

445 f o r ( i n t i = 0 ; i < img−>workers ; ++i ) {
pthr ead c r ea t e (&img−>threads [ i ] , 0 , image worker p la in<R>, img ) ;

}
pthread mutex unlock(&img−>mutex ) ;

}
450

template <typename R>
void p e r t u r b a t o r s t a r t i n t e r n a l ( s t r u c t per turbator ∗ img ) {

// i n i t i a l i z e index bu f f e r
455 u in t 32 t count = img−>width ∗ img−>he ight ;

i f ( count != img−>p i x e l c oun t )
{

i f ( img−>index data )
{

460 f r e e ( img−>index data ) ;
}
img−>index data = ( u in t 32 t ∗) c a l l o c (1 , 2 ∗ count ∗ s i z e o f ( u i n t 32 t ) ) ;
img−>p i x e l c oun t = count ;

}
465 #pragma omp p a r a l l e l f o r

f o r ( u i n t 32 t i = 0 ; i < count ; ++i )
{

img−>index data [ i ] = i ;
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}
470

// i n i t i a l i z e i t e r a t i o n bu f f e r
s i z e t bytes = count ∗ s i z e o f ( s t r u c t p ixe l<R>) ;
i f ( bytes != img−>p i x e l d a t a s i z e )
{

475 i f ( img−>p i x e l d a t a )
{

f r e e ( img−>p i x e l d a t a ) ;
}
img−>p i x e l d a t a = c a l l o c (1 , bytes ) ;

480 img−>p i x e l d a t a s i z e = bytes ;
}
s t r u c t p ixe l<R> ∗p = ( s t r u c t p ixe l<R> ∗) img−>p i x e l d a t a ;
R vdiameter = R( 2 . 0 ) ∗ mpfr get ( img−>radius , MPFRRNDN, R(0) ) ;
R hdiameter = img−>width ∗ vdiameter / img−>he ight ;

485 #pragma omp p a r a l l e l f o r
f o r ( i n t j = 0 ; j < img−>he ight ; ++j ) {

R y = R(( j + 0 . 5 ) / img−>he ight − 0 . 5 ) ∗ vdiameter ;
f o r ( i n t i = 0 ; i < img−>width ; ++i ) {

R x = R(( i + 0 . 5 ) / img−>width − 0 . 5 ) ∗ hdiameter ;
490 complex<R> c (x , −y ) ;

i n t index = j ∗ img−>width + i ;
p [ index ] . c = c ;
p [ index ] . z = 0 ;
p [ index ] . dz = 0 ;

495 p [ index ] . mz = complex<R>(R( 1 . 0 / 0 . 0 ) , R( 0 . 0 ) ) ;
p [ index ] . i t e r s = 0 ;

}
}

500 // c r e a t e r e f e r e n c e
// a s s e r t ( img−> f t == FT) ;

s t r u c t r e f e r en c e<R> ∗ r e f = ( s t r u c t r e f e r enc e<R> ∗) c a l l o c (1 , s i z e o f (∗ r e f ) ) ;
mpc in i t2 ( r e f −>c , img−>p r e c i s i o n ) ;
mpc in i t2 ( r e f −>z , img−>p r e c i s i o n ) ;

505 mpc set ( r e f −>c , img−>center , MPCRNDNN) ;
mpc s e t u i u i ( r e f −>z , 0 , 0 , MPCRNDNN) ;
r e f −> i t e r s = 0 ;
r e f −>per iod = 0 ;
r e f −>p i x e l d a t a = ( s t r u c t p ixe l<R> ∗) img−>p i x e l d a t a ;

510 r e f −>index data [ 0 ] = img−>index data ;
r e f −>index data [ 1 ] = img−>index data + img−>p i x e l c oun t ;
r e f −> i nd ex s r c = 0 ;
r e f −> i n d e x s r c o f f s e t = 0 ;
r e f −> i ndex s r c m in i x = 0 ;

515 r e f −> i nd ex s r c coun t = img−>p i x e l c oun t ;

img−>threads = ( pthread t ∗) c a l l o c (1 , img−>workers ∗ s i z e o f (∗ img−>threads ) ) ;
img−>running = true ;
image enqueue ( img , r e f ) ;

520 pthread mutex lock(&img−>mutex ) ;
img−>ac t i v e worke r s = img−>workers ;
f o r ( i n t i = 0 ; i < img−>workers ; ++i ) {

pthr ead c r ea t e (&img−>threads [ i ] , 0 , image worker<R>, img ) ;
}

525 pthread mutex unlock(&img−>mutex ) ;

176



mandelbrot-perturbator c/lib/perturbator.c

}

template <typename R>
void r e l e a s e r e f s ( s t r u c t per turbator ∗ img ) {

530 // a s s e r t ( img−> f t == FT) ;
f o r ( s t r u c t r e f e r en c e<R> ∗ r e f = ( s t r u c t r e f e r enc e<R> ∗) img−> r e f s ; r e f ; ) {

s t r u c t r e f e r en c e<R> ∗next = re f −>next ;
r e f e r e n c e r e l e a s e ( r e f ) ;
r e f = next ;

535 }
img−> r e f s = 0 ;

}

template<typename R>
540 void r eba s e t o n ew r e f e r en c e ( i n t o f f s e t , i n t count , const u i n t 32 t ∗ ix , p ixe l<R>⤦

Ç ∗px , complex<R> dc ) {
f o r ( i n t k = 0 ; k < count ; ++k) {

px [ i x [ o f f s e t + k ] ] . c += dc ;
}

}
545

f l o a t ldexp ( f l o a t x , i n t 6 4 t e ) { re turn std : : ldexp (x , e ) ; } // FIXME e range
double ldexp ( double x , i n t 6 4 t e ) { re turn std : : ldexp (x , e ) ; } // FIXME e range
long double ldexp ( long double x , i n t 6 4 t e ) { re turn std : : ldexp (x , e ) ; } // ⤦

Ç FIXME e range

550 template<typename R>
void i n i t i a l i z e f r om s e r i e s a p p r o x ima t i o n ( i n t o f f s e t , i n t count , const u i n t 32 t ⤦

Ç ∗ ix , p ixe l<R> ∗px , complex<R> dc , const z2c approx t<edouble> ∗approx , ⤦
Ç i n t 6 4 t e ) {

i n t o = approx−>order ;
complex<R> ∗a = ( complex<R> ∗) mal loc ( (2 ∗ o + 1) ∗ s i z e o f (∗ a ) ) ;
f o r ( i n t i = 0 ; i < o ; ++i ) {

555 edouble re = ldexp ( r e a l ( approx−>a [ i ] ) , e ∗ ( i + 1) ) ;
edouble im = ldexp ( imag ( approx−>a [ i ] ) , e ∗ ( i + 1) ) ;
a [ i ] = complex<R>(to R ( re , R(0) ) , to R ( im , R(0) ) ) ;

}
f o r ( i n t i = 0 ; i < o ; ++i ) {

560 edouble re = ( i + 1) ∗ ldexp ( r e a l ( approx−>a [ i ] ) , e ∗ i ) ;
edouble im = ( i + 1) ∗ ldexp ( imag ( approx−>a [ i ] ) , e ∗ i ) ;
a [ i+o ] = complex<R>(to R ( re , R(0) ) , to R ( im , R(0) ) ) ;

}
f o r ( i n t k = 0 ; k < count ; ++k) {

565 u in t 32 t k2 = ix [ o f f s e t + k ] ;
px [ k2 ] . c += dc ;
complex<R> z (0 ) , dz (0 ) , c ( ldexp ( r e a l ( px [ k2 ] . c ) , −e ) , ldexp ( imag (px [ k2 ] . c ) , −⤦

Ç e ) ) ;
complex<R> cn (1 ) ;
f o r ( i n t i = 0 ; i < o ; ++i ) {

570 dz += a [ i+o ] ∗ cn ;
cn ∗= c ;
z += a [ i ] ∗ cn ;

}
px [ k2 ] . z = z ;

575 px [ k2 ] . dz = dz ;
}
f r e e ( a ) ;
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}

580 template <typename R>
s t a t i c void ∗ image worker ( void ∗ threadarg ) {

s t r u c t per turbator ∗ img = ( s t r u c t per turbator ∗) threadarg ;
image log ( img , LOGQUEUE, ” ENTER\n”) ;

585 pthread mutex lock(&img−>mutex ) ;

i n t d e t e c t g l i t c h e s = img−>d e t e c t g l i t c h e s ;
i n t c o r r e c t g l i t c h e s = img−>c o r r e c t g l i t c h e s ;
i n t maxiters = img−>maxiters ;

590 R es cap e r ad i u s 2 = img−>e s c ap e r ad i u s 2 ;
R l o g e s c a p e r a d i u s 2 = img−> l o g e s c a p e r a d i u s 2 ;
i n t newton s t eps roo t = img−>newton s t eps roo t ;

// i n t newton s t ep s ch i l d = img−>newton s t ep s ch i l d ;
i n t maxchunk = img−>maxchunk ;

595 R g l i t c h t h r e s h o l d = img−>g l i t c h t h r e s h o l d ;
i n t p r e c i s i o n = img−>p r e c i s i o n ;
mpc t cente r ;
mpc in i t2 ( center , mpc get prec ( img−>cente r ) ) ;
mpc set ( center , img−>center , MPCRNDNN) ;

600 mpfr t rad iu s ;
mp f r i n i t 2 ( radius , 53) ;
mpf r se t ( radius , img−>radius , MPFRRNDN) ;
R p i x e l s p a c i n g = mpfr get ( radius , MPFRRNDN, R(0) ) ∗ R(2 . 0 / img−>he ight ) ;
mpc t l a s t r e f e r e n c e ;

605 mpc in i t2 ( l a s t r e f e r e n c e , mpc get prec ( img−> l a s t r e f e r e n c e ) ) ;
mpc set ( l a s t r e f e r e n c e , img−> l a s t r e f e r e n c e , MPCRNDNN) ;
i n t l a s t p e r i o d = img−> l a s t p e r i o d ;

pthread mutex unlock(&img−>mutex ) ;
610

mpc t ∗ z h i = (mpc t ∗) c a l l o c (1 , (1 + maxchunk ) ∗ s i z e o f (∗ z h i ) ) ;
f o r ( i n t k = 0 ; k <= maxchunk ; ++k) {

mpc in i t2 ( z h i [ k ] , p r e c i s i o n ) ;
}

615 complex<R> ∗ z d = ( complex<R> ∗) c a l l o c (1 , (1 + maxchunk ) ∗ s i z e o f (∗ z d ) ) ;
R ∗ z s i z e = (R ∗) c a l l o c (1 , (1 + maxchunk ) ∗ s i z e o f (∗ z s i z e ) ) ;

s t r u c t r e f e r en c e<R> ∗ r e f = 0 ;
whi l e ( ( r e f = image dequeue ( img , r e f ) ) ) {

620

// f i nd r e f e r e n c e atom
i f ( r e f −>has parent ) {

// us ing . z . dz to do one Newton step in s t ead o f us ing nuc leus . . .
625 // nuc leus = c − z / dz

u in t 32 t k = re f −>index data [ r e f −> i nd ex s r c ] [ r e f −> i ndex s r c m in i x ] ;
mpc add ( r e f −>c , r e f −>parent c , r e f −>p i x e l d a t a [ k ] . c , MPCRNDNN) ;
mpc add ( r e f −>z , r e f −>parent z , r e f −>p i x e l d a t a [ k ] . z , MPCRNDNN) ;
mpc div ( r e f −>z , r e f −>z , r e f −>p i x e l d a t a [ k ] . dz , MPCRNDNN) ;

630 i f ( mpfr number p ( mpc r ea l r e f ( r e f −>z ) ) && mpfr number p ( mpc imagref ( r e f −>z⤦
Ç ) ) ) {

mpc sub ( r e f −>c , r e f −>c , r e f −>z , MPCRNDNN) ;
}
// compute rebase o f f s e t
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mpc sub ( r e f −>z , r e f −>parent c , r e f −>c , MPCRNDNN) ;
635 complex<R> dc = −mpc get ( r e f −>z , MPCRNDNN, R(0) ) ;

mpc s e t u i u i ( r e f −>z , 0 , 0 , MPCRNDNN) ;
// rebase p i x e l s to new r e f e r e n c e
r eba s e t o n ew r e f e r en c e ( r e f −> i n d e x s r c o f f s e t , r e f −> i ndex s r c count , r e f −>⤦

Ç index data [ r e f −> i nd ex s r c ] , r e f −>p ixe l da ta , dc ) ;

640 } e l s e {

i n t 6 4 t exponent = mpfr get exp ( rad iu s ) ;
// f i nd an appropr ia t e i n i t i a l r e f e r e n c e
bool ok = f a l s e ;

645 bool reused = f a l s e ;
i n t per iod = 0 ;
mpc t nuc leus ;
mpc in i t2 ( nucleus , p r e c i s i o n ) ;
mpc s e t u i u i ( nucleus , 0 , 0 , MPCRNDNN) ;

650 i f ( ! ok ) {
// try reuse
mpc t de l t a ;
mpc in i t2 ( de l ta , 53) ;
mpfr t de l ta2 , rad ius2 ;

655 mpf r i n i t 2 ( de l ta2 , 53) ;
mp f r i n i t 2 ( radius2 , 53) ;
mpfr sqr ( radius2 , radius , MPFRRNDN) ;
mpfr mul d ( radius2 , radius2 , 65536 , MPFRRNDN) ;
mpc sub ( de l ta , l a s t r e f e r e n c e , center , MPCRNDNN) ;

660 mpc norm( de l ta2 , de l ta , MPFRRNDN) ;
i f ( mp f r l e s s p ( de l ta2 , rad ius2 ) ) {

mpc set ( nucleus , l a s t r e f e r e n c e , MPCRNDNN) ;
per iod = l a s t p e r i o d ;
i f ( ! mpfr zero p ( de l t a2 ) ) {

665 exponent = std : : max( exponent , i n t 6 4 t ( mpfr get exp ( de l t a2 ) / 2) ) ;
}
ok = true ;
reused = true ;
image log ( img , LOG CACHE, ” REUSE\n”) ;

670 }
mpc clear ( de l t a ) ;
mp f r c l e a r ( de l t a2 ) ;
mp f r c l e a r ( rad ius2 ) ;

}
675 i f ( ! ok ) {

// try box per iod
per iod = m r box per iod do ( center , radius , maxiters ) ;
i f ( per iod ) {

m r nuc leus ( nucleus , center , per iod , newton s t eps roo t ) ;
680 i f ( m card io id == m r shape ( nucleus , per iod ) ) {

ok = true ;
image log ( img , LOG CACHE, ” BOXED %8d\n” , ⤦

Ç per iod ) ;
}

}
685 }

i f ( ! ok ) {
// try modi f i ed p a r t i a l s
image log ( img , LOG CACHE, ” SEARCH\n”) ;
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mpc t z , dc0 ;
690 mpc in i t2 ( z , p r e c i s i o n ) ;

mpc s e t u i u i ( z , 0 , 0 , MPCRNDNN) ;
mpc in i t2 ( dc0 , 53) ;
mpfr t z2 , mz2 , dc2 , rad ius2 ;
mp f r i n i t 2 ( z2 , 53) ;

695 mpf r i n i t 2 (mz2 , 53) ;
mpf r s e t d (mz2 , 65536 , MPFRRNDN) ;
mp f r i n i t 2 ( dc2 , 53) ;
mp f r i n i t 2 ( radius2 , 53) ;
mpfr sqr ( radius2 , radius , MPFRRNDN) ;

700 mpfr mul d ( radius2 , radius2 , 65536 , MPFRRNDN) ;

f o r ( per iod = 1 ; per iod < maxiters ; ++per iod ) {
i f ( ! image running ( img ) ) {

break ;
705 }

mpc sqr ( z , z , MPCRNDNN) ;
mpc add ( z , z , center , MPCRNDNN) ;
mpc norm( z2 , z , MPFRRNDN) ;
i f ( mpfr get d ( z2 , MPFRRNDN) > e s c ap e r ad i u s 2 ) {

710 break ;
}
mpfr mul 2s i ( z2 , z2 , −per iod , MPFRRNDN) ;
i f ( mp f r l e s s p ( z2 , mz2) ) {

mpfr se t (mz2 , z2 , MPFRRNDN) ;
715 m r nuc leus ( r e f −>z , r e f −>c , per iod , newton s t eps roo t ) ;

i f ( m card io id == m r shape ( r e f −>z , per iod ) ) {
mpc sub ( dc0 , r e f −>c , r e f −>z , MPCRNDNN) ;
mpc norm( dc2 , dc0 , MPFRRNDN) ;
i f ( mp f r l e s s p ( dc2 , rad ius2 ) ) {

720 mpc set ( nucleus , r e f −>z , MPCRNDNN) ;
ok = true ;
image log ( img , LOG CACHE, ” FOUND %8d\n⤦

Ç ” , per iod ) ;
break ;

}
725 }

}
}
mpc clear ( z ) ;
mpc c lear ( dc0 ) ;

730 mpf r c l ea r ( z2 ) ;
mp f r c l e a r (mz2) ;
mp f r c l e a r ( dc2 ) ;
mp f r c l e a r ( rad ius2 ) ;

}
735 i f ( ! ok && image running ( img ) ) {

// reuse f a l l b a c k
mpc t de l t a ;
mpc in i t2 ( de l ta , 53) ;
mpfr t de l ta2 , rad ius2 ;

740 mpf r i n i t 2 ( de l ta2 , 53) ;
mp f r i n i t 2 ( radius2 , 53) ;
mpfr sqr ( radius2 , radius , MPFRRNDN) ;
mpc sub ( de l ta , l a s t r e f e r e n c e , center , MPCRNDNN) ;
mpc norm( de l ta2 , de l ta , MPFRRNDN) ;
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745 mpfr add ( de l ta2 , de l ta2 , radius2 , MPFRRNDN) ;
mpc set ( nucleus , l a s t r e f e r e n c e , MPCRNDNN) ;
per iod = l a s t p e r i o d ;
exponent = std : : max( exponent , i n t 6 4 t ( mpfr get exp ( de l t a2 ) / 2) ) ;
ok = true ;

750 reused = true ;
mpc c lear ( de l t a ) ;
mp f r c l e a r ( de l t a2 ) ;
mp f r c l e a r ( rad ius2 ) ;
image log ( img , LOG CACHE, ” REUSE FALLBACK\n”) ;

755 }

i f ( ok ) {
pthread mutex lock(&img−>mutex ) ;
mpc set prec ( img−> l a s t r e f e r e n c e , img−>p r e c i s i o n ) ;

760 mpc set ( img−> l a s t r e f e r e n c e , nucleus , MPCRNDNN) ;
img−> l a s t p e r i o d = per iod ;
pthread mutex unlock(&img−>mutex ) ;

}
mpc set ( r e f −>c , nucleus , MPCRNDNN) ;

765 mpc sub ( nucleus , r e f −>c , center , MPCRNDNN) ;
complex<R> dc = −mpc get ( nucleus , MPCRNDNN, R(0) ) ;
mpc c lear ( nuc leus ) ;
mpc s e t u i u i ( r e f −>z , 0 , 0 , MPCRNDNN) ;
r e f −>z d o l d = 0 ;

770 r e f −>z d = 0 ;
s t r u c t s e r i e s n od e ∗ snode = image cached approx ( img , reused , r e f −>c , ⤦

Ç exponent , r e f −>z , &re f −> i t e r s ) ;
r e f −>z d = mpc get ( r e f −>z , MPCRNDNN, R(0) ) ;

image log ( img , LOG CACHE, ” SERIES %8d\n” , r e f −> i t e r s ) ;
775

// rebase p i x e l s to new r e f e r e n c e with approximation
i n i t i a l i z e f r om s e r i e s a p p r o x ima t i o n ( r e f −> i n d e x s r c o f f s e t , r e f −>⤦

Ç i ndex s r c count , r e f −>index data [ r e f −> i nd ex s r c ] , r e f −>p ixe l da ta , ⤦
Ç dc , snode−>approx−>u . e , : : exponent ( p i x e l s p a c i n g ) ) ;

image log ( img , LOG CACHE, ” APPROX %8d\n” , r e f −> i t e r s ) ;

780 } // i f parent

// prepare f o r output p i x e l s
i n t chunk = re f −> i nd ex s r c coun t > maxchunk ? maxchunk : r e f −>⤦

Ç i nd ex s r c coun t ;
chunk = chunk > 0 ? chunk : 1 ; // FIXME paranoid

785 // i n t s t a r t i d = re f −> s t a r t i d ;

f o r ( i n t i t e r s = re f −> i t e r s ; i t e r s < maxiters ; i t e r s += chunk ) {
i f ( ! image running ( img ) ) {

break ;
790 }

// compute r e f chunk
mpc set ( z h i [ 0 ] , r e f −>z , MPCRNDNN) ;
z d [ 0 ] = re f −>z d ;

795 f o r ( i n t k = 1 ; k <= chunk ; ++k) {
mpc sqr ( r e f −>z , r e f −>z , MPCRNDNN) ;
mpc add ( r e f −>z , r e f −>z , r e f −>c , MPCRNDNN) ;
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mpc set ( z h i [ k ] , r e f −>z , MPCRNDNN) ;
z d [ k ] = mpc get ( r e f −>z , MPCRNDNN, R(0) ) ;

800 }
r e f −>z d = z d [ chunk ] ;
f o r ( i n t k = 0 ; k <= chunk ; ++k) {

z s i z e [ k ] = norm( z d [ k ] ) ∗ g l i t c h t h r e s h o l d ;
}

805 complex<R> r e f c = mpc get ( r e f −>c , MPCRNDNN, R(0) ) ;

// advance p i x e l s
i n t s r c = re f −> i nd ex s r c ;
i n t dst = 1 − s r c ;

810 i n t input count = re f −> i nd ex s r c coun t ;
i n t a c t i v e s t a r t = re f −> i n d e x s r c o f f s e t ;
i n t g l i t c h end = re f −> i n d e x s r c o f f s e t + re f −> i nd ex s r c coun t ;
s td : : atomic<int> ac t i v e coun t (0 ) ;
s td : : atomic<int> g l i t c h c oun t (0 ) ;

815

#pragma omp p a r a l l e l f o r i f ( input count >= 1024)
f o r ( i n t k = 0 ; k < input count ; ++k) {

i f ( image running ( img ) ) {
i n t index = re f −> i n d e x s r c o f f s e t + k ;

820 index = re f −>index data [ s r c ] [ index ] ;

s t r u c t p ixe l<R> ∗ in = &re f −>p i x e l d a t a [ index ] ;
complex<R> mz = in−>mz;
complex<R> dz = in−>dz ;

825 complex<R> z = in−>z ;
complex<R> c = in−>c ;
complex<R> rz = z d [ 0 ] + z ;
R mzx = mz . re ;
R mzy = mz . im ;

830 R mz2 = mzx ∗ mzx + mzy ∗ mzy ;
R dzx = dz . re ;
R dzy = dz . im ;
R zx = z . re ;
R zy = z . im ;

835 R cx = c . re ;
R cy = c . im ;
R cmag = /∗ r e f c . r e ∗ r e f c . r e + r e f c . im ∗ r e f c . im + ∗/ cx ∗ cx + cy ⤦

Ç ∗ cy ;
R rzx = rz . re ;
R rzy = rz . im ;

840 R zdx = z d [ 0 ] . r e ;
R zdy = z d [ 0 ] . im ;
R four = R( 4 . 0 ) ;
R two = R( 2 . 0 ) ;
R one = R( 1 . 0 ) ;

845

bool a c t i v e = true ;
f o r ( i n t i = 1 ; i <= chunk ; ++i ) {

// dz = R( 2 . 0 ) ∗ rz ∗ dz + R( 1 . 0 ) ;
850 R dzxn = two ∗ ( rzx ∗ dzx − rzy ∗ dzy ) + one ;

R dzyn = two ∗ ( rzx ∗ dzy + rzy ∗ dzx ) ;
R zdrx = zdx + rzx ;
R zdry = zdy + rzy ;
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// z = ( z d [ i −1] + rz ) ∗ z + c ;
855 R zxn = zdrx ∗ zx − zdry ∗ zy + cx ;

R zyn = zdrx ∗ zy + zdry ∗ zx + cy ;
R zdxn = z d [ i ] . r e ;
R zdyn = z d [ i ] . im ;

#i f 0
860 R condit ion number squared

= ( four ∗ ( zx ∗ zx + zy ∗ zy + rzx ∗ rzx + rzy ∗ rzy /∗ + zdx ∗ ⤦
Ç zdx + zdy ∗ zdy ∗/) + one/∗two ∗/)

/ ( ( zxn ∗ zxn + zyn ∗ zyn /∗ + zdxn ∗ zdxn + zdyn ∗ zdyn ∗/)
/ (/∗ zdx ∗ zdx + zdy ∗ zdy + ∗/ zx ∗ zx + zy ∗ zy + cmag)
) ;

865 R condit ion number squared // ( | 2 z n ( Z n+z n ) | / | z {n+1}|) ˆ2
= four ∗ ( zx ∗ zx + zy ∗ zy ) ∗ ( rzx ∗ rzx + rzy ∗ rzy ) / ( zxn ∗ ⤦

Ç zxn + zyn ∗ zyn ) ;
#end i f

zdx = zdxn ;
870 zdy = zdyn ;

// rz = z d [ i ] + z ;
rzx = zdx + zxn ;
rzy = zdy + zyn ;
// rz2 = norm( rz ) ;

875 R rz2 = rzx ∗ rzx + rzy ∗ rzy ;

dzx = dzxn ;
dzy = dzyn ;
zx = zxn ;

880 zy = zyn ;

i f ( rz2 <= mz2)
{

complex<R> mz(mzx , mzy) ;
885 complex<R> rz ( rzx , rzy ) ;

complex<R> a ( rz / mz) ;
img−>output domain n [ index ] = i t e r s + i ;
img−>output domain x [ index ] = t o l d ( a . re ) ;
img−>output domain y [ index ] = t o l d ( a . im) ;

890 mz2 = rz2 ;
mzx = rzx ;
mzy = rzy ;

}

895 bool i s g l i t c h e d = rz2 < z s i z e [ i ] ; // Paulde lbrot
// bool i s g l i t c h e d = condit ion number squared > (1 << 10) ;

i f ( d e t e c t g l i t c h e s && i s g l i t c h e d ) {
// g l i t c h ed

900 i f ( c o r r e c t g l i t c h e s )
{

i n t my g l i t ch count = ++g l i t c h c oun t ;
r e f −>index data [ dst ] [ g l i t c h end − my gl i t ch count ] = index ;
s t r u c t p ixe l<R> ∗out = in ;

905 out−>c = c ;
out−>z = complex<R>(rzx , rzy ) ;
out−>dz = complex<R>(dzx , dzy ) ;
out−>mz = complex<R>(mzx , mzy) ;
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out−> i t e r s = i t e r s + i ;
910 }

e l s e
{

img−>output dwe l l n [ index ] = i t e r s + i ;
img−>ou tpu t dwe l l f [ index ] = l o g 2 l ( t o l d ( rz2 / z s i z e [ i ] ) ) ; // ⤦

Ç negat ive
915 img−>output dwe l l a [ index ] = 0 ;

img−>output d i s tance [ index ] = 0 ;
img−>done p i x e l s++;

}
a c t i v e = f a l s e ;

920 break ;
} e l s e i f ( rz2 > e s c ap e r ad i u s 2 ) {

// escaped
img−>output dwe l l n [ index ] = i t e r s + i ;
img−>ou tpu t dwe l l f [ index ] = 1 − l og2 ( l og ( t o l d ( rz2 ) ) / t o l d (⤦

Ç l o g e s c a p e r a d i u s 2 ) ) ; // smooth i t e r s
925 img−>output dwe l l a [ index ] = arg ( complex<long double>( t o l d ( rzx ) ,⤦

Ç t o l d ( rzy ) ) ) / twopi ;
complex<R> d( dzx ∗ p i x e l s pa c i ng , dzy ∗ p i x e l s p a c i n g ) ;
img−>output d i s tance [ index ] = sq r t ( t o l d ( rz2 ) ) ∗ l og ( t o l d ( rz2 ) ) /⤦

Ç t o l d ( sq r t (norm(d) ) ) ; // de
img−>done p i x e l s++;
a c t i v e = f a l s e ;

930 break ;
}

} // f o r i
i f ( a c t i v e ) {

935 // s t i l l i t e r a t i n g
i n t my act ive count = ac t i v e coun t++;
re f −>index data [ dst ] [ a c t i v e s t a r t + my act ive count ] = index ;
s t r u c t p ixe l<R> ∗out = in ;
out−>c = c ;

940 out−>z = complex<R>(zx , zy ) ;
out−>dz = complex<R>(dzx , dzy ) ;
out−>mz = complex<R>(mzx , mzy) ;
out−> i t e r s = i t e r s + chunk ;

}
945

} // i f running
} // f o r k

i f ( ! image running ( img ) ) { break ; }
950

i f ( g l i t c h c oun t ) {
q s o r t r (&re f −>index data [ dst ] [ g l i t c h end − g l i t c h c oun t ] , g l i t ch coun t , ⤦

Ç s i z e o f ( u i n t 32 t ) , cmp p i x e l b y i t e r s a s c r<R>, r e f −>p i x e l d a t a ) ;
i n t end = 0 ;
f o r ( i n t s t a r t = 0 ; s t a r t < g l i t c h c oun t ; s t a r t = end ) {

955

// compute minimum of span
i n t kk = re f −>index data [ dst ] [ g l i t c h end − g l i t c h c oun t + s t a r t ] ;
u i n t 32 t s t a r t i t e r s = re f −>p i x e l d a t a [ kk ] . i t e r s ;
R min z2 = 1 .0 / 0 . 0 ;

960 u in t 32 t min ix = s t a r t ;
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f o r ( end = s t a r t ; end < g l i t c h c oun t && re f −>p i x e l d a t a [ r e f −>⤦
Ç index data [ dst ] [ g l i t c h end − g l i t c h c oun t + end ] ] . i t e r s == ⤦
Ç s t a r t i t e r s ; ++end ) {

R z2 = norm( re f −>p i x e l d a t a [ r e f −>index data [ dst ] [ g l i t c h end − ⤦
Ç g l i t c h c oun t + end ] ] . z ) ;

i f ( z2 < min z2 ) {
min z2 = z2 ;

965 min ix = end ;
}

}

// enqueue a new r e f e r e n c e f o r g l i t c h
970 i n t count = end − s t a r t ;

s t r u c t r e f e r en c e<R> ∗ new re f = ( s t r u c t r e f e r en c e<R> ∗) c a l l o c (1 , ⤦
Ç s i z e o f (∗ new re f ) ) ;

// copy parent
new ref−>has parent = 1 ;
mpc in i t2 ( new ref−>parent c , img−>p r e c i s i o n ) ;

975 mpc set ( new ref−>parent c , r e f −>c , MPCRNDNN) ;
mpc in i t2 ( new ref−>parent z , img−>p r e c i s i o n ) ;
mpc set ( new ref−>parent z , z h i [ s t a r t i t e r s − i t e r s ] , MPCRNDNN) ;
new ref−>per iod = s t a r t i t e r s ;
new ref−> i t e r s = s t a r t i t e r s ;

980 new ref−>p i x e l d a t a = re f −>p i x e l d a t a ;
new ref−>index data [ 0 ] = re f −>index data [ 0 ] ;
new ref−>index data [ 1 ] = re f −>index data [ 1 ] ;
new ref−> i nd ex s r c = dst ;
new ref−> i n d e x s r c o f f s e t = g l i t c h end − g l i t c h c oun t + s t a r t ;

985 new ref−> i nd ex s r c coun t = count ;
new ref−> i ndex s r c m in i x = g l i t c h end − g l i t c h c oun t + min ix ;
image enqueue ( img , new re f ) ;

} // f o r s t a r t
990 } // i f g l i t c h c oun t

// swap ac t i v e
r e f −> i nd ex s r c coun t = ac t i v e coun t ;
r e f −> i nd ex s r c = dst ;
i f ( ! a c t i v e coun t ) {

995 break ;
}

} // f o r i t e r s

} // whi l e r e f
1000

f o r ( i n t k = 0 ; k <= maxchunk ; ++k) {
mpc clear ( z h i [ k ] ) ;

}
f r e e ( z h i ) ;

1005 f r e e ( z d ) ;
f r e e ( z s i z e ) ;

image log ( img , LOGQUEUE, ” END\n”) ;
r e turn 0 ;

1010 }

template <typename R>
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s t a t i c m newton a t t r a c t o r s t e p ( complex<R> &z , complex<R> z guess , complex<R> c , ⤦
Ç i n t per iod , R ep s i l on2 ) {

1015 complex<R> zz = z gue s s ;
complex<R> dzz = 1 ;
f o r ( i n t i = 0 ; i < per iod ; ++i ) {

dzz = 2 ∗ zz ∗ dzz ;
zz = zz ∗ zz + c ;

1020 }
i f (norm( zz − z gue s s ) <= eps i l on2 ) {

z = z gue s s ;
r e turn m converged ;

}
1025 complex<R> z new = z gue s s − ( zz − z gue s s ) / ( dzz − 1) ;

complex<R> d = z new − z gue s s ;
i f (norm(d) <= eps i l on2 ) {

z = z new ;
re turn m converged ;

1030 }
i f ( i s f i n i t e (d) ) {

z = z new ;
re turn m stepped ;

} e l s e {
1035 z = z gue s s ;

r e turn m fa i l ed ;
}

}

1040 template <typename R>
s t a t i c m newton a t t r a c t o r ( complex<R> &z out , complex<R> z guess , complex<R> c , ⤦

Ç i n t per iod , i n t maxsteps , R ep s i l on2 ) {
m newton r e s u l t = m fa i l ed ;
complex<R> z = z gue s s ;
f o r ( i n t i = 0 ; i < maxsteps ; ++i ) {

1045 i f ( m stepped != ( r e s u l t = a t t r a c t o r s t e p ( z , z , c , per iod , ep s i l on2 ) ) ) {
break ;

}
}
z out = z ;

1050 re turn r e s u l t ;
}

template <typename R>
s t a t i c bool i n t e r i o r d e (R &de out , complex<R> &dz out , complex<R> z , complex<R> ⤦

Ç c , i n t p , i n t steps , R ep s i l on2 ) {
1055 complex<R> z00 = 0 ;

i f ( m fa i l ed != a t t r a c t o r ( z00 , z , c , p , s teps , ep s i l on2 ) ) {
complex<R> z0 = z00 ;
complex<R> dz0 = 1 ;
f o r ( i n t j = 0 ; j < p ; ++j ) {

1060 dz0 = 2 ∗ z0 ∗ dz0 ;
z0 = z0 ∗ z0 + c ;

}
i f (norm( dz0 ) <= 1) {

complex<R> z1 = z00 ;
1065 complex<R> dz1 = 1 ;

complex<R> dzdz1 = 0 ;
complex<R> dc1 = 0 ;
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complex<R> dcdz1 = 0 ;
f o r ( i n t j = 0 ; j < p ; ++j ) {

1070 dcdz1 = 2 ∗ ( z1 ∗ dcdz1 + dz1 ∗ dc1 ) ;
dc1 = 2 ∗ z1 ∗ dc1 + 1 ;
dzdz1 = 2 ∗ ( dz1 ∗ dz1 + z1 ∗ dzdz1 ) ;
dz1 = 2 ∗ z1 ∗ dz1 ;
z1 = z1 ∗ z1 + c ;

1075 }
de out = (1 − norm( dz1 ) ) / sq r t (norm( dcdz1 + dzdz1 ∗ dc1 / (1 − dz1 ) ) ) ;
dz out = dz1 ;
re turn true ;

}
1080 }

re turn f a l s e ;
}

template <typename R>
1085 s t r u c t p a r t i a l

{
complex<R> z ;
i n t p ;

} ;
1090

template <typename R>
s t a t i c void ∗ image worker p la in ( void ∗ threadarg ) {

s t r u c t per turbator ∗ img = ( s t r u c t per turbator ∗) threadarg ;
image log ( img , LOGQUEUE, ” ENTER\n”) ;

1095

pthread mutex lock(&img−>mutex ) ;

i n t width = img−>width ;
i n t he ight = img−>he ight ;

1100 i n t maxiters = img−>maxiters ;
i n t maxpart ia l s = maxiters ;
R e s c ap e r ad i u s 2 = img−>e s c ap e r ad i u s 2 ;
R l o g e s c a p e r a d i u s 2 = img−> l o g e s c a p e r a d i u s 2 ;
complex<R> cente r = mpc get ( img−>center , MPCRNDNN, R(0) ) ;

1105 R rad iu s = mpfr get ( img−>radius , MPFRRNDN, R(0) ) ;
R p i x e l s p a c i n g = rad iu s ∗ R(2 . 0 / he ight ) ;
R ep s i l on2 = std : : n ex t a f t e r (R(256) , R( 1 . 0 / 0 . 0 ) ) − R(256) ;
e p s i l on2 ∗= eps i l on2 ;

1110 pthread mutex unlock(&img−>mutex ) ;

s t r u c t pa r t i a l<R> ∗ p a r t i a l s = ( s t r u c t pa r t i a l<R> ∗) mal loc ( s i z e o f (∗ p a r t i a l s ) ∗ ⤦
Ç maxpart ia l s ) ;

i n t j ;
1115 whi le ( 0 <= ( j = image dequeue pla in<R>(img ) ) )

{
i f ( ! image running ( img ) ) break ;

R y = ( ( j + R( 0 . 5 ) ) / he ight − R(0 . 5 ) ) ∗ R(2 . 0 ) ∗ rad iu s ;
1120

i n t b i a s = 0 ;
f o r ( i n t i = 0 ; i < width ; ++i )
{
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i f ( ! image running ( img ) ) break ;
1125

i n t index = j ∗ width + i ;

R x = ( ( i + R( 0 . 5 ) ) / width − R(0 . 5 ) ) ∗ R(2 . 0 ) ∗ rad iu s ∗ R(width ) / R(⤦
Ç he ight ) ;

1130 i n t n p a r t i a l s = 0 ;
complex<R> dc (x , −y ) ;
complex<R> c ( c ent e r + dc ) ;
complex<R> z (0 , 0) ;
complex<R> dz (0 , 0) ;

1135 complex<R> mz( 1 . 0 / 0 . 0 , 0) ;
R mi (R( 1 . 0 ) /R( 0 . 0 ) ) ;
bool done = f a l s e ;
f o r ( i n t k = 1 ; k < maxiters ; ++k)
{

1140 dz = R( 2 . 0 ) ∗ z ∗ dz + R( 1 . 0 ) ;
z = z ∗ z + c ;
R z2 = norm( z ) ;
i f ( z2 <= mi)
{

1145 complex<R> a = z / mz ;
img−>output domain n [ index ] = k ;
img−>output domain x [ index ] = a . re ;
img−>output domain y [ index ] = a . im ;
mi = z2 ;

1150 mz = z ;
i f ( b i a s >= 0)
{

// s t o r e p a r t i a l
i f ( p a r t i a l s && npa r t i a l s < maxpart ia l s )

1155 {
p a r t i a l s [ n p a r t i a l s ] . z = z ;
p a r t i a l s [ n p a r t i a l s ] . p = k ;
np a r t i a l s++;

}
1160 }

e l s e
{

// do i n t e r i o r check
complex<R> dz = 0 ;

1165 R de = −1;
i f ( i n t e r i o r d e ( de , dz , z , c , k , 64 , ep s i l on2 ) )
{

// output i n t e r i o r
img−>output dwe l l n [ index ] = −k ; // per iod

1170 img−>ou tpu t dwe l l f [ index ] = sq r t (norm( dz ) ) ; // rad iu s
img−>output dwe l l a [ index ] = arg ( dz ) / twopi ; // ang le
img−>output d i s tance [ index ] = −de / p i x e l s p a c i n g ; // de
img−>done p i x e l s++;
done = true ;

1175 b ia s = −1;
break ;

}
}

}
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1180 i f ( z2 > e s c ap e r ad i u s 2 )
{

// output e x t e r i o r
img−>output dwe l l n [ index ] = k ;
img−>ou tpu t dwe l l f [ index ] = 1 − l og2 ( l og ( z2 ) / l o g e s c a p e r a d i u s 2 ) ;⤦

Ç // smooth i t e r s
1185 img−>output dwe l l a [ index ] = arg ( z ) / twopi ;

img−>output d i s tance [ index ] = sq r t ( z2 ) ∗ l og ( z2 ) / sq r t (norm( dz ∗ ⤦
Ç p i x e l s p a c i n g ) ) ; // de

img−>done p i x e l s++;
done = true ;
b i a s = 1 ;

1190 break ;
}

}

i f ( ! image running ( img ) ) break ;
1195

i f ( b i a s >= 0 && ! done )
{

// check s to r ed p a r t i a l s
f o r ( i n t p = 0 ; p < npa r t i a l s ; ++p)

1200 {
// do i n t e r i o r check
z = p a r t i a l s [ p ] . z ;
i n t k = p a r t i a l s [ p ] . p ;
complex<R> dz = 0 ;

1205 R de = −1;
i f ( i n t e r i o r d e ( de , dz , z , c , k , 64 , ep s i l on2 ) )
{

// output i n t e r i o r
img−>output dwe l l n [ index ] = −k ; // per iod

1210 img−>ou tpu t dwe l l f [ index ] = sq r t (norm( dz ) ) ; // rad iu s
img−>output dwe l l a [ index ] = arg ( dz ) / twopi ; // ang le
img−>output d i s tance [ index ] = −de / p i x e l s p a c i n g ; // de
img−>done p i x e l s++;
b ia s = −1;

1215 break ;
}

}
}

1220 } // f o r i
} // whi l e r e f

f r e e ( p a r t i a l s ) ;
image log ( img , LOGQUEUE, ” END\n”) ;

1225 re turn 0 ;
}

extern s t r u c t per turbator ∗perturbator new ( i n t workers , i n t width , i n t height , ⤦
Ç i n t maxiters , i n t maxchunk , double e s cape rad iu s , double g l i t c h t h r e s h o l d )⤦
Ç {

1230 s t r u c t per turbator ∗ img = ( s t r u c t per turbator ∗) c a l l o c (1 , s i z e o f (∗ img ) ) ;

img−>workers = workers ;
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img−>width = width ;
img−>he ight = he ight ;

1235 img−>d e t e c t g l i t c h e s = 1 ;
img−>c o r r e c t g l i t c h e s = 1 ;
img−>maxiters = maxiters ;
img−>maxchunk = maxchunk ;
img−>e s c ape r ad iu s = e s cape r ad iu s ;

1240 img−>g l i t c h t h r e s h o l d = g l i t c h t h r e s h o l d ;
img−>p r e c i s i o n = 53 ;

mpc in i t2 ( img−>center , 53) ;
mp f r i n i t 2 ( img−>radius , 53) ;

1245

img−>e s c ap e r ad i u s 2 = e s cape r ad iu s ∗ e s c ape r ad iu s ;
img−> l o g e s c a p e r a d i u s 2 = log ( img−>e s c ap e r ad i u s 2 ) ;

img−>newton s t eps roo t = 64 ;
1250 img−>newton s t ep s ch i l d = 8 ;

img−>order = 64 ;
img−>th r e sho ld = 64 ;
img−> l o gg ing = LOG VIEW | LOGCACHE | LOGQUEUE;

1255

mpc in i t2 ( img−> l a s t r e f e r e n c e , 53) ;
mpc s e t u i u i ( img−> l a s t r e f e r e n c e , 0 , 0 , MPCRNDNN) ;
img−> l a s t p e r i o d = 1 ;

1260 img−>output dwe l l n = ( i n t 3 2 t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output dwe l l n ) ) ;

img−>ou tpu t dwe l l f = ( f l o a t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç ou tpu t dwe l l f ) ) ;

img−>output dwe l l a = ( f l o a t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output dwe l l a ) ) ;

img−>output d i s tance = ( f l o a t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output d i s tance ) ) ;

img−>output domain n = ( i n t 3 2 t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain n ) ) ;

1265 img−>output domain x = ( f l o a t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain x ) ) ;

img−>output domain y = ( f l o a t ∗) c a l l o c (1 , width ∗ he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain y ) ) ;

p thread mutex in i t (&img−>mutex , 0) ;
p th r ead cond in i t (&img−>cond , 0) ;

1270 pth r ead cond in i t (&img−>cond done , 0) ;

image log ( img , LOGQUEUE | LOGCACHE, ” sequence ac t i on queued i t e r s ⤦

Ç per iod a c t i v e count\n”) ;
image log ( img , LOGQUEUE | LOGCACHE, ”−−−−−−−− −−−−−− −−−−−−−− −−−−−−− ⤦

Ç −−−−−−− −−−−−−−−−−−−−−−\n”) ;
r e turn img ;

1275 }

extern void p e r t u r b a t o r s t a r t ( s t r u c t per turbator ∗ img , const mpfr t centerx , ⤦
Ç const mpfr t centery , const mpfr t rad iu s ) {
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1280 img−>p r e c i s i o n = std : : max(53 , i n t (53 − 2 ∗ mpfr get exp ( rad iu s ) ) ) ;

image log ( img , LOG VIEW, ” r e a l=%Re\nimag=%Re\ nrad ius=%Re\ np r e c i s i o n=%d\n” , ⤦
Ç centerx , centery , radius , img−>p r e c i s i o n ) ;

mpc set prec ( img−>center , img−>p r e c i s i o n ) ;
1285 mpc s e t f r f r ( img−>center , centerx , centery , MPCRNDNN) ;

mpfr se t ( img−>radius , radius , MPFRRNDN) ;

memset ( img−>output dwel l n , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output dwe l l n ) ) ;

memset ( img−>output dwe l l f , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç ou tpu t dwe l l f ) ) ;

1290 memset ( img−>output dwe l l a , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output dwe l l a ) ) ;

memset ( img−>output d i s tance , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output d i s tance ) ) ;

memset ( img−>output domain n , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain n ) ) ;

memset ( img−>output domain x , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain x ) ) ;

memset ( img−>output domain y , 0 , img−>width ∗ img−>he ight ∗ s i z e o f (∗ img−>⤦
Ç output domain y ) ) ;

1295 img−>done p i x e l s = 0 ;

mpfr t p i x e l s p a c i n g ;
mp f r i n i t 2 ( p i x e l s pa c i ng , 53) ;
mpf r se t ( p i x e l s pa c i ng , img−>radius , MPFRRNDN) ;

1300 mpfr mul d ( p i x e l s pa c i ng , p i x e l s pa c i ng , 2 . 0 / img−>height , MPFRRNDN) ;
i n t 6 4 t e = mpfr get exp ( p i x e l s p a c i n g ) ;
mp f r c l e a r ( p i x e l s p a c i n g ) ;

img−>rm =
1305 e >= EXP THRESHOLD PLAIN LONG DOUBLE ? rm pla in : rm perturb ;

switch ( img−>rm)
{

case rm pla in :
img−> f t =

1310 e >= EXP THRESHOLD PLAIN DOUBLE ? f t doub l e :
f t l o n g doub l e ;

switch ( img−> f t )
{

case f t d oub l e :
1315 image log ( img , LOG VIEW, ” TYPE f53e11 double ⤦

Ç p l a i n \n”) ;
p e r t u r b a t o r s t a r t i n t e r n a l p l a i n<double>(img ) ;
r e turn ;

case f t l o n g doub l e :
image log ( img , LOG VIEW, ” TYPE f64e15 long double ⤦

Ç p l a i n \n”) ;
1320 p e r t u r b a t o r s t a r t i n t e r n a l p l a i n<long double>(img ) ;

r e turn ;
}
break ;

case rm perturb :
1325 img−> f t =

e >= EXP THRESHOLD PERTURBDOUBLE ? f t doub l e :
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e >= EXP THRESHOLD PERTURB LONGDOUBLE ? f t l o n g doub l e :
f t e doub l e ;

switch ( img−> f t )
1330 {

case f t d oub l e :
image log ( img , LOG VIEW, ” TYPE f53e11 double ⤦

Ç perturb \n”) ;
p e r t u r b a t o r s t a r t i n t e r n a l<double>(img ) ;
r e turn ;

1335 case f t l o n g doub l e :
image log ( img , LOG VIEW, ” TYPE f64e15 long double ⤦

Ç perturb \n”) ;
p e r t u r b a t o r s t a r t i n t e r n a l<long double>(img ) ;
r e turn ;

case f t e doub l e :
1340 image log ( img , LOG VIEW, ” TYPE f53e64 edouble ⤦

Ç perturb \n”) ;
p e r t u r b a t o r s t a r t i n t e r n a l<edouble>(img ) ;
r e turn ;

}
break ;

1345 }
a s s e r t ( ! ” va l i d f l o a t type ”) ;

}

1350 extern void pe r tu rba to r s t op ( s t r u c t per turbator ∗ img , i n t f o r c e ) {
i f ( f o r c e ) {

img−>running = f a l s e ;
}
pthread mutex lock(&img−>mutex ) ;

1355 pthread cond broadcast (&img−>cond ) ;
pthread mutex unlock(&img−>mutex ) ;
f o r ( i n t i = 0 ; i < img−>workers ; ++i ) {

pth r ead j o i n ( img−>threads [ i ] , 0) ;
}

1360 switch ( img−>rm)
{

case rm pla in :
break ;

case rm perturb :
1365 switch ( img−> f t ) {

case f t f l o a t : r e l e a s e r e f s <f l o a t >(img ) ; r e turn ;
case f t d oub l e : r e l e a s e r e f s <double>(img ) ; r e turn ;
case f t l o n g doub l e : r e l e a s e r e f s <long double>(img ) ; r e turn ;
case f t e doub l e : r e l e a s e r e f s <edouble>(img ) ; r e turn ;

1370 }
a s s e r t ( ! ” va l i d f l o a t type ”) ;
break ;

}
}

1375

extern bool pe r tu rba to r wa i t ( s t r u c t per turbator ∗ img , const s t r u c t t imespec ∗ t s )
{

i n t t imed out = 0 ;
1380 pthread mutex lock(&img−>mutex ) ;
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whi le ( t imed out == 0 && img−>running )
{

t imed out = pthread cond t imedwait (&img−>cond done , &img−>mutex , t s ) ;
}

1385 bool a c t i v e = img−>running ;
pthread mutex unlock(&img−>mutex ) ;
r e turn a c t i v e ;

}

1390

void image de l e t e cache ( s t r u c t per turbator ∗ img ) {
i f ( img−> s e r i e s ) {

z 2 c s e r i e s d e l e t e ( img−> s e r i e s ) ;
img−> s e r i e s = 0 ;

1395 }
whi le ( img−>nodes ) {

s t r u c t s e r i e s n od e ∗next = img−>nodes−>next ;
mpc c lear ( img−>nodes−>z ) ;
z 2 c app rox de l e t e ( img−>nodes−>approx ) ;

1400 img−>nodes = next ;
}

}

s t r u c t s e r i e s n od e ∗ image cached approx ( s t r u c t per turbator ∗ img , bool reused , ⤦
Ç const mpc t c , i n t 6 4 t exponent , mpc t z , i n t ∗ i t e r ) {

1405 pthread mutex lock(&img−>mutex ) ;
i f ( ! reused ) {

image de l e t e cache ( img ) ;
}
i f ( ! img−> s e r i e s ) {

1410 img−> s e r i e s = z2 c s e r i e s n ew ( img−>order , mpc r ea l r e f ( c ) , mpc imagref ( c ) , ⤦
Ç f t e doub l e ) ;

}
i n t 6 4 t exponent0 = 16 ;
i f ( img−>nodes ) {

exponent0 = img−>nodes−>exponent ;
1415 }

// cache a l l the th ing s
f o r ( i n t 6 4 t e = exponent0 ; e >= exponent ; −−e ) {

whi le ( z 2 c s e r i e s s t e p ( img−>s e r i e s , e + 2 , img−>thresho ld , img−>approx sk ip )⤦
Ç ) {

// i f ( ! image running ( img ) ) {
1420 // return 0 ;

// }
// nop

}
i n t i t e r s = z 2 c s e r i e s g e t n ( img−> s e r i e s ) ;

1425 i f ( ( ! img−>nodes ) | | ( img−>nodes && i t e r s >= img−>nodes−> i t e r s ) ) {
i f ( img−>nodes && i t e r s == img−>nodes−> i t e r s ) {

img−>nodes−>exponent = e ;
} e l s e {

s t r u c t s e r i e s n od e ∗node = ( s t r u c t s e r i e s n od e ∗) c a l l o c (1 , s i z e o f (∗ node⤦
Ç ) ) ;

1430 node−>next = img−>nodes ;
node−>exponent = e ;
node−> i t e r s = i t e r s ;
mpc in i t2 ( node−>z , 53) ; // updated by ge t z
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s t r u c t z 2 c r e f e r e n c e ∗ r e f e r e n c e = z 2 c s e r i e s r e f e r e n c e n ew ( img−> s e r i e s ) ;
1435 z 2 c r e f e r e n c e g e t z r ( r e f e r enc e , mpc r ea l r e f ( node−>z ) , mpc imagref ( node−>⤦

Ç z ) ) ;
z 2 c r e f e r e n c e d e l e t e ( r e f e r e n c e ) ;
node−>approx = z2c approx new ( img−> s e r i e s ) ;
img−>nodes = node ;

}
1440 }

}
// lookup in the cache
s t r u c t s e r i e s n od e ∗node = img−>nodes , ∗prev = img−>nodes ;
whi l e ( node && node−>exponent < exponent ) {

1445 prev = node ;
node = node−>next ;

}
i f ( node ) {

mpc set ( z , node−>z , MPCRNDNN) ;
1450 ∗ i t e r = node−> i t e r s ;

pthread mutex unlock(&img−>mutex ) ;
r e turn node ;

} e l s e {
pthread mutex unlock(&img−>mutex ) ;

1455 re turn prev ;
}

}

i n t p e r t u rba t o r g e t p r ima ry r e f e r en c e ( s t r u c t per turbator ∗ img , mpfr t x , mpfr t ⤦
Ç y ) {

1460 pthread mutex lock(&img−>mutex ) ;
i n t per iod = img−> l a s t p e r i o d ;
i n t prec = mpc get prec ( img−> l a s t r e f e r e n c e ) ;
mp f r s e t p r e c (x , prec ) ;
mp f r s e t p r e c (y , prec ) ;

1465 mpfr se t (x , mpc r ea l r e f ( img−> l a s t r e f e r e n c e ) , MPFRRNDN) ;
mpfr se t (y , mpc imagref ( img−> l a s t r e f e r e n c e ) , MPFRRNDN) ;
pthread mutex unlock(&img−>mutex ) ;
r e turn per iod ;

}
1470

void p e r t u r b a t o r s e t d e t e c t g l i t c h e s ( s t r u c t per turbator ∗ img , i n t ⤦
Ç d e t e c t g l i t c h e s ) {

img−>d e t e c t g l i t c h e s = d e t e c t g l i t c h e s ;
}

1475 void p e r tu rba t o r s e t app r ox sk i p ( s t r u c t per turbator ∗ img , i n t approx sk ip ) {
img−>approx sk ip = approx sk ip ;

}

void per turbato r s e t max imum ite ra t i ons ( s t r u c t per turbator ∗ img , i n t maxiters ) {
1480 img−>maxiters = maxiters ;

}

double p e r t u r ba t o r g e t p r o g r e s s ( s t r u c t per turbator ∗ img )
{

1485 re turn img−>done p i x e l s / ( double ) ( img−>width ∗ img−>he ight ) ;
}
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i n t pe r tu rba to r ge t w id th ( s t r u c t per turbator ∗ img )
{

1490 re turn img−>width ;
}

i n t p e r t u rba t o r g e t h e i gh t ( s t r u c t per turbator ∗ img )
{

1495 re turn img−>he ight ;
}

16 c/lib/pkgconfig/mandelbrot-perturbator.pc.in

e x e c p r e f i x=${ p r e f i x }
l i b d i r=${ e x e c p r e f i x }/ l i b
i n c l ud ed i r=${ p r e f i x }/ inc lude

5 Name : mandelbrot−per turbator
Desc r ip t i on : E f f i c i e n t deep zooming f o r the Mandelbrot s e t
Vers ion : 0 . 1 . 0 . 0
URL: https : // code . mathr . co . uk/mandelbrot−per turbator
Requires :

10 Libs : −fopenmp −L${ l i b d i r } − lmandelbrot −per turbator
Libs . p r i va t e : −lmpc − lmpfr −lgmp −lm
Cf lags : −fopenmp − I$ { i n c l ud ed i r }

17 c/lib/z2c.c

// mandelbrot−per turbator −− e f f i c i e n t deep zooming f o r Mandelbrot s e t s
// Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen
// L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

5 #inc lude <algor ithm>
#inc lude <c l im i t s>
#inc lude <cmath>
#inc lude <cstdboo l>
#inc lude <c s td in t>

10 #inc lude <c s td io>
#inc lude <c s t d l i b>
#inc lude <mpfr . h>

#inc lude ” edouble . cc ”
15 #inc lude ”complex . hpp”

template< typename R >
s t r u c t z 2 c s e r i e s t {

i n t order ;
20 mpfr t v [ 1 1 ] ;

complex<R> ∗a [ 2 ] ;
i n t n ;

} ;

25 s t r u c t z 2 c s e r i e s {
f l o a t t y p e tag ;
union {

z 2 c s e r i e s t <double> ∗d ;
z 2 c s e r i e s t <long double> ∗ l ;

195



mandelbrot-perturbator c/lib/z2c.c

30 z 2 c s e r i e s t <edouble> ∗e ;
} u ;

} ;

template< typename R >
35 s t r u c t z2c approx t {

i n t order ;
complex<R> ∗a ;

} ;

40 s t r u c t z2c approx {
f l o a t t y p e tag ;
union {

z2c approx t<double> ∗d ;
z2c approx t<long double> ∗ l ;

45 z2c approx t<edouble> ∗e ;
} u ;

} ;

s t r u c t z 2 c r e f e r e n c e {
50 mpfr t v [ 6 ] ;

i n t n ;
} ;

s t r u c t z 2 c r e f e r e n c e ∗ z2 c r e f e r enc e new ( const mpfr t cx , const mpfr t cy , const ⤦
Ç mpfr t zx , const mpfr t zy , i n t n) {

55 s t r u c t z 2 c r e f e r e n c e ∗ r = ( s t r u c t z 2 c r e f e r e n c e ∗) mal loc ( s i z e o f (∗ r ) ) ;
i f ( ! r ) { re turn 0 ; }
mpfr prec t p = std : : max( std : : max( mpf r ge t prec ( cx ) , mpf r ge t prec ( cy ) ) , s td : :⤦

Ç max( mpf r ge t prec ( zx ) , mpf r ge t prec ( zy ) ) ) ;
f o r ( i n t i = 0 ; i < 6 ; ++i ) {

mpf r i n i t 2 ( r−>v [ i ] , p ) ;
60 mp f r s e t s i ( r−>v [ i ] , 0 , MPFRRNDN) ;

} ;
mpf r se t ( r−>v [ 0 ] , cx , MPFRRNDN) ;
mpfr se t ( r−>v [ 1 ] , cy , MPFRRNDN) ;
mpfr se t ( r−>v [ 2 ] , zx , MPFRRNDN) ;

65 mpfr se t ( r−>v [ 3 ] , zy , MPFRRNDN) ;
r−>n = n ;
re turn r ;

}

70 void z 2 c r e f e r e n c e d e l e t e ( s t r u c t z 2 c r e f e r e n c e ∗ r ) {
f o r ( i n t i = 0 ; i < 6 ; ++i ) {

mpf r c l ea r ( r−>v [ i ] ) ;
}
f r e e ( r ) ;

75 }

void z 2 c r e f e r e n c e s t e p ( s t r u c t z 2 c r e f e r e n c e ∗ r ) {
mpfr sqr ( r−>v [ 4 ] , r−>v [ 2 ] , MPFRRNDN) ;
mpfr sqr ( r−>v [ 5 ] , r−>v [ 3 ] , MPFRRNDN) ;

80 mpfr sub ( r−>v [ 4 ] , r−>v [ 4 ] , r−>v [ 5 ] , MPFRRNDN) ;
mpfr mul ( r−>v [ 5 ] , r−>v [ 2 ] , r−>v [ 3 ] , MPFRRNDN) ;
mpfr mul 2s i ( r−>v [ 5 ] , r−>v [ 5 ] , 1 , MPFRRNDN) ;
mpfr add ( r−>v [ 2 ] , r−>v [ 4 ] , r−>v [ 0 ] , MPFRRNDN) ;
mpfr add ( r−>v [ 3 ] , r−>v [ 5 ] , r−>v [ 1 ] , MPFRRNDN) ;
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85 r−>n += 1 ;
}

i n t z 2 c r e f e r e n c e g e t n ( const s t r u c t z 2 c r e f e r e n c e ∗ r ) {
re turn r−>n ;

90 }

void z 2 c r e f e r e n c e g e t z r ( const s t r u c t z 2 c r e f e r e n c e ∗ r e f , mpfr t zx , mpfr t zy )⤦
Ç {

mpf r s e t p r e c ( zx , mpf r ge t prec ( r e f −>v [ 2 ] ) ) ;
mp f r s e t p r e c ( zy , mpf r ge t prec ( r e f −>v [ 3 ] ) ) ;

95 mpfr se t ( zx , r e f −>v [ 2 ] , MPFRRNDN) ;
mpfr se t ( zy , r e f −>v [ 3 ] , MPFRRNDN) ;

}

template< typename R >
100 s t r u c t z2c approx t<R> ∗ z2c approx t new ( const s t r u c t z 2 c s e r i e s t <R> ∗ s ) {

s t r u c t z2c approx t<R> ∗a = ( s t r u c t z2c approx t<R> ∗) mal loc ( s i z e o f (∗ a ) ) ;
a−>order = s−>order ;
a−>a = ( complex<R> ∗) c a l l o c (1 , s−>order ∗ s i z e o f ( complex<R>) ) ;
f o r ( i n t i = 0 ; i < s−>order ; ++i ) {

105 a−>a [ i ] = s−>a [ 0 ] [ i ] ;
}
re turn a ;

}

110 s t r u c t z2c approx ∗ z2c approx new ( const s t r u c t z 2 c s e r i e s ∗ s ) {
s t r u c t z2c approx ∗a = ( s t r u c t z2c approx ∗) mal loc ( s i z e o f (∗ a ) ) ;
switch ( s−>tag ) {

case f t d oub l e : a−>u . d = z2c approx t new ( s−>u . d) ; break ;
case f t l o n g doub l e : a−>u . l = z2c approx t new ( s−>u . l ) ; break ;

115 case f t e doub l e : a−>u . e = z2c approx t new ( s−>u . e ) ; break ;
d e f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;

}
a−>tag = s−>tag ;
r e turn a ;

120 }

template< typename R >
void z 2 c app r ox t d e l e t e ( s t r u c t z2c approx t<R> ∗a ) {

f r e e ( a−>a ) ;
125 f r e e ( a ) ;

}

void z2 c approx de l e t e ( s t r u c t z2c approx ∗a ) {
switch (a−>tag ) {

130 case f t d oub l e : z 2 c app r ox t d e l e t e ( a−>u . d) ; break ;
case f t l o n g doub l e : z 2 c app r ox t d e l e t e ( a−>u . l ) ; break ;
case f t e doub l e : z 2 c app r ox t d e l e t e ( a−>u . e ) ; break ;
d e f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;

}
135 f r e e ( a ) ;

}

template< typename R >
void z2c approx t do ( const s t r u c t z2c approx t<R> ∗a , complex<R> dc , complex<R> ⤦

Ç ∗dz out , complex<R> ∗ddz out ) {
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140 complex<R> z ( dc ) ;
complex<R> z i ( 1 ) ;
complex<R> s (0 ) ;
complex<R> ds (0 ) ;
f o r ( i n t i = 0 ; i < a−>order ; ++i ) {

145 ds += ( i + 1) ∗ a−>a [ i ] ∗ z i ;
z i ∗= z ;
s += a−>a [ i ] ∗ z i ;

}
∗dz out = s ;

150 ∗ddz out = ds ;
}

void z2c approx do ( const s t r u c t z2c approx ∗a , complex<edouble> dc , complex<⤦
Ç edouble> ∗dz out , complex<edouble> ∗ddz out ) {

switch (a−>tag ) {
155 case f t d oub l e :

{
complex<double> dc = to C (dc , double (0 ) ) ;
complex<double> dz out , ddz out ;
z2c approx t do (a−>u . d , dc , &dz out , &ddz out ) ;

160 ∗dz out = to C ( dz out , edouble (0 ) ) ;
∗ddz out = to C ( ddz out , edouble (0 ) ) ;
break ;

}
case f t l o n g doub l e :

165 {
complex<long double> dc = to C (dc , ( long double ) (0 ) ) ;
complex<long double> dz out , ddz out ;
z2c approx t do (a−>u . l , dc , &dz out , &ddz out ) ;
∗dz out = to C ( dz out , edouble (0 ) ) ;

170 ∗ddz out = to C ( ddz out , edouble (0 ) ) ;
break ;

}
case f t e doub l e :
{

175 z2c approx t do (a−>u . e , dc , dz out , ddz out ) ;
break ;

}
de f au l t :
{

180 a s s e r t ( ! ” f l o a t type va l i d ”) ;
}

}
}

185 template< typename R >
s t r u c t z 2 c s e r i e s t <R> ∗ z 2 c s e r i e s t n ew ( i n t order , const mpfr t cx , const ⤦

Ç mpfr t cy , const R dummy) {
( void ) dummy;
s t r u c t z 2 c s e r i e s t <R> ∗ s = ( s t r u c t z 2 c s e r i e s t <R> ∗) mal loc ( s i z e o f (∗ s ) ) ;
i f ( ! s ) { re turn 0 ; }

190 s−>order = order ;
s−>a [ 0 ] = ( complex<R> ∗) c a l l o c (1 , order ∗ s i z e o f ( complex<R>) ) ;
s−>a [ 1 ] = ( complex<R> ∗) c a l l o c (1 , order ∗ s i z e o f ( complex<R>) ) ;
mp f r prec t p = std : : max( mpf r ge t prec ( cx ) , mpf r ge t prec ( cy ) ) ;
f o r ( i n t i = 0 ; i < 11 ; ++i ) {
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195 mpf r i n i t 2 ( s−>v [ i ] , p ) ;
mp f r s e t s i ( s−>v [ i ] , 0 , MPFRRNDN) ;

} ;
mpf r se t ( s−>v [ 0 ] , cx , MPFRRNDN) ;
mpfr se t ( s−>v [ 1 ] , cy , MPFRRNDN) ;

200 mpfr se t ( s−>v [ 2 ] , cx , MPFRRNDN) ;
mpfr se t ( s−>v [ 3 ] , cy , MPFRRNDN) ;
mp f r s e t s i ( s−>v [ 4 ] , 1 , MPFRRNDN) ;
s−>a [ 0 ] [ 0 ] = complex<R>(1) ;
s−>n = 1 ;

205 re turn s ;
}

s t r u c t z 2 c s e r i e s ∗ z 2 c s e r i e s n ew ( i n t order , const mpfr t cx , const mpfr t cy , ⤦
Ç f l o a t t y p e type ) {

s t r u c t z 2 c s e r i e s ∗ s = ( s t r u c t z 2 c s e r i e s ∗) mal loc ( s i z e o f (∗ s ) ) ;
210 switch ( type ) {

case f t d oub l e : s−>u . d = z 2 c s e r i e s t n ew ( order , cx , cy , double (0 ) ) ; ⤦
Ç break ;

case f t l o n g doub l e : s−>u . l = z 2 c s e r i e s t n ew ( order , cx , cy , ( long double )⤦
Ç (0 ) ) ; break ;

case f t e doub l e : s−>u . e = z 2 c s e r i e s t n ew ( order , cx , cy , edouble (0 ) ) ; ⤦
Ç break ;

d e f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;
215 }

s−>tag = type ;
re turn s ;

}

220 template< typename R >
void z 2 c s e r i e s t d e l e t e ( s t r u c t z 2 c s e r i e s t <R> ∗ s ) {

f o r ( i n t i = 0 ; i < 11 ; ++i ) {
mpf r c l ea r ( s−>v [ i ] ) ;

}
225 f r e e ( s−>a [ 0 ] ) ;

f r e e ( s−>a [ 1 ] ) ;
f r e e ( s ) ;

}

230 void z 2 c s e r i e s d e l e t e ( s t r u c t z 2 c s e r i e s ∗ s ) {
switch ( s−>tag ) {

case f t d oub l e : z 2 c s e r i e s t d e l e t e ( s−>u . d) ; break ;
case f t l o n g doub l e : z 2 c s e r i e s t d e l e t e ( s−>u . l ) ; break ;
case f t e doub l e : z 2 c s e r i e s t d e l e t e ( s−>u . e ) ; break ;

235 de f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;
}
f r e e ( s ) ;

}

240 template< typename R >
i n t z 2 c s e r i e s t g e t n ( const s t r u c t z 2 c s e r i e s t <R> ∗ s ) {

re turn s−>n ;
}

245 i n t z 2 c s e r i e s g e t n ( s t r u c t z 2 c s e r i e s ∗ s ) {
switch ( s−>tag ) {

case f t d oub l e : r e turn z 2 c s e r i e s t g e t n ( s−>u . d) ;
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case f t l o n g doub l e : r e turn z 2 c s e r i e s t g e t n ( s−>u . l ) ;
case f t e doub l e : r e turn z 2 c s e r i e s t g e t n ( s−>u . e ) ;

250 de f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;
}
re turn 0 ;

}

255 template< typename R >
bool z 2 c s e r i e s t s t e p ( s t r u c t z 2 c s e r i e s t <R> ∗ s , mpfr exp t exponent1 , ⤦

Ç mpfr exp t thresho ld , i n t approx sk ip ) {
// 6 ,7 <− z ˆ2 + c
mpfr sqr ( s−>v [ 6 ] , s−>v [ 2 ] , MPFRRNDN) ;
mpfr sqr ( s−>v [ 7 ] , s−>v [ 3 ] , MPFRRNDN) ;

260 mpfr sub ( s−>v [ 6 ] , s−>v [ 6 ] , s−>v [ 7 ] , MPFRRNDN) ;
mpfr mul ( s−>v [ 7 ] , s−>v [ 2 ] , s−>v [ 3 ] , MPFRRNDN) ;
mpfr mul 2s i ( s−>v [ 7 ] , s−>v [ 7 ] , 1 , MPFRRNDN) ;
mpfr add ( s−>v [ 6 ] , s−>v [ 6 ] , s−>v [ 0 ] , MPFRRNDN) ;
mpfr add ( s−>v [ 7 ] , s−>v [ 7 ] , s−>v [ 1 ] , MPFRRNDN) ;

265 // step c o e f f i c i e n t s
complex<R> z ( mpfr get ( s−>v [ 2 ] , MPFRRNDN, R(0) ) , mpfr get ( s−>v [ 3 ] , MPFRRNDN, ⤦

Ç R(0) ) ) ;
R two (2) ;
#pragma omp p a r a l l e l f o r
f o r ( i n t i = 0 ; i < s−>order /2 ; ++i ) {

270 // load ba lanc ing
i n t ns [ 2 ] = { i + 1 , s−>order − i } ;
f o r ( i n t j = 0 ; j < 2 ; ++j ) {

i n t n = ns [ j ] ;
// s p e c i a l case

275 i f (n == 1) {
s−>a [ 1 ] [ n−1] = two ∗ z ∗ s−>a [ 0 ] [ n−1] + R(1) ;

} e l s e {
// a (n) <− 2 z a (n) + sum a (m) a (n−m)
complex<R> sum(0) ;

280 f o r ( i n t m = 1 ; m < (n+1) /2 ; ++m) {
sum += s−>a [ 0 ] [m − 1 ] ∗ s−>a [ 0 ] [ n−m − 1 ] ;

}
sum ∗= two ;
i f (0 == (n & 1) ) {

285 sum += s−>a [ 0 ] [ n/2 − 1 ] ∗ s−>a [ 0 ] [ n/2 − 1 ] ;
}
s−>a [ 1 ] [ n−1] = two ∗ z ∗ s−>a [ 0 ] [ n−1] + sum ;

}
}

290 }
// check va l i d
bool v a l i d = true ;
i n t 6 4 t e0 = LONGMIN;
i n t 6 4 t e1 = LONGMIN;

295 f o r ( i n t i = 0 ; i < s−>order ; ++i ) {
e1 = LONGMIN;
i f ( r e a l ( s−>a [ 1 ] [ i ] ) != 0) { e1 = std : : max( e1 , exponent ( r e a l ( s−>a [ 1 ] [ i ] ) ) ) ; ⤦

Ç }
i f ( imag ( s−>a [ 1 ] [ i ] ) != 0) { e1 = std : : max( e1 , exponent ( imag ( s−>a [ 1 ] [ i ] ) ) ) ; ⤦

Ç }
i f ( i > 0) {

300 va l i d = e0 − exponent1 >= e1 + thre sho ld ;
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e0 = std : : max( e0 − exponent1 , e1 ) ;
} e l s e {

e0 = e1 ;
}

305 }
i f ( approx sk ip ) {

va l i d = s−>n < approx sk ip ;
}
i f ( ! v a l i d ) { re turn f a l s e ; }

310 // step
s−>n += 1 ;
f o r ( i n t i = 0 ; i < 2 ; ++i ) {

mpfr se t ( s−>v [ i +2] , s−>v [ i +6] , MPFRRNDN) ;
}

315 f o r ( i n t i = 0 ; i < s−>order ; ++i ) {
s−>a [ 0 ] [ i ] = s−>a [ 1 ] [ i ] ;

}
// ok
return true ;

320 }

bool z 2 c s e r i e s s t e p ( s t r u c t z 2 c s e r i e s ∗ s , mpfr exp t exponent1 , mpfr exp t ⤦
Ç thresho ld , i n t approx sk ip ) {

switch ( s−>tag ) {
case f t d oub l e : r e turn z 2 c s e r i e s t s t e p ( s−>u . d , exponent1 , thresho ld , ⤦

Ç approx sk ip ) ;
325 case f t l o n g doub l e : r e turn z 2 c s e r i e s t s t e p ( s−>u . l , exponent1 , thresho ld , ⤦

Ç approx sk ip ) ;
case f t e doub l e : r e turn z 2 c s e r i e s t s t e p ( s−>u . e , exponent1 , thresho ld , ⤦

Ç approx sk ip ) ;
d e f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;

}
re turn 0 ;

330 }

template< typename R >
s t r u c t z 2 c r e f e r e n c e ∗ z 2 c s e r i e s t r e f e r e n c e n ew ( const s t r u c t z 2 c s e r i e s t <R> ∗ s⤦

Ç ) {
re turn z2c r e f e r enc e new ( s−>v [ 0 ] , s−>v [ 1 ] , s−>v [ 2 ] , s−>v [ 3 ] , s−>n) ;

335 }

s t r u c t z 2 c r e f e r e n c e ∗ z 2 c s e r i e s r e f e r e n c e n ew ( const s t r u c t z 2 c s e r i e s ∗ s ) {
switch ( s−>tag ) {

case f t d oub l e : r e turn z 2 c s e r i e s t r e f e r e n c e n ew ( s−>u . d) ;
340 case f t l o n g doub l e : r e turn z 2 c s e r i e s t r e f e r e n c e n ew ( s−>u . l ) ;

case f t e doub l e : r e turn z 2 c s e r i e s t r e f e r e n c e n ew ( s−>u . e ) ;
d e f au l t : a s s e r t ( ! ” f l o a t type va l i d ”) ;

}
re turn 0 ;

345 }

18 .gitignore

c/bin /m−perturbator −automorph
c/bin /m−perturbator − c o l o u r i z e
c/bin /m−perturbator −gl fw3
c/bin /m−perturbator −gtk
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5 c/bin /m−perturbator − o f f l i n e
c/ l i b / edouble
∗ . a
∗ . d
∗ . f 32

10 ∗ . j s
∗ . j s .mem
∗ . o
∗ . p
∗ . pc

15 ∗ . pdf
∗ . png
∗ .ppm
∗ . so
∗ . x c f

20

19 README-gtk.md

# m−perturbator −gtk

Graphical user i n t e r f a c e f o r Mandelbrot s e t exp l o r a t i on and annotat ion .

5 <https : //mathr . co . uk/mandelbrot / per turbator / gtk/>

## Overview

There i s a menu bar at the top , with Fi l e , Explore , Feature menus , f o l l owed
10 by Period , n−Fold , Depth entry boxes . Then there are widgets that c on t r o l the

appearance o f annotat ions : l i n e dash combo box , f i l l pattern combo box and
co l our s e l e c t i o n button .

Below the menu bar on the top l e f t i s the f r a c t a l d i sp l ay .
15

Below the f r a c t a l d i sp l ay i s the l og panel , which d i s p l a y s in fo rmat ion . The
d e f au l t s i z e o f the f r a c t a l d i sp l ay i s opt imized f o r 16 :9 d i sp l ay aspect .
The aspect r a t i o i s des igned f o r p r i n t i n g on landscape A4 paper with a 2cm
border on a l l s i d e s .

20

The top r i gh t has the annotat ion l i s t , which can be so r t ed by c l i c k i n g on i t s
header . The appearance widgets c on t r o l the cur rent annotat ion and fu tu r e
annotat ions , the widgets are updated on s e l e c t i n g an annotat ion . S e l e c t i n g
an annotat ion h i g h l i g h t s i t in the f r a c t a l d i sp l ay .

25

Bottom r i gh t i s the task queue , which d i s p l a y s p rog r e s s o f computations and
a l l ows them to be can c e l l e d .

The program ve r s i on i s d i sp l ayed in the t i t l e bar and i s a l s o saved in
30 parameter f i l e s ( i f you need to copy/ paste f o r bug r epo r t s ) .

To qu i t the program use the window c l o s e button .

## F i l e menu
35

### Open

Load parameters from a f i l e . Ex i s t ing annotat ions are de l e t ed f i r s t .
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40 ### Save

Save parameters to a f i l e . The format i s a l i n e −based text f i l e . Annotations
are saved as s p e c i f i c a t i o n s so ( f o r example ) rays w i l l be r e c a l c u l a t e d on load .

45 ### Save Image

Save image as d i sp layed to a PNG f i l e . Parameters are not yet saved to image
metadata , so save the parameters too i f you want to be ab le to r e l oad .

50 ### Dark / Light

Switch o v e r a l l theme between dark on l i g h t and l i g h t on dark . Colours should
be value − i nve r t ed when changing theme ( so l i g h t and dark are swapped f u l l y ) but
t h i s i s not yet implemented . Recommend us ing greys in s t ead o f b lack or white

55 un t i l t h i s i s f i n i s h e d .

### Monochrome / Low Colour / Fu l l Colour

Switch co l our theme between three l e v e l s . The lower co l ou r l e v e l s may be
60 u s e f u l f o r economical low− ink p r i n t i n g .

## Explore menu

### Home
65

Reset view to the i n i t i a l top l e v e l view .

### Zoom Out

70 Zoom out by a f a c t o r o f 10 .

### Zoom

Act ivate zoom too l . When zoom too l i s ac t ive , dragging with the l e f t mouse
75 button on the f r a c t a l marks a r e c t ang l e which w i l l be zoomed to when the l e f t

button i s r e l e a s e d . Press the r i g h t mouse button be f o r e r e l e a s i n g the l e f t
mouse button to cance l the ac t i on .

### Zoom To
80

When a nuc leus annotat ion i s s e l e c t ed , a c t i v a t i n g t h i s menu item opens a
d i a l o g to ente r a zoom f r a c t i on , where the d e f au l t 0 .75 i s near an embedded
Ju l i a s e t and 1 .0 i s at the mu−atom .

85 ### In fo

Act ivate i n f o t o o l . When i n f o t o o l i s ac t ive , c l i c k i n g with the l e f t mouse
button on the f r a c t a l p r i n t s in fo rmat ion about the po int in the l og pane at
the bottom o f the window .

90

#### Pixe l

P ixe l coord inate s , o r i g i n top l e f t .

95 #### Real / Imag
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Frac ta l c oo rd ina t e s .

#### Dwell N
100

I n t eg e r part o f the i t e r a t i o n count , or the per iod o f the conta in ing component
when negat ive . Note : deep zooms don ’ t yet have i n t e r i o r checking , so Dwell N
and the other va lue s w i l l be 0 in s t ead o f a f i n i t e negat ive number .

105 #### Dwell F

Frac t i ona l part o f the i t e r a t i o n count , or the rad iu s with in the conta in ing
component when Dwell N i s negat ive .

110 #### Angle F

Argument o f the f i n a l i t e r a t e , or the i n t e r n a l ang le with in the conta in ing
component when Dwell N i s negat ive .

115 #### Distance

Distance es t imate in p i x e l s . Po s i t i v e f o r e x t e r i o r d i s t ance est imate , negat ive
f o r i n t e r i o r d i s t ance es t imate . The boundary o f the Mandelbrot s e t i s with in
a f a c t o r o f two o f t h i s d i s tance , approximately .

120

### Se l e c t

Act ivate s e l e c t t o o l . When s e l e c t t o o l i s ac t ive , c l i c k i n g on an annotat ion
in the f r a c t a l d i sp l ay w i l l s e l e c t i t in the annotat ion l i s t .

125

### Inc r ea s e / Decrease I t e r a t i o n s

Adjust the maximum i t e r a t i o n count used to c a l c u l a t e the f r a c t a l . Deeper zooms
t y p i c a l l y need more i t e r a t i o n s .

130

## Feature menu

### Nucleus

135 Act ivate nuc leus t o o l . When nuc leus t o o l i s ac t ive , dragging with the l e f t
mouse button in the f r a c t a l d i sp l ay marks a c i r c l e . On r e l e a s i n g the button ,
the lowest per iod atom in the c i r c l e i s found and annotated . I f no atom
could be found then nothing happens . Press the r i g h t button be f o r e r e l e a s i n g
the l e f t button to cance l the ac t i on .

140

### Bond

Act ivate bond t oo l . When bond t oo l i s ac t ive , c l i c k i n g on a ch i l d bulb ( a
c i r c l e − l i k e component ) w i l l annotate i t s root with the i n t e r n a l ang le from i t s

145 parent .

### Mis iurewicz

Act ivate Mis iurewicz po int t o o l . When Mis iurewicz po int t o o l i s ac t ive ,
150 dragging with the l e f t button in the f r a c t a l d i sp l ay marks a square . On

r e l e a s i n g the button , the lowest ( pre ) per iod Mis iurewicz po int in the square
i s found and annotated . The Period entry box in the menu bar can be used to
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l im i t the search . I f no Mis iurewicz po int i s found nothing happens . Press
the r i g h t button be f o r e r e l e a s i n g the l e f t button to cance l the ac t i on .

155

### Ray Out

Act ivate ray out t o o l . When ray out t o o l i s ac t ive , c l i c k i n g in the f r a c t a l
d i sp l ay t r a c e s an ex t e rna l ray outwards towards i n f i n i t y . The ray i s l i s t e d

160 in the annotat ion l i s t as a s t r i n g o f b inary d i g i t s .

### Ray In

Opens a d i a l o g where an ang le can be entered in binary form , f o r example
165 ‘ . ( 0 1 ) ‘ f o r a p e r i o d i c ray or ‘ . 001100(001) ‘ f o r a pre−p e r i o d i c ray .

A l t e r na t i v e l y a s t r i n g o f b inary d i g i t s can be entered with the pre−per iod
and per iod entered in decimal in the boxes below . This l a t t e r form i s u s e f u l
when combined with the ray out too l , as any annotat ion s e l e c t e d when the
ray in menu i s a c t i va t ed w i l l be copied to the ang le entry box , so only the

170 pre ( pe r i od s ) need to be entered . The depth o f the ray can be adjusted i f
d e s i r ed .

### Extend Ray

175 When a ray in annotat ion i s s e l e c t ed , open a d i a l o g to g ive a new depth . I f
the new depth i s h igher than the cur rent depth , the ray w i l l be extended .

### Wake < / >

180 When a ray in annotat ion i s s e l e c t ed , and another ray in annotat ion with the
same pre ( per iod ) lands at the same point , annotate the wake between them . The
second ray i s the next ray in the ant i − c l o ckw i s e d i r e c t i o n from the s e l e c t e d
ray f o r Wake <, c l o ckw i s e f o r Wake >.

185 ### Atom

When a nuc leus annotat ion i s s e l e c t ed , annotate the corre spond ing atom by
t r a c i ng i t s boundary and f i l l i n g the r e s u l t i n g polygon .

190 ### Domain

When a nuc leus annotat ion i s s e l e c t ed , annotate the corre spond ing atom domain
by t r a c i ng i t s boundary and s t r ok i ng the r e s u l t i n g polygon . Atom domains are
t y p i c a l l y much b igge r than atoms f o r ca rd io id − l i k e atoms , around four t imes

195 the s i z e f o r c i r c l e − l i k e atoms .

### Mu−Unit

When a nuc leus annotat ion i s s e l e c t ed , annotate the nu c l e i in i t s tuned mu−uni t
200 up to a c e r t a i n per iod mu l t i p l i e r . I t works by t r a c i ng rays and f i nd i n g nu c l e i

r e l a t i v e to the top l e v e l ca rd io id , then us ing atom coo rd ina t e s ( based on the
d e r i v a t i v e o f the mu l t i p l i e r ) to t r a n s l a t e to the de s i r ed nuc leus . The proce s s
i s not pe r f e c t , so some nuc l e i may be marked i n c o r r e c t l y .

205 ### Filaments

When a nuc leus annotat ion i s s e l e c t ed , annotate i t s f i l amen t s (when the Period
entry box in the menu bar has i t s per iod ) or the f i l amen t s o f i t s embedded
Ju l i a s e t (when the Period entry box in the menu bar has the per iod o f i t s
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210 i n f l u e n c i n g i s l a nd ) . The n−Fold entry box in the menu bar s e l e c t s how deep
towards the c en t r a l i s l a nd the rays should go ( i t i n c r e a s e s by 1 f o r each
f a c t o r o f 2 o f r o t a t i o n a l symmetry ) . The Depth entry box in the menu bar s e t s
how many ray pa i r s to draw ( i t i n c r e a s e s by 1 f o r each doubl ing o f ray count ) .

215 ### Delete

Delete the cu r r en t l y s e l e c t e d annotat ion . There i s no undo .

## Legal
220

Copyright ( c ) 2015−2019 Claude Heiland −Allen <mai l to : claude@mathr . co . uk>

Free Software under GNU AGPL3+. When ( re ) d i s t r i b u t i n g b i n a r i e s or prov id ing
ac c e s s to them as a s e rv i c e , you must a l s o prov ide the corre spond ing source

225 code ( i n c l ud ing any mod i f i c a t i on s ) .

−−

<https : //mathr . co . uk>
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mandelbrot−per turbator
======================

e f f i c i e n t deep zooming f o r Mandelbrot s e t s
5 Copyright (C) 2015 ,2016 ,2017 Claude Heiland −Allen

L icense GPL3+ http ://www. gnu . org / l i c e n s e s / gpl . html

qu i c k s t a r t
10 −−−−−−−−−−

This w i l l i n s t a l l to ˜/ opt/ by de f au l t :

g i t c l one https : // code . mathr . co . uk/mandelbrot−numerics . g i t
15 g i t c l one https : // code . mathr . co . uk/mandelbrot− symbol i c s . g i t

g i t c l one https : // code . mathr . co . uk/mandelbrot−per turbator . g i t
make −C mandelbrot−numerics /c/ l i b i n s t a l l
make −C mandelbrot−numerics /c/bin i n s t a l l # opt i ona l
make −C mandelbrot− symbol i c s /c/ l i b i n s t a l l

20 make −C mandelbrot− symbol i c s /c/bin i n s t a l l # opt i ona l
make −C mandelbrot−per turbator /c/ l i b i n s t a l l
make −C mandelbrot−per turbator /c/bin i n s t a l l
m−perturbator −gl fw3

25

r ender ing methods
−−−−−−−−−−−−−−−−−

d i f f e r e n t render ing methods used f o r d i f f e r e n t depths :
30

kind number maxdepth
p l a i n f32 1e−7
p l a i n f64 1e−15
p l a i n f80 1e−??
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35 perturb f32 1e−38
perturb f64 1e−308
perturb f80 1e−4932
perturb f ?? i 16 1e−9864
perturb f ?? i 32 1e −646456993

40 perturb f ?? i 64 1e −2776511644261678080

implemented so f a r :

perturb f64 / f80 / f 6 4 i 6 4 ”zˆ2 + c” with order 24 s e r i e s approximation
45

f u tu r e api
−−−−−−−−−−

50 s t r u c t bu f f e r
bu f f e r ∗ c r e a t e ( i n t width , i n t he ight )
void des t roy ( bu f f e r ∗)
const f l o a t ∗ get data ( const bu f f e r ∗)
i n t get width ( const bu f f e r ∗)

55 i n t g e t h e i gh t ( const bu f f e r ∗)

s t r u c t view
view ∗ c r e a t e ( )
void des t roy ( view ∗)

60 void s e t x ( view ∗ , const mpfr t )
void s e t y ( view ∗ , const mpfr t )
void s e t r ( view ∗ , const mpfr t )
void ge t x ( const view ∗ , mpfr t )
void ge t y ( const view ∗ , mpfr t )

65 void g e t r ( const view ∗ , mpfr t )

s t r u c t opt ions
opt ions ∗ c r e a t e ( )
void des t roy ( opt ions ∗)

70 void s e t t h r e ad s ( opt ions ∗ , i n t )
void s e t max i t e r s ( opt ions ∗ , i n t )
void set maxper iod ( opt ions ∗ , i n t )
void s e t e s c a p e r a d i u s ( opt ions ∗ , double )
void s e t g l i t c h r a d i u s ( opt ions ∗ , double )

75

s t r u c t context
context ∗ c r e a t e (enum formula , i n t order )
void des t roy ( context ∗)
void s t a r t ( context ∗ , b u f f e r ∗ , const view ∗ , const opt ions ∗)

80 bool done ( context ∗)
void wait ( context ∗)
void stop ( context ∗)

21 TODO.md

todo
====

phase 1
5 ∗ switch to new r e f e r e n c e i f a l l p i x e l s are g l i t c h ed
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phase 2
∗ don ’ t use shape t e s t
∗ generate p a r a l l e l and i n t e r r u p t i b l e nuc leus code

10 ∗ generate p a r a l l e l and i n t e r r u p t i b l e box per iod code
∗ generate p a r a l l e l and i n t e r r u p t i b l e atom domain s i z e e s t imate code
∗ remove dependency on mandelbrot−numerics

phase 3
15 ∗ generate per−p i x e l pe r turbat i on code

∗ generate more formulas

phase 4
∗ implement p la in , benchmark vs perturbed

20 ∗ gtk3 example program

phase 5
∗ GPU ac c e l e r a t i o n
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