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1 ANDROID.md

in Android Studio , open : example/ android /uk . co . mathr . graphgrow . i f a c e

2 CMakeLists.txt

cmake minimum required (VERSION 3 . 1 . 0 )

p r o j e c t (GLFM C CXX)

5 opt ion (GLFM BUILD EXAMPLE ”Build the GLFM example” OFF)

s e t (CMAKECXXSTANDARD 11)
s e t (GLFMHEADERS inc lude /glfm . h)

10 i f (CMAKESYSTEMNAME MATCHES ”Emscripten ”)
s e t (GLFM SRC s r c / g l fm plat fo rm . h s r c / g l fm p la t f o rm emscr ip t en . c )

e l s e i f (CMAKESYSTEMNAME MATCHES ”Android ”)
s e t (GLFM SRC s r c / g l fm plat fo rm . h s r c / g l fm p la t f o rm andro id . c ${ANDROIDNDK}/⤦

Ç s ou r c e s / android / na t i v e app g lue / andro id na t i v e app g lue . c )
# Set NDEBUG fo r andro id na t i v e app g lue to remove some supe r f l uou s l ogg ing

15 s e t s o u r c e f i l e s p r o p e r t i e s ( ${ANDROIDNDK}/ sourc e s / android / na t i v e app g lue /⤦
Ç andro id na t i v e app g lue . c PROPERTIES COMPILE FLAGS ”−DNDEBUG”)

e l s e ( ) # Assume iOS
s e t ( IOS TRUE)
s e t (GLFM SRC s r c / g l fm plat fo rm . h s r c / g l fm p l a t f o rm i o s .m)
s e t (CMAKEOSX SYSROOT ” iphoneos ”)

20 s e t (GLFM COMPILE FLAGS ”−Wno−objc − i n t e r f a c e − i v a r s −Wno−objc −miss ing −property⤦
Ç − s yn th e s i s −Wno−d i r e c t − ivar −ac c e s s ”)

end i f ( )

add l i b r a r y ( glfm ${GLFM SRC} ${GLFMHEADERS})
t a r g e t i n c l u d e d i r e c t o r i e s ( glfm PUBLIC inc lude )

25 t a r g e t i n c l u d e d i r e c t o r i e s ( glfm PRIVATE s r c )

source group ( in c lude FILES ${GLFMHEADERS})
source group ( s r c FILES ${GLFM SRC})

30 i f (CMAKE C COMPILER ID MATCHES ”Clang ”)
s e t t a r g e t p r o p e r t i e s ( glfm PROPERTIES COMPILE FLAGS ”−Weverything −Wwrite−⤦

Ç s t r i n g s −Wno−padded −Wno−covered −switch −de f au l t ${GLFM COMPILE FLAGS⤦
Ç }”)

e l s e i f (CMAKE C COMPILER ID MATCHES ”GNU”)
s e t t a r g e t p r o p e r t i e s ( glfm PROPERTIES COMPILE FLAGS ”−Wall −Wextra −Wwrite−⤦

Ç s t r i n g s ${GLFM COMPILE FLAGS}”)
e l s e i f (CMAKE C COMPILER ID MATCHES ”MSVC”)

35 s e t t a r g e t p r o p e r t i e s ( glfm PROPERTIES COMPILE FLAGS ”/Wall ${⤦
Ç GLFM COMPILE FLAGS}”)

end i f ( )
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i f (CMAKESYSTEMNAME MATCHES ”Android ”)
f i n d l i b r a r y ( log − l i b l og )

40 f i n d l i b r a r y ( android − l i b android )
f i n d l i b r a r y (EGL− l i b EGL)
f i n d l i b r a r y (GLESv2− l i b GLESv2)
t a r g e t l i n k l i b r a r i e s ( glfm ${ log − l i b } ${android − l i b } ${EGL− l i b } ${GLESv2− l i b⤦

Ç })
t a r g e t i n c l u d e d i r e c t o r i e s ( glfm PRIVATE ${ANDROIDNDK}/ sourc e s / android /⤦

Ç nat i v e app g lue /)
45 e l s e i f ( IOS)

t a r g e t l i n k l i b r a r i e s ( glfm ”− framework Foundation −framework CoreGraphics −⤦
Ç framework UIKit −framework OpenGLES −framework QuartzCore ”)

s e t t a r g e t p r o p e r t i e s ( glfm PROPERTIES
ARCHIVE OUTPUTDIRECTORY ${PROJECT BINARY DIR}/GLFM. bu i ld / l i b # For ⤦

Ç Archiv ing
XCODEATTRIBUTE SUPPORTEDPLATFORMS ” iphoneos iphones imulator app le tvos ⤦

Ç app l e tv s imu la to r ”
50 XCODEATTRIBUTE IPHONEOS DEPLOYMENTTARGET 8.0

XCODEATTRIBUTETVOSDEPLOYMENTTARGET 9.0
XCODE ATTRIBUTE CLANG ENABLE OBJC ARC YES

)
end i f ( )

55

add subd i r ec to ry ( example )

3 CONTRIBUTING.md

# Contr ibut ing

Contr ibut ions are welcome . Thank you f o r making the e f f o r t .

5 ## Fixing a Bug

Found a bug and have a f i x ? Great .
No need to c r e a t e a d i f f e r e n t branch − j u s t f o rk the repo , make the f i x e s , and ⤦

Ç c r e a t e a Pul l Request .

10 ## Adding a Feature

Usual ly i t ’ s bes t to f i r s t d i s c u s s a new f e a tu r e v ia an i s s u e or emai l .

To add a f ea ture , f o rk the repo , c r e a t e a s epe ra t e branch , and c r ea t e a Pul l ⤦
Ç Request .

15 You do not have to add the f e a tu r e to a l l th ree p la t fo rms ( iOS , Android , ⤦
Ç Emscripten ) , but at l e a s t two p lat fo rms would be n i c e .

4 example/android/uk.co.mathr.graphgrow.iface/app/build.gradle

apply p lug in : ’com . android . app l i c a t i on ’

android {
compileSdkVersion 26

5 de f au l tCon f i g {
app l i c a t i on Id ”uk . co . mathr . graphgrow . i f a c e ”
minSdkVersion 10
targetSdkVers ion 26
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vers ionCode 1
10 versionName ”1 .0”

exte rna lNat iveBu i ld {
cmake {

arguments ”−DGLFMBUILD EXAMPLE=ON”
}

15 }
}
exte rna lNat iveBu i ld {

cmake {
path ” . . / . . / . . / . . / CMakeLists . txt ”

20 }
}

}

android . app l i c a t i onVar i an t s . a l l { var i ant −>
25 var i ant . outputs . a l l {

outputFileName = app l i c a t i on Id ;
outputFileName += ”−v” + android . d e f au l tCon f i g . versionName ;
i f ( va r i an t . buildType . name == ” r e l e a s e ”) {

outputFileName += ” . apk ” ;
30 } e l s e {

outputFileName += ”−SNAPSHOT. apk ” ;
}

}
}

5 example/android/uk.co.mathr.graphgrow.iface/app/src/main/AndroidManifest.xml

<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<mani fe s t xmlns : android=”http :// schemas . android . com/apk/ r e s / android ”

package=”uk . co . mathr . graphgrow . i f a c e ”>

5 <uses − f e a t u r e android : g lEsVers ion=”0x00020000” android : r equ i r ed=”true ” />
<uses −permis s ion android : name=”android . permis s ion .INTERNET” />
<app l i c a t i on

android : allowBackup=”true ”
android : i con=”@mipmap/ i c l a un ch e r ”

10 android : l a b e l=”@str ing /app name”
android : supportsRt l=”true ”
>
<a c t i v i t y android : name=”android . app . Nat iveAct iv i ty ”

android : conf igChanges=”o r i e n t a t i o n | screenLayout | s c r e enS i z e |⤦
Ç keyboardHidden | keyboard”>

15 <meta−data
android : name=”android . app . l ib name ”
android : va lue=”graphgrow” />

<in tent − f i l t e r >
<ac t i on android : name=”android . i n t en t . a c t i on .MAIN”/>

20 <category android : name=”android . i n t en t . category .LAUNCHER”/>
</intent − f i l t e r >

</a c t i v i t y>
</app l i c a t i on>

25 </mani fest>
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6 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/drawable/ic launcher background.xml

<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<vec to r xmlns : android=”http :// schemas . android . com/apk/ r e s / android ”

android : width=”108dp”
android : he ight=”108dp”

5 android : v iewportHeight=”108”
android : viewportWidth=”108”>
<path

android : f i l l C o l o r=”#26A69A”
android : pathData=”M0,0 h108v108h −108z” />

10 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M9,0L9 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

15 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19, 0 L19 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

20 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M29, 0 L29 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

25 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M39, 0 L39 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

30 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M49, 0 L49 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

35 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M59, 0 L59 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

40 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M69, 0 L69 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

45 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M79, 0 L79 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

50 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M89, 0 L89 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

55 <path
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android : f i l l C o l o r =”#00000000”
android : pathData=”M99, 0 L99 ,108”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

60 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,9 L108 ,9”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

65 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,19 L108 ,19”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

70 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,29 L108 ,29”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

75 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,39 L108 ,39”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

80 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,49 L108 ,49”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

85 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,59 L108 ,59”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

90 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,69 L108 ,69”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

95 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,79 L108 ,79”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

100 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,89 L108 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

105 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M0,99 L108 ,99”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

110 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,29L89 ,29”
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android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

115 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,39L89 ,39”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

120 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,49L89 ,49”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

125 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,59L89 ,59”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

130 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,69L89 ,69”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

135 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M19,79L89 ,79”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

140 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M29,19L29 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

145 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M39,19L39 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

150 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M49,19L49 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

155 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M59,19L59 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

160 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M69,19L69 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />

165 <path
android : f i l l C o l o r =”#00000000”
android : pathData=”M79,19L79 ,89”
android : s t rokeCo lo r=”#33FFFFFF”
android : strokeWidth=”0.8” />
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example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/drawable-

v24/ic launcher foreground.xml

170 </vector>

7 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/drawable-
v24/ic launcher foreground.xml

<vec to r xmlns : android=”http :// schemas . android . com/apk/ r e s / android ”
xmlns : aapt=”http :// schemas . android . com/aapt”
android : width=”108dp”
android : he ight=”108dp”

5 android : v iewportHeight=”108”
android : viewportWidth=”108”>
<path

android : f i l l T yp e=”evenOdd”
android : pathData=”M32,64C32 ,64 38 . 39 , 52 . 99 44 . 13 , 50 . 95C51 . 37 , 4 8 . 3 7 ⤦

Ç 70 . 14 , 49 . 57 70 . 14 , 49 . 57 L108 . 2 6 , 8 7 . 6 9 L108 , 1 09 . 0 1 L75 . 97 , 107 . 97 L32 ,64⤦
Ç Z”

10 android : s t rokeCo lo r=”#00000000”
android : strokeWidth=”1”>
<aapt : a t t r name=”android : f i l l C o l o r ”>

<grad i ent
android : endX=”78.5885”

15 android : endY=”90.9159”
android : startX=”48.7653”
android : startY=”61.0927”
android : type=” l i n e a r ”>
<item

20 android : c o l o r =”#44000000”
android : o f f s e t =”0.0” />

<item
android : c o l o r =”#00000000”
android : o f f s e t =”1.0” />

25 </gradient>
</aapt : at t r>

</path>
<path

android : f i l l C o l o r=”#FFFFFF”
30 android : f i l l T yp e=”nonZero”

android : pathData=”M66. 94 , 4 6 . 0 2 L66 . 94 , 4 6 . 0 2C72 . 44 , 5 0 . 0 7 76 ,56 .61 76 ,64L32⤦
Ç , 64C32 , 5 6 . 6 1 35 . 56 , 50 . 11 40 . 98 , 46 . 06 L36 . 18 , 4 1 . 1 9C35 . 45 , 4 0 . 4 5 ⤦
Ç 35 . 45 , 39 . 3 36 . 18 , 38 . 56C36 . 91 , 3 7 . 8 1 38 . 05 , 37 . 81 38 . 78 , 38 . 56 L44⤦
Ç . 2 5 , 4 4 . 0 5C47 . 1 8 , 4 2 . 5 7 50 . 48 , 41 . 71 54 ,41 .71C57 . 4 8 , 4 1 . 7 1 60 . 78 , 42 . 57⤦
Ç 63 . 68 , 44 . 05 L69 . 11 , 3 8 . 5 6C69 . 84 , 3 7 . 8 1 70 . 98 , 37 . 81 71 . 71 , 38 . 56C72⤦
Ç . 4 4 , 3 9 . 3 72 . 44 , 40 . 45 71 . 71 , 41 . 19 L66 . 94 , 4 6 . 0 2ZM62. 94 , 5 6 . 9 2C64⤦
Ç . 0 8 , 5 6 . 9 2 65 ,56 .01 65 ,54 .88C65 , 5 3 . 7 6 64 . 08 , 52 . 85 62 . 94 , 52 . 85C61⤦
Ç . 8 , 5 2 . 8 5 60 . 88 , 53 . 76 60 . 88 , 54 . 88C60 . 88 , 5 6 . 0 1 61 . 8 , 56 . 92 ⤦
Ç 62 . 94 , 56 . 92ZM45. 06 , 5 6 . 9 2C46 . 2 , 5 6 . 9 2 47 . 13 , 56 . 01 47 . 13 , 54 . 88C47⤦
Ç . 1 3 , 5 3 . 7 6 46 . 2 , 52 . 85 45 . 06 , 52 . 85C43 . 9 2 , 5 2 . 8 5 43 ,53 .76 43 ,54 .88C43⤦
Ç , 5 6 . 0 1 43 . 92 , 56 . 92 45 . 06 , 56 . 92Z”

android : s t rokeCo lo r=”#00000000”
android : strokeWidth=”1” />

</vector>

8 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
anydpi-v26/ic launcher round.xml
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<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<adaptive − i con xmlns : android=”http :// schemas . android . com/apk/ r e s / android”>

<background android : drawable=”@drawable/ i c l auncher background ” />
<foreground android : drawable=”@drawable/ i c l aunch e r f o r e g r ound ” />

5 </adaptive − icon>

9 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
anydpi-v26/ic launcher.xml

<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<adaptive − i con xmlns : android=”http :// schemas . android . com/apk/ r e s / android”>

<background android : drawable=”@drawable/ i c l auncher background ” />
<foreground android : drawable=”@drawable/ i c l aunch e r f o r e g r ound ” />

5 </adaptive − icon>

10 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
hdpi/ic launcher.png
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11 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
hdpi/ic launcher round.png

12 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
mdpi/ic launcher.png
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graphgrow-androidexample/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-mdpi/ic launcher round.png

13 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
mdpi/ic launcher round.png

14 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xhdpi/ic launcher.png
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graphgrow-androidexample/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-xhdpi/ic launcher round.png

15 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xhdpi/ic launcher round.png

16 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xxhdpi/ic launcher.png
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example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-

xxhdpi/ic launcher round.png

17 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xxhdpi/ic launcher round.png

18 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xxxhdpi/ic launcher.png
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example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-

xxxhdpi/ic launcher round.png

19 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/mipmap-
xxxhdpi/ic launcher round.png

20 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/values/colors.xml

<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<r e source s>

<!−− c o l o r f o r the app bar and other primary UI e lements −−>
<c o l o r name=”colorPr imary”>#3F51B5</co lo r>

5

<!−− a darker va r i an t o f the primary co lo r , used f o r
the s t a tu s bar ( on Android 5.0+) and contextua l app bars −−>

<c o l o r name=”colorPrimaryDark”>#303F9F</co lo r>

10 <!−− a secondary c o l o r f o r c on t r o l s l i k e checkboxes and text f i e l d s −−>
<c o l o r name=”co lorAccent”>#FF4081</co lo r>

</re source s>

21 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/values/strings.xml

<r e source s>
<s t r i n g name=”app name”>GraphGrow</s t r i ng>

</re source s>

22 example/android/uk.co.mathr.graphgrow.iface/app/src/main/res/values/styles.xml

<r e source s>
<s t y l e name=”AppTheme” parent=”android :Theme . Light”>
</s ty l e>

</re source s>
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23 example/android/uk.co.mathr.graphgrow.iface/build.gradle

bu i l d s c r i p t {
r e p o s i t o r i e s {

goog l e ( )
j c e n t e r ( )

5 }
dependenc ies {

c l a s spa th ’com . android . t o o l s . bu i ld : g rad l e : 3 . 1 . 4 ’
}

}
10

a l l p r o j e c t s {
r e p o s i t o r i e s {

goog l e ( )
j c e n t e r ( )

15 }
}

task c l ean ( type : De lete ) {
de l e t e r oo tPro j e c t . bu i ldDi r

20 }

24 example/android/uk.co.mathr.graphgrow.iface/.gitignore

. g rad l e

. idea

. ex te rna lNat iveBu i ld
bu i ld

5 grad l e
gradlew
gradlew . bat
l o c a l . p r op e r t i e s
∗ . iml

25 example/android/uk.co.mathr.graphgrow.iface/settings.gradle

i n c lude ’ : app ’

26 example/assets/simple.frag

varying lowp vec3 v c o l o r ;

void main ( ) {
g l FragCo lor = vec4 ( v co l o r , 1 . 0 ) ;

5 }

27 example/assets/simple.vert

a t t r i b u t e highp vec3 a p o s i t i o n ;
a t t r i b u t e lowp vec3 a c o l o r ;

vary ing lowp vec3 v c o l o r ;
5

16
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void main ( ) {
g l P o s i t i o n = vec4 ( a po s i t i on , 1 . 0 ) ;
v c o l o r = a c o l o r ;

}

28 example/assets/texture.frag

uniform lowp sampler2D texture0 ;

vary ing mediump vec2 texCoordFragment ;

5 void main ( )
{

g l FragCo lor = texture2D ( texture0 , texCoordFragment ) ;
}

29 example/assets/texture.vert

a t t r i b u t e highp vec4 po s i t i o n ;
a t t r i b u t e mediump vec2 texCoord ;

vary ing mediump vec2 texCoordFragment ;
5

void main ( )
{

g l P o s i t i o n = po s i t i o n ;
texCoordFragment = texCoord ;

10 }

30 example/cmake/GLFMAppTarget.cmake

#
# GLFMAPPTARGETNAME − App name
# GLFM APP ORGANIZATION IDENTIFIER − Reverse domain name , l i k e ”com . example”
# GLFM APP VERSION − Vers ion s t r i ng , l i k e ”1 .0”

5 # GLFM APP VERSION ITERATION − Vers ion code ( i n t e g e r )
# GLFM APP ASSETS DIR − Assets d i r e c t o r y
# GLFM APP SRC − Source f i l e s

f i l e (GLOB GLFM APP ASSETS ${GLFM APP ASSETS DIR}/∗)
10 source group (” s r c ” FILES ${GLFM APP SRC})

i f (CMAKESYSTEMNAME MATCHES ”Emscripten ”)
# HACK: Make mod i f i c a t i on s to she l l m in ima l . html to take up the e n t i r e ⤦

Ç browser window
f i l e (READ ${EMSCRIPTEN ROOT PATH}/ s r c / she l l m in ima l . html ⤦
Ç EMSCRIPTEN SHELL HTML)

15 s t r i n g (FIND ”${EMSCRIPTEN SHELL HTML}” ”< s t y l e >” HAS STYLE)
i f ( ${HAS STYLE} EQUAL −1)

message (WARNING ”< s t y l e> not found in she l l m in ima l . html , copying as− i s⤦
Ç ”)

e l s e ( )
s t r i n g (CONCAT STYLEREPLACEMENT ”<meta name=\”viewport \” content=\”width⤦

Ç =device −width , user − s c a l a b l e=no , viewport − f i t=cover\”>\n”
20 ” <meta name=\”apple −mobile−web−app−capable \” content=\”yes\”>\n”

” <s t y l e >\n”

17
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” /∗ GLFM: Star t changes ∗/\n”
” : root {\n”
” −−glfm−chrome−top−o ld : constant ( sa f e −area − i n s e t −top ) ;\n”

25 ” −−glfm−chrome− r i ght −o ld : constant ( sa f e −area − i n s e t − r i g h t )⤦
Ç ;\n”

” −−glfm−chrome−bottom−o ld : constant ( sa f e −area − i n s e t −bottom⤦
Ç ) ;\n”

” −−glfm−chrome− l e f t −o ld : constant ( sa f e −area − i n s e t − l e f t ) ;\n⤦
Ç ”

” −−glfm−chrome−top : env ( sa f e −area − i n s e t −top ) ;\n”
” −−glfm−chrome− r i g h t : env ( sa f e −area − i n s e t − r i g h t ) ;\n”

30 ” −−glfm−chrome−bottom : env ( sa f e −area − i n s e t −bottom ) ;\n”
” −−glfm−chrome− l e f t : env ( sa f e −area − i n s e t − l e f t ) ;\n”
” }\n”
” body , html { border : 0px none ; padding : 0px ; margin : 0px ; ⤦

Ç width : 100%; he ight : 100%; over f l ow : hidden ; p o s i t i o n : f i x e d ; ⤦
Ç }\n”

” canvas . emscr ipten { background : b lack ; width : 100%; he ight : ⤦
Ç 100%; }\n”

35 ” . emscr ipten border { width : 100%; he ight : 100%; border : 0px ⤦
Ç none ! important ;}\n”

” hr { d i sp l ay : none ; }\n”
” /∗ GLFM: End changes ∗/”

)
s t r i n g (REPLACE ”< s t y l e >” ”${STYLEREPLACEMENT}” EMSCRIPTEN SHELL HTML ”$⤦

Ç {EMSCRIPTEN SHELL HTML}”)
40 end i f ( )

f i l e (WRITE ${CMAKE CURRENT BINARY DIR}/ s h e l l . html . in ”${⤦
Ç EMSCRIPTEN SHELL HTML}”)

s e t (CMAKE EXECUTABLE SUFFIX ” . html ”)
add executab le ( ${GLFMAPPTARGETNAME} ${GLFM APP SRC})

45 s e t t a r g e t p r o p e r t i e s ( ${GLFMAPPTARGETNAME} PROPERTIES LINK FLAGS ”−− s h e l l ⤦
Ç − f i l e ${CMAKE CURRENT BINARY DIR}/ s h e l l . html . in −−preload − f i l e ${⤦
Ç GLFM APP ASSETS DIR}@”)

e l s e i f (CMAKESYSTEMNAME MATCHES ”Android ”)
add l i b r a r y ( ${GLFMAPPTARGETNAME} SHARED ${GLFM APP SRC})
t a r g e t l i n k l i b r a r i e s ( ${GLFMAPPTARGETNAME} glfm )

e l s e ( )
50 # iOS . I f you change t h i s s e c t i on , t e s t a r ch i v ing too .

s e t (CMAKEMACOSXBUNDLE YES)

add executab le ( ${GLFMAPPTARGETNAME} ${GLFM APP SRC} ${GLFM APP ASSETS})

55 s e t t a r g e t p r o p e r t i e s ( ${GLFMAPPTARGETNAME} PROPERTIES
XCODE ATTRIBUTE PRODUCT BUNDLE IDENTIFIER ”${⤦

Ç GLFM APP ORGANIZATION IDENTIFIER} .\ ${PRODUCTNAME:⤦
Ç r f c 1 0 3 4 i d e n t i f i e r }”

XCODEATTRIBUTE SUPPORTEDPLATFORMS ” iphoneos iphones imulator app le tvos ⤦
Ç app l e tv s imu la to r ”

XCODEATTRIBUTE IPHONEOS DEPLOYMENTTARGET 8.0 # Vers ion ⤦
Ç r equ i r ed f o r GLFM

XCODEATTRIBUTETVOSDEPLOYMENTTARGET 9.0
60 XCODE ATTRIBUTE CLANG ENABLE OBJC ARC YES # ARC requ i r ed ⤦

Ç f o r GLFM
XCODE ATTRIBUTE TARGETED DEVICE FAMILY ”1 ,2 ,3” # iPhone , iPad , ⤦

Ç tvOS

18
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XCODEATTRIBUTEUSE HEADERMAP YES # Avoid header ⤦
Ç search paths

XCODE ATTRIBUTE COMBINE HIDPI IMAGES NO # For Archiv ing
XCODE ATTRIBUTE OTHER LDFLAGS ”” # For Archiv ing

65 XCODE ATTRIBUTE INSTALL PATH ”$ (LOCAL APPS DIR) ” # For Archiv ing
XCODE ATTRIBUTE SKIP INSTALL NO # For Archiv ing
XCODE ATTRIBUTE CODE SIGN IDENTITY ” iPhone Developer ” # For ⤦

Ç convenience
)
s e t s o u r c e f i l e s p r o p e r t i e s ( ${GLFM APP ASSETS} LaunchScreen . s toryboard ⤦

Ç PROPERTIES MACOSXPACKAGELOCATION Resources )
70 s e t p r ope r t y (TARGET ${GLFMAPPTARGETNAME} PROPERTY ⤦

Ç MACOSX BUNDLE INFO PLIST ${CMAKE CURRENT BINARY DIR}/CMake− In f o . p l i s t .⤦
Ç in )

s e t (MACOSX BUNDLE SHORT VERSION STRING ${GLFM APP VERSION})
s e t (MACOSX BUNDLE BUNDLE VERSION ${GLFM APP VERSION ITERATION})

75 # LaunchScreen needed to a l low any sc r e en s i z e . Don ’ t ove rwr i t e .
i f (NOT EXISTS ${CMAKE CURRENT BINARY DIR}/LaunchScreen . s toryboard )

f i l e (WRITE ${CMAKE CURRENT BINARY DIR}/LaunchScreen . s toryboard
”<?xml ve r s i on =\”1.0\” encoding=\”UTF−8\” standa lone=\”no\”?>\n”
”<document type=\”com . apple . I n t e r f a c eBu i l d e r 3 . CocoaTouch . Storyboard .⤦

Ç XIB\” ve r s i on =\”3.0\” too l sVe r s i on =\”11134\” systemVers ion⤦
Ç =\”15F34\” targetRuntime=\”iOS . CocoaTouch\” ⤦
Ç propertyAccessContro l=\”none\” useAutolayout=\”YES\” ⤦
Ç launchScreen=\”YES\” u s eT ra i tCo l l e c t i o n s=\”YES\” colorMatched⤦
Ç =\”YES\” i n i t i a lV i ewCon t r o l l e r =\”01J− lp −oVM\”>\n”

80 ” <dependencies>\n”
” <plugIn i d e n t i f i e r =\”com . apple . I n t e r f a c eBu i l d e r .⤦

Ç IBCocoaTouchPlugin\” ve r s i on=\”11106\”/>\n”
” <c a p ab i l i t y name=\”documents saved in the Xcode 8 format \” ⤦

Ç minToolsVersion=\”8.0\”/>\n”
” </dependencies>\n”
” <scenes>\n”

85 ” <!−−View Contro l l e r −−>\n”
” <scene sceneID=\”EHf−IW−A2E\”>\n”
” <ob j ec t s >\n”
” <v i ewCont ro l l e r id=\”01J− lp −oVM\” sceneMemberID=\”⤦

Ç v i ewCont ro l l e r \”>\n”
” <layoutGuides>\n”

90 ” <viewControl lerLayoutGuide type=\”top \” id⤦
Ç =\”Llm−lL− Icb\”/>\n”

” <viewControl lerLayoutGuide type=\”bottom\” ⤦
Ç id=\”xb3−aO−Qok\”/>\n”

” </layoutGuides>\n”
” <view key=\”view \” contentMode=\” s c a l eToF i l l \” ⤦

Ç id=\”Ze5−6b−2 t3\”>\n”
” <r e c t key=\”frame \” x=\”0.0\” y=\”0.0\” ⤦

Ç width=\”375\” he ight=\”667\”/>\n”
95 ” <autores i z ingMask key=\”autores i z ingMask \” ⤦

Ç widthS izab l e=\”YES\” he i gh tS i z ab l e=\”YES\”/>\n”
” <c o l o r key=\”backgroundColor \” red=\”0\” ⤦

Ç green=\”0\” blue=\”0\” alpha=\”1\” co lo rSpace=\”custom\” ⤦
Ç customColorSpace=\”sRGB\”/>\n”

” </view>\n”
” </v iewContro l l e r>\n”
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” <p l a c eho ld e r p l a c e h o l d e r I d e n t i f i e r=\”⤦
Ç IBFirstResponder \” id=\”iYj −Kq−Ea1\” userLabe l=\”F i r s t ⤦
Ç Responder\” sceneMemberID=\” f i r s tRe sponde r \”/>\n”

100 ” </ob j ec t s >\n”
” <point key=\”canvasLocat ion \” x=\”53\” y=\”375\”/>\n”
” </scene>\n”
” </scenes>\n”
”</document>\n”

105 )
end i f ( )
# In p lace o f MacOSXBundleInfo . p l i s t . in
f i l e (WRITE ${CMAKE CURRENT BINARY DIR}/CMake− In f o . p l i s t . in

”<?xml ve r s i on =\”1.0\” encoding=\”UTF−8\”?>\n”
110 ”<!DOCTYPE p l i s t PUBLIC \”−//Apple//DTD PLIST 1.0//EN” ”http ://www. apple⤦

Ç . com/DTDs/PropertyList −1 . 0 . dtd\”>\n”
”<p l i s t v e r s i on =\”1.0\”>\n”
”<dict>\n”
” <key>CFBundleDevelopmentRegion</key>\n”
” <s t r i ng>en</s t r i ng >\n”

115 ” <key>CFBundleExecutable</key>\n”
” <s t r i ng>$ (EXECUTABLENAME)</s t r i ng >\n”
” <key>CFBundleIdent i f i e r</key>\n”
” <s t r i ng>$ (PRODUCT BUNDLE IDENTIFIER)</s t r i ng >\n”
” <key>CFBundleInfoDict ionaryVersion</key>\n”

120 ” <s t r i ng >6.0</ s t r i ng >\n”
” <key>CFBundleName</key>\n”
” <s t r i ng>$ (PRODUCTNAME)</s t r i ng >\n”
” <key>CFBundlePackageType</key>\n”
” <s t r i ng>APPL</s t r i ng >\n”

125 ” <key>CFBundleShortVersionString</key>\n”
” <s t r i ng >\${MACOSX BUNDLE SHORT VERSION STRING}</ s t r i ng >\n”
” <key>CFBundleVersion</key>\n”
” <s t r i ng >\${MACOSX BUNDLE BUNDLE VERSION}</ s t r i ng >\n”
” <key>LSRequiresIPhoneOS</key>\n”

130 ” <t rue/>\n”
” <key>UILaunchStoryboardName</key>\n”
” <s t r i ng>LaunchScreen</s t r i ng >\n”
” <key>UIRequi redDev iceCapabi l i t i e s</key>\n”
” <array>\n”

135 ” <s t r i ng>armv7</s t r i ng >\n”
” <s t r i ng>opengles −2</ s t r i ng >\n”
” </array>\n”
” <key>UIStatusBarHidden</key>\n”
” <t rue/>\n”

140 ” <key>UISupportedInte r faceOr i entat ions</key>\n”
” <array>\n”
” <s t r i ng>UI In t e r f a c eOr i en ta t i onPor t r a i t </s t r i ng >\n”
” <s t r i ng>UIInte r faceOr i entat ionLandscapeLe f t</s t r i ng >\n”
” <s t r i ng>UIInter faceOr ientat ionLandscapeRight</s t r i ng >\n”

145 ” </array>\n”
” <key>UISuppor t ed Inte r f aceOr i enta t i ons ˜ ipad</key>\n”
” <array>\n”
” <s t r i ng>UI In t e r f a c eOr i en ta t i onPor t r a i t </s t r i ng >\n”
” <s t r i ng>UIInter faceOr ientat ionPortra i tUps ideDown</s t r i ng ⤦

Ç >\n”
150 ” <s t r i ng>UIInte r faceOr i entat ionLandscapeLe f t</s t r i ng >\n”

” <s t r i ng>UIInter faceOr ientat ionLandscapeRight</s t r i ng >\n”
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” </array>\n”
”</d ic t>\n”
”</ p l i s t >\n”

155 )
end i f ( )

31 example/CMakeLists.txt

cmake minimum required (VERSION 3 . 6 . 0 ) # Might run on e a r l i e r v e r s i on s . Probably ⤦
Ç r e qu i r e s 3 . 4 or 3 . 5

l i n k l i b r a r i e s ( glfm )
l i s t (APPEND CMAKEMODULEPATH ”${CMAKE CURRENT LIST DIR}/cmake”)

5

# Common
s e t (GLFM APP ORGANIZATION IDENTIFIER ”uk . co . mathr ”)
s e t (GLFM APP VERSION ”1 .0” )
s e t (GLFM APP VERSION ITERATION 1)

10 s e t (GLFM APP ASSETS DIR ${CMAKE CURRENT SOURCE DIR}/ a s s e t s )

# Main example

s e t ( lo DIR l i b l o −0 .29)
15

s e t (GLFMAPPTARGETNAME graphgrow )

s e t (GLFM APP SRC
s r c /graphgrow− i f a c e . cpp

20 s r c / f i l e c ompa t . h
l o / l o . h
l o / l o end i an . h
${ lo DIR }/ s r c / address . c
${ lo DIR }/ s r c /blob . c

25 ${ lo DIR }/ s r c /bundle . c
${ lo DIR }/ s r c /message . c
${ lo DIR }/ s r c /method . c
${ lo DIR }/ s r c / pattern match . c
${ lo DIR }/ s r c / send . c

30 ${ lo DIR }/ s r c / s e r v e r . c
${ lo DIR }/ s r c / t imetag . c
${ lo DIR }/ l o / lo cpp . h
${ lo DIR }/ l o / l o e r r o r s . h
${ lo DIR }/ l o / l o l ow l e v e l . h

35 ${ lo DIR }/ l o / lo macros . h
${ lo DIR }/ l o / l o o s c t y p e s . h
${ lo DIR }/ l o / l o s e r v e r t h r e ad . h
${ lo DIR }/ l o / lo throw . h
${ lo DIR }/ l o / l o t yp e s . h

40 )

a dd d e f i n i t i o n s (−DPACKAGENAME=” l i b l o ”)
a dd d e f i n i t i o n s (−DPRINTF LL=” l l ”)
a dd d e f i n i t i o n s (−DHAVE POLL)

45 add d e f i n i t i o n s (−DHAVE SELECT)

i n c l u d e d i r e c t o r i e s ( . / ${ lo DIR })
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i n c lude (GLFMAppTarget)

32 example/lo/lo endian.h

/∗
∗ Copyright (C) 2014 Steve Harr i s e t a l . ( s e e AUTHORS)
∗
∗ This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or

5 ∗ modify i t under the terms o f the GNU Lesse r General Publ ic L i cense
∗ as pub l i shed by the Free Software Foundation ; e i t h e r v e r s i on 2 .1
∗ o f the License , or ( at your opt ion ) any l a t e r v e r s i on .
∗
∗ This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,

10 ∗ but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
∗ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
∗ GNU Lesse r General Publ ic L i cense f o r more d e t a i l s .
∗
∗ $Id$

15 ∗/

#i f n d e f LO ENDIAN H
#de f i n e LO ENDIAN H

20 #inc lude <sys / types . h>

#i f d e f MSC VER
#i f n d e f UINTSDEFINED
#de f i n e UINTSDEFINED

25 #de f i n e i n t 3 2 t i n t 3 2
#de f i n e i n t 6 4 t i n t 6 4
#de f i n e u in t 32 t unsigned i n t 3 2
#de f i n e u in t 64 t unsigned i n t 6 4
#de f i n e u i n t 8 t unsigned i n t 8

30 #end i f
#e l s e
#inc lude <s t d i n t . h>
#end i f

35 #i f de f i ned (WIN32) | | de f ined ( MSC VER)
#inc lude <winsock2 . h>
#inc lude <ws2tcpip . h>
#e l s e
#inc lude <ne t i n e t / in . h>

40 #end i f

#i f d e f c p l u s p l u s
extern ”C” {
#end i f

45

#de f i n e lo swap16 (x ) htons (x )

#de f i n e lo swap32 (x ) hton l ( x )

50 /∗ These macros come from the Linux ke rne l ∗/

#i f n d e f lo swap16
#de f i n e lo swap16 (x ) \
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({ \
55 u in t 16 t x = (x ) ; \

( ( u i n t 16 t ) ( \
( ( ( u i n t 16 t ) ( x ) & ( u in t 16 t ) 0 x00ffU ) << 8) | \
( ( ( u i n t 16 t ) ( x ) & ( u in t 16 t ) 0 xff00U ) >> 8) ) ) ; \

})
60 #warning USING UNOPTIMISED ENDIAN STUFF

#end i f

#i f n d e f lo swap32
#de f i n e lo swap32 (x ) \

65 ({ \
u in t 32 t x = (x ) ; \
( ( u i n t 32 t ) ( \

( ( ( u i n t 32 t ) ( x ) & ( u in t 32 t ) 0x000000ffUL ) << 24) | \
( ( ( u i n t 32 t ) ( x ) & ( u in t 32 t ) 0x0000ff00UL ) << 8) | \

70 ( ( ( u i n t 32 t ) ( x ) & ( u in t 32 t ) 0x00ff0000UL ) >> 8) | \
( ( ( u i n t 32 t ) ( x ) & ( u in t 32 t ) 0xff000000UL ) >> 24) ) ) ; \

})
#end i f

75 #i f 0
#i f n d e f lo swap64
#de f i n e lo swap64 (x ) \
({ \

u in t 64 t x = (x ) ; \
80 ( ( u i n t 64 t ) ( \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x00000000000000ffULL ) << 56) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x000000000000ff00ULL ) << 40) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x0000000000ff0000ULL ) << 24) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x00000000ff000000ULL ) << 8) | ⤦
Ç \

85 ( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x000000ff00000000ULL ) >> 8) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x0000ff0000000000ULL ) >> 24) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0x00ff000000000000ULL ) >> 40) | ⤦
Ç \

( u i n t 64 t ) ( ( ( u i n t 64 t ) ( x ) & ( u in t 64 t ) 0xff00000000000000ULL ) >> 56) ) )⤦
Ç ; \

})
90 #end i f

#e l s e

typede f union {
u in t 64 t a l l ;

95 s t r u c t {
u in t 32 t a ;
u i n t 32 t b ;

} part ;
} l o s p l i t 6 4 ;

100

#i f d e f MSC VER
#de f i n e LO INLINE i n l i n e
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#e l s e
#de f i n e LO INLINE i n l i n e

105 #end i f
s t a t i c LO INLINE u in t 64 t lo swap64 ( u in t 64 t x )
{

l o s p l i t 6 4 in , out ;

110 in . a l l = x ;
out . part . a = lo swap32 ( in . part . b ) ;
out . part . b = lo swap32 ( in . part . a ) ;

r e turn out . a l l ;
115 }

#undef LO INLINE
#end i f

#i f d e f LO BIGENDIAN
120 #undef LO BIGENDIAN

#end i f

#i f d e f BIG ENDIAN
#de f i n e LO BIGENDIAN 1

125 #e l s e
#i f d e f LITTLE ENDIAN
#de f i n e LO BIGENDIAN 0
#e l s e
#e r r o r Unknown endianness

130 #end i f
#end i f

/∗ Host to OSC and OSC to Host conver s i on macros ∗/
#i f LO BIGENDIAN

135 #de f i n e l o htoo16 (x ) ( x )
#de f i n e l o htoo32 (x ) ( x )
#de f i n e l o htoo64 (x ) ( x )
#de f i n e l o o toh16 (x ) ( x )
#de f i n e l o o toh32 (x ) ( x )

140 #de f i n e l o o toh64 (x ) ( x )
#e l s e
#de f i n e l o htoo16 lo swap16
#de f i n e l o htoo32 lo swap32
#de f i n e l o htoo64 lo swap64

145 #de f i n e l o o toh16 lo swap16
#de f i n e l o o toh32 lo swap32
#de f i n e l o o toh64 lo swap64
#end i f

150 #i f d e f c p l u s p l u s
}
#end i f

#end i f
155

/∗ v i : s e t t s=8 s t s=4 sw=4: ∗/

33 example/lo/lo.h
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/∗
∗ Copyright (C) 2014 Steve Harr i s e t a l . ( s e e AUTHORS)
∗
∗ This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or

5 ∗ modify i t under the terms o f the GNU Lesse r General Publ ic L i cense
∗ as pub l i shed by the Free Software Foundation ; e i t h e r v e r s i on 2 .1
∗ o f the License , or ( at your opt ion ) any l a t e r v e r s i on .
∗
∗ This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,

10 ∗ but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
∗ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
∗ GNU Lesse r General Publ ic L i cense f o r more d e t a i l s .
∗
∗ $Id$

15 ∗/

#i f n d e f LO H
#de f i n e LO H

20 #i f d e f c p l u s p l u s
extern ”C” {
#end i f

/∗∗
25 ∗ \ f i l e l o . h The l i b l o main h e a d e r f i l e and high− l e v e l API func t i on s .

∗/

#inc lude ” l o / l o end i an . h”
#inc lude ” l o / l o t yp e s . h”

30 #inc lude ” l o / l o o s c t y p e s . h”
#inc lude ” l o / l o e r r o r s . h”
#inc lude ” l o / l o l ow l e v e l . h”

/∗∗
35 ∗ \defgroup l i b l o High− l e v e l OSC API

∗
∗ Def ines the high− l e v e l API func t i on s nece s sa ry to implement OSC support .
∗ Should be adequate f o r most app l i c a t i on s , but i f you r equ i r e lower l e v e l
∗ c on t r o l you can use the f unc t i on s de f ined in l o l ow l e v e l . h

40 ∗ @{
∗/

/∗∗
∗ \ b r i e f Dec lare an OSC des t i na t i on , g iven IP address and port number .

45 ∗ Same as l o addr e s s new wi th pro to ( ) , but us ing UDP.
∗
∗ \param host An IP address or number , or NULL f o r the l o c a l machine .
∗ \param port a decimal port number or s e r v i c e name .
∗

50 ∗ The l o add r e s s ob j e c t may be used as the t a r g e t o f OSC messages .
∗
∗ Note : i f you wish to r e c e i v e r e p l i e s from the t a r g e t o f t h i s
∗ address , you must f i r s t c r e a t e a l o s e r v e r t h r e a d or l o s e r v e r
∗ ob j e c t which w i l l r e c e i v e the r e p l i e s . The l a s t l o s e r v e r ( thread )

55 ∗ ob j e c t c rae ted w i l l be the r e c e i v e r .
∗/

l o add r e s s l o addre s s new ( const char ∗host , const char ∗port ) ;
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/∗∗
60 ∗ \ b r i e f Dec lare an OSC des t i na t i on , g iven IP address and port number ,

∗ s p e c i f y i n g p ro to co l .
∗
∗ \param proto The pro to co l to use , must be one o f LO UDP, LO TCP or LO UNIX .
∗ \param host An IP address or number , or NULL f o r the l o c a l machine .

65 ∗ \param port a decimal port number or s e r v i c e name .
∗
∗ The l o add r e s s ob j e c t may be used as the t a r g e t o f OSC messages .
∗
∗ Note : i f you wish to r e c e i v e r e p l i e s from the t a r g e t o f t h i s

70 ∗ address , you must f i r s t c r e a t e a l o s e r v e r t h r e a d or l o s e r v e r
∗ ob j e c t which w i l l r e c e i v e the r e p l i e s . The l a s t l o s e r v e r ( thread )
∗ ob j e c t c r ea ted w i l l be the r e c e i v e r .
∗/

l o add r e s s l o addr e s s new wi th pro to ( i n t proto , const char ∗host , const char ∗⤦
Ç port ) ;

75

/∗∗
∗ \ b r i e f Create a l o add r e s s ob j e c t from an OSC URL.
∗
∗ example : \c ” osc . udp :// l o c a l h o s t :4444/my/path/”

80 ∗/
l o add r e s s l o add r e s s n ew f r om ur l ( const char ∗ u r l ) ;

/∗∗
∗ \ b r i e f Free the memory used by the l o add r e s s ob j e c t

85 ∗/
void l o a d d r e s s f r e e ( l o add r e s s t ) ;

/∗∗
∗ \ b r i e f Set the Time−to−Live value f o r a g iven ta r g e t address .

90 ∗
∗ This i s r equ i r ed f o r sending mu l t i ca s t UDP messages . A value o f 1
∗ ( the usua l case ) keeps the message with in the subnet , whi l e 255
∗ means a g loba l , u n r e s t r i c t e d scope .
∗

95 ∗ \param t An OSC address .
∗ \param t t l An i n t e g e r s p e c i f y i n g the scope o f a mu l t i c a s t UDP message .
∗/

void l o a d d r e s s s e t t t l ( l o add r e s s t , i n t t t l ) ;

100 /∗∗
∗ \ b r i e f Get the Time−to−Live value f o r a g iven ta r g e t address .
∗
∗ \param t An OSC address .
∗ \ re turn An i n t e g e r s p e c i f y i n g the scope o f a mu l t i c a s t UDP message .

105 ∗/
i n t l o a d d r e s s g e t t t l ( l o add r e s s t ) ;

/∗∗
∗ \ b r i e f Send a OSC formatted message to the address s p e c i f i e d .

110 ∗
∗ \param targ The ta r g e t OSC address
∗ \param path The OSC path the message w i l l be d e l i v e r e d to
∗ \param type The types o f the data items in the message , types are de f ined in
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∗ l o o s c t y p e s . h
115 ∗ \param . . . The data va lue s to be transmit ted . The types o f the arguments

∗ passed here must agree with the types s p e c i f i e d in the type parameter .
∗
∗ example :
∗ \ code

120 ∗ l o s end ( t , ”/ foo /bar ” , ” f f ” , 0 . 1 f , 23 .0 f ) ;
∗ \ endcode
∗
∗ \ re turn −1 on f a i l u r e .
∗/

125 i n t l o s end ( l o add r e s s targ , const char ∗path , const char ∗ type , . . . ) ;

/∗∗
∗ \ b r i e f Send a OSC formatted message to the address s p e c i f i e d ,
∗ from the same socke t as the s p e c i f i e d s e r v e r .

130 ∗
∗ \param targ The ta r g e t OSC address
∗ \param from The s e r v e r to send message from ( can be NULL to use new socket )
∗ \param t s The OSC timetag timestamp at which the message w i l l be proce s sed
∗ ( can be LO TT IMMEDIATE i f you don ’ t want to attach a timetag )

135 ∗ \param path The OSC path the message w i l l be d e l i v e r e d to
∗ \param type The types o f the data items in the message , types are de f ined in
∗ l o o s c t y p e s . h
∗ \param . . . The data va lue s to be transmit ted . The types o f the arguments
∗ passed here must agree with the types s p e c i f i e d in the type parameter .

140 ∗
∗ example :
∗ \ code
∗ s e rv = lo s e r v e r n ew (NULL, e r r ) ;
∗ l o s e rver add method ( serv , ”/ r ep ly ” , ” s s ” , r ep ly hand l e r , NULL) ;

145 ∗ l o s end f rom ( t , serv , LO TT IMMEDIATE, ”/ foo /bar ” , ” f f ” , 0 . 1 f , 23 .0 f ) ;
∗ \ endcode
∗
∗ \ re turn on succes s , the number o f bytes sent , or −1 on f a i l u r e .
∗/

150 i n t l o s end f rom ( l o add r e s s targ , l o s e r v e r from , l o t ime tag ts ,
const char ∗path , const char ∗ type , . . . ) ;

/∗∗
∗ \ b r i e f Send a OSC formatted message to the address s p e c i f i e d , scheduled to

155 ∗ be d i spatch at some time in the fu tu r e .
∗
∗ \param targ The ta r g e t OSC address
∗ \param t s The OSC timetag timestamp at which the message w i l l be proce s sed
∗ \param path The OSC path the message w i l l be d e l i v e r e d to

160 ∗ \param type The types o f the data items in the message , types are de f ined in
∗ l o o s c t y p e s . h
∗ \param . . . The data va lue s to be transmit ted . The types o f the arguments
∗ passed here must agree with the types s p e c i f i e d in the type parameter .
∗

165 ∗ example :
∗ \ code
∗ l o t ime tag now;<br>
∗ l o t imetag now(&now) ;<br>
∗ l o send t imestamped ( t , now , ”/ foo /bar ” , ” f f ” , 0 . 1 f , 23 .0 f ) ;

170 ∗ \ endcode
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∗
∗ \ re turn on succes s , the number o f bytes sent , or −1 on f a i l u r e .
∗/

i n t lo send t imestamped ( l o add r e s s targ , l o t ime tag ts , const char ∗path ,
175 const char ∗ type , . . . ) ;

/∗∗
∗ \ b r i e f Return the e r r o r number from the l a s t f a i l e d l o s end ( ) or
∗ l o addre s s new ( ) c a l l

180 ∗/
i n t l o add r e s s e r r n o ( l o add r e s s a ) ;

/∗∗
∗ \ b r i e f Return the e r r o r s t r i n g from the l a s t f a i l e d l o s end ( ) or

185 ∗ l o addre s s new ( ) c a l l
∗/

const char ∗ l o a d d r e s s e r r s t r ( l o add r e s s a ) ;

/∗∗
190 ∗ \ b r i e f Create a new OSC blob type .

∗
∗ \param s i z e The amount o f space to a l l o c a t e in the blob s t ru c tu r e .
∗ \param data The data that w i l l be used to i n i t i a l i s e the blob , should be
∗ s i z e bytes long .

195 ∗/
l o b l ob lo b lob new ( i n t 3 2 t s i z e , const void ∗data ) ;

/∗∗
∗ \ b r i e f Free the memory taken by a blob

200 ∗/
void l o b l o b f r e e ( l o b l ob b) ;

/∗∗
∗ \ b r i e f Return the amount o f va l i d data in a l o b l ob ob j e c t .

205 ∗
∗ I f you want to know the s to rage s i z e , use l o a r g s i z e ( ) .
∗/

u in t 32 t l o b l o b d a t a s i z e ( l o b l ob b) ;

210 /∗∗
∗ \ b r i e f Return a po in t e r to the s t a r t o f the blob data to a l low contents to
∗ be changed .
∗/

void ∗ l o b l ob da t ap t r ( l o b l ob b) ;
215

/∗∗
∗ \ b r i e f Get in fo rmat ion on the ve r s i on o f l i b l o cur rent in use .
∗
∗ Al l parameters are op t i ona l and can be given the value o f 0 i f that

220 ∗ i n fo rmat ion i s not de s i r ed . For example , to get j u s t the ve r s i on
∗ as a s t r i ng , c a l l l o v e r s i o n ( s t r , s i z e , 0 , 0 , 0 , 0 , 0 , 0 , 0) ;
∗
∗ The ” l t ” f i e l d s , c a l l e d the ABI vers ion , cor re sponds to l i b t o o l ’ s
∗ ve r s i on i ng system f o r binary i n t e r f a c e compat ib i l i t y , and i s not

225 ∗ r e l a t e d to the l i b r a r y ve r s i on number . This in fo rmat ion i s u sua l l y
∗ encoded in the f i l ename o f the shared l i b r a r y .
∗
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∗ Typica l l y the s t r i n g returned in ’ ve r s t r ’ should correspond with
∗ $major . $minor$extra , e . g . , ”0 .28 rc ” . I f no ’ extra ’ in fo rmat ion i s

230 ∗ present , e . g . , ”0 .28” , ext ra w i l l g iven the nu l l s t r i n g .
∗
∗ \param ve r s t r A bu f f e r to r e c e i v e a s t r i n g d e s c r i b i n g the
∗ l i b r a r y ve r s i on .
∗ \param v e r s t r s i z e S i z e o f the bu f f e r pointed to by s t r i n g .

235 ∗ \param major Locat ion to r e c e i v e the l i b r a r y major ve r s i on .
∗ \param minor Locat ion to r e c e i v e the l i b r a r y minor ve r s i on .
∗ \param extra Locat ion to r e c e i v e the l i b r a r y ve r s i on extra s t r i n g .
∗ \param e x t r a s i z e S i z e o f the bu f f e r po inted to by extra .
∗ \param l t ma jo r Locat ion to r e c e i v e the ABI major ve r s i on .

240 ∗ \param l t mino r Locat ion to r e c e i v e the ABI minor ve r s i on .
∗ \param l t bug Locat ion to r e c e i v e the ABI ’ bugf ix ’ v e r s i on .
∗/

void l o v e r s i o n ( char ∗ ve r s t r , i n t v e r s t r s i z e ,
i n t ∗major , i n t ∗minor , char ∗ extra , i n t e x t r a s i z e ,

245 i n t ∗ l t major , i n t ∗ l t minor , i n t ∗ l t bug ) ;

/∗∗ @} ∗/

#inc lude ” l o / lo macros . h”
250

#i f d e f c p l u s p l u s
}
#end i f

255 #end i f

34 example/src/file compat.h

/∗
f i l e −compat
https : // github . com/brackeen / f i l e −compat
Copyright ( c ) 2017 David Brackeen

5

Permiss ion i s hereby granted , f r e e o f charge , to any person obta in ing a copy o f⤦
Ç t h i s so f tware and

a s s o c i a t ed documentation f i l e s ( the ” Software ”) , to dea l in the Software ⤦
Ç without r e s t r i c t i o n ,

i n c l ud ing without l im i t a t i o n the r i g h t s to use , copy , modify , merge , publ i sh , ⤦
Ç d i s t r i bu t e ,

sub l i c en s e , and/ or s e l l c op i e s o f the Software , and to permit persons to whom ⤦

Ç the Software i s
10 f u rn i shed to do so , sub j e c t to the f o l l ow i ng cond i t i on s :

The above copyr ight no t i c e and t h i s permis s ion no t i c e s h a l l be inc luded in a l l ⤦
Ç cop i e s or

s ub s t an t i a l po r t i on s o f the Software .

15 THE SOFTWARE IS PROVIDED ”AS IS ” , WITHOUT WARRANTY OF ANY KIND, EXPRESS OR ⤦
Ç IMPLIED, INCLUDING BUT

NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR ⤦
Ç PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE ⤦
Ç FOR ANY CLAIM,

DAMAGES OR OTHER LIABILITY , WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE⤦
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Ç , ARISING FROM, OUT
OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE ⤦

Ç SOFTWARE.
20 ∗/

#i f n d e f FILE COMPAT H
#de f i n e FILE COMPAT H

25 /∗∗
Rede f ines common ‘ s td io ‘ f un c t i on s so that they work as expected on Windows ⤦

Ç and Android .

Add i t iona l ly , i n c l ud e s the func t i on ‘ f c r e s d i r ( ) to get the path to the ⤦
Ç cur rent executable ’ s

d i r e c t o r y or i t s r e s ou r c e s d i r e c t o r y . This func t i on works on Windows , Linux ,⤦
Ç macOS, iOS , and

30 Android .

| Function | Windows | Android
|−−−−−−−−−−−−−−−−−−−−−|−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−⤦

Ç

| ‘ p r i n t f ‘ | Uses ‘ OutputDebugString ‘∗ | Uses ‘⤦
Ç and r o i d l o g p r i n t ‘

35 | ‘ fopen ‘ | Uses ‘ fopen s ‘ | Uses ‘⤦
Ç AAssetManager open ‘ i f read mode

| ‘ f c l o s e ‘ | Adds ‘NULL‘ check | No change
| ‘ chdir ‘ | Uses ‘ chd i r ‘ | No change
| ‘ s l e ep ‘ / ‘ us leep ‘ | Uses ‘ Sleep ‘ | No change

40 ∗ ‘ OutputDebugString ‘ i s only used i f the debugger i s pre sent and no conso l e ⤦
Ç i s a l l o c a t e d .

Otherwise uses ‘ p r i n t f ‘ .

## Usage
For Android , d e f i n e ‘FILE COMPAT ANDROID ACTIVITY‘ to be a r e f e r e n c e to an ‘⤦

Ç ANativeActivity ‘
45 i n s t ance or to a func t i on that r e tu rn s an ‘ ANativeActivity ‘ i n s t ance . May be⤦

Ç ‘NULL‘ .

#de f i n e FILE COMPAT ANDROID ACTIVITY app−>a c t i v i t y
#inc lude ” f i l e c ompa t . h”

∗/
50

#inc lude <s t d i o . h>
#inc lude <errno . h>
#i f de f i ned ( WIN32)
# inc lude <d i r e c t . h>

55 # i f ! de f ined (PATHMAX)
# de f i n e PATHMAX 1024
# end i f
#e l s e
# inc lude <uni s td . h>

60 # inc lude < l im i t s . h> /∗ PATHMAX ∗/
#end i f
#i f de f i ned ( APPLE )
# inc lude <CoreFoundation/CoreFoundation . h>
#end i f
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65

/∗∗
Gets the path to the cur rent executable ’ s r e s ou r c e s d i r e c t o r y . On macOS/iOS ,⤦

Ç t h i s i s the path to
the bundle ’ s r e s ou r c e s . On Windows and Linux , t h i s i s a path to the ⤦

Ç executable ’ s d i r e c t o r y .
On Android and Emscripten , t h i s i s an empty s t r i n g .

70

The path w i l l have a t r a i l i n g s l a s h ( or backs la sh on Windows) , except f o r ⤦
Ç the empty s t r i n g s f o r

Android and Emscripten .

@param path The bu f f e r to f i l l the path . No more than ‘ path max ‘ bytes are ⤦
Ç writen to the bu f f e r ,

75 i n c l ud ing the t r a i l i n g 0 . I f f a i l u r e occurs , the path i s s e t to an empty ⤦
Ç s t r i n g .

@param path max The length o f the bu f f e r . Should be ‘PATHMAX‘ .
@return 0 on succes s , −1 on f a i l u r e .

∗/
s t a t i c i n t f c r e s d i r ( char ∗path , s i z e t path max ) {

80 i f ( ! path | | path max == 0) {
re turn −1;

}
#i f de f i ned ( WIN32)

DWORD length = GetModuleFileNameA (NULL, path , path max ) ;
85 i f ( l ength > 0 && length < path max ) {

f o r (DWORD i = length − 1 ; i > 0 ; i −−) {
i f ( path [ i ] == ’\\ ’ ) {

path [ i + 1 ] = 0 ;
re turn 0 ;

90 }
}

}
path [ 0 ] = 0 ;
re turn −1;

95 #e l i f de f in ed ( l i n u x ) && ! de f ined ( ANDROID )
s s i z e t l ength = read l i nk (”/ proc / s e l f / exe ” , path , path max − 1) ;
i f ( l ength > 0 && length < path max ) {

f o r ( s s i z e t i = length − 1 ; i > 0 ; i −−) {
i f ( path [ i ] == ’/ ’ ) {

100 path [ i + 1 ] = 0 ;
re turn 0 ;

}
}

}
105 path [ 0 ] = 0 ;

re turn −1;
#e l i f d e f i n ed ( APPLE )

CFBundleRef bundle = CFBundleGetMainBundle ( ) ;
i f ( bundle ) {

110 CFURLRef resourcesURL = CFBundleCopyResourcesDirectoryURL ( bundle ) ;
i f ( resourcesURL ) {

Boolean suc c e s s = CFURLGetFileSystemRepresentation ( resourcesURL , ⤦
Ç TRUE, ( UInt8 ∗) path ,

path max − 1) ;
CFRelease ( resourcesURL ) ;

115 i f ( s u c c e s s ) {
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unsigned long l ength = s t r l e n ( path ) ;
i f ( l ength > 0 && length < path max − 1) {

// Add t r a i l i n g s l a s h
i f ( path [ l ength − 1 ] != ’/ ’ ) {

120 path [ l ength ] = ’ / ’ ;
path [ l ength + 1 ] = 0 ;

}
re turn 0 ;

}
125 }

}
}
path [ 0 ] = 0 ;
re turn −1;

130 #e l i f de f in ed ( ANDROID )
path [ 0 ] = 0 ;
re turn 0 ;

#e l i f d e f i n ed ( EMSCRIPTEN )
path [ 0 ] = 0 ;

135 re turn 0 ;
#e l s e
#e r r o r Unsupported plat form
#end i f
}

140

/∗ MARK: Windows ∗/

#i f de f i ned ( WIN32)

145 s t a t i c i n l i n e unsigned i n t s l e e p ( unsigned i n t seconds ) {
Sleep ( seconds ∗ 1000) ;
r e turn 0 ;

}

150 s t a t i c i n l i n e i n t us l e ep ( unsigned long useconds ) {
i f ( useconds >= 1000000) {

errno = EINVAL;
re turn −1;

} e l s e {
155 Sleep ( useconds / 1000) ;

r e turn 0 ;
}

}

160 s t a t i c i n l i n e FILE ∗ f c w indows fopen ( const char ∗ f i l ename , const char ∗mode) {
FILE ∗ f i l e = NULL;
f open s (& f i l e , f i l ename , mode) ;
r e turn f i l e ;

}
165

s t a t i c i n l i n e i n t f c w i ndows f c l o s e (FILE ∗ stream ) {
// The Windows f c l o s e ( ) func t i on w i l l c rash i f stream i s NULL
i f ( stream ) {

re turn f c l o s e ( stream ) ;
170 } e l s e {

re turn 0 ;
}
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}

175 #de f i n e fopen ( f i l ename , mode) f c windows fopen ( f i l ename , mode)
#de f i n e f c l o s e ( f i l e ) f c w i ndows f c l o s e ( f i l e )
#de f i n e chd i r ( dirname ) chd i r ( dirname )

#i f de f i ned ( DEBUG)
180

// Outputs to debug window i f the re i s no conso l e and IsDebuggerPresent ( ) ⤦
Ç r e tu rn s t rue .

s t a t i c i n t f c p r i n t f ( const char ∗ format , . . . ) {
i n t r e s u l t ;
i f ( IsDebuggerPresent ( ) && GetStdHandle (STDOUTPUTHANDLE) == NULL) {

185 char bu f f e r [ 1 0 2 4 ] ;
v a l i s t args ;
v a s t a r t ( args , format ) ;
r e s u l t = v s p r i n t f s ( bu f f e r , s i z e o f ( bu f f e r ) , format , args ) ;
va end ( args ) ;

190 i f ( r e s u l t >= 0) {
OutputDebugStringA ( bu f f e r ) ;

}
} e l s e {

v a l i s t args ;
195 va s t a r t ( args , format ) ;

r e s u l t = vp r i n t f ( format , args ) ;
va end ( args ) ;

}
re turn r e s u l t ;

200 }

#de f i n e p r i n t f ( format , . . . ) f c p r i n t f ( format , VA ARGS )

#end i f /∗ DEBUG ∗/
205

#end i f /∗ WIN32 ∗/

/∗ MARK: Android ∗/

210 #i f de f i ned ( ANDROID )

#i f ! de f i ned ( BSD SOURCE)
FILE∗ funopen ( const void ∗ cook i e ,

i n t (∗ r e a d f n ) ( void ∗ , char ∗ , i n t ) ,
215 i n t (∗ wr i t e f n ) ( void ∗ , const char ∗ , i n t ) ,

f p o s t (∗ s e e k f n ) ( void ∗ , f po s t , i n t ) ,
i n t (∗ c l o s e f n ) ( void ∗) ) ;

#end i f /∗ BSD SOURCE ∗/

220 #i f ! de f ined (FILE COMPAT ANDROID ACTIVITY)
#e r r o r FILE COMPAT ANDROID ACTIVITY must be de f ined as a r e f e r e n c e to an ⤦

Ç ANativeAct iv ity ( or NULL) .
#end i f

#inc lude <android / log . h>
225

s t a t i c i n t f c and r o i d r e ad ( void ∗ cookie , char ∗buf , i n t s i z e ) {
re turn AAsset read ( ( AAsset ∗) cookie , buf , ( s i z e t ) s i z e ) ;
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}

230 s t a t i c i n t f c a nd r o i d w r i t e ( void ∗ cookie , const char ∗buf , i n t s i z e ) {
( void ) cook i e ;
( void ) buf ;
( void ) s i z e ;
e r rno = EACCES;

235 re turn −1;
}

s t a t i c f p o s t f c a nd r o i d s e e k ( void ∗ cookie , f p o s t o f f s e t , i n t whence ) {
re turn AAsset seek ( ( AAsset ∗) cookie , o f f s e t , whence ) ;

240 }

s t a t i c i n t f c a n d r o i d c l o s e ( void ∗ cook i e ) {
AAsset c lo se ( ( AAsset ∗) cook i e ) ;
r e turn 0 ;

245 }

s t a t i c FILE ∗ f c and r o i d f op en ( const char ∗ f i l ename , const char ∗mode) {
ANativeAct iv ity ∗ a c t i v i t y = FILE COMPAT ANDROID ACTIVITY;
AAssetManager ∗assetManager = NULL;

250 AAsset ∗ a s s e t = NULL;
i f ( a c t i v i t y ) {

assetManager = ac t i v i t y −>assetManager ;
}
i f ( assetManager && mode && mode [ 0 ] == ’ r ’ ) {

255 a s s e t = AAssetManager open ( assetManager , f i l ename , AASSETMODEUNKNOWN) ;
}
i f ( a s s e t ) {

re turn funopen ( as se t , f c and ro i d r e ad , f c and r o i d w r i t e , ⤦
Ç f c and r o i d s e e k ,

f c a n d r o i d c l o s e ) ;
260 } e l s e {

re turn fopen ( f i l ename , mode) ;
}

}

265 #de f i n e p r i n t f ( . . . ) a n d r o i d l o g p r i n t (ANDROID LOG INFO, ” stdout ” , VA ARGS )
#de f i n e fopen ( f i l ename , mode) f c and r o i d f op en ( f i l ename , mode)

#end i f /∗ ANDROID ∗/

270 #end i f /∗ FILE COMPAT H ∗/

35 example/src/graphgrow-iface.cpp

#de f i n e HAVE LO

#inc lude <s t d i n t . h>
#inc lude <s t d i o . h>

5 #inc lude <s t r i n g . h>
#inc lude <time . h>
#inc lude <pthread . h>
#inc lude <uni s td . h>

10 #inc lude <vector>
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#inc lude ”glfm . h”
#de f i n e FILE COMPAT ANDROID ACTIVITY glfmAndroidGetActiv ity ( )
#inc lude ” f i l e c ompa t . h”

15

#inc lude ”/ usr / in c lude /glm/glm . hpp”

#i f d e f HAVE LO
#inc lude ” l o / l o . h”

20 #end i f

s t a t i c PFNGLGENVERTEXARRAYSOESPROC glGenVertexArraysOES ;
s t a t i c PFNGLBINDVERTEXARRAYOESPROC glBindVertexArrayOES ;

25 s t a t i c PFNGLDELETEVERTEXARRAYSOESPROC glDeleteVertexArraysOES ;
s t a t i c PFNGLISVERTEXARRAYOESPROC glIsVertexArrayOES ;
#de f i n e glGenVertexArrays glGenVertexArraysOES
#de f i n e glBindVertexArray glBindVertexArrayOES
#de f i n e g lDe le teVertexArrays glDeleteVertexArraysOES

30 #de f i n e g l I sVertexArray glIsVertexArrayOES
#de f i n e eglGetProcAddress glfmGetProcAddress

// must match audio and video implementat ions
// NOTE: d e f i n e both to 8 when us ing f u l l GUI

35 // otherw i s e breakage occurs
#de f i n e GG AUDIO LINKS 1
#de f i n e GG VIDEO LINKS 4

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− d e c l a r a t i o n s −−−−−−−−−−−−−−−−−−−−−−−−−
40

s t r u c t v i d e o c on t r o l ;
s t r u c t aud i o con t r o l ;

enum graph mode
45 {

mode create node ,
mode delete node ,
mode move node ,
mode create l ink ,

50 mode de l e t e l ink ,
mode f l i p l i nk ,
mode targe t l ink ,
mode help

} ;
55

s t r u c t graph node ;
s t r u c t g raph l i nk ;
s t r u c t graph arrow ;
s t r u c t graph cord ;

60 s t r u c t g raph des i gne r ;

typede f bool (∗ node mouse t ) ( graph node ∗ , double , double ) ;
typede f bool (∗ l i nk mouse t ) ( g raph l i nk ∗ , double , double ) ;
typede f bool (∗ arrow mouse t ) ( graph arrow ∗ , double , double ) ;

65 typede f bool (∗ cord mouse t ) ( graph cord ∗ , double , double ) ;
typede f bool (∗ des i gne r mouse t ) ( g raph des i gne r ∗ , double , double ) ;
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g raph l i nk ∗ l ink new ( graph des i gne r ∗ des igner , graph node ∗ from , graph node ∗ to )⤦
Ç ;

void l i n k d e l e t e ( g raph l i nk ∗ l i n k ) ;
70 void l ink l eave mode ( g raph l i nk ∗ l i n k ) ;

void l ink ente r mode ( g raph l i nk ∗ l i nk , graph mode mode) ;
void l i nk update ( g raph l i nk ∗ l i n k ) ;
graph arrow ∗arrow new ( ) ;
void a r row de l e t e ( graph arrow ∗arrow ) ;

75 void arrow leave mode ( graph arrow ∗arrow ) ;
void arrow enter mode ( graph arrow ∗arrow , graph mode mode) ;
graph cord ∗ cord new ( double x1 , double y1 , double x2 , double y2 ) ;
void c o r d d e l e t e ( graph cord ∗ cord ) ;
graph node ∗node new ( graph des i gne r ∗ des igner , double x , double y , bool f i x ed ) ;

80 void node de l e t e ( graph node ∗node ) ;
bool node s l i nked ( graph node ∗a , graph node ∗b) ;
void node leave mode ( graph node ∗node ) ;
bool node mouse hit ( graph node ∗node , double x , double y ) ;
bool node mouse down new ( graph node ∗node , double x , double y ) ;

85 bool node mouse down delete ( graph node ∗node , double x , double y ) ;
bool node mouse down move ( graph node ∗node , double x , double y ) ;
bool node mouse down link ( graph node ∗node , double x , double y ) ;
bool node mouse up corded ( graph node ∗node , double x , double y ) ;
void node enter mode ( graph node ∗node , graph mode mode) ;

90 graph des i gne r ∗ des igner new ( i n t id ) ;
void des igne r l eave mode ( g raph des i gne r ∗ de s i gne r ) ;
void des igner ente r mode ( g raph des i gne r ∗ des igner , graph mode mode) ;
void node move by ( graph node ∗node , double dx , double dy ) ;
bool designer mouse down ( graph des i gne r ∗ des igner , double x , double y ) ;

95 bool designer mouse down node new ( graph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move dragging ( g raph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move dragged ( g raph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move cord ing ( g raph des i gne r ∗ des igner , double x , double y ) ;
bool des igner mouse move corded ( g raph des i gne r ∗ des igner , double x , double y ) ;

100

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− cons tant s −−−−−−−−−−−−−−−−−−−−−−−−−−−−

const glm : : vec3 white = glm : : vec3 ( 1 . 0 f ) ;
const glm : : vec3 black = glm : : vec3 ( 0 . 0 f ) ;

105 const glm : : vec3 co l ou r s [ 4 ] =
{ glm : : vec3 (1 . 000 f , 0 .800 f , 0 .000 f )
, glm : : vec3 (0 . 125 f , 1 .000 f , 0 .250 f )
, glm : : vec3 (0 . 125 f , 0 .533 f , 1 .000 f )
, glm : : vec3 (1 . 000 f , 0 .125 f , 0 .800 f )

110 } ;

s t a t i c i n t sc r een width = 1280 ;
s t a t i c i n t s c r e en h e i gh t = 800 ;
s t a t i c i n t s c r e en bo rde r = 20 ;

115

const double minimum x = 50 ;
const double minimum y = 50 ;
const double maximum x = 750 ;
const double maximum y = 750 ;

120

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− c on t r o l s −−−−−−−−−−−−−−−−−−−−−−−−−−−−−

s t r u c t v i d e o c on t r o l
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{
125 i n t 3 2 t a c t i v e ;

i n t 3 2 t count [ 4 ] ;
i n t 3 2 t source [ 4 ] [ GG VIDEO LINKS ] ;
f l o a t s c a l e [ 4 ] [ GG VIDEO LINKS ] ;
f l o a t trans form [ 4 ] [ GG VIDEO LINKS ] [ 3 ] [ 3 ] ;

130 i n t 3 2 t human ;
} ;

s t r u c t aud i o con t r o l
{

135 f l o a t s c a l e [ 4 ] [ 4 ] [ GG AUDIO LINKS ] ;
f l o a t pan [ 4 ] [ 4 ] [ GG AUDIO LINKS ] ;
u i n t 8 t l e v e l [ 4 ] [ 4 ] [ GG AUDIO LINKS ] ;
u i n t 8 t a c t i v e ;

} ;
140

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− s t r u c t s −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

s t r u c t g raph l i nk
{

145 graph des i gne r ∗ de s i gne r ;
graph node ∗ from , ∗ to ;
double x1 , y1 , x2 , y2 ;
i n t t a r g e t ;
bool f l i p p ed ;

150 graph arrow ∗arrow ;
l i nk mouse t on mouse down , on mouse move , on mouse up ;

} ;

s t r u c t graph arrow
155 {

g raph l i nk ∗ l i n k ;
double x1 , y1 , x2 , y2 , x3 , y3 ;
arrow mouse t on mouse down , on mouse move , on mouse up ;

} ;
160

s t r u c t graph cord
{

double x1 , y1 , x2 , y2 ;
} ;

165

s t r u c t graph node
{

graph des i gne r ∗ de s i gne r ;
s td : : vector< g raph l i nk ∗ > l ink1 , l i nk2 ;

170 bool f i x e d ;
double x ;
double y ;
double dragx ;
double dragy ;

175 double ta rge tx ;
double ta rge ty ;
node mouse t on mouse down , on mouse move , on mouse up ;

} ;

180 s t r u c t g raph des i gne r
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{
i n t id ;
graph node ∗ s t a r t node ;
graph node ∗ end node ;

185 graph node ∗dragging node ;
graph node ∗ cord ing node ;
graph cord ∗ cord ;
std : : vector< g raph l i nk ∗ > l i n k s ;
s td : : vector< graph arrow ∗ > arrows ;

190 std : : vector< graph node ∗ > nodes ;
de s i gner mouse t on mouse down , on mouse move , on mouse up ;

} ;

s t r u c t graph draw
195 {

i n t components ;
f l o a t t r i [ 4 0 9 6 ] ;
GLuint vbo t r i ;
GLuint v a o t r i ;

200 GLuint vao quad ;
GLuint p r o g c i r c l e ;
GLuint prog arrow ;
GLuint p r o g l i n e ;

} ;
205

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− l i n k −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

g raph l i nk ∗ l ink new ( graph des i gne r ∗ des igner , graph node ∗ from , graph node ∗ to )
{

210 g raph l i nk ∗ l i n k = new graph l i nk ( ) ;
l ink −>de s i gne r = de s i gne r ;
l ink −>from = from ;
l ink −>to = to ;
l ink −>x1 = from−>x ;

215 l i nk −>y1 = from−>y ;
l ink −>x2 = to−>x ;
l ink −>y2 = to−>y ;
l ink −>t a r g e t = des igner −>id ;
l ink −>arrow = new graph arrow ( ) ;

220 l i nk −>arrow−> l i n k = l i n k ;
from−> l i n k1 . push back ( l i n k ) ;
to−> l i n k2 . push back ( l i n k ) ;
des igner −> l i n k s . push back ( l i n k ) ;
des igner −>arrows . push back ( l ink −>arrow ) ;

225 l i nk update ( l i n k ) ;
r e turn l i n k ;

}

void l i n k d e l e t e ( g raph l i nk ∗ l i n k )
230 {

f o r ( i n t i = 0 ; i < l i nk −>from−> l i n k1 . s i z e ( ) ; )
i f ( l i n k == l ink −>from−> l i n k1 [ i ] )

l ink −>from−> l i n k1 . e r a s e ( l ink −>from−> l i n k1 . begin ( ) + i ) ;
e l s e

235 ++i ;
f o r ( i n t i = 0 ; i < l i nk −>to−> l i n k2 . s i z e ( ) ; )

i f ( l i n k == l ink −>to−> l i n k2 [ i ] )
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l i nk −>to−> l i n k2 . e r a s e ( l ink −>to−> l i n k2 . begin ( ) + i ) ;
e l s e

240 ++i ;
f o r ( i n t i = 0 ; i < l i nk −>des igner −> l i n k s . s i z e ( ) ; )

i f ( l i n k == l ink −>des igner −> l i n k s [ i ] )
l i nk −>des igner −> l i n k s . e r a s e ( l ink −>des igner −> l i n k s . begin ( ) + i ) ;

e l s e
245 ++i ;

f o r ( i n t i = 0 ; i < l i nk −>des igner −>arrows . s i z e ( ) ; )
i f ( l ink −>arrow == l ink −>des igner −>arrows [ i ] )

l ink −>des igner −>arrows . e r a s e ( l ink −>des igner −>arrows . begin ( ) + i ) ;
e l s e

250 ++i ;
a r r ow de l e t e ( l ink −>arrow ) ;
l ink −>arrow = 0 ;
l ink −>from = 0 ;
l ink −>to = 0 ;

255 l i nk −>de s i gne r = 0 ;
d e l e t e l i n k ;

}

void l ink l eave mode ( g raph l i nk ∗ l i n k )
260 {

( void ) l i n k ;
}

void l ink ente r mode ( g raph l i nk ∗ l i nk , graph mode mode)
265 {

( void ) l i n k ;
( void ) mode ;

}

270 void l i nk update ( g raph l i nk ∗ l i n k )
{

const double w = 30 ;
const double c = w ∗ −0 .5 ;
const double s = w ∗ 0 .8660254037844387 ;

275 double x1 = l ink −>x1 ;
double y1 = l ink −>y1 ;
double x2 = l ink −>x2 ;
double y2 = l ink −>y2 ;
double dx = x2 − x1 ;

280 double dy = y2 − y1 ;
i f ( l ink −> f l i p p e d )
{

dx = −dx ;
dy = −dy ;

285 }
double r = sq r t (dx ∗ dx + dy ∗ dy ) ;
dx /= r ;
dy /= r ;
double ox = ( x1 + x2 ) / 2 ;

290 double oy = ( y1 + y2 ) / 2 ;
l ink −>arrow−>x1 = ox + w ∗ dx ;
l ink −>arrow−>y1 = oy + w ∗ dy ;
l ink −>arrow−>x2 = ox + c ∗ dx + s ∗ dy ;
l ink −>arrow−>y2 = oy − s ∗ dx + c ∗ dy ;
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295 l i nk −>arrow−>x3 = ox + c ∗ dx − s ∗ dy ;
l ink −>arrow−>y3 = oy + s ∗ dx + c ∗ dy ;

}

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− arrow −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

300

graph arrow ∗arrow new ( )
{

graph arrow ∗arrow = new graph arrow ( ) ;
arrow−>on mouse down = 0 ;

305 arrow−>on mouse move = 0 ;
arrow−>on mouse up = 0 ;
re turn arrow ;

}

310 void a r row de l e t e ( graph arrow ∗arrow )
{

de l e t e arrow ;
}

315 void arrow leave mode ( graph arrow ∗arrow )
{

arrow−>on mouse down = 0 ;
arrow−>on mouse move = 0 ;
arrow−>on mouse up = 0 ;

320 }

bool a r row h i t ( graph arrow ∗arrow , double x , double y )
{

double x0 = ( arrow−>x1 + arrow−>x2 + arrow−>x3 ) / 3 ;
325 double y0 = ( arrow−>y1 + arrow−>y2 + arrow−>y3 ) / 3 ;

double dx = x − x0 ;
double dy = y − y0 ;
double r2 = dx ∗ dx + dy ∗ dy ;
re turn r2 < 500 ;

330 }

bool arrow mouse down delete ( graph arrow ∗arrow , double x , double y )
{

i f ( a r row h i t ( arrow , x , y ) )
335 {

l i n k d e l e t e ( arrow−> l i n k ) ;
// arrow i s de l e t ed
return true ;

}
340 re turn f a l s e ;

}

bool arrow mouse down f l ip ( graph arrow ∗arrow , double x , double y )
{

345 i f ( a r row h i t ( arrow , x , y ) )
{

arrow−>l i nk −> f l i p p e d = ! ( arrow−>l i nk −> f l i p p e d ) ;
l i nk update ( arrow−> l i n k ) ;
r e turn true ;

350 }
re turn f a l s e ;
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}

bool arrow mouse down target ( graph arrow ∗arrow , double x , double y )
355 {

i f ( a r row h i t ( arrow , x , y ) )
{

arrow−>l i nk −>t a r g e t = ( arrow−>l i nk −>t a r g e t + 1) % 4 ;
l i nk update ( arrow−> l i n k ) ;

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

}

365 void arrow enter mode ( graph arrow ∗arrow , graph mode mode)
{

switch (mode)
{

case mode de l e t e l i nk :
370 arrow−>on mouse down = arrow mouse down delete ;

break ;
case mod e f l i p l i n k :

arrow−>on mouse down = arrow mouse down f l ip ;
break ;

375 case mode ta rge t l i nk :
arrow−>on mouse down = arrow mouse down target ;
break ;

case mode c r ea t e l i nk :
case mode create node :

380 case mode delete node :
case mode move node :
case mode help :

break ;
}

385 }

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− cord −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

graph cord ∗ cord new ( double x1 , double y1 , double x2 , double y2 )
390 {

graph cord ∗ cord = new graph cord ( ) ;
cord−>x1 = x1 ;
cord−>y1 = y1 ;
cord−>x2 = x2 ;

395 cord−>y2 = y2 ;
re turn cord ;

}

void c o r d d e l e t e ( graph cord ∗ cord )
400 {

de l e t e cord ;
}

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− node −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
405

graph node ∗node new ( graph des i gne r ∗ des igner , double x , double y , bool f i x ed )
{

graph node ∗node = new graph node ( ) ;
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node−> f i x e d = f i x ed ;
410 node−>x = fmin ( fmax (x , minimum x) , maximum x) ;

node−>y = fmin ( fmax (y , minimum y) , maximum y) ;
node−>dragx = node−>x ;
node−>dragy = node−>y ;
node−>ta rge tx = node−>x ;

415 node−>ta rge ty = node−>y ;
node−>de s i gne r = de s i gne r ;
des igner −>nodes . push back ( node ) ;
r e turn node ;

}
420

void node de l e t e ( graph node ∗node )
{

graph des i gne r ∗ de s i gne r = node−>de s i gne r ;
f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; )

425 i f ( node == des igner −>nodes [ i ] )
des igner −>nodes . e r a s e ( des igner −>nodes . begin ( ) + i ) ;

e l s e
++i ;

whi l e ( node−> l i n k1 . s i z e ( ) )
430 l i n k d e l e t e ( node−> l i n k1 [ 0 ] ) ;

whi l e ( node−> l i n k2 . s i z e ( ) )
l i n k d e l e t e ( node−> l i n k2 [ 0 ] ) ;

node−>de s i gne r = 0 ;
d e l e t e node ;

435 }

bool node s l i nked ( graph node ∗a , graph node ∗b)
{

f o r ( i n t i = 0 ; i < a−> l i n k1 . s i z e ( ) ; ++i )
440 i f ( a−> l i n k1 [ i ]−> to == b)

return true ;
f o r ( i n t i = 0 ; i < b−> l i n k1 . s i z e ( ) ; ++i )

i f (b−> l i n k1 [ i ]−> to == a )
return true ;

445 re turn f a l s e ;
}

void node leave mode ( graph node ∗node )
{

450 node−>on mouse down = 0 ;
node−>on mouse move = 0 ;
node−>on mouse up = 0 ;

}

455 bool node mouse hit ( graph node ∗node , double x , double y )
{

double dx = x − node−>x ;
double dy = y − node−>y ;
double r2 = dx ∗ dx + dy ∗ dy ;

460 re turn r2 < 1000 ;
}

bool node mouse down new ( graph node ∗node , double x , double y )
{

465 re turn node mouse hit ( node , x , y ) ;
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}

bool node mouse down delete ( graph node ∗node , double x , double y )
{

470 i f ( node mouse hit ( node , x , y ) )
{

node de l e t e ( node ) ;
r e turn true ;

}
475 re turn f a l s e ;

}

bool node mouse down move ( graph node ∗node , double x , double y )
{

480 i f ( node mouse hit ( node , x , y ) )
{

node−>des igner −>dragging node = node ;
node−>des igner −>on mouse move = des igner mouse move dragging ;
node−>des igner −>on mouse up = designer mouse move dragged ;

485 node−>dragx = fmin ( fmax (x , minimum x) , maximum x) ;
node−>dragy = fmin ( fmax (y , minimum y) , maximum y) ;
re turn true ;

}
re turn f a l s e ;

490 }

bool node mouse down link ( graph node ∗node , double x , double y )
{

i f ( node mouse hit ( node , x , y ) && node−>des igner −> l i n k s . s i z e ( ) < 8)
495 {

node−>des igner −>cord ing node = node ;
node−>des igner −>cord = cord new ( node−>x , node−>y , x , y ) ;
f o r ( i n t i = 0 ; i < node−>des igner −>nodes . s i z e ( ) ; ++i )

i f ( node != node−>des igner −>nodes [ i ] && ! node s l i nked ( node , node−>⤦
Ç des igner −>nodes [ i ] ) )

500 node−>des igner −>nodes [ i ]−>on mouse up = node mouse up corded ;
node−>des igner −>on mouse move = des igner mouse move cord ing ;
node−>des igner −>on mouse up = des igner mouse move corded ;
re turn true ;

}
505 re turn f a l s e ;

}

bool node mouse up corded ( graph node ∗node , double x , double y )
{

510 i f ( node mouse hit ( node , x , y ) )
{

l ink new ( node−>des igner , node−>des igner −>cording node , node ) ;
node−>des igner −>cord ing node = 0 ;
d e l e t e node−>des igner −>cord ;

515 node−>des igner −>cord = 0 ;
f o r ( i n t i = 0 ; i < node−>des igner −>nodes . s i z e ( ) ; ++i )

node−>des igner −>nodes [ i ]−>on mouse up = 0 ;
node−>des igner −>on mouse move = 0 ;
node−>des igner −>on mouse up = 0 ;

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

525 void node enter mode ( graph node ∗node , graph mode mode)
{

switch (mode)
{

case mode create node :
530 node−>on mouse down = node mouse down new ;

break ;
case mode delete node :

i f ( ! node−> f i x e d )
node−>on mouse down = node mouse down delete ;

535 break ;
case mode move node :

i f ( ! node−> f i x e d )
node−>on mouse down = node mouse down move ;

break ;
540 case mode c r ea t e l i nk :

node−>on mouse down = node mouse down link ;
break ;

case mode de l e t e l i nk :
case mod e f l i p l i n k :

545 case mode ta rge t l i nk :
case mode help :

break ;
}

}
550

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− de s i gne r −−−−−−−−−−−−−−−−−−−−−−−−−−−−−

graph des i gne r ∗ des igner new ( i n t id )
{

555 graph des i gne r ∗ de s i gne r = new graph des i gne r ( ) ;
des igner −>id = id ;
des igner −>s t a r t node = node new ( des igner , 100 , 400 , t rue ) ;
des igner −>end node = node new ( des igner , 700 , 400 , t rue ) ;
des igner −>dragging node = 0 ;

560 des igner −>cord ing node = 0 ;
des igner −>on mouse down = 0 ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;
re turn de s i gne r ;

565 }

void des igne r l eave mode ( g raph des i gne r ∗ de s i gne r )
{

f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) ; ++i )
570 l i nk l eave mode ( des igner −> l i n k s [ i ] ) ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
arrow leave mode ( des igner −>arrows [ i ] ) ;

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
node leave mode ( des igner −>nodes [ i ] ) ;

575 des igner −>on mouse down = 0 ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;

}
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580 void des igner ente r mode ( g raph des i gne r ∗ des igner , graph mode mode)
{

f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) ; ++i )
l ink ente r mode ( des igner −> l i n k s [ i ] , mode) ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
585 arrow enter mode ( des igner −>arrows [ i ] , mode) ;

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
node enter mode ( des igner −>nodes [ i ] , mode) ;

switch (mode)
{

590 case mode create node :
des igner −>on mouse down = designer mouse down node new ;
break ;

case mode delete node :
case mode move node :

595 case mode c r ea t e l i nk :
case mode de l e t e l i nk :
case mod e f l i p l i n k :
case mode ta rge t l i nk :
case mode help :

600 break ;
}

}

void node move by ( graph node ∗node , double dx , double dy )
605 {

f o r ( i n t i = 0 ; i < node−> l i n k2 . s i z e ( ) ; ++i )
{

node−> l i n k2 [ i ]−>x2 = fmin ( fmax ( node−> l i n k2 [ i ]−>x2 + dx , minimum x) , ⤦
Ç maximum x) ;

node−> l i n k2 [ i ]−>y2 = fmin ( fmax ( node−> l i n k2 [ i ]−>y2 + dy , minimum y) , ⤦
Ç maximum y) ;

610 l i nk update ( node−> l i n k2 [ i ] ) ;
}
f o r ( i n t i = 0 ; i < node−> l i n k1 . s i z e ( ) ; ++i )
{

node−> l i n k1 [ i ]−>x1 = fmin ( fmax ( node−> l i n k1 [ i ]−>x1 + dx , minimum x) , ⤦
Ç maximum x) ;

615 node−> l i n k1 [ i ]−>y1 = fmin ( fmax ( node−> l i n k1 [ i ]−>y1 + dy , minimum y) , ⤦
Ç maximum y) ;

l i nk update ( node−> l i n k1 [ i ] ) ;
}
node−>x = fmin ( fmax ( node−>x + dx , minimum x) , maximum x) ;
node−>y = fmin ( fmax ( node−>y + dy , minimum y) , maximum y) ;

620 }

bool designer mouse down ( graph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
625 i f ( des igner −>nodes [ i ]−>on mouse down )

i f ( des igner −>nodes [ i ]−>on mouse down ( des igner −>nodes [ i ] , x , y ) )
re turn true ;

f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) ; ++i )
i f ( des igner −>arrows [ i ]−>on mouse down )

630 i f ( des igner −>arrows [ i ]−>on mouse down ( des igner −>arrows [ i ] , x , y ) )
re turn true ;
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i f ( des igner −>on mouse down )
return des igner −>on mouse down ( des igner , x , y ) ;

r e turn f a l s e ;
635 }

bool designer mouse move ( g raph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
640 i f ( des igner −>nodes [ i ]−>on mouse move )

i f ( des igner −>nodes [ i ]−>on mouse move ( des igner −>nodes [ i ] , x , y ) )
re turn true ;

i f ( des igner −>on mouse move )
re turn des igner −>on mouse move ( des igner , x , y ) ;

645 re turn f a l s e ;
}

bool des igner mouse up ( g raph des i gne r ∗ des igner , double x , double y )
{

650 f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
i f ( des igner −>nodes [ i ]−>on mouse up )

i f ( des igner −>nodes [ i ]−>on mouse up ( des igner −>nodes [ i ] , x , y ) )
re turn true ;

i f ( des igner −>on mouse up )
655 re turn des igner −>on mouse up ( des igner , x , y ) ;

r e turn f a l s e ;
}

bool designer mouse down node new ( graph des i gne r ∗ des igner , double x , double y )
660 {

i f (minimum x <= x && x <= maximum x && minimum y <= y && y <= maximum y && ⤦
Ç des igner −>nodes . s i z e ( ) < 8)

{
graph node ∗node = node new ( des igner , x , y , f a l s e ) ;
node enter mode ( node , mode create node ) ;

665 }
re turn true ;

}

bool des igner mouse move dragging ( g raph des i gne r ∗ des igner , double x , double y )
670 {

double dx = fmin ( fmax (x , minimum x) , maximum x) − des igner −>dragging node−>⤦
Ç dragx ;

double dy = fmin ( fmax (y , minimum y) , maximum y) − des igner −>dragging node−>⤦
Ç dragy ;

des igner −>dragging node−>dragx = fmin ( fmax (x , minimum x) , maximum x) ;
des igner −>dragging node−>dragy = fmin ( fmax (y , minimum y) , maximum y) ;

675 node move by ( des igner −>dragging node , dx , dy ) ;
r e turn true ;

}

bool des igner mouse move dragged ( g raph des i gne r ∗ des igner , double x , double y )
680 {

des igner mouse move dragging ( des igner , x , y ) ;
des igner −>on mouse move = 0 ;
des igner −>on mouse up = 0 ;
des igner −>dragging node = 0 ;

685 re turn true ;
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}

bool des igner mouse move cord ing ( g raph des i gne r ∗ des igner , double x , double y )
{

690 des igner −>cord−>x2 = fmin ( fmax (x , minimum x) , maximum x) ;
des igner −>cord−>y2 = fmin ( fmax (y , minimum y) , maximum y) ;
re turn true ;

}

695 bool des igner mouse move corded ( g raph des i gne r ∗ des igner , double x , double y )
{

f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) ; ++i )
des igner −>nodes [ i ]−>on mouse up = 0 ;

des igner −>on mouse move = 0 ;
700 des igner −>on mouse up = 0 ;

des igner −>cord ing node = 0 ;
d e l e t e des igner −>cord ;
des igner −>cord = 0 ;
re turn true ;

705 ( void ) x ;
( void ) y ;

}

// −−−−−−−−−−−−−−−−−−−−−−−−−−−−− drawing −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
710

i n t draw enqueue t r i ang l e ( graph draw ∗draw , i n t k , double x1 , double y1 , double ⤦
Ç x2 , double y2 , double x3 , double y3 , glm : : vec3 co l ou r )

{
draw−> t r i [ k++] = x1 ;
draw−> t r i [ k++] = y1 ;

715 draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;

720 draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;

725 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;

730 draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;

735 draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
r e turn k ;

}

740

i n t draw enqueue quad ( graph draw ∗draw , i n t k , double x1 , double y1 , double x2 , ⤦
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Ç double y2 , double x3 , double y3 , double x4 , double y4 , glm : : vec3 co l ou r )
{

draw−> t r i [ k++] = x1 ;
draw−> t r i [ k++] = y1 ;

745 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;

750 draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;

755 draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;
draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 1 ;

760 draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x3 ;

765 draw−> t r i [ k++] = y3 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;

770 draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x2 ;
draw−> t r i [ k++] = y2 ;
draw−> t r i [ k++] = 0 ;
draw−> t r i [ k++] = 1 ;

775 draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;
draw−> t r i [ k++] = x4 ;
draw−> t r i [ k++] = y4 ;

780 draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = 1 ;
draw−> t r i [ k++] = co lour [ 0 ] ;
draw−> t r i [ k++] = co lour [ 1 ] ;
draw−> t r i [ k++] = co lour [ 2 ] ;

785 re turn k ;
}

i n t draw enqueue l ine ( graph draw ∗draw , i n t k , double x1 , double y1 , double x2 , ⤦
Ç double y2 , double w, glm : : vec3 co l ou r )

790 {
double dx = x2 − x1 ;
double dy = y2 − y1 ;
double r = sq r t ( dx ∗ dx + dy ∗ dy ) ;
dx /= r ;

795 dy /= r ;
k = draw enqueue quad (draw , k , x1 − w ∗ dy , y1 + w ∗ dx , x2 − w ∗ dy , y2 + w ∗⤦
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Ç dx , x1 + w ∗ dy , y1 − w ∗ dx , x2 + w ∗ dy , y2 − w ∗ dx , co l ou r ) ;
r e turn k ;

}

800 i n t d raw enqueue c i r c l e ( graph draw ∗draw , i n t k , double x , double y , double w, ⤦
Ç glm : : vec3 co l ou r )

{
k = draw enqueue quad (draw , k , x − w, y − w, x + w, y − w, x − w, y + w, x + w⤦

Ç , y + w, co l our ) ;
r e turn k ;

}
805

void draw des igner ( graph draw ∗draw , g raph des i gne r ∗ des igner , bool i s a c t i v e , ⤦
Ç bool b ig )

{
glm : : vec3 bg = glm : : mix ( c o l ou r s [ des igner −>id ] , white , 0 .75 f ) ;
i f ( ! i s a c t i v e )

810 bg = glm : : mix (bg , black , 0 . 5 f ) ;
g lC l ea rCo lo r ( bg [ 0 ] , bg [ 1 ] , bg [ 2 ] , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < des igner −> l i n k s . s i z e ( ) && k <= draw−>components − 7 ∗ 6 ; ⤦

Ç ++i )
815 {

double w = big ? 8 : 16 ;
double x1 = des igner −> l i n k s [ i ]−>x1 ;
double y1 = des igner −> l i n k s [ i ]−>y1 ;
double x2 = des igner −> l i n k s [ i ]−>x2 ;

820 double y2 = des igner −> l i n k s [ i ]−>y2 ;
glm : : vec3 co l ou r = co l ou r s [ des igner −> l i n k s [ i ]−> t a r g e t ] ;
k = draw enqueue l ine (draw , k , x1 , y1 , x2 , y2 , w, co l ou r ) ;

}
i f ( des igner −>cord )

825 {
double w = big ? 8 : 16 ;
double x1 = des igner −>cord−>x1 ;
double y1 = des igner −>cord−>y1 ;
double x2 = des igner −>cord−>x2 ;

830 double y2 = des igner −>cord−>y2 ;
k = draw enqueue l ine (draw , k , x1 , y1 , x2 , y2 , w, c o l ou r s [ des igner −>id ] ) ;

}
glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;
glBindVertexArray (draw−>vao quad ) ;

835 glUseProgram (draw−>p r o g l i n e ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;
k = 0 ;
f o r ( i n t i = 0 ; i < des igner −>arrows . s i z e ( ) && k < draw−>components − 8 ∗ 3 ; ⤦

Ç ++i )
{

840 double x1 = des igner −>arrows [ i ]−>x1 ;
double y1 = des igner −>arrows [ i ]−>y1 ;
double x2 = des igner −>arrows [ i ]−>x2 ;
double y2 = des igner −>arrows [ i ]−>y2 ;
double x3 = des igner −>arrows [ i ]−>x3 ;

845 double y3 = des igner −>arrows [ i ]−>y3 ;
glm : : vec3 co l ou r = co l ou r s [ des igner −>arrows [ i ]−> l i nk −>t a r g e t ] ;
k = draw enqueue t r i ang l e ( draw , k , x1 , y1 , x2 , y2 , x3 , y3 , co l our ) ;
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}
glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;

850 glBindVertexArray (draw−>v a o t r i ) ;
glUseProgram (draw−>prog arrow ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 8) ;
k = 0 ;
f o r ( i n t i = 0 ; i < des igner −>nodes . s i z e ( ) && k <= draw−>components − 7 ∗ 6 ; ⤦

Ç ++i )
855 {

const double w = 20 ;
double x = des igner −>nodes [ i ]−>x ;
double y = des igner −>nodes [ i ]−>y ;
glm : : vec3 co l ou r = co l ou r s [ des igner −>nodes [ i ]−>des igner −>id ] ;

860 i f ( des igner −>nodes [ i ]−> f i x e d )
co l our = white ;

k = draw enqueue c i r c l e ( draw , k , x , y , w, co l ou r ) ;
}
glBufferSubData (GL ARRAY BUFFER, 0 , k ∗ s i z e o f ( f l o a t ) , &draw−> t r i [ 0 ] ) ;

865 glBindVertexArray (draw−>vao quad ) ;
glUseProgram (draw−>p r o g c i r c l e ) ;
glDrawArrays (GL TRIANGLES, 0 , k / 7) ;

}

870 void debug program (GLuint program ) {
GLint s t a tu s = 0 ;
glGetProgramiv ( program , GL LINK STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;

875 char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = ( char ∗) mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetProgramInfoLog ( program , length , 0 , i n f o ) ;

880 i n f o [ l ength ] = 0 ;
}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

p r i n t f (” program l i n k i n f o :\n%s ” , i n f o ? i n f o : ”( no i n f o l og ) ”) ;
}

885 i f ( i n f o ) {
f r e e ( i n f o ) ;

}
}

890 void debug shader (GLuint shader , GLenum type , const char ∗ source ) {
GLint s t a tu s = 0 ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;

895 char ∗ i n f o = 0 ;
i f ( l ength ) {

i n f o = ( char ∗) mal loc ( l ength + 1) ;
i n f o [ 0 ] = 0 ;
glGetShaderInfoLog ( shader , length , 0 , i n f o ) ;

900 i n f o [ l ength ] = 0 ;
}
i f ( ( i n f o && in f o [ 0 ] ) | | ! s t a tu s ) {

const char ∗ t yp e s t r = ”unknown ” ;
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switch ( type ) {
905 case GL VERTEX SHADER: t yp e s t r = ” ver tex ” ; break ;

case GL FRAGMENT SHADER: t yp e s t r = ” fragment ” ; break ;
}
p r i n t f (”%s shader compi le i n f o :\n%s \nshader source :\n%s ” , type s t r , i n f o ? ⤦

Ç i n f o : ”( no i n f o l og ) ” , source ? source : ”( no source ) ”) ;
}

910 i f ( i n f o ) {
f r e e ( i n f o ) ;

}
}

915 GLuint ve r t ex f ragment shader ( const char ∗vert , const char ∗ f r a g ) {
GLuint program = glCreateProgram ( ) ;
{

GLuint shader = glCreateShader (GL VERTEX SHADER) ;
g lShaderSource ( shader , 1 , &vert , 0) ;

920 glCompileShader ( shader ) ;
debug shader ( shader , GL VERTEX SHADER, ver t ) ;
g lAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
925 {

GLuint shader = glCreateShader (GL FRAGMENT SHADER) ;
g lShaderSource ( shader , 1 , &frag , 0) ;
glCompileShader ( shader ) ;
debug shader ( shader , GL FRAGMENT SHADER, f r ag ) ;

930 glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

}
g lBindAttr ibLocat ion ( program , 0 , ”pos ”) ;
g lB indAttr ibLocat ion ( program , 1 , ” tcd ”) ;

935 g lBindAttr ibLocat ion ( program , 2 , ” c l r ”) ;
glLinkProgram ( program ) ;
debug program ( program ) ;
re turn program ;

}
940

const char ∗ d r aw c i r c l e v e r t =
”#ve r s i on 100\n”
” p r e c i s i o n highp f l o a t ;\n”
” a t t r i b u t e vec2 pos ;\n”

945 ” a t t r i b u t e vec2 tcd ;\n”
” a t t r i b u t e vec3 c l r ;\n”
” varying vec2 v texcoord ;\n”
” varying vec3 v co l ou r ;\n”
” void main ( ) {\n”

950 ” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”
” v texcoord = tcd ∗ 2 .0 − vec2 ( 1 . 0 , 1 . 0 ) ;\n”
” v co l ou r = c l r ;\n”
”}\n”
;

955

const char ∗ d r aw c i r c l e f r a g =
”#ve r s i on 100\n”
”#extens i on GL OES standard der ivat ives : r e qu i r e \n”
” p r e c i s i o n highp f l o a t ;\n”
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960 ” varying vec2 v texcoord ;\n”
” varying vec3 v co l ou r ;\n”
” void main ( ) {\n”
” f l o a t r = length ( v texcoord ) ;\n”
” f l o a t d = mix ( l ength (dFdx( v texcoord ) ) , l ength (dFdy( v texcoord ) ) , 0 . 5 ) ;\n”

965 ” g l FragCo lor = vec4 ( v co l ou r ∗ ( smoothstep ( 0 . 2 , 0 . 2 + d , r ) − smoothstep ( 0 . 8 ⤦
Ç − d , 0 . 8 , r ) ) , 1 . 0 − smoothstep ( 1 . 0 − d , 1 . 0 , r ) ) ;\n”

”}\n”
;

const char ∗draw arrow vert =
970 ”#ve r s i on 100\n”

” p r e c i s i o n highp f l o a t ;\n”
” a t t r i b u t e vec2 pos ;\n”
” a t t r i b u t e vec3 tcd ;\n”
” a t t r i b u t e vec3 c l r ;\n”

975 ” varying vec3 v texcoord ;\n”
” varying vec3 v co l ou r ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”
” v texcoord = tcd ;\n”

980 ” v co l ou r = c l r ;\n”
”}\n”
;

const char ∗ draw arrow frag =
985 ”#ve r s i on 100\n”

”#extens i on GL OES standard der ivat ives : r e qu i r e \n”
” p r e c i s i o n highp f l o a t ;\n”
” varying vec3 v texcoord ;\n”
” varying vec3 v co l ou r ;\n”

990 ” void main ( ) {\n”
” vec3 w = fwidth ( v texcoord ) ;\n”
” vec3 a = smoothstep ( vec3 ( 0 . 1 ) , vec3 ( 0 . 1 ) + w, v texcoord ) ;\n”
” vec3 b = smoothstep ( vec3 ( 0 . 0 ) , vec3 ( 0 . 0 ) + w, v texcoord ) ;\n”
” f l o a t e1 = max(min (min ( a . x , a . y ) , a . z ) , 1 . 0 − smoothstep ( 0 . 0 5 , 0 .05 + length (⤦

Ç w) , abs ( v texcoord . y − v texcoord . z ) ) ) ;\n”
995 ” f l o a t e2 = min (min (b . x , b . y ) , b . z ) ;\n”

” g l FragCo lor = vec4 ( v co l ou r ∗ e1 , e2 ) ;\n”
”}\n”
;

1000 const char ∗ d r aw l i n e v e r t =
”#ve r s i on 100\n”
” p r e c i s i o n highp f l o a t ;\n”
” a t t r i b u t e vec2 pos ;\n”
” a t t r i b u t e vec2 tcd ;\n”

1005 ” a t t r i b u t e vec3 c l r ;\n”
” varying vec2 v texcoord ;\n”
” varying vec3 v co l ou r ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( 2 . 0 /800 . 0 ∗ pos − vec2 ( 1 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ;\n”

1010 ” v texcoord = tcd ∗ 2 .0 − vec2 ( 1 . 0 , 1 . 0 ) ;\n”
” v co l ou r = c l r ;\n”
”}\n”
;
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1015 const char ∗ d r aw l i n e f r a g =
”#ve r s i on 100\n”
”#extens i on GL OES standard der ivat ives : r e qu i r e \n”
” p r e c i s i o n highp f l o a t ;\n”
” varying vec2 v texcoord ;\n”

1020 ” varying vec3 v co l ou r ;\n”
” void main ( ) {\n”
” f l o a t r = abs ( v texcoord . x ) ;\n”
” f l o a t d = abs (dFdx( v texcoord . x ) ) + abs (dFdy( v texcoord . x ) ) ;\n”
” g l FragCo lor = vec4 ( v co l ou r ∗ ( 1 . 0 − smoothstep (0 . 333 − d , 0 . 333 , r ) ) , 1 . 0 −⤦

Ç smoothstep ( 1 . 0 − d , 1 . 0 , r ) ) ;\n”
1025 ”}\n”

;

graph draw ∗draw new ( )
{

1030 graph draw ∗draw = new graph draw ( ) ;
draw−>components = 4096 ;
g lGenBuf fers (1 , &draw−>vbo t r i ) ;
g lB indBuf f e r (GL ARRAY BUFFER, draw−>vbo t r i ) ;
g lBuf fe rData (GL ARRAY BUFFER, draw−>components ∗ s i z e o f ( GLfloat ) , 0 , ⤦

Ç GLDYNAMICDRAW) ;
1035 glGenVertexArrays (1 , &draw−>v a o t r i ) ;

glBindVertexArray (draw−>v a o t r i ) ;
g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , 0) ;
g lVer t exAtt r ibPo in te r (1 , 3 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
g lVer t exAtt r ibPo in te r (2 , 3 , GL FLOAT, GL FALSE, 8 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 5 ∗ s i z e o f ( GLfloat ) ) ;
1040 glEnableVertexAttr ibArray (0 ) ;

g lEnableVertexAttr ibArray (1 ) ;
g lEnableVertexAttr ibArray (2 ) ;
glGenVertexArrays (1 , &draw−>vao quad ) ;
glBindVertexArray (draw−>vao quad ) ;

1045 g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , 0) ;
g lVer t exAtt r ibPo in te r (1 , 2 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
g lVer t exAtt r ibPo in te r (2 , 3 , GL FLOAT, GL FALSE, 7 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 4 ∗ s i z e o f ( GLfloat ) ) ;
g lEnableVertexAttr ibArray (0 ) ;
g lEnableVertexAttr ibArray (1 ) ;

1050 glEnableVertexAttr ibArray (2 ) ;
draw−>p r o g c i r c l e = ver t ex f ragment shader ( d r aw c i r c l e v e r t , ⤦

Ç d r aw c i r c l e f r a g ) ;
draw−>prog arrow = ver tex f ragment shader ( draw arrow vert , draw arrow frag⤦

Ç ) ;
draw−>p r o g l i n e = ver t ex f ragment shader ( d raw l i n e ve r t , d r aw l i n e f r a g )⤦

Ç ;
g lD i s ab l e (GL DEPTH TEST) ;

1055 glEnable (GL SCISSOR TEST) ;
g lEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
re turn draw ;

}
1060

s t r u c t {
graph mode current mode ;
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i n t a c t i v e ;
g raph des i gne r ∗ de s i gne r [ 4 ] ;

1065 graph draw ∗draw ;
double x , y ;
pthread t thread ;
pthread mutex t mutex ;
aud i o con t r o l audio ;

1070 v i d e o c on t r o l v ideo ;
bool avdata ;
bool qu i t ;
t ime t human ;

} S ;
1075

void motioncb ( double x , double y )
{

y = s c r e en h e i gh t − 1 − y ;
const double dx = ( sc reen width − s c r e en h e i gh t ) ∗ 0 . 5 ;

1080 const double f = 800 .0 / s c r e en h e i gh t ;
designer mouse move (S . de s i gne r [ S . a c t i v e ] , ( x − dx ) ∗ f , y ∗ f ) ;
S . x = x ;
S . y = y ;

}
1085

void buttoncb ( i n t ac t i on )
{

const double bu t t on s i z e = 0 .5 ∗ ( s c r een width − s c r e en h e i gh t ) − 2 ∗ ⤦
Ç s c r e en bo rde r ;

i n t a c t i v e = −1;
1090 S . human = time (0 ) ;

i f ( s c r e en bo rde r <= S . x && S . x < s c r e en bo rde r + bu t t on s i z e )
{

i f ( 0 . 5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) − bu t t on s i z e <= S . y && S . y < ⤦
Ç 0 .5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) ) a c t i v e = 1 ;

i f ( 0 . 5 ∗ ( s c r e en h e i gh t + sc r e en bo rde r ) <= S . y && S . y < 0 .5 ∗ (⤦
Ç s c r e en h e i gh t + sc r e en bo rde r ) + bu t t on s i z e ) a c t i v e = 0 ;

1095 }
i f ( s c r een width − s c r e en bo rde r − bu t t on s i z e <= S . x && S . x < s c r een width ⤦

Ç − s c r e en bo rde r )
{

i f ( 0 . 5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) − bu t t on s i z e <= S . y && S . y < ⤦
Ç 0 .5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) ) a c t i v e = 2 ;

i f ( 0 . 5 ∗ ( s c r e en h e i gh t + sc r e en bo rde r ) <= S . y && S . y < 0 .5 ∗ (⤦
Ç s c r e en h e i gh t + sc r e en bo rde r ) + bu t t on s i z e ) a c t i v e = 3 ;

1100 }
i f ( a c t i v e != −1)
{

des i gne r l eave mode (S . de s i gne r [ S . a c t i v e ] ) ;
S . a c t i v e = ac t i v e ;

1105 des igner ente r mode (S . de s i gne r [ S . a c t i v e ] , S . current mode ) ;
}
e l s e
{

const double dx = 0 .5 ∗ ( s c r een width − s c r e en h e i gh t ) ;
1110 const double f = 800 .0 / s c r e en h e i gh t ;

double x = S . x − dx ;
i f ( a c t i on == 1)

designer mouse down (S . de s i gne r [ S . a c t i v e ] , x ∗ f , S . y ∗ f ) ;
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i f ( a c t i on == −1)
1115 des igner mouse up (S . de s i gne r [ S . a c t i v e ] , x ∗ f , S . y ∗ f ) ;

}
}

s t a t i c bool onTouch (GLFMDisplay ∗ di sp lay , i n t touch , GLFMTouchPhase phase , ⤦
Ç double x , double y ) {

1120 motioncb (x , y ) ;
switch ( phase )
{

case GLFMTouchPhaseHover :
r e turn f a l s e ;

1125 case GLFMTouchPhaseBegan :
buttoncb (1 ) ;
r e turn true ;

case GLFMTouchPhaseEnded :
case GLFMTouchPhaseCancelled :

1130 buttoncb (−1) ;
r e turn true ;

case GLFMTouchPhaseMoved :
re turn true ;

}
1135 }

s t a t i c void ∗networkSendThread ( void ∗ arg )
{

( void ) arg ;
1140 p r i n t f (” He l lo from thread !\n”) ;

#i f d e f HAVE LO
const char ∗ v ideo hos t = ” solambgel . c on f i g ” ;
const char ∗ aud io hos t = v ideo hos t ;
l o add r e s s at = lo addre s s new ( audio host , ”6060”) ;

1145 l o add r e s s vt = lo addre s s new ( v ideo host , ”6061”) ;
#end i f

do
{

i f (0 == pthread mutex lock(&S . mutex ) )
1150 {

t ime t now = time (0) ;
bool qu i t = f a l s e ;
aud i o con t r o l a ;
v i d e o c on t r o l v ;

1155 bool avdata = f a l s e ;
qu i t = S . qu i t ;
avdata = S . avdata ;
i f ( avdata )
{

1160 memcpy(&a , &S . audio , s i z e o f ( a ) ) ;
memcpy(&v , &S . video , s i z e o f ( v ) ) ;
S . avdata = f a l s e ;

}
v . human = now − S . human ;

1165 pthread mutex unlock(&S . mutex ) ;
i f ( qu i t ) break ;
i f ( avdata )
{

#i f d e f HAVE LO
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1170 l o b l ob ablob = lo b lob new ( s i z e o f ( a ) , &a ) ;
i f ( ablob )
{

i f ( l o s end ( at , ”/ audio ” , ”b” , ablob ) == −1)
p r i n t f (”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( at⤦

Ç ) , l o a d d r e s s e r r s t r ( at ) ) ;
1175 l o b l o b f r e e ( ablob ) ;

}
e l s e

p r i n t f (”OSC e r r o r : couldn ’ t lo b lob new \n”) ;
l o b l ob vblob = lo b lob new ( s i z e o f ( v ) , &v ) ;

1180 i f ( vblob )
{

i f ( l o s end ( vt , ”/ video ” , ”b” , vblob ) == −1)
p r i n t f (”OSC e r r o r %d : %s \n” , l o add r e s s e r r n o ( vt⤦

Ç ) , l o a d d r e s s e r r s t r ( vt ) ) ;
l o b l o b f r e e ( vblob ) ;

1185 }
e l s e

p r i n t f (”OSC e r r o r : couldn ’ t lo b lob new \n”) ;
#end i f

}
1190 }

us l e ep (1000000 / 60) ;
} whi le (1 ) ;
r e turn 0 ;

}
1195

s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , i n t width , i n t he ight ) {
s c r een width = width ;

1200 s c r e en h e i gh t = he ight ;
s c r e en bo rde r = fmin ( width , he ight ) / 40 ;

GLFMRenderingAPI api = glfmGetRenderingAPI ( d i sp l ay ) ;
p r i n t f (” He l lo from GLFM! Using OpenGL %s \n” ,

1205 api == GLFMRenderingAPIOpenGLES32 ? ”ES 3 .2” :
ap i == GLFMRenderingAPIOpenGLES31 ? ”ES 3 .1” :
ap i == GLFMRenderingAPIOpenGLES3 ? ”ES 3 .0” : ”ES 2 . 0” ) ;

glGenVertexArraysOES = (PFNGLGENVERTEXARRAYSOESPROC) eglGetProcAddress ( ”⤦
Ç glGenVertexArraysOES” ) ;

1210 glBindVertexArrayOES = (PFNGLBINDVERTEXARRAYOESPROC) eglGetProcAddress ( ”⤦
Ç glBindVertexArrayOES” ) ;

glDeleteVertexArraysOES = (PFNGLDELETEVERTEXARRAYSOESPROC) eglGetProcAddress ( ”⤦
Ç glDeleteVertexArraysOES” ) ;

glIsVertexArrayOES = (PFNGLISVERTEXARRAYOESPROC) eglGetProcAddress ( ”⤦
Ç glIsVertexArrayOES” ) ;

i f (S . draw ) d e l e t e S . draw ;
1215 S . draw = draw new ( ) ;

p th r ead c r ea t e (&S . thread , nu l lp t r , networkSendThread , nu l l p t r ) ;
}

s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay )
1220 {
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pth r ead j o i n (S . thread , nu l l p t r ) ;
}

1225 s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , double frameTime ) {

const double bu t t on s i z e = 0 .5 ∗ ( s c r een width − s c r e en h e i gh t ) − 2 ∗ ⤦
Ç s c r e en bo rde r ;

g l S c i s s o r (0 , 0 , screen width , s c r e en h e i gh t ) ;
g lViewport (0 , 0 , screen width , s c r e en h e i gh t ) ;

1230 g lC l ea rCo lo r (0 , 0 , 0 , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

g l S c i s s o r ( s c r een border , 0 . 5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) − but ton s i z e ⤦
Ç , bu t ton s i z e , bu t t on s i z e ) ;

g lViewport ( s c r een border , 0 . 5 ∗ ( s c r e en h e i gh t − s c r e en bo rde r ) − ⤦
Ç but ton s i z e , but ton s i z e , bu t t on s i z e ) ;

1235 draw des igner (S . draw , S . de s i gne r [ 1 ] , 1 == S . ac t ive , f a l s e ) ;

g l S c i s s o r ( s c r een border , 0 . 5 ∗ ( s c r e en h e i gh t + sc r e en bo rde r ) , but ton s i z e ,⤦
Ç bu t t on s i z e ) ;

g lViewport ( s c r een border , 0 . 5 ∗ ( s c r e en h e i gh t + sc r e en bo rde r ) , but ton s i z e ⤦
Ç , bu t t on s i z e ) ;

draw des igner (S . draw , S . de s i gne r [ 0 ] , 0 == S . ac t ive , f a l s e ) ;
1240

g l S c i s s o r ( s c r een width − s c r e en bo rde r − but ton s i z e , 0 . 5 ∗ ( s c r e en h e i gh t −⤦
Ç s c r e en bo rde r ) − but ton s i z e , bu t ton s i z e , bu t t on s i z e ) ;

g lViewport ( s c r een width − s c r e en bo rde r − but ton s i z e , 0 . 5 ∗ ( s c r e en h e i gh t ⤦
Ç − s c r e en bo rde r ) − but ton s i z e , bu t ton s i z e , bu t t on s i z e ) ;

draw des igner (S . draw , S . de s i gne r [ 2 ] , 2 == S . ac t ive , f a l s e ) ;

1245 g l S c i s s o r ( s c r een width − s c r e en bo rde r − but ton s i z e , 0 . 5 ∗ ( s c r e en h e i gh t +⤦
Ç s c r e en bo rde r ) , but ton s i z e , bu t t on s i z e ) ;

g lViewport ( s c r een width − s c r e en bo rde r − but ton s i z e , 0 . 5 ∗ ( s c r e en h e i gh t ⤦
Ç + sc r e en bo rde r ) , bu t ton s i z e , bu t t on s i z e ) ;

draw des igner (S . draw , S . de s i gne r [ 3 ] , 3 == S . ac t ive , f a l s e ) ;

g l S c i s s o r ( 0 . 5 ∗ ( s c r een width − s c r e en h e i gh t ) , 0 , s c r e en he i gh t , ⤦
Ç s c r e en h e i gh t ) ;

1250 glViewport ( 0 . 5 ∗ ( s c r een width − s c r e en h e i gh t ) , 0 , s c r e en he i gh t , ⤦
Ç s c r e en h e i gh t ) ;

draw des igner (S . draw , S . de s i gne r [ S . a c t i v e ] , true , t rue ) ;

GLint e ;
whi l e ( ( e = glGetError ( ) ) )

1255 p r i n t f (”OpenGL ERROR %d\n” , e ) ;

aud i o con t r o l a ;
memset(&a , 0 , s i z e o f ( a ) ) ;
a . a c t i v e = S . a c t i v e ;

1260 f o r ( i n t i = 0 ; i < 4 ; ++i )
f o r ( i n t k = 0 ; k < S . de s i gne r [ i ]−> l i n k s . s i z e ( ) ; ++k)
{

g raph l i nk ∗ l = S . de s i gne r [ i ]−> l i n k s [ k ] ;
i n t j = l−>t a r g e t ;

1265 double dx = l−>x2 − l−>x1 ;
double dy = l−>y2 − l−>y1 ;
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double ox = l−>x2 + l−>x1 ;
// FIXME breakage may occur here , some l i n k s might be ove rwr i t t en
a . s c a l e [ i ] [ j ] [ k % GG AUDIO LINKS ] = sq r t (dx ∗ dx + dy ∗ dy ) / 600 ;

1270 a . pan [ i ] [ j ] [ k % GG AUDIO LINKS ] = (0 . 5 ∗ ox − 400) / 400 ∗ 0 .5 + 0 . 5 ;
a . l e v e l [ i ] [ j ] [ k % GG AUDIO LINKS ] = 1 ;

}

v i d e o c on t r o l v ;
1275 memset(&v , 0 , s i z e o f ( v ) ) ;

v . a c t i v e = S . a c t i v e ;
f o r ( i n t i = 0 ; i < 4 ; ++i )
{

v . count [ i ] = S . de s i gne r [ i ]−> l i n k s . s i z e ( ) ;
1280 f o r ( i n t j = 0 ; j < S . de s i gne r [ i ]−> l i n k s . s i z e ( ) && j < GG VIDEO LINKS ; ++j⤦

Ç )
{

g raph l i nk ∗ l = S . de s i gne r [ i ]−> l i n k s [ j ] ;
double dx = l−>x2 − l−>x1 ;
double dy = l−>y2 − l−>y1 ;

1285 i f ( l−> f l i p p e d )
{

dx = −dx ;
dy = −dy ;

}
1290 double ox = ( l−>x2 + l−>x1 ) / 2 ;

double oy = ( l−>y2 + l−>y1 ) / 2 ;
double s = sq r t (dx ∗ dx + dy ∗ dy ) ;
dx /= 600 ;
dy /= 600 ;

1295 s /= 600 ;
ox −= 400 ;
oy −= 400 ;
ox /= 600 ;
oy /= 600 ;

1300 oy = −oy ;
v . source [ i ] [ j ] = l−>t a r g e t ;
v . s c a l e [ i ] [ j ] = s ;
glm : : mat3 trans form = glm : : mat3 ( f l o a t ( dx ) , f l o a t ( dy ) , f l o a t ( ox ) , f l o a t (−⤦

Ç dy ) , f l o a t (dx ) , f l o a t ( oy ) , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
t rans form = glm : : i n v e r s e ( trans form ) ;

1305 f o r ( i n t p = 0 ; p < 3 ; ++p)
f o r ( i n t q = 0 ; q < 3 ; ++q)

v . trans form [ i ] [ j ] [ p ] [ q ] = trans form [ p ] [ q ] ;
}

}
1310

i f (0 == pthread mutex lock(&S . mutex ) )
{

memcpy(&S . audio , &a , s i z e o f (S . audio ) ) ;
memcpy(&S . video , &v , s i z e o f (S . v ideo ) ) ;

1315 S . avdata = true ;
pthread mutex unlock(&S . mutex ) ;

}

t ime t now = time (0) ;
1320 i f (now >= S . human + 3 ∗ 60)

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

f o r ( auto node : S . d e s i gne r [ d]−>nodes )
1325 {

double dt = 0 . 0001 ;
double dx = node−>ta rge tx − node−>x ;
double dy = node−>ta rge ty − node−>y ;
node move by ( node , dx ∗ dt , dy ∗ dt ) ;

1330 i f ( ! node−> f i x e d )
{

double dz = dx ∗ dx + dy ∗ dy ;
i f ( dz < 25)
{

1335 node−>ta rge tx = 50 + (750 − 50) ∗ ( rand ( ) / ( double ) RANDMAX) ;
node−>ta rge ty = 50 + (750 − 50) ∗ ( rand ( ) / ( double ) RANDMAX) ;

}
}

}
1340 }

}
}

extern void glfmMain (GLFMDisplay ∗ d i sp l ay )
1345 {

memset(&S , 0 , s i z e o f (S) ) ;
srand ( time (0 ) ) ;
p thread mutex in i t (&S . mutex , nu l l p t r ) ;
S . d e s i gne r [ 0 ] = des igner new (0) ;

1350 S . de s i gne r [ 1 ] = des igner new (1) ;
S . d e s i gne r [ 2 ] = des igner new (2) ;
S . d e s i gne r [ 3 ] = des igner new (3) ;
{

auto nab = node new (S . de s i gne r [ 0 ] , 300 , 400 , f a l s e ) ;
1355 auto nbc = node new (S . de s i gne r [ 0 ] , 400 , 400 + 200 ∗ s q r t (3 ) /2 , f a l s e ) ;

auto ncd = node new (S . de s i gne r [ 0 ] , 500 , 400 , f a l s e ) ;
auto l a = l ink new (S . de s i gne r [ 0 ] , S . d e s i gne r [0]−> s ta r t node , nab ) ;
auto lb = l ink new (S . de s i gne r [ 0 ] , nab , nbc ) ;
auto l c = l ink new (S . de s i gne r [ 0 ] , nbc , ncd ) ;

1360 auto ld = l ink new (S . de s i gne r [ 0 ] , ncd , S . d e s i gne r [0]−> end node ) ;
la−>t a r g e t = 0 ;
lb−>t a r g e t = 1 ;
l c −>t a r g e t = 2 ;
ld−>t a r g e t = 3 ;

1365 l i nk update ( l a ) ;
l i nk update ( lb ) ;
l i nk update ( l c ) ;
l i nk update ( ld ) ;

}
1370 {

double z = 600 / (1 + sq r t (2 ) ) ;
auto nab = node new (S . de s i gne r [ 1 ] , 100 + z , 400 , f a l s e ) ;
auto nbc = node new (S . de s i gne r [ 1 ] , 100 + z ∗ (1 + sq r t (2 ) /2) , 400 + z ∗ s q r t⤦

Ç (2 ) /2 , f a l s e ) ;
auto ncd = node new (S . de s i gne r [ 1 ] , 100 + z , 400 + z ∗ s q r t (2 ) , f a l s e ) ;

1375 auto l a = l ink new (S . de s i gne r [ 1 ] , S . d e s i gne r [1]−> s ta r t node , nab ) ;
auto lb = l ink new (S . de s i gne r [ 1 ] , nab , nbc ) ;
auto l c = l ink new (S . de s i gne r [ 1 ] , nbc , ncd ) ;
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auto ld = l ink new (S . de s i gne r [ 1 ] , nbc , S . d e s i gne r [1]−> end node ) ;
la−>t a r g e t = 1 ;

1380 lb−>t a r g e t = 2 ;
l c −>t a r g e t = 3 ;
ld−>t a r g e t = 0 ;
l i nk update ( l a ) ;
l i nk update ( lb ) ;

1385 l i nk update ( l c ) ;
l i nk update ( ld ) ;

}
{

auto nab = node new (S . de s i gne r [ 2 ] , 400 , 400 , f a l s e ) ;
1390 auto nbc = node new (S . de s i gne r [ 2 ] , 550 , 400 − 300 ∗ s q r t (3 ) /2 , f a l s e ) ;

auto ncd = node new (S . de s i gne r [ 2 ] , 250 , 400 − 300 ∗ s q r t (3 ) /2 , f a l s e ) ;
auto l a = l ink new (S . de s i gne r [ 2 ] , S . d e s i gne r [2]−> s ta r t node , nab ) ;
auto lb = l ink new (S . de s i gne r [ 2 ] , nab , nbc ) ;
auto l c = l ink new (S . de s i gne r [ 2 ] , nbc , ncd ) ;

1395 auto ld = l ink new (S . de s i gne r [ 2 ] , nab , S . d e s i gne r [2]−> end node ) ;
la−>t a r g e t = 3 ;
lb−>t a r g e t = 1 ;
l c −>t a r g e t = 2 ;
ld−>t a r g e t = 0 ;

1400 l i nk update ( l a ) ;
l i nk update ( lb ) ;
l i nk update ( l c ) ;
l i nk update ( ld ) ;

}
1405 {

auto nab = node new (S . de s i gne r [ 3 ] , 400 , 400 , f a l s e ) ;
auto nbc = node new (S . de s i gne r [ 3 ] , 400 , 700 , f a l s e ) ;
auto ncd = node new (S . de s i gne r [ 3 ] , 400 , 100 , f a l s e ) ;
auto l a = l ink new (S . de s i gne r [ 3 ] , S . d e s i gne r [3]−> s ta r t node , nab ) ;

1410 auto lb = l ink new (S . de s i gne r [ 3 ] , nab , nbc ) ;
auto l c = l ink new (S . de s i gne r [ 3 ] , nab , ncd ) ;
auto ld = l ink new (S . de s i gne r [ 3 ] , nab , S . d e s i gne r [3]−> end node ) ;
la−>t a r g e t = 0 ;
lb−>t a r g e t = 3 ;

1415 l c −>t a r g e t = 2 ;
ld−>t a r g e t = 1 ;
l i nk update ( l a ) ;
l i nk update ( lb ) ;
l i nk update ( l c ) ;

1420 l i nk update ( ld ) ;
}
des igner ente r mode (S . d e s i gne r [ S . a c t i v e = 0 ] , S . current mode = mode move node )⤦

Ç ;

g l fmSetDisp layConf ig ( d i sp lay ,
1425 GLFMRenderingAPIOpenGLES2 ,

GLFMColorFormatRGBA8888 ,
GLFMDepthFormatNone ,
GLFMStencilFormat8 ,
GLFMMultisample4X) ;

1430 glfmSetUserData ( d i sp lay , &S) ;
glfmSetDisplayChrome ( d i sp lay , GLFMUserInterfaceChromeFullscreen ) ;
g l fmSetSurfaceCreatedFunc ( d i sp lay , onSurfaceCreated ) ;

g l fmSetSur faceRes izedFunc ( d i sp lay , onSurfaceCreated ) ;
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gl fmSetSurfaceDestroyedFunc ( d i sp lay , onSurfaceDestroyed ) ;
1435 glfmSetMainLoopFunc ( d i sp lay , onFrame ) ;

glfmSetTouchFunc ( d i sp lay , onTouch ) ;

}

36 example/src/main.c

// Example app that draws a t r i a n g l e . The t r i a n g l e can be moved v ia touch or ⤦
Ç keyboard arrow keys .

#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>

5 #inc lude ”glfm . h”
#de f i n e FILE COMPAT ANDROID ACTIVITY glfmAndroidGetActiv ity ( )
#inc lude ” f i l e c ompa t . h”

typede f s t r u c t {
10 GLuint program ;

GLuint ve r t exBu f f e r ;

double lastTouchX ;
double lastTouchY ;

15

double o f f s e tX ;
double o f f s e tY ;

} ExampleApp ;

20 s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , double frameTime ) ;
s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , i n t width , i n t he ight ) ;
s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay ) ;
s t a t i c bool onTouch (GLFMDisplay ∗ di sp lay , i n t touch , GLFMTouchPhase phase , ⤦

Ç double x , double y ) ;
s t a t i c bool onKey(GLFMDisplay ∗ di sp lay , GLFMKey keyCode , GLFMKeyAction act ion , ⤦

Ç i n t mod i f i e r s ) ;
25

// Main entry po int
void glfmMain (GLFMDisplay ∗ d i sp l ay ) {

ExampleApp ∗app = c a l l o c (1 , s i z e o f (ExampleApp) ) ;

30 g l fmSetDisp layConf ig ( d i sp lay ,
GLFMRenderingAPIOpenGLES2 ,
GLFMColorFormatRGBA8888 ,
GLFMDepthFormatNone ,
GLFMStencilFormatNone ,

35 GLFMMultisampleNone ) ;
glfmSetUserData ( d i sp lay , app ) ;
g l fmSetSurfaceCreatedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSur faceRes izedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSurfaceDestroyedFunc ( d i sp lay , onSurfaceDestroyed ) ;

40 glfmSetMainLoopFunc ( d i sp lay , onFrame ) ;
glfmSetTouchFunc ( d i sp lay , onTouch ) ;
glfmSetKeyFunc ( d i sp lay , onKey) ;

}

45 s t a t i c bool onTouch (GLFMDisplay ∗ di sp lay , i n t touch , GLFMTouchPhase phase , ⤦
Ç double x , double y ) {
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i f ( phase == GLFMTouchPhaseHover ) {
re turn f a l s e ;

}
ExampleApp ∗app = glfmGetUserData ( d i sp l ay ) ;

50 i f ( phase != GLFMTouchPhaseBegan) {
i n t width , he ight ;
g l fmGetDisp laySize ( d i sp lay , &width , &he ight ) ;
app−>o f f s e tX += 2 ∗ ( x − app−>lastTouchX ) / width ;
app−>o f f s e tY −= 2 ∗ ( y − app−>lastTouchY ) / he ight ;

55 }
app−>lastTouchX = x ;
app−>lastTouchY = y ;
re turn true ;

}
60

s t a t i c bool onKey(GLFMDisplay ∗ di sp lay , GLFMKey keyCode , GLFMKeyAction act ion , ⤦
Ç i n t mod i f i e r s ) {
bool handled = f a l s e ;
i f ( a c t i on == GLFMKeyActionPressed ) {

ExampleApp ∗app = glfmGetUserData ( d i sp l ay ) ;
65 switch ( keyCode ) {

case GLFMKeyLeft :
app−>o f f s e tX −= 0.1 f ;
handled = true ;
break ;

70 case GLFMKeyRight :
app−>o f f s e tX += 0.1 f ;
handled = true ;
break ;

case GLFMKeyUp:
75 app−>o f f s e tY += 0.1 f ;

handled = true ;
break ;

case GLFMKeyDown:
app−>o f f s e tY −= 0.1 f ;

80 handled = true ;
break ;

d e f au l t :
break ;

}
85 }

re turn handled ;
}

s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , i n t width , i n t he ight ) {
90 glViewport (0 , 0 , width , he ight ) ;

GLFMRenderingAPI api = glfmGetRenderingAPI ( d i sp l ay ) ;
p r i n t f (” He l lo from GLFM! Using OpenGL %s \n” ,

api == GLFMRenderingAPIOpenGLES32 ? ”ES 3 .2” :
95 api == GLFMRenderingAPIOpenGLES31 ? ”ES 3 .1” :

ap i == GLFMRenderingAPIOpenGLES3 ? ”ES 3 .0” : ”ES 2 . 0” ) ;
}

s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay ) {
100 // When the su r f a c e i s destroyed , a l l e x i s t i n g GL r e s ou r c e s are no l onge r ⤦

Ç va l i d .
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ExampleApp ∗app = glfmGetUserData ( d i sp l ay ) ;
app−>program = 0 ;
app−>ve r t exBu f f e r = 0 ;

}
105

s t a t i c GLuint compileShader (GLenum type , const char ∗shaderName ) {
char f u l lPa th [PATHMAX] ;
f c r e s d i r ( fu l lPath , s i z e o f ( f u l lPa th ) ) ;
s t r n ca t ( fu l lPath , shaderName , s i z e o f ( f u l lPa th ) − s t r l e n ( f u l lPa th ) − 1) ;

110

// Get shader s t r i n g
char ∗ shaderSt r ing = NULL;
FILE ∗ shade rF i l e = fopen ( fu l lPath , ” rb ”) ;
i f ( shade rF i l e ) {

115 f s e e k ( shaderF i l e , 0 , SEEK END) ;
long l ength = f t e l l ( shade rF i l e ) ;
f s e e k ( shaderF i l e , 0 , SEEK SET) ;

shaderSt r ing = mal loc ( l ength + 1) ;
120 i f ( shaderSt r ing ) {

f r ead ( shaderStr ing , length , 1 , shade rF i l e ) ;
shaderSt r ing [ l ength ] = 0 ;

}
f c l o s e ( shade rF i l e ) ;

125 }
i f ( ! shaderSt r ing ) {

p r i n t f (”Couldn ’ t read f i l e : %s \n” , f u l lPa th ) ;
r e turn 0 ;

}
130

// Compile
const char ∗ constChaderStr ing = shaderSt r ing ;
GLuint shader = glCreateShader ( type ) ;
g lShaderSource ( shader , 1 , &constChaderStr ing , NULL) ;

135 glCompileShader ( shader ) ;
f r e e ( shaderSt r ing ) ;

// Check compi le s t a tu s
GLint s t a tu s ;

140 glGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
i f ( s t a tu s == 0) {

p r i n t f (”Couldn ’ t compi le shader : %s \n” , shaderName ) ;
GLint logLength ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &logLength ) ;

145 i f ( logLength > 0) {
GLchar ∗ l og = mal loc ( logLength ) ;
g lGetShaderInfoLog ( shader , logLength , &logLength , l og ) ;
i f ( l og [ 0 ] != 0) {

p r i n t f (” Shader l og : %s \n” , l og ) ;
150 }

f r e e ( l og ) ;
}
g lDe le teShader ( shader ) ;
shader = 0 ;

155 }
re turn shader ;

}
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s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , double frameTime ) {
160 ExampleApp ∗app = glfmGetUserData ( d i sp l ay ) ;

// Draw background
g lC l ea rCo lo r ( 0 . 0 f , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

165

// Draw t r i a n g l e
i f ( app−>program == 0) {

GLuint vertShader = compileShader (GL VERTEX SHADER, ” s imple . ve r t ”) ;
GLuint f ragShader = compileShader (GL FRAGMENT SHADER, ” s imple . f r a g ”) ;

170 i f ( vertShader == 0 | | f ragShader == 0) {
glfmSetMainLoopFunc ( d i sp lay , NULL) ;
re turn ;

}
app−>program = glCreateProgram ( ) ;

175

glAttachShader ( app−>program , vertShader ) ;
g lAttachShader ( app−>program , f ragShader ) ;

g lB indAttr ibLocat ion ( app−>program , 0 , ” a p o s i t i o n ”) ;
180 g lBindAttr ibLocat ion ( app−>program , 1 , ” a c o l o r ”) ;

glLinkProgram (app−>program ) ;

g lDe le teShader ( vertShader ) ;
185 g lDe le teShader ( f ragShader ) ;

}
glUseProgram (app−>program ) ;
i f ( app−>ve r t exBu f f e r == 0) {

g lGenBuf fers (1 , &app−>ve r t exBu f f e r ) ;
190 }

g lB indBuf f e r (GL ARRAY BUFFER, app−>ve r t exBu f f e r ) ;
const s i z e t s t r i d e = s i z e o f ( GLfloat ) ∗ 6 ;
g lEnableVertexAttr ibArray (0 ) ;
g lVer t exAtt r ibPo in te r (0 , 3 , GL FLOAT, GL FALSE, s t r i d e , ( void ∗) 0) ;

195 glEnableVertexAttr ibArray (1 ) ;
g lVer t exAtt r ibPo inte r (1 , 3 , GL FLOAT, GL FALSE, s t r i d e , ( void ∗) ( s i z e o f (⤦

Ç GLfloat ) ∗ 3) ) ;

const GLfloat v e r t i c e s [ ] = {
// x , y , z , r , g , b

200 app−>o f f s e tX + 0 .0 f , app−>o f f s e tY + 0 .5 f , 0 . 0 , 1 . 0 , 0 . 0 , 0 . 0 ,
app−>o f f s e tX − 0 .5 f , app−>o f f s e tY − 0 .5 f , 0 . 0 , 0 . 0 , 1 . 0 , 0 . 0 ,
app−>o f f s e tX + 0 .5 f , app−>o f f s e tY − 0 .5 f , 0 . 0 , 0 . 0 , 0 . 0 , 1 . 0 ,

} ;

205 g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( v e r t i c e s ) , v e r t i c e s , GL STATIC DRAW) ;
glDrawArrays (GL TRIANGLES, 0 , 3) ;

}

37 example/src/test pattern.c

// Draws a t e s t pattern to check i f f r amebu f f e r i s s c a l ed c o r r e c t l y .
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
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#inc lude <s t r i n g . h>
5 #inc lude ”glfm . h”

#de f i n e FILE COMPAT ANDROID ACTIVITY glfmAndroidGetActiv ity ( )
#inc lude ” f i l e c ompa t . h”

typede f s t r u c t {
10 GLuint t ex tu r e Id ;

GLuint textureProgram ;
GLuint t extureVer texBuf f e r ;

} TestPatternApp ;

15 s t a t i c GLuint createTestPatternTexture ( u i n t 32 t width , u i n t 32 t he ight ) {
GLuint t ex tu r e Id = 0 ;
u i n t 32 t ∗data = mal loc ( width ∗ he ight ∗ s i z e o f ( u i n t 32 t ) ) ;
i f ( data ) {

u in t 32 t ∗out = data ;
20 f o r ( u i n t 32 t y = 0 ; y < he ight ; y++) {

∗out++ = 0 x f f 0 0 0 0 f f ;
i f ( y == 0 | | y == he ight − 1) {

f o r ( u i n t 32 t x = 1 ; x < width − 1 ; x++) {
∗out++ = 0 x f f 0 0 0 0 f f ;

25 }
} e l s e {

f o r ( u i n t 32 t x = 1 ; x < width − 1 ; x++) {
∗out++ = (( x & 1) == (y & 1) ) ? 0 x f f000000 : 0 x f f f f f f f f ;

}
30 }

∗out++ = 0 x f f 0 0 0 0 f f ;
}

glGenTextures (1 , &tex tu r e Id ) ;
35 glBindTexture (GL TEXTURE 2D, t ex tu r e Id ) ;

g l P i x e l S t o r e i (GL UNPACKALIGNMENT, 1) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, width , height , 0 , GL RGBA, ⤦

Ç GL UNSIGNED BYTE, data ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

40 glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;

f r e e ( data ) ;
}

45 re turn t ex tu r e Id ;
}

s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , i n t width , i n t he ight ) {
glViewport (0 , 0 , width , he ight ) ;

50

TestPatternApp ∗app = glfmGetUserData ( d i sp l ay ) ;
i f ( app−>t ex tu r e Id != 0) {

g lDe l e t eTexture s (1 , &app−>t ex tu r e Id ) ;
}

55 app−>t ex tu r e Id = createTestPatternTexture ( width , he ight ) ;
i f ( app−>t ex tu r e Id != 0) {

p r i n t f (” Created t e s t pattern %ix%i \n” , width , he ight ) ;
}

}
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60

s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay ) {
// When the su r f a c e i s destroyed , a l l e x i s t i n g GL r e s ou r c e s are no l onge r ⤦

Ç va l i d .
TestPatternApp ∗app = glfmGetUserData ( d i sp l ay ) ;
app−>t ex tu r e Id = 0 ;

65 app−>textureProgram = 0 ;
app−>t ex tureVer t exBuf f e r = 0 ;

}

s t a t i c GLuint compileShader (GLenum type , const char ∗shaderName ) {
70 char f u l lPa th [PATHMAX] ;

f c r e s d i r ( fu l lPath , s i z e o f ( f u l lPa th ) ) ;
s t r n ca t ( fu l lPath , shaderName , s i z e o f ( f u l lPa th ) − s t r l e n ( f u l lPa th ) − 1) ;

// Get shader s t r i n g
75 char ∗ shaderSt r ing = NULL;

FILE ∗ shade rF i l e = fopen ( fu l lPath , ” rb ”) ;
i f ( shade rF i l e ) {

f s e e k ( shaderF i l e , 0 , SEEK END) ;
long l ength = f t e l l ( shade rF i l e ) ;

80 f s e e k ( shaderF i l e , 0 , SEEK SET) ;

shaderSt r ing = mal loc ( l ength + 1) ;
i f ( shaderSt r ing ) {

f r ead ( shaderStr ing , length , 1 , shade rF i l e ) ;
85 shaderSt r ing [ l ength ] = 0 ;

}
f c l o s e ( shade rF i l e ) ;

}
i f ( ! shaderSt r ing ) {

90 p r i n t f (”Couldn ’ t read f i l e : %s \n” , f u l lPa th ) ;
r e turn 0 ;

}

// Compile
95 const char ∗ constChaderStr ing = shaderSt r ing ;

GLuint shader = glCreateShader ( type ) ;
g lShaderSource ( shader , 1 , &constChaderStr ing , NULL) ;
glCompileShader ( shader ) ;
f r e e ( shaderSt r ing ) ;

100

// Check compi le s t a tu s
GLint s t a tu s ;
g lGetShader iv ( shader , GL COMPILE STATUS, &s ta tu s ) ;
i f ( s t a tu s == 0) {

105 p r i n t f (”Couldn ’ t compi le shader : %s \n” , shaderName ) ;
GLint logLength ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &logLength ) ;
i f ( logLength > 0) {

GLchar ∗ l og = mal loc ( logLength ) ;
110 glGetShaderInfoLog ( shader , logLength , &logLength , l og ) ;

i f ( l og [ 0 ] != 0) {
p r i n t f (” Shader l og : %s \n” , l og ) ;

}
f r e e ( l og ) ;

115 }
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g lDe le teShader ( shader ) ;
shader = 0 ;

}
re turn shader ;

120 }

s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , double frameTime ) {
TestPatternApp ∗app = glfmGetUserData ( d i sp l ay ) ;

125 i f ( app−>t ex tu r e Id == 0) {
g lC l ea rCo lo r ( 0 . 0 f , 0 . 0 f , 0 . 0 f , 1 . 0 f ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;
re turn ;

}
130

i f ( app−>textureProgram == 0) {
GLuint vertShader = compileShader (GL VERTEX SHADER, ” tex ture . ve r t ”) ;
GLuint f ragShader = compileShader (GL FRAGMENT SHADER, ” tex ture . f r a g ”) ;
i f ( vertShader == 0 | | f ragShader == 0) {

135 glfmSetMainLoopFunc ( d i sp lay , NULL) ;
re turn ;

}

app−>textureProgram = glCreateProgram ( ) ;
140

glAttachShader ( app−>textureProgram , vertShader ) ;
g lAttachShader ( app−>textureProgram , f ragShader ) ;

g lB indAttr ibLocat ion ( app−>textureProgram , 0 , ” p o s i t i o n ”) ;
145 g lBindAttr ibLocat ion ( app−>textureProgram , 1 , ” texCoord ”) ;

glLinkProgram (app−>textureProgram ) ;

g lDe le teShader ( vertShader ) ;
150 g lDe le teShader ( f ragShader ) ;

}
glUseProgram (app−>textureProgram ) ;
i f ( app−>t ex tureVer t exBuf f e r == 0) {

g lGenBuf fers (1 , &app−>t ex tureVer t exBuf f e r ) ;
155 }

g lB indBuf f e r (GL ARRAY BUFFER, app−>t ex tureVer t exBuf f e r ) ;
const s i z e t s t r i d e = s i z e o f ( GLfloat ) ∗ 4 ;
const s i z e t t extureCoordsOf f s e t = s i z e o f ( GLfloat ) ∗ 2 ;
g lEnableVertexAttr ibArray (0 ) ;

160 g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, s t r i d e , ( void ∗) 0) ;
g lEnableVertexAttr ibArray (1 ) ;
g lVer t exAtt r ibPo inte r (1 , 2 , GL FLOAT, GL FALSE, s t r i d e , ( void ∗)⤦

Ç t extureCoordsOf f s e t ) ;

const GLfloat v e r t i c e s [ ] = {
165 // viewX , viewY , textureX , textureY

−1 , −1 , 0 , 0 ,
1 , −1 , 1 , 0 ,
−1 , 1 , 0 , 1 ,
1 , 1 , 1 , 1 ,

170 } ;
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g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( v e r t i c e s ) , v e r t i c e s , GLDYNAMICDRAW) ;
glBindTexture (GL TEXTURE 2D, app−>t ex tu r e Id ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

175 }

void glfmMain (GLFMDisplay ∗ d i sp l ay ) {
TestPatternApp ∗app = c a l l o c (1 , s i z e o f ( TestPatternApp ) ) ;

180 g l fmSetDisp layConf ig ( d i sp lay ,
GLFMRenderingAPIOpenGLES2 ,
GLFMColorFormatRGBA8888 ,
GLFMDepthFormatNone ,
GLFMStencilFormatNone ,

185 GLFMMultisampleNone ) ;
glfmSetUserData ( d i sp lay , app ) ;
g l fmSetSurfaceCreatedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSur faceRes izedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSurfaceDestroyedFunc ( d i sp lay , onSurfaceDestroyed ) ;

190 glfmSetMainLoopFunc ( d i sp lay , onFrame ) ;
}

38 .gitignore

bu i ld

39 include/glfm.h

/∗
GLFM
https : // github . com/brackeen /glfm
Copyright ( c ) 2014−2017 David Brackeen

5

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed warranty .
In no event w i l l the authors be held l i a b l e f o r any damages a r i s i n g from the
use o f t h i s so f tware . Permiss ion i s granted to anyone to use t h i s so f tware
f o r any purpose , i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and

10 r e d i s t r i b u t e i t f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware in a
product , an acknowledgment in the product documentation would be apprec ia t ed

15 but i s not r equ i r ed .
2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not be

mis represented as being the o r i g i n a l so f tware .
3 . This no t i c e may not be removed or a l t e r e d from any source d i s t r i b u t i o n .
∗/

20

#i f n d e f GLFMH
#de f i n e GLFMH

#de f i n e GLFM VERSIONMAJOR 0
25 #de f i n e GLFM VERSION MINOR 9

#de f i n e GLFM VERSION REVISION 0

// One o f the se w i l l be de f ined :
// GLFM PLATFORM IOS
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30 // GLFMPLATFORMTVOS
// GLFMPLATFORMANDROID
// GLFMPLATFORMEMSCRIPTEN

#i f de f i ned ( ANDROID )
35 #de f i n e GLFMPLATFORMANDROID

#e l i f d e f i n ed ( EMSCRIPTEN )
#de f i n e GLFMPLATFORMEMSCRIPTEN

#e l i f de f i n ed ( APPLE )
#inc lude <TargetCondi t iona l s . h>

40 #i f TARGET OS IOS
#de f i n e GLFM PLATFORM IOS

#e l i f TARGET OS TV
#de f i n e GLFMPLATFORMTVOS

#e l s e
45 #er r o r Unknown Apple p lat form

#end i f
#e l s e

#e r r o r Unknown plat form
#end i f

50

// OpenGL ES in c l ud e s

#i f de f i ned (GLFM INCLUDE ES32)
#i f de f i ned (GLFM PLATFORM IOS) | | de f ined (GLFMPLATFORMTVOS)

55 #er r o r No OpenGL ES 3 .2 support in iOS
#e l i f d e f i n ed (GLFMPLATFORMEMSCRIPTEN)

#e r r o r No OpenGL ES 3 .2 support in WebGL
#e l s e

#inc lude <GLES3/ g l32 . h>
60 #inc lude <GLES3/ g l 3 ex t . h>

#end i f
#e l i f d e f i n ed (GLFM INCLUDE ES31)

#i f de f i ned (GLFM PLATFORM IOS) | | de f ined (GLFMPLATFORMTVOS)
#e r r o r No OpenGL ES 3 .1 support in iOS

65 #e l i f de f in ed (GLFMPLATFORMEMSCRIPTEN)
#e r r o r No OpenGL ES 3 .1 support in WebGL

#e l s e
#inc lude <GLES3/ g l31 . h>
#inc lude <GLES3/ g l 3 ex t . h>

70 #end i f
#e l i f d e f i n ed (GLFM INCLUDE ES3)

#i f de f i ned (GLFM PLATFORM IOS) | | de f ined (GLFMPLATFORMTVOS)
#inc lude <OpenGLES/ES3/ g l . h>
#inc lude <OpenGLES/ES3/ g l e x t . h>

75 #e l i f de f in ed (GLFMPLATFORMEMSCRIPTEN)
#inc lude <GLES3/ g l3 . h>
#inc lude <GLES3/ g l 2 ex t . h>

#e l s e
#inc lude <GLES3/ g l3 . h>

80 #inc lude <GLES3/ g l 3 ex t . h>
#end i f

#e l i f ! d e f i ned (GLFM INCLUDE NONE)
#i f de f i ned (GLFM PLATFORM IOS) | | de f ined (GLFMPLATFORMTVOS)

#inc lude <OpenGLES/ES2/ g l . h>
85 #inc lude <OpenGLES/ES2/ g l e x t . h>

#e l s e
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#inc lude <GLES2/ g l2 . h>
#inc lude <GLES2/ g l 2 ex t . h>

#end i f
90 #end i f

#inc lude <s tdboo l . h>

#i f d e f c p l u s p l u s
95 extern ”C” {

#end i f

// MARK: Enums

100 typede f enum {
GLFMRenderingAPIOpenGLES2 ,
GLFMRenderingAPIOpenGLES3 ,
GLFMRenderingAPIOpenGLES31 ,
GLFMRenderingAPIOpenGLES32 ,

105 } GLFMRenderingAPI ;

typede f enum {
GLFMColorFormatRGBA8888 ,
GLFMColorFormatRGB565 ,

110 } GLFMColorFormat ;

typede f enum {
GLFMDepthFormatNone ,
GLFMDepthFormat16 ,

115 GLFMDepthFormat24 ,
} GLFMDepthFormat ;

typede f enum {
GLFMStencilFormatNone ,

120 GLFMStencilFormat8 ,
} GLFMStencilFormat ;

typede f enum {
GLFMMultisampleNone ,

125 GLFMMultisample4X ,
} GLFMMultisample ;

/// GLFMUserInterfaceChrome d e f i n e s whether system UI chrome ( s t a tu s bar , ⤦
Ç nav igat i on bar ) i s shown .

/// This va lue i s ignored on Emscripten .
130 /// GLFMUserInterfaceChromeNavigation ( d e f au l t )

/// − Android : Show the nav igat i on bar
/// − iOS : Show the home i nd i c a t o r on iPhone X
/// GLFMUserInterfaceChromeNavigationAndStatusBar :
/// − Android : Show the nav igat i on bar and s t a tu s bar

135 /// − iOS : Show s ta tu s bar , and show the home i nd i c a t o r on iPhone X
/// GLFMUserInterfaceChromeFullscreen
/// − Android 2 . 3 : Fu l l s c r e en
/// − Android 4 .0 − 4 . 3 : Navigat ion bar dimmed
/// − Android 4 . 4 : Fu l l s c r e en immersive mode

140 /// − iOS : Fu l l s c r e en
typede f enum {

GLFMUserInterfaceChromeNavigation ,
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GLFMUserInterfaceChromeNavigationAndStatusBar ,
GLFMUserInterfaceChromeFullscreen ,

145 } GLFMUserInterfaceChrome ;

typede f enum {
GLFMUserInterfaceOrientationAny ,
GLFMUserInter faceOrientat ionPortra it ,

150 GLFMUserInterfaceOrientationLandscape ,
} GLFMUserInterfaceOrientation ;

typede f enum {
GLFMTouchPhaseHover ,

155 GLFMTouchPhaseBegan ,
GLFMTouchPhaseMoved ,
GLFMTouchPhaseEnded ,
GLFMTouchPhaseCancelled ,

} GLFMTouchPhase ;
160

typede f enum {
GLFMMouseCursorAuto ,
GLFMMouseCursorNone ,
GLFMMouseCursorDefault ,

165 GLFMMouseCursorPointer ,
GLFMMouseCursorCrosshair ,
GLFMMouseCursorText

} GLFMMouseCursor ;

170 typede f enum {
GLFMKeyBackspace = 0x08 ,
GLFMKeyTab = 0x09 ,
GLFMKeyEnter = 0x0d ,
GLFMKeyEscape = 0x1b ,

175 GLFMKeySpace = 0x20 ,
GLFMKeyLeft = 0x25 ,
GLFMKeyUp = 0x26 ,
GLFMKeyRight = 0x27 ,
GLFMKeyDown = 0x28 ,

180 GLFMKeyNavBack = 0x1000 ,
GLFMKeyNavMenu = 0x1001 ,
GLFMKeyNavSelect = 0x1002 ,
GLFMKeyPlayPause = 0x2000 ,

} GLFMKey;
185

typede f enum {
GLFMKeyModifierShift = (1 << 0) ,
GLFMKeyModifierCtrl = (1 << 1) ,
GLFMKeyModifierAlt = (1 << 2) ,

190 GLFMKeyModifierMeta = (1 << 3) ,
} GLFMKeyModifier ;

typede f enum {
GLFMKeyActionPressed ,

195 GLFMKeyActionRepeated ,
GLFMKeyActionReleased ,

} GLFMKeyAction ;

// MARK: St ruc t s and func t i on po i n t e r s
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200

typede f s t r u c t GLFMDisplay GLFMDisplay ;

/// Function po in t e r returned from glfmGetProcAddress
typede f void (∗GLFMProc) ( void ) ;

205

/// Main loop ca l l b a ck func t i on . The frame time i s in seconds , and i s not ⤦
Ç r e l a t e d to wa l l time .

typede f void (∗GLFMMainLoopFunc) (GLFMDisplay ∗ di sp lay , double frameTime ) ;

/// Cal lback func t i on f o r mouse or touch events . The (x , y ) va lue s are in p i x e l s .
210 /// The func t i on should re turn true i f the event was handled , and f a l s e ⤦

Ç otherw i s e .
typede f bool (∗GLFMTouchFunc) (GLFMDisplay ∗ di sp lay , i n t touch , GLFMTouchPhase ⤦

Ç phase ,
double x , double y ) ;

/// Cal lback func t i on f o r key events .
215 /// The func t i on should re turn true i f the event was handled , and f a l s e ⤦

Ç otherw i s e .
typede f bool (∗GLFMKeyFunc) (GLFMDisplay ∗ di sp lay , GLFMKey keyCode , GLFMKeyAction⤦

Ç act ion ,
i n t mod i f i e r s ) ;

/// Cal lback func t i on f o r cha rac t e r input events .
220 typede f void (∗GLFMCharFunc) (GLFMDisplay ∗ di sp lay , const char ∗utf8 , i n t ⤦

Ç mod i f i e r s ) ;

/// Cal lback func t i on f o r keyboard v i s i b i l i t y , in p i x e l s .
typede f void (∗GLFMKeyboardVisibilityChangedFunc ) (GLFMDisplay ∗ di sp lay , bool ⤦

Ç v i s i b l e ,
double x , double y , double ⤦

Ç width , double he ight ) ;
225

/// Cal lback when the su r f a c e could not be c rea ted .
typede f void (∗GLFMSurfaceErrorFunc ) (GLFMDisplay ∗ di sp lay , const char ∗message ) ;

/// Cal lback func t i on when the OpenGL su r f a c e i s c r ea ted
230 typede f void (∗GLFMSurfaceCreatedFunc ) (GLFMDisplay ∗ di sp lay , i n t width , i n t ⤦

Ç he ight ) ;

/// Cal lback func t i on when the OpenGL su r f a c e i s r e s i z e d ( or ro ta ted ) .
typede f void (∗GLFMSurfaceResizedFunc ) (GLFMDisplay ∗ di sp lay , i n t width , i n t ⤦

Ç he ight ) ;

235 /// Cal lback func t i on when the OpenGL su r f a c e i s destroyed .
typede f void (∗GLFMSurfaceDestroyedFunc ) (GLFMDisplay ∗ d i sp l ay ) ;

/// Cal lback func t i on when the system r e c i e v e s a low memory warning .
typede f void (∗GLFMMemoryWarningFunc) (GLFMDisplay ∗ d i sp l ay ) ;

240

typede f void (∗GLFMAppFocusFunc) (GLFMDisplay ∗ di sp lay , bool focused ) ;

// MARK: Functions

245 /// Main entry po int f o r the app , where the d i sp l ay can be i n i t i a l i z e d and the ⤦
Ç GLFMMainLoopFunc
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/// can be s e t .
extern void glfmMain (GLFMDisplay ∗ d i sp l ay ) ;

/// I n i t the d i sp l ay cond i f u r a t i on . Should only be c a l l e d in glfmMain .
250 /// I f the dev i c e does not support the p r e f e r r e d render ing API , the next ⤦

Ç av a i l a b l e r ender ing API i s
/// chosen (OpenGL ES 3 .0 i f OpenGL ES 3 .1 i s not ava i l ab l e , and OpenGL ES 2 .0 ⤦

Ç i f OpenGL ES 3 .0 i s
/// not a v a i l a b l e ) . Ca l l glfmGetRenderingAPI in the GLFMSurfaceCreatedFunc to ⤦

Ç s ee which render ing
/// API was chosen .
void g l fmSetDisp layConf ig (GLFMDisplay ∗ di sp lay ,

255 GLFMRenderingAPI preferredAPI ,
GLFMColorFormat colorFormat ,
GLFMDepthFormat depthFormat ,
GLFMStencilFormat stenc i lFormat ,
GLFMMultisample mult isample ) ;

260

void glfmSetUserData (GLFMDisplay ∗ di sp lay , void ∗userData ) ;

void ∗glfmGetUserData (GLFMDisplay ∗ d i sp l ay ) ;

265 /// Sets the a l lowed user i n t e r f a c e o r i e n t a t i o n s
void g l fmSe tUse r In t e r f a c eOr i en ta t i on (GLFMDisplay ∗ di sp lay ,

GLFMUserInterfaceOrientation ⤦
Ç a l l owedOr i en ta t i on s ) ;

/// Returns the a l lowed user i n t e r f a c e o r i e n t a t i o n s
270 GLFMUserInterfaceOrientation g l fmGetUse r In te r f a ceOr i en ta t i on (GLFMDisplay ∗⤦

Ç d i sp l ay ) ;

/// Sets whether mult i touch input i s enabled . By de fau l t , mult i touch i s d i s ab l ed⤦
Ç .

void gl fmSetMult itouchEnabled (GLFMDisplay ∗ di sp lay , bool mult itouchEnabled ) ;

275 /// Gets whether mult i touch input i s enabled . By de fau l t , mult i touch i s d i s ab l ed⤦
Ç .

bool glfmGetMultitouchEnabled (GLFMDisplay ∗ d i sp l ay ) ;

/// Gets the d i sp l ay s i z e , in p i x e l s .
void g l fmGetDisp laySize (GLFMDisplay ∗ di sp lay , i n t ∗width , i n t ∗ he ight ) ;

280

/// Gets the d i sp l ay s c a l e . On Apple dev ices , the value w i l l be 1 .0 f o r non−⤦
Ç r e t i n a d i s p l a y s and 2 .0

/// f o r r e t i n a .
double g l fmGetDisp laySca le (GLFMDisplay ∗ d i sp l ay ) ;

285 /// Gets the chrome in s e t s , in p i x e l s (AKA ” s a f e area i n s e t s ” in iOS ) . This i s ⤦
Ç the space taken

/// on the outer edges o f the d i sp l ay by s t a tu s bars , nav iga t i on bars , and other⤦
Ç UI elements .

void glfmGetDisplayChromeInsets (GLFMDisplay ∗ di sp lay , double ∗ top , double ∗ r i ght⤦
Ç , double ∗bottom ,

double ∗ l e f t ) ;

290 /// Gets the user i n t e r f a c e chrome .
GLFMUserInterfaceChrome glfmGetDisplayChrome (GLFMDisplay ∗ d i sp l ay ) ;
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/// Sets the user i n t e r f a c e chrome .
/// On Emscripten , to switch to f u l l s c r e e n , t h i s f unc t i on must be c a l l e d from an⤦

Ç user −generated event handler .
295 void glfmSetDisplayChrome (GLFMDisplay ∗ di sp lay , GLFMUserInterfaceChrome uiChrome⤦

Ç ) ;

/// Gets the render ing API o f the d i sp l ay . The return value i s not va l i d un t i l ⤦
Ç the su r f a c e i s

/// c rea ted . De fau l t s to GLFMRenderingAPIOpenGLES2 .
GLFMRenderingAPI glfmGetRenderingAPI (GLFMDisplay ∗ d i sp l ay ) ;

300

/// Gets whether the d i sp l ay has touch c a p a b i l i t i e s .
bool glfmHasTouch (GLFMDisplay ∗ d i sp l ay ) ;

/// Sets the mouse cur so r ( only on p lat fo rms with a mouse )
305 void glfmSetMouseCursor (GLFMDisplay ∗ di sp lay , GLFMMouseCursor mouseCursor ) ;

/// Checks i f a named OpenGL extens i on i s supported
bool gl fmExtensionSupported ( const char ∗ extens i on ) ;

310 /// Gets the address o f the s p e c i f i e d func t i on .
GLFMProc glfmGetProcAddress ( const char ∗ functionName ) ;

/// Sets the func t i on to c a l l b e f o r e each frame i s d i sp layed .
void glfmSetMainLoopFunc (GLFMDisplay ∗ di sp lay , GLFMMainLoopFunc mainLoopFunc ) ;

315

/// Sets the func t i on to c a l l when a mouse or touch event occurs .
void glfmSetTouchFunc (GLFMDisplay ∗ di sp lay , GLFMTouchFunc touchFunc ) ;

/// Sets the func t i on to c a l l when a key event occurs .
320 /// Note , on iOS , only pre s sed events are sent ( no repeated or r e l e a s e d events ) ⤦

Ç and with no
/// mod i f i e r s .
void glfmSetKeyFunc (GLFMDisplay ∗ di sp lay , GLFMKeyFunc keyFunc ) ;

/// Sets the func t i on to c a l l when charac t e r input events occur .
325 void glfmSetCharFunc (GLFMDisplay ∗ di sp lay , GLFMCharFunc charFunc ) ;

/// Sets the func t i on to c a l l when the su r f a c e could not be c reated .
/// For example , the browser does not support WebGL.
void gl fmSetSurfaceErrorFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceErrorFunc ⤦

Ç sur faceErrorFunc ) ;
330

/// Sets the func t i on to c a l l when the su r f a c e was c rea ted .
void gl fmSetSurfaceCreatedFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceCreatedFunc ⤦

Ç sur faceCreatedFunc ) ;

/// Sets the func t i on to c a l l when the su r f a c e was r e s i z e d ( or ro ta ted ) .
335 void gl fmSetSurfaceRes izedFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceResizedFunc ⤦

Ç sur faceRes izedFunc ) ;

/// Sets the func t i on to c a l l when the su r f a c e was destroyed . For example , ⤦
Ç OpenGL context l o s s .

/// Al l OpenGL re s ou r c e s should be de l e t ed in t h i s c a l l .
void gl fmSetSurfaceDestroyedFunc (GLFMDisplay ∗ di sp lay ,

340 GLFMSurfaceDestroyedFunc surfaceDestroyedFunc ) ;
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void glfmSetMemoryWarningFunc (GLFMDisplay ∗ di sp lay , GLFMMemoryWarningFunc ⤦
Ç lowMemoryFunc ) ;

void glfmSetAppFocusFunc (GLFMDisplay ∗ di sp lay , GLFMAppFocusFunc focusFunc ) ;
345

/// Requests to show or hide the onscreen v i r t u a l keyboard . On Emscripten , t h i s ⤦
Ç f unc t i on does

/// nothing .
void g l fmSetKeyboardVis ib le (GLFMDisplay ∗ di sp lay , bool v i s i b l e ) ;

350 /// Returns t rue i f the v i r t u a l keyboard i s cu r r en t l y v i s i b l e .
bool g l fmIsKeyboardVis ib l e (GLFMDisplay ∗ d i sp l ay ) ;

/// Sets the func t i on to c a l l when the v i r t u a l keyboard changes v i s i b i l i t y or ⤦
Ç changes bounds .

void gl fmSetKeyboardVis ibi l i tyChangedFunc (GLFMDisplay ∗ di sp lay ,
355 GLFMKeyboardVisibilityChangedFunc ⤦

Ç v i s ib i l i tyChangedFunc ) ;

#i f de f i ned (GLFMPLATFORMANDROID)

#inc lude <android / n a t i v e a c t i v i t y . h>
360

ANativeAct iv ity ∗ gl fmAndroidGetActivity ( void ) ;

#end i f // GLFMPLATFORMANDROID

365 #i f d e f c p l u s p l u s
}
#end i f

#end i f

40 LICENSE

Copyright ( c ) 2014−2017 David Brackeen

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed
warranty . In no event w i l l the authors be held l i a b l e f o r any damages

5 a r i s i n g from the use o f t h i s so f tware .

Permiss ion i s granted to anyone to use t h i s so f tware f o r any purpose ,
i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and r e d i s t r i b u t e i t
f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

10

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware
in a product , an acknowledgment in the product documentation would
be apprec ia t ed but i s not r equ i r ed .

15

2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not
be mis represented as being the o r i g i n a l so f tware .

3 . This no t i c e may not be removed or a l t e r e d from any source
20 d i s t r i b u t i o n .
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41 README.graphgrow.md

This i s :

− the GLFM g i t r epo s i t o ry , with an Android bu i ld system

5 − l i b l o −0 .29 , with a s imp l i f i e d CMake bu i ld system and minor patches

− graphgrow− i f a c e . cpp from the graphgrow g i t r epo s i t o ry , modi f i ed to
work with GLFM ins t ead o f GLFW, and to send OSC to network in a non−UI
thread

42 README.md

# GLFM
Write OpenGL ES code in C/C++ without wr i t i ng platform − s p e c i f i c code .

GLFM i s an OpenGL ES l ay e r f o r mobile d ev i c e s and the web . GLFM supp l i e s an ⤦
Ç OpenGL ES context and input events . I t i s l a r g e l y i n s p i r e d by [GLFW] ( https⤦
Ç : // github . com/ gl fw / g l fw ) .

5

GLFM i s wr i t t en in C and runs on iOS 8 , tvOS 9 , Android 2 . 3 . 3 (API 10) , and ⤦
Ç WebGL 1 .0 ( v ia [ Emscripten ] ( https : // github . com/ kr ipken / emscr ipten ) ) .

## Features
∗ OpenGL ES 2 . 0 , 3 . 0 , 3 . 1 , and 3 .2 d i sp l ay setup .

10 ∗ Retina / high−DPI support .
∗ Touch and keyboard events .
∗ Events f o r app l i c a t i o n s t a t e and context l o s s .

## Non−goa l s
15 GLFM i s l im i t ed in scope , and isn ’ t des igned to prov ide everyth ing needed f o r an⤦

Ç app . For example , GLFM doesn ’ t prov ide ( and w i l l never prov ide ) the ⤦
Ç f o l l ow i n g :

∗ No image load ing .
∗ No text render ing .
∗ No audio .

20 ∗ No menus , UI t o o l k i t , or scene graph .
∗ No i n t e g r a t i o n with other mobile f e a t u r e s l i k e web views , maps , or game s c o r e s⤦

Ç .

Instead , GLFM can be used with other c ros s −plat form l i b r a r i e s that prov ide what ⤦
Ç an app needs .

25 ## Example
This example i n i t i a l i z e s the d i sp l ay in ‘ glfmMain ( ) ‘ and draws a t r i a n g l e in ‘⤦

Ç onFrame ( ) ‘ . A more d e t a i l e d example i s a v a i l a b l e [ here ] ( example/ s r c /main . c⤦
Ç ) .

‘ ‘ ‘C
#inc lude ”glfm . h”

30 #inc lude <s t r i n g . h>

s t a t i c GLint program = 0 ;
s t a t i c GLuint ve r t exBu f f e r = 0 ;
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35 s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , const double frameTime ) ;
s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , const i n t width , const i n t ⤦

Ç he ight ) ;
s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay ) ;

void glfmMain (GLFMDisplay ∗ d i sp l ay ) {
40 g l fmSetDisp layConf ig ( d i sp lay ,

GLFMRenderingAPIOpenGLES2 ,
GLFMColorFormatRGBA8888 ,
GLFMDepthFormatNone ,
GLFMStencilFormatNone ,

45 GLFMMultisampleNone ) ;
g l fmSetSurfaceCreatedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSur faceRes izedFunc ( d i sp lay , onSurfaceCreated ) ;
g l fmSetSurfaceDestroyedFunc ( d i sp lay , onSurfaceDestroyed ) ;
glfmSetMainLoopFunc ( d i sp lay , onFrame ) ;

50 }

s t a t i c void onSurfaceCreated (GLFMDisplay ∗ di sp lay , const i n t width , const i n t ⤦
Ç he ight ) {
glViewport (0 , 0 , width , he ight ) ;

}
55

s t a t i c void onSurfaceDestroyed (GLFMDisplay ∗ d i sp l ay ) {
// When the su r f a c e i s destroyed , a l l e x i s t i n g GL r e s ou r c e s are no l onge r ⤦

Ç va l i d .
program = 0 ;
ve r t exBu f f e r = 0 ;

60 }

s t a t i c GLuint compileShader ( const GLenum type , const GLchar ∗ shaderSt r ing ) {
const GLint shaderLength = (GLint ) s t r l e n ( shaderSt r ing ) ;
GLuint shader = glCreateShader ( type ) ;

65 glShaderSource ( shader , 1 , &shaderStr ing , &shaderLength ) ;
glCompileShader ( shader ) ;
r e turn shader ;

}

70 s t a t i c void onFrame (GLFMDisplay ∗ di sp lay , const double frameTime ) {
i f ( program == 0) {

const GLchar ∗ vertexShader =
” a t t r i b u t e highp vec4 po s i t i o n ;\n”
” void main ( ) {\n”

75 ” g l P o s i t i o n = po s i t i o n ;\n”
”}” ;

const GLchar ∗ fragmentShader =
”void main ( ) {\n”

80 ” g l FragCo lor = vec4 ( 1 . 0 , 1 . 0 , 1 . 0 , 1 . 0 ) ;\n”
”}” ;

program = glCreateProgram ( ) ;
GLuint vertShader = compileShader (GL VERTEX SHADER, vertexShader ) ;

85 GLuint f ragShader = compileShader (GL FRAGMENT SHADER, fragmentShader ) ;

g lAttachShader ( program , vertShader ) ;
g lAttachShader ( program , f ragShader ) ;
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90 glLinkProgram ( program ) ;

g lDe le teShader ( vertShader ) ;
g lDe le teShader ( f ragShader ) ;

}
95 i f ( v e r t exBu f f e r == 0) {

const GLfloat v e r t i c e s [ ] = {
0 . 0 , 0 . 5 , 0 . 0 ,
−0.5 , −0.5 , 0 . 0 ,
0 . 5 , −0.5 , 0 . 0 ,

100 } ;
g lGenBuf fers (1 , &ve r t exBu f f e r ) ;
g lB indBuf f e r (GL ARRAY BUFFER, ve r t exBu f f e r ) ;
g lBuf fe rData (GL ARRAY BUFFER, s i z e o f ( v e r t i c e s ) , v e r t i c e s , GL STATIC DRAW⤦

Ç ) ;
}

105

g lC l ea rCo lo r ( 0 . 4 f , 0 . 0 f , 0 . 6 f , 1 . 0 f ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

glUseProgram ( program ) ;
110 g lB indBuf f e r (GL ARRAY BUFFER, ve r t exBu f f e r ) ;

g lEnableVertexAttr ibArray (0 ) ;
g lVer t exAtt r ibPo in te r (0 , 3 , GL FLOAT, GL FALSE, 0 , 0) ;
glDrawArrays (GL TRIANGLES, 0 , 3) ;

115 }
‘ ‘ ‘
## API
See [ glfm . h ] ( i n c lude /glfm . h)

120 ## Build requ i rements
∗ iOS : Xcode 9 .0
∗ Android : Android Studio 3 . 0 , SDK 26 , NDK Bundle 16 .
∗ WebGL: Emscripten 1 . 3 5 . 0

125 ## Use GLFM in an e x i s t i n g p r o j e c t

1 . Remove the pro j e c t ’ s e x i s t i n g ‘ void main ( ) ‘ funct ion , i f any .
2 . Add the GLFM source f i l e s ( in ‘ inc lude ‘ and ‘ src ‘ ) .
3 . Inc lude a ‘ void glfmMain (GLFMDisplay ∗ d i sp l ay ) ‘ f unc t i on in a C/C++ f i l e .

130

## Build the example GLFM pro j e c t s
Use the ‘ CMakeLists . txt ‘ f i l e with the ‘−DGLFMBUILD EXAMPLE=ON‘ opt ion to bu i ld⤦

Ç the example p r o j e c t s .

### Xcode 9 .0
135 ‘ ‘ ‘ S h e l l

mkdir −p bu i ld / i o s
cd bu i ld / i o s
cmake −DGLFMBUILD EXAMPLE=ON −G Xcode . . / . .
open GLFM. xcodepro j

140 ‘ ‘ ‘
Switch to the ‘ glfm example ‘ t a r g e t and run on the s imula to r or a dev i c e .

### Emscripten
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Assuming ‘EMSCRIPTEN ROOT PATH‘ po in t s to a c t i v e i n s t a l l e d ve r s i on o f Emscripten⤦
Ç .

145 ‘ ‘ ‘ S h e l l
mkdir −p bu i ld / emscr ipten
cd bu i ld / emscr ipten
cmake −DGLFMBUILD EXAMPLE=ON −DCMAKE TOOLCHAIN FILE=$EMSCRIPTEN ROOT PATH/cmake⤦

Ç /Modules/Platform/Emscripten . cmake −DCMAKE BUILD TYPE=MinSizeRel . . / . .
cmake −−bu i ld .

150 ‘ ‘ ‘
I f you ’ re opening f i l e s l o c a l l y in Chrome , you may need to [ enable l o c a l f i l e ⤦

Ç ac c e s s ] ( http :// s tackove r f l ow . com/a/18587027) . Instead , you could use ⤦
Ç Fire fox , which doesn ’ t have t h i s r e s t r i c t i o n .

### Android Studio 3 .0
There i s no CMake generato r f o r Android Studio p ro j e c t s , but you can inc lude ‘⤦

Ç CMakeLists . txt ‘ in a new or e x i s t i n g p r o j e c t .
155

The ‘ AndroidManifest . xml ‘ :
‘ ‘ ‘XML
<?xml ve r s i on =”1.0” encoding=”utf −8”?>
<mani fe s t xmlns : android=”http :// schemas . android . com/apk/ r e s / android ”

160 package=”com . brackeen . glfmexample”>

<uses − f e a t u r e android : g lEsVers ion=”0x00020000” android : r equ i r ed=”true ” />

<app l i c a t i on
165 android : allowBackup=”true ”

android : i con=”@mipmap/ i c l a un ch e r ”
android : l a b e l=”@str ing /app name”
android : supportsRt l=”true”>
<a c t i v i t y android : name=”android . app . Nat iveAct iv i ty ”

170 android : conf igChanges=”o r i e n t a t i o n | screenLayout | s c r e enS i z e |⤦
Ç keyboardHidden | keyboard”>

<meta−data
android : name=”android . app . l ib name ”
android : va lue=”glfm example ” />

<in tent − f i l t e r >
175 <ac t i on android : name=”android . i n t en t . a c t i on .MAIN”/>

<category android : name=”android . i n t en t . category .LAUNCHER”/>
</intent − f i l t e r >

</a c t i v i t y>
</app l i c a t i on>

180

</mani fest>
‘ ‘ ‘
And the ‘ app/ bu i ld . gradle ‘ :
‘ ‘ ‘ Gradle

185 apply p lug in : ’com . android . app l i c a t i on ’

android {
compileSdkVersion 26
de f au l tCon f i g {

190 app l i c a t i on Id ”com . brackeen . glfmexample”
minSdkVersion 10
targetSdkVers ion 26
vers ionCode 1
versionName ”1 .0”
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195 exte rna lNat iveBu i ld {
cmake {

arguments ”−DGLFMBUILD EXAMPLE=ON”
}

}
200 }

s ou r c eSe t s . main {
a s s e t s . s r cD i r s = [ ” . . / . . / . . / . . / example/ a s s e t s ” ]

}
exte rna lNat iveBu i ld {

205 cmake {
path ” . . / . . / . . / . . / CMakeLists . txt ”

}
}

}
210 ‘ ‘ ‘

## Future id ea s
∗ Acce lerometer and gyroscope input .
∗ Gamepad / MFi c o n t r o l l e r input .

215

## Caveats
∗ OpenGL ES 3 .1 and 3 .2 support i s only a v a i l a b l e in Android , and the GLFM ⤦

Ç implementation i s cu r r en t l y untested .
∗ GLFM i s not thread − s a f e . Al l GLFM func t i on s must be c a l l e d on the main thread ⤦

Ç ( that i s , from ‘ glfmMain ‘ or from the ca l l ba ck func t i on s ) .
∗ On iOS , cha rac t e r input works great , but keyboard events are not i d e a l . Using ⤦

Ç the keyboard ( on an iOS dev i ce v ia Bluetooth keyboard or on the s imulato r ⤦
Ç v ia a Mac ’ s keyboard ) , only a few keys are detec ted ( arrows keys and the ⤦
Ç escape key ) , and key r e l e a s e events are not repor ted .

220 ∗ On Android , keyboard events work great , but cha rac t e r events are not i d e a l . ⤦
Ç Some s p e c i a l charac te r s , l i k e emoji charac te r s , w i l l not work . This i s due⤦
Ç to an i s s u e in the NDK.

∗ Orientat i on lock probably doesn ’ t work on HTML5.

## Quest ions
∗∗What IDE should I use ? Why i s the re no desktop implementation ?∗∗

225 Use Xcode or Android Studio . For desktop , use [GLFW] ( https : // github . com/ gl fw /⤦
Ç g l fw ) with the IDE o f your cho i c e .

I f you p r e f e r not us ing the mobile s imu la to r s f o r everyday development , a good ⤦
Ç s o l u t i o n i s to use GLFW instead , and then l a t e r port your app to GLFM. Not⤦
Ç a l l OpenGL c a l l s w i l l port to OpenGL ES pe r f e c t l y , but f o r maximum OpenGL⤦
Ç po r t ab i l i t y , use OpenGL 3 .2 Core P r o f i l e on desktop and OpenGL ES 2 .0 on ⤦
Ç mobile .

Moving forward , GLFM APIs w i l l l ook more l i k e GLFW’ s , so por t ing w i l l get e a s i e r⤦
Ç as GLFM development cont inues .

230

∗∗Why i s the entry po int ‘ glfmMain ( ) ‘ and not ‘main ( ) ‘?∗∗

Otherwise , i t wouldn ’ t work on iOS . To i n i t i a l i z e the Object ive −C environment , ⤦
Ç the ‘main ( ) ‘ f unc t i on must c r e a t e an au t o r e l e a s e pool and c a l l the ‘⤦
Ç UIApplicationMain ( ) ‘ funct ion , which ∗never r e tu rn s ∗ . On iOS , GLFM doesn ’ t⤦
Ç c a l l ‘ glfmMain ( ) ‘ u n t i l a f t e r the ‘ UIAppl icat ionDelegate ‘ and ‘⤦
Ç UIViewControl ler ‘ are i n i t i a l i z e d .
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235 ∗∗Why i s GLFM event −dr iven ? Why does GLFM take over the main loop ?∗∗

Otherwise , i t wouldn ’ t work on iOS ( see above ) or on HTML5, which i s event −⤦
Ç dr iven .

43 src/glfm platform android.c

/∗
GLFM
https : // github . com/brackeen /glfm
Copyright ( c ) 2014−2017 David Brackeen

5

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed warranty .
In no event w i l l the authors be held l i a b l e f o r any damages a r i s i n g from the
use o f t h i s so f tware . Permiss ion i s granted to anyone to use t h i s so f tware
f o r any purpose , i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and

10 r e d i s t r i b u t e i t f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware in a
product , an acknowledgment in the product documentation would be apprec ia t ed

15 but i s not r equ i r ed .
2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not be

mis represented as being the o r i g i n a l so f tware .
3 . This no t i c e may not be removed or a l t e r e d from any source d i s t r i b u t i o n .
∗/

20

#inc lude ”glfm . h”

#i f d e f GLFMPLATFORMANDROID

25 #inc lude ” andro id na t i v e app g lue . h”
#inc lude ” g l fm plat fo rm . h”
#inc lude <EGL/ eg l . h>
#inc lude <android / log . h>
#inc lude <android /window . h>

30 #inc lude <d l f c n . h>
#inc lude <uni s td . h>

#i f d e f NDEBUG
#de f i n e LOGDEBUG( . . . ) do { } whi le (0 )

35 #e l s e
#de f i n e LOGDEBUG( . . . ) a n d r o i d l o g p r i n t (ANDROID LOG INFO, ”GLFM” , VA ARGS ⤦

Ç )
#end i f

//#de f i n e LOG LIFECYCLE ( . . . ) a n d r o i d l o g p r i n t (ANDROID LOG INFO, ”GLFM” , ⤦
Ç VA ARGS )

40 #de f i n e LOG LIFECYCLE ( . . . ) do { } whi le (0 )

// MARK: Time u t i l s

s t a t i c s t r u c t t imespec glfmTimeNow ( ) {
45 s t r u c t t imespec t ;

c l o ck ge t t ime (CLOCKMONOTONICRAW, &t ) ;
r e turn t ;

}
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50 s t a t i c double glfmTimeSeconds ( s t r u c t t imespec t ) {
re turn t . t v s e c + ( double ) t . t v n s e c / 1e9 ;

}

s t a t i c s t r u c t t imespec gl fmTimeSubstract ( s t r u c t t imespec a , s t r u c t t imespec b) ⤦
Ç {

55 s t r u c t t imespec r e s u l t ;
i f (b . t v n s e c > a . tv n s e c ) {

r e s u l t . t v s e c = a . t v s e c − b . t v s e c − 1 ;
r e s u l t . t v n s e c = 1000000000 − b . tv ns e c + a . tv ns e c ;

} e l s e {
60 r e s u l t . t v s e c = a . t v s e c − b . t v s e c ;

r e s u l t . t v n s e c = a . tv ns e c − b . tv ns e c ;
}
re turn r e s u l t ;

}
65

// MARK: Platform data ( g l oba l s i n g l e t o n )

#de f i n e MAX SIMULTANEOUS TOUCHES 5

70 typede f s t r u c t {
s t r u c t android app ∗app ;

bool multitouchEnabled ;

75 ARect keyboardFrame ;
bool keyboardVis ib l e ;

s t r u c t t imespec in itTime ;
bool animating ;

80 bool ha s In i t ed ;

EGLDisplay eg lD i sp l ay ;
EGLSurface e g l Su r f a c e ;
EGLConfig eg lCon f i g ;

85 EGLContext eg lContext ;
bool eg lContextCurrent ;

i n t 3 2 t width ;
i n t 3 2 t he ight ;

90 double s c a l e ;

GLFMDisplay ∗ d i sp l ay ;
GLFMRenderingAPI renderingAPI ;

95 JNIEnv ∗ jniEnv ;
} GLFMPlatformData ;

s t a t i c GLFMPlatformData ∗platformDataGlobal = NULL;

100 // MARK: JNI code

#de f i n e glfmWasJavaExceptionThrown ( ) \
( (∗ j n i )−>ExceptionCheck ( j n i ) ? ( (∗ j n i )−>Except ionClear ( j n i ) , t rue ) : f a l s e )
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105 #de f i n e g l fmClearJavaExcept ion ( ) \
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) { \

(∗ j n i )−>Except ionClear ( j n i ) ; \
}

110 s t a t i c jmethodID glfmGetJavaMethodID (JNIEnv ∗ j n i , j o b j e c t object , const char ∗⤦
Ç name ,

const char ∗ s i g ) {
i f ( ob j e c t ) {

j c l a s s c l a s s = (∗ j n i )−>GetObjectClass ( jn i , ob j e c t ) ;
jmethodID methodID = (∗ j n i )−>GetMethodID( jn i , c l a s s , name , s i g ) ;

115 (∗ j n i )−>DeleteLoca lRef ( jn i , c l a s s ) ;
r e turn glfmWasJavaExceptionThrown ( ) ? NULL : methodID ;

} e l s e {
re turn NULL;

}
120 }

s t a t i c j f i e l d ID glfmGetJavaFieldID (JNIEnv ∗ j n i , j o b j e c t object , const char ∗⤦
Ç name , const char ∗ s i g ) {
i f ( ob j e c t ) {

j c l a s s c l a s s = (∗ j n i )−>GetObjectClass ( jn i , ob j e c t ) ;
125 j f i e l d ID f i e l d ID = (∗ j n i )−>GetFieldID ( jn i , c l a s s , name , s i g ) ;

(∗ j n i )−>DeleteLoca lRef ( jn i , c l a s s ) ;
r e turn glfmWasJavaExceptionThrown ( ) ? NULL : f i e l d ID ;

} e l s e {
re turn NULL;

130 }
}

s t a t i c j f i e l d ID gl fmGetJavaStat i cF ie ldID (JNIEnv ∗ j n i , j c l a s s c l a s s , const char ⤦
Ç ∗name ,

const char ∗ s i g ) {
135 i f ( c l a s s ) {

j f i e l d ID f i e l d ID = (∗ j n i )−>GetStat i cF ie ld ID ( jn i , c l a s s , name , s i g ) ;
r e turn glfmWasJavaExceptionThrown ( ) ? NULL : f i e l d ID ;

} e l s e {
re turn NULL;

140 }
}

#de f i n e glfmCallJavaMethod ( jn i , ob ject , methodName , methodSig , returnType ) \
(∗ j n i )−>Cal l##returnType##Method ( jn i , ob ject , \

145 glfmGetJavaMethodID ( jn i , ob ject , methodName , methodSig ) )

#de f i n e glfmCallJavaMethodWithArgs ( jn i , ob ject , methodName , methodSig , ⤦
Ç returnType , . . . ) \
(∗ j n i )−>Cal l##returnType##Method ( jn i , ob ject , \

glfmGetJavaMethodID ( jn i , ob ject , methodName , methodSig ) , VA ARGS )
150

#de f i n e g l fmGetJavaFie ld ( jn i , ob ject , f ieldName , f i e l d S i g , f i e ldType ) \
(∗ j n i )−>Get##f i e ldType##Fie ld ( jn i , ob ject , \

gl fmGetJavaFieldID ( jn i , ob ject , f ieldName , f i e l d S i g ) )

155 #de f i n e g l fmGetJavaStat i cF i e ld ( jn i , c l a s s , f ieldName , f i e l d S i g , f i e ldType ) \
(∗ j n i )−>GetStat i c##f i e ldType##Fie ld ( jn i , c l a s s , \

g l fmGetJavaStat i cF ie ld ID ( jn i , c l a s s , f ieldName , f i e l d S i g ) )
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s t a t i c void g l fmSetOr i en ta t i on ( s t r u c t android app ∗app ) {
160 s t a t i c const i n t ActivityInfo SCREEN ORIENTATION SENSOR = 0x00000004 ;

s t a t i c const i n t ActivityInfo SCREEN ORIENTATION SENSOR LANDSCAPE = 0⤦
Ç x00000006 ;

s t a t i c const i n t ActivityInfo SCREEN ORIENTATION SENSOR PORTRAIT = 0⤦
Ç x00000007 ;

GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;
165 i n t o r i e n t a t i o n ;

switch ( platformData−>di sp lay −>a l l owedOr i en ta t i on s ) {
case GLFMUserInter faceOrientat ionPortra i t :

o r i e n t a t i o n = ActivityInfo SCREEN ORIENTATION SENSOR PORTRAIT ;
break ;

170 case GLFMUserInterfaceOrientationLandscape :
o r i e n t a t i o n = ActivityInfo SCREEN ORIENTATION SENSOR LANDSCAPE ;
break ;

case GLFMUserInterfaceOrientationAny :
d e f au l t :

175 o r i e n t a t i o n = ActivityInfo SCREEN ORIENTATION SENSOR ;
break ;

}

JNIEnv ∗ j n i = platformData−>jniEnv ;
180 i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

re turn ;
}

glfmCallJavaMethodWithArgs ( jn i , app−>a c t i v i t y −>c lazz , ”⤦
Ç se tReques tedOr ientat ion ” , ”( I )V” , Void ,

185 o r i e n t a t i o n ) ;
g l fmClearJavaExcept ion ( )

}

s t a t i c j o b j e c t glfmGetDecorView ( s t r u c t android app ∗app ) {
190 GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;

JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

re turn NULL;
}

195 j o b j e c t window = glfmCallJavaMethod ( jn i , app−>a c t i v i t y −>c lazz , ”getWindow” ,
” ( ) Landroid/view/Window ; ” , Object ) ;

i f ( ! window | | glfmWasJavaExceptionThrown ( ) ) {
re turn NULL;

}
200 j o b j e c t decorView = glfmCallJavaMethod ( jn i , window , ”getDecorView ” , ” ( )⤦

Ç Landroid/view/View ; ” ,
Object ) ;

(∗ j n i )−>DeleteLoca lRef ( jn i , window) ;
re turn glfmWasJavaExceptionThrown ( ) ? NULL : decorView ;

}
205

s t a t i c void g l fmSetFu l lSc r e en ( s t r u c t android app ∗app , GLFMUserInterfaceChrome ⤦
Ç uiChrome ) {
s t a t i c const i n t View STATUS BAR HIDDEN = 0x00000001 ;
s t a t i c const i n t View SYSTEM UI FLAG LOW PROFILE = 0x00000001 ;
s t a t i c const i n t View SYSTEM UI FLAG HIDE NAVIGATION = 0x00000002 ;
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210 s t a t i c const i n t View SYSTEM UI FLAG FULLSCREEN = 0x00000004 ;
s t a t i c const i n t View SYSTEM UI FLAG LAYOUT STABLE = 0x00000100 ;
s t a t i c const i n t View SYSTEM UI FLAG LAYOUT HIDE NAVIGATION = 0x00000200 ;
s t a t i c const i n t View SYSTEM UI FLAG LAYOUT FULLSCREEN = 0x00000400 ;
s t a t i c const i n t View SYSTEM UI FLAG IMMERSIVE STICKY = 0x00001000 ;

215

const i n t SDK INT = app−>a c t i v i t y −>sdkVers ion ;
i f (SDK INT < 11) {

re turn ;
}

220

GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;
JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

re turn ;
225 }

j o b j e c t decorView = glfmGetDecorView ( app ) ;
i f ( ! decorView ) {

re turn ;
230 }

i f ( uiChrome == GLFMUserInterfaceChromeNavigationAndStatusBar ) {
glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” , ”( I⤦
Ç )V” , Void , 0) ;

} e l s e i f (SDK INT >= 11 && SDK INT < 14) {
glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” , ”( I⤦
Ç )V” , Void ,

235 View STATUS BAR HIDDEN) ;
} e l s e i f (SDK INT >= 14 && SDK INT < 19) {

i f ( uiChrome == GLFMUserInterfaceChromeNavigation ) {
glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” ,⤦
Ç ”( I )V” , Void ,

View SYSTEM UI FLAG FULLSCREEN) ;
240 } e l s e {

glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” ,⤦
Ç ”( I )V” , Void ,

View SYSTEM UI FLAG LOW PROFILE |
View SYSTEM UI FLAG FULLSCREEN) ;

}
245 } e l s e i f (SDK INT >= 19) {

i f ( uiChrome == GLFMUserInterfaceChromeNavigation ) {
glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” ,⤦
Ç ”( I )V” , Void ,

View SYSTEM UI FLAG FULLSCREEN) ;
} e l s e {

250 glfmCallJavaMethodWithArgs ( jn i , decorView , ” s e tSy s t emU iV i s i b i l i t y ” ,⤦
Ç ”( I )V” , Void ,

View SYSTEM UI FLAG HIDE NAVIGATION |
View SYSTEM UI FLAG FULLSCREEN |
View SYSTEM UI FLAG LAYOUT STABLE |
View SYSTEM UI FLAG LAYOUT HIDE NAVIGATION⤦

Ç |
255 View SYSTEM UI FLAG LAYOUT FULLSCREEN |

View SYSTEM UI FLAG IMMERSIVE STICKY) ;
}

}
(∗ j n i )−>DeleteLoca lRef ( jn i , decorView ) ;
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260 gl fmClearJavaExcept ion ( )
}

/∗
∗ Move task to the back i f i t i s root task . This make the back button have the ⤦

Ç same behavior
265 ∗ as the home button .

∗
∗ Without th i s , when the user p r e s s e s the back button , the loop in android main⤦

Ç ( ) i s ex i ted , the
∗ OpenGL context i s destroyed , and the main thread i s destroyed . The ⤦

Ç android main ( ) func t i on
∗ would be c a l l e d again in the same proce s s i f the user r e tu rn s to the app .

270 ∗
∗ When th i s , when the app i s in the background , the app w i l l pause in the ⤦

Ç ALooper po l lAl l ( ) c a l l .
∗/

s t a t i c bool glfmHandleBackButton ( s t r u c t android app ∗app ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;

275 JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

re turn f a l s e ;
}

280 j boo l ean handled = glfmCallJavaMethodWithArgs ( jn i , app−>a c t i v i t y −>c lazz , ”⤦
Ç moveTaskToBack” ,

”(Z)Z” , Boolean , f a l s e ) ;
r e turn ! glfmWasJavaExceptionThrown ( ) && handled ;

}

285 s t a t i c bool g l fmSetKeyboardVis ib le (GLFMPlatformData ∗platformData , bool v i s i b l e⤦
Ç ) {
s t a t i c const i n t InputMethodManager SHOW FORCED = 2 ;

JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

290 re turn f a l s e ;
}

j o b j e c t decorView = glfmGetDecorView ( platformData−>app ) ;
i f ( ! decorView ) {

295 re turn f a l s e ;
}

j c l a s s contextClas s = (∗ j n i )−>FindClass ( jn i , ” android / content /Context ”) ;
i f ( glfmWasJavaExceptionThrown ( ) ) {

300 re turn f a l s e ;
}

j s t r i n g imStr ing = g l fmGetJavaStat i cF i e ld ( jn i , contextClass , ”⤦
Ç INPUT METHOD SERVICE” ,

”Ljava/ lang / St r ing ; ” , Object ) ;
305 i f ( ! imStr ing | | glfmWasJavaExceptionThrown ( ) ) {

re turn f a l s e ;
}
j o b j e c t ime = glfmCallJavaMethodWithArgs ( jn i , platformData−>app−>a c t i v i t y −>⤦

Ç c lazz ,
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” getSystemServ ice ” ,
310 ”( Ljava/ lang / St r ing ; ) Ljava/ lang /⤦

Ç Object ; ” ,
Object , imStr ing ) ;

i f ( ! ime | | glfmWasJavaExceptionThrown ( ) ) {
re turn f a l s e ;

}
315

i f ( v i s i b l e ) {
glfmCallJavaMethodWithArgs ( jn i , ime , ” showSoftInput ” , ”( Landroid/view/⤦
Ç View ; I )Z” , Boolean ,

decorView , InputMethodManager SHOW FORCED) ;
} e l s e {

320 j o b j e c t windowToken = glfmCallJavaMethod ( jn i , decorView , ”⤦
Ç getWindowToken” ,

” ( ) Landroid/ os / IBinder ; ” , ⤦
Ç Object ) ;

i f ( ! windowToken | | glfmWasJavaExceptionThrown ( ) ) {
re turn f a l s e ;

}
325 glfmCallJavaMethodWithArgs ( jn i , ime , ”hideSoftInputFromWindow ” ,

”( Landroid/ os / IBinder ; I )Z” , Boolean , ⤦
Ç windowToken , 0) ;

(∗ j n i )−>DeleteLoca lRef ( jn i , windowToken ) ;
}

330 (∗ j n i )−>DeleteLoca lRef ( jn i , ime ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , imStr ing ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , contextClas s ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , decorView ) ;

335 re turn ! glfmWasJavaExceptionThrown ( ) ;
}

s t a t i c void gl fmResetContentRect (GLFMPlatformData ∗platformData ) {
// Reset ’ s Nat iveAct iv i ty ’ s content r e c t so that onContentRectChanged ac t s ⤦

Ç as a
340 // OnGlobalLayoutListener . This i s needed to de t e c t changes to ⤦

Ç getWindowVisibleDisplayFrame ( )
// HACK: This uses undocumented f i e l d s .

JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

345 re turn ;
}

j f i e l d ID f i e l d = glfmGetJavaFieldID ( jn i , platformData−>app−>a c t i v i t y −>c lazz⤦
Ç ,

”mLastContentWidth ” , ” I ”) ;
350 i f ( ! f i e l d | | glfmWasJavaExceptionThrown ( ) ) {

re turn ;
}

(∗ j n i )−>Se t In tF i e l d ( jn i , platformData−>app−>a c t i v i t y −>c lazz , f i e l d , −1) ;
355 gl fmClearJavaExcept ion ( )

}
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s t a t i c ARect glfmGetWindowVisibleDisplayFrame (GLFMPlatformData ∗platformData , ⤦
Ç ARect de fau l tRect ) {
JNIEnv ∗ j n i = platformData−>jniEnv ;

360 i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {
re turn de fau l tRect ;

}

j o b j e c t decorView = glfmGetDecorView ( platformData−>app ) ;
365 i f ( ! decorView ) {

re turn de fau l tRect ;
}

j c l a s s javaRectClass = (∗ j n i )−>FindClass ( jn i , ” android / graph i c s /Rect ”) ;
370 i f ( glfmWasJavaExceptionThrown ( ) ) {

re turn de fau l tRect ;
}

j o b j e c t javaRect = (∗ j n i )−>Al locObject ( jn i , javaRectClass ) ;
375 i f ( glfmWasJavaExceptionThrown ( ) ) {

re turn de fau l tRect ;
}

glfmCallJavaMethodWithArgs ( jn i , decorView , ”getWindowVisibleDisplayFrame ” ,
380 ”( Landroid/ graph i c s /Rect ; )V” , Void , javaRect ) ;

i f ( glfmWasJavaExceptionThrown ( ) ) {
re turn de fau l tRect ;

}

385 ARect r e c t ;
r e c t . l e f t = gl fmGetJavaFie ld ( jn i , javaRect , ” l e f t ” , ” I ” , Int ) ;
r e c t . r i g h t = gl fmGetJavaFie ld ( jn i , javaRect , ” r i g h t ” , ” I ” , Int ) ;
r e c t . top = gl fmGetJavaFie ld ( jn i , javaRect , ” top ” , ” I ” , Int ) ;
r e c t . bottom = gl fmGetJavaFie ld ( jn i , javaRect , ”bottom” , ” I ” , Int ) ;

390

(∗ j n i )−>DeleteLoca lRef ( jn i , javaRect ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , javaRectClass ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , decorView ) ;

395 i f ( glfmWasJavaExceptionThrown ( ) ) {
re turn de fau l tRect ;

} e l s e {
re turn r e c t ;

}
400 }

s t a t i c u i n t 32 t glfmGetUnicodeChar (GLFMPlatformData ∗platformData , AInputEvent ⤦
Ç ∗ event ) {
JNIEnv ∗ j n i = platformData−>jniEnv ;
i f ( (∗ j n i )−>ExceptionCheck ( j n i ) ) {

405 re turn 0 ;
}

j i n t keyCode = AKeyEvent getKeyCode ( event ) ;
j i n t metaState = AKeyEvent getMetaState ( event ) ;

410

j c l a s s keyEventClass = (∗ j n i )−>FindClass ( jn i , ” android /view/KeyEvent ”) ;
i f ( ! keyEventClass | | glfmWasJavaExceptionThrown ( ) ) {
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re turn 0 ;
}

415

jmethodID getUnicodeChar = (∗ j n i )−>GetMethodID( jn i , keyEventClass , ”⤦
Ç getUnicodeChar ” , ”( I ) I ”) ;

jmethodID eventConstructor = (∗ j n i )−>GetMethodID( jn i , keyEventClass , ”< i n i t ⤦
Ç >”, ”( I I )V”) ;

j o b j e c t eventObject = (∗ j n i )−>NewObject ( jn i , keyEventClass , eventConstructor⤦
Ç ,

420 AKEYEVENTACTIONDOWN, keyCode ) ;
i f ( ! keyEventClass | | glfmWasJavaExceptionThrown ( ) ) {

re turn 0 ;
}

425 j i n t unicodeKey = (∗ j n i )−>CallIntMethod ( jn i , eventObject , getUnicodeChar , ⤦
Ç metaState ) ;

(∗ j n i )−>DeleteLoca lRef ( jn i , eventObject ) ;
(∗ j n i )−>DeleteLoca lRef ( jn i , keyEventClass ) ;

430 i f ( glfmWasJavaExceptionThrown ( ) ) {
re turn 0 ;

} e l s e {
re turn ( u i n t 32 t ) unicodeKey ;

}
435 }

// MARK: EGL

s t a t i c bool glfmEGLContextInit (GLFMPlatformData ∗platformData ) {
440

// Ava i l ab l e in e g l e x t . h in API 18
s t a t i c const i n t EGL CONTEXTMAJOR VERSION KHR = 0x3098 ;
s t a t i c const i n t EGL CONTEXT MINOR VERSION KHR = 0x30FB ;

445 bool c r ea ted = f a l s e ;
i f ( platformData−>eg lContext == EGL NOCONTEXT) {

// OpenGL ES 3 .2
i f ( platformData−>di sp lay −>preferredAPI >= GLFMRenderingAPIOpenGLES32) {

// TODO: Untested , need an OpenGL ES 3 .2 dev i c e f o r t e s t i n g
450 const EGLint contex tAt t r ib s [ ] = {EGL CONTEXTMAJOR VERSION KHR, 3 ,

EGL CONTEXT MINOR VERSION KHR, 2 , ⤦
Ç EGL NONE} ;

platformData−>eg lContext = eglCreateContext ( platformData−>eg lDi sp lay⤦
Ç ,

platformData−>eg lConf ig ,
EGL NO CONTEXT, ⤦

Ç contex tAt t r ib s ) ;
455 c r ea ted = platformData−>eg lContext != EGL NOCONTEXT;

}
// OpenGL ES 3 .1
i f ( ! c r ea ted && platformData−>di sp lay −>preferredAPI >= ⤦

Ç GLFMRenderingAPIOpenGLES31) {
// TODO: Untested , need an OpenGL ES 3 .1 dev i c e f o r t e s t i n g

460 const EGLint contex tAt t r ib s [ ] = {EGL CONTEXTMAJOR VERSION KHR, 3 ,
EGL CONTEXT MINOR VERSION KHR, 1 , ⤦
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Ç EGL NONE} ;
platformData−>eg lContext = eglCreateContext ( platformData−>eg lDi sp lay⤦

Ç ,
platformData−>eg lConf ig ,
EGL NO CONTEXT, ⤦

Ç contex tAt t r ib s ) ;
465 c r ea ted = platformData−>eg lContext != EGL NOCONTEXT;

}
// OpenGL ES 3 .0
i f ( ! c r ea ted && platformData−>di sp lay −>preferredAPI >= ⤦

Ç GLFMRenderingAPIOpenGLES3) {
const EGLint contex tAt t r ib s [ ] = {EGL CONTEXT CLIENT VERSION, 3 , ⤦

Ç EGL NONE, EGL NONE} ;
470 platformData−>eg lContext = eglCreateContext ( platformData−>eg lDi sp lay⤦

Ç ,
platformData−>eg lConf ig ,
EGL NO CONTEXT, ⤦

Ç contex tAt t r ib s ) ;
c r ea ted = platformData−>eg lContext != EGL NOCONTEXT;

}
475 // OpenGL ES 2 .0

i f ( ! c r ea ted ) {
const EGLint contex tAt t r ib s [ ] = {EGL CONTEXT CLIENT VERSION, 2 , ⤦

Ç EGL NONE, EGL NONE} ;
platformData−>eg lContext = eglCreateContext ( platformData−>eg lDi sp lay⤦

Ç ,
platformData−>eg lConf ig ,

480 EGL NO CONTEXT, ⤦
Ç contex tAt t r ib s ) ;

c r ea ted = platformData−>eg lContext != EGL NOCONTEXT;
}

i f ( c r ea ted ) {
485 EGLint majorVersion = 0 ;

EGLint minorVersion = 0 ;
eglQueryContext ( platformData−>eg lDi sp lay , platformData−>eglContext ,

EGL CONTEXTMAJOR VERSION KHR, &majorVersion ) ;
i f ( majorVersion >= 3) {

490 eglQueryContext ( platformData−>eg lDi sp lay , platformData−>⤦
Ç eglContext ,

EGL CONTEXT MINOR VERSION KHR, &minorVersion ) ;
}
i f ( majorVersion == 3 && minorVersion == 1) {

platformData−>renderingAPI = GLFMRenderingAPIOpenGLES31 ;
495 } e l s e i f ( majorVersion == 3) {

platformData−>renderingAPI = GLFMRenderingAPIOpenGLES3 ;
} e l s e {

platformData−>renderingAPI = GLFMRenderingAPIOpenGLES2 ;
}

500 }
}

i f ( ! eglMakeCurrent ( platformData−>eg lDi sp lay , platformData−>eg lSur face ,
platformData−>eg lSur face , platformData−>eg lContext ) ) {

505 LOG LIFECYCLE(” eglMakeCurrent ( ) f a i l e d ”) ;
platformData−>eglContextCurrent = f a l s e ;
r e turn f a l s e ;
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} e l s e {
platformData−>eglContextCurrent = true ;

510 i f ( c r ea ted && platformData−>d i sp l ay ) {
LOG LIFECYCLE(”GL Context made cur rent ”) ;
i f ( platformData−>di sp lay −>sur faceCreatedFunc ) {

platformData−>di sp lay −>sur faceCreatedFunc ( platformData−>di sp lay ,
platformData−>width ,

515 platformData−>he ight ) ;
}

}
re turn true ;

}
520 }

s t a t i c void glfmEGLContextDisable (GLFMPlatformData ∗platformData ) {
i f ( platformData−>eg lD i sp l ay != EGL NO DISPLAY) {

eglMakeCurrent ( platformData−>eg lDi sp lay , EGL NO SURFACE, EGL NO SURFACE,⤦
Ç EGL NOCONTEXT) ;

525 }
platformData−>eglContextCurrent = f a l s e ;

}

s t a t i c void gl fmEGLSurfaceInit (GLFMPlatformData ∗platformData ) {
530 i f ( platformData−>e g l Su r f a c e == EGL NO SURFACE) {

platformData−>e g l Su r f a c e = eglCreateWindowSurface ( platformData−>⤦
Ç eg lDi sp lay ,

platformData−>⤦
Ç eg lConf ig ,

platformData−>app−>⤦
Ç window , NULL) ;

}
535 }

s t a t i c void glfmEGLLogConfig (GLFMPlatformData ∗platformData , EGLConfig c on f i g ) ⤦
Ç {
LOGDEBUG(” Config : %p” , c on f i g ) ;
EGLint va lue ;

540 eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL RENDERABLE TYPE, &⤦
Ç value ) ;

LOGDEBUG(” EGL RENDERABLE TYPE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL SURFACE TYPE, &⤦

Ç value ) ;
LOGDEBUG(” EGL SURFACE TYPE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL RED SIZE , &value ) ;

545 LOGDEBUG(” EGL RED SIZE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL GREEN SIZE, &value )⤦

Ç ;
LOGDEBUG(” EGL GREEN SIZE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL BLUE SIZE , &value ) ;
LOGDEBUG(” EGL BLUE SIZE %i ” , va lue ) ;

550 eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL ALPHA SIZE , &value )⤦
Ç ;

LOGDEBUG(” EGL ALPHA SIZE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL DEPTH SIZE, &value )⤦

Ç ;
LOGDEBUG(” EGL DEPTH SIZE %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL STENCIL SIZE , &⤦
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Ç value ) ;
555 LOGDEBUG(” EGL STENCIL SIZE %i ” , va lue ) ;

eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL SAMPLE BUFFERS, &⤦
Ç value ) ;

LOGDEBUG(” EGL SAMPLE BUFFERS %i ” , va lue ) ;
eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , con f i g , EGL SAMPLES, &value ) ;
LOGDEBUG(” EGL SAMPLES %i ” , va lue ) ;

560 }

s t a t i c bool glfmEGLInit (GLFMPlatformData ∗platformData ) {
i f ( platformData−>eg lD i sp l ay != EGL NO DISPLAY) {

gl fmEGLSurfaceInit ( platformData ) ;
565 re turn glfmEGLContextInit ( platformData ) ;

}
i n t rBit s , gBits , bBits , aBi t s ;
i n t depthBits , s t e n c i l B i t s , samples ;

570 switch ( platformData−>di sp lay −>colorFormat ) {
case GLFMColorFormatRGB565 :

rB i t s = 5 ;
gBit s = 6 ;
bBits = 5 ;

575 aBit s = 0 ;
break ;

case GLFMColorFormatRGBA8888 :
d e f au l t :

rB i t s = 8 ;
580 gBit s = 8 ;

bBits = 8 ;
aBit s = 8 ;
break ;

}
585

switch ( platformData−>di sp lay −>depthFormat ) {
case GLFMDepthFormatNone :
d e f au l t :

depthBits = 0 ;
590 break ;

case GLFMDepthFormat16 :
depthBits = 16 ;
break ;

case GLFMDepthFormat24 :
595 depthBits = 24 ;

break ;
}

switch ( platformData−>di sp lay −>s t enc i lFormat ) {
600 case GLFMStencilFormatNone :

d e f au l t :
s t e n c i l B i t s = 0 ;
break ;

case GLFMStencilFormat8 :
605 s t e n c i l B i t s = 8 ;

i f ( depthBits > 0) {
// Many implementat ions only a l low 24− b i t depth with 8− b i t ⤦

Ç s t e n c i l .
depthBits = 24 ;
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}
610 break ;

}

samples = platformData−>di sp lay −>multisample == GLFMMultisample4X ? 4 : 0 ;

615 EGLint majorVersion ;
EGLint minorVersion ;
EGLint format ;
EGLint numConfigs ;

620 platformData−>eg lD i sp l ay = eglGetDisp lay (EGL DEFAULT DISPLAY) ;
e g l I n i t i a l i z e ( platformData−>eg lDi sp lay , &majorVersion , &minorVersion ) ;

whi l e ( t rue ) {
const EGLint a t t r i b s [ ] = {

625 EGL RENDERABLE TYPE, EGL OPENGL ES2 BIT ,
EGL SURFACE TYPE, EGL WINDOW BIT,
EGL RED SIZE , rBit s ,
EGL GREEN SIZE, gBits ,
EGL BLUE SIZE , bBits ,

630 EGL ALPHA SIZE , aBits ,
EGL DEPTH SIZE, depthBits ,
EGL STENCIL SIZE , s t e n c i l B i t s ,
EGL SAMPLE BUFFERS, samples > 0 ? 1 : 0 ,
EGL SAMPLES, samples > 0 ? samples : 0 ,

635 EGL NONE} ;

eg lChooseConf ig ( platformData−>eg lDi sp lay , a t t r i b s , &platformData−>⤦
Ç eg lConf ig , 1 , &numConfigs ) ;

i f ( numConfigs ) {
// Found !

640 // glfmEGLLogConfig ( platformData , platformData−>eg lCon f i g ) ;
break ;

} e l s e i f ( samples > 0) {
// Try 2x mult i sampl ing or no mult i sampl ing
samples −= 2 ;

645 } e l s e i f ( depthBits > 8) {
// Try 16− b i t depth or 8− b i t depth
depthBits −= 8 ;

} e l s e {
// Fa i l u r e

650 s t a t i c bool p r in t edCon f i g s = f a l s e ;
i f ( ! p r in t edCon f i g s ) {

pr in t edCon f i g s = true ;
LOGDEBUG(” eglChooseConf ig ( ) f a i l e d ”) ;
EGLConfig c on f i g s [ 2 5 6 ] ;

655 EGLint numTotalConfigs ;
i f ( eg lGetConf igs ( platformData−>eg lDi sp lay , con f i g s , 256 , &⤦

Ç numTotalConfigs ) ) {
LOGDEBUG(”Num ava i l a b l e c on f i g s : %i ” , numTotalConfigs ) ;
i n t i ;
f o r ( i = 0 ; i < numTotalConfigs ; i++) {

660 glfmEGLLogConfig ( platformData , c o n f i g s [ i ] ) ;
}

} e l s e {
LOGDEBUG(”Couldn ’ t get any EGL con f i g s ”) ;
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}
665 }

g l fmReportSur faceError ( platformData−>eg lDi sp lay , ” eg lChooseConf ig ( )⤦
Ç f a i l e d ”) ;

eglTerminate ( platformData−>eg lD i sp l ay ) ;
platformData−>eg lD i sp l ay = EGL NO DISPLAY;

670 re turn f a l s e ;
}

}

gl fmEGLSurfaceInit ( platformData ) ;
675

eg lQuerySur face ( platformData−>eg lDi sp lay , platformData−>eg lSur face , ⤦
Ç EGLWIDTH,

&platformData−>width ) ;
eg lQuerySur face ( platformData−>eg lDi sp lay , platformData−>eg lSur face , ⤦

Ç EGL HEIGHT,
&platformData−>he ight ) ;

680 eg lGetConf igAttr ib ( platformData−>eg lDi sp lay , platformData−>eg lConf ig , ⤦
Ç EGL NATIVE VISUAL ID ,

&format ) ;

ANativeWindow setBuffersGeometry ( platformData−>app−>window , 0 , 0 , format ) ;

685 re turn glfmEGLContextInit ( platformData ) ;
}

s t a t i c void glfmEGLSurfaceDestroy (GLFMPlatformData ∗platformData ) {
i f ( platformData−>e g l Su r f a c e != EGL NO SURFACE) {

690 eg lDes t roySur face ( platformData−>eg lDi sp lay , platformData−>e g l Su r f a c e ) ;
platformData−>e g l Su r f a c e = EGL NO SURFACE;

}
glfmEGLContextDisable ( platformData ) ;

}
695

s t a t i c void glfmEGLDestroy (GLFMPlatformData ∗platformData ) {
i f ( platformData−>eg lD i sp l ay != EGL NO DISPLAY) {

eglMakeCurrent ( platformData−>eg lDi sp lay , EGL NO SURFACE, EGL NO SURFACE,⤦
Ç EGL NOCONTEXT) ;

i f ( platformData−>eg lContext != EGL NOCONTEXT) {
700 eg lDestroyContext ( platformData−>eg lDi sp lay , platformData−>eg lContext⤦

Ç ) ;
i f ( platformData−>d i sp l ay ) {

LOG LIFECYCLE(”GL Context destroyed ”) ;
i f ( platformData−>di sp lay −>sur faceDestroyedFunc ) {

platformData−>di sp lay −>sur faceDestroyedFunc ( platformData−>⤦
Ç d i sp l ay ) ;

705 }
}

}
i f ( platformData−>e g l Su r f a c e != EGL NO SURFACE) {

eg lDes t roySur face ( platformData−>eg lDi sp lay , platformData−>e g l Su r f a c e⤦
Ç ) ;

710 }
eglTerminate ( platformData−>eg lD i sp l ay ) ;

}
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platformData−>eg lD i sp l ay = EGL NO DISPLAY;
platformData−>eg lContext = EGL NOCONTEXT;

715 platformData−>e g l Su r f a c e = EGL NO SURFACE;
platformData−>eglContextCurrent = f a l s e ;

}

s t a t i c void glfmEGLCheckError (GLFMPlatformData ∗platformData ) {
720 EGLint e r r = eglGetError ( ) ;

i f ( e r r == EGL BAD SURFACE) {
glfmEGLSurfaceDestroy ( platformData ) ;
g l fmEGLSurfaceInit ( platformData ) ;

} e l s e i f ( e r r == EGL CONTEXT LOST | | e r r == EGL BADCONTEXT) {
725 i f ( platformData−>eg lContext != EGL NOCONTEXT) {

platformData−>eg lContext = EGL NOCONTEXT;
platformData−>eglContextCurrent = f a l s e ;
i f ( platformData−>d i sp l ay ) {

LOG LIFECYCLE(”GL Context l o s t ”) ;
730 i f ( platformData−>di sp lay −>sur faceDestroyedFunc ) {

platformData−>di sp lay −>sur faceDestroyedFunc ( platformData−>⤦
Ç d i sp l ay ) ;

}
}

}
735 glfmEGLContextInit ( platformData ) ;

} e l s e {
glfmEGLDestroy ( platformData ) ;
glfmEGLInit ( platformData ) ;

}
740 }

s t a t i c void glfmDrawFrame (GLFMPlatformData ∗platformData ) {
i f ( ! platformData−>eglContextCurrent ) {

// Probably a bad con f i g (Happens on Android 2 .3 emulator )
745 re turn ;

}

// Check f o r r e s i z e ( or r o t a t e )
i n t 3 2 t width ;

750 i n t 3 2 t he ight ;
eg lQuerySur face ( platformData−>eg lDi sp lay , platformData−>eg lSur face , ⤦

Ç EGLWIDTH, &width ) ;
eg lQuerySur face ( platformData−>eg lDi sp lay , platformData−>eg lSur face , ⤦

Ç EGL HEIGHT, &he ight ) ;
i f ( width != platformData−>width | | he ight != platformData−>he ight ) {

LOG LIFECYCLE(” Res i ze : %i x %i ” , width , he ight ) ;
755 platformData−>width = width ;

platformData−>he ight = he ight ;
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>sur faceRes izedFunc ) ⤦

Ç {
platformData−>di sp lay −>sur faceRes izedFunc ( platformData−>di sp lay , ⤦

Ç width , he ight ) ;
}

760 }

// Tick and draw
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>mainLoopFunc ) {

const double frameTime = glfmTimeSeconds (
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765 gl fmTimeSubstract ( glfmTimeNow ( ) , platformData−>in i tTime ) ) ;
platformData−>di sp lay −>mainLoopFunc ( platformData−>di sp lay , frameTime ) ;

} e l s e {
g lC l ea rCo lo r ( 0 . 0 , 0 . 0 , 0 . 0 , 1 . 0 ) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

770 }

// Swap
i f ( ! eg lSwapBuf fers ( platformData−>eg lDi sp lay , platformData−>e g l Su r f a c e ) ) {

glfmEGLCheckError ( platformData ) ;
775 }

}

// MARK: Native app g lue extens i on

780 s t a t i c bool ARectsEqual (ARect r1 , ARect r2 ) {
re turn r1 . l e f t == r2 . l e f t && r1 . top == r2 . top && r1 . r i g h t == r2 . r i g h t && r1 .⤦

Ç bottom == r2 . bottom ;
}

s t a t i c void glfmWriteCmd ( s t r u c t android app ∗android app , i n t 8 t cmd) {
785 wr i t e ( android app−>msgwrite , &cmd , s i z e o f (cmd) ) ;

}

s t a t i c void gl fmSetContentRect ( s t r u c t android app ∗android app , ARect r e c t ) {
pthread mutex lock(&android app−>mutex ) ;

790 android app−>pendingContentRect = r e c t ;
glfmWriteCmd ( android app , APPCMDCONTENTRECTCHANGED) ;
whi l e ( ! ARectsEqual ( android app−>contentRect , android app−>⤦

Ç pendingContentRect ) ) {
pthread cond wait (&android app−>cond , &android app−>mutex ) ;

}
795 pthread mutex unlock(&android app−>mutex ) ;

}

s t a t i c void glfmOnContentRectChanged ( ANativeAct iv ity ∗ a c t i v i t y , const ARect ∗⤦
Ç r e c t ) {
gl fmSetContentRect ( ( s t r u c t android app ∗) a c t i v i t y −>in s tance , ∗ r e c t ) ;

800 }

// MARK: Keyboard v i s i b i l i t y

s t a t i c void g l fmUpdateKeyboardVis ib i l i ty (GLFMPlatformData ∗platformData ) {
805 i f ( platformData−>d i sp l ay ) {

ARect windowRect = platformData−>app−>contentRect ;
ARect v i s i b l eR e c t = glfmGetWindowVisibleDisplayFrame ( platformData , ⤦

Ç windowRect ) ;
ARect nonVis ib leRect [ 4 ] ;

810 // Le f t
nonVis ib leRect [ 0 ] . l e f t = windowRect . l e f t ;
nonVis ib leRect [ 0 ] . r i g h t = v i s i b l eR e c t . l e f t ;
nonVis ib leRect [ 0 ] . top = windowRect . top ;
nonVis ib leRect [ 0 ] . bottom = windowRect . bottom ;

815

// Right
nonVis ib leRect [ 1 ] . l e f t = v i s i b l eR e c t . r i g h t ;
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nonVis ib leRect [ 1 ] . r i g h t = windowRect . r i g h t ;
nonVis ib leRect [ 1 ] . top = windowRect . top ;

820 nonVis ib leRect [ 1 ] . bottom = windowRect . bottom ;

// Top
nonVis ib leRect [ 2 ] . l e f t = windowRect . l e f t ;
nonVis ib leRect [ 2 ] . r i g h t = windowRect . r i g h t ;

825 nonVis ib leRect [ 2 ] . top = windowRect . top ;
nonVis ib leRect [ 2 ] . bottom = v i s i b l eR e c t . top ;

// Bottom
nonVis ib leRect [ 3 ] . l e f t = windowRect . l e f t ;

830 nonVis ib leRect [ 3 ] . r i g h t = windowRect . r i g h t ;
nonVis ib leRect [ 3 ] . top = v i s i b l eR e c t . bottom ;
nonVis ib leRect [ 3 ] . bottom = windowRect . bottom ;

// Find l a r g e s t with minimum keyboard s i z e
835 const i n t minimumKeyboardSize = ( i n t ) (100 ∗ platformData−>s c a l e ) ;

i n t l a r g e s t I ndex = 0 ;
i n t l a rge s tArea = −1;
f o r ( i n t i = 0 ; i < 4 ; i++) {

i n t w = nonVis ib leRect [ i ] . r i g h t − nonVis ib leRect [ i ] . l e f t ;
840 i n t h = nonVis ib leRect [ i ] . bottom − nonVis ib leRect [ i ] . top ;

i n t area = w ∗ h ;
i f (w >= minimumKeyboardSize && h >= minimumKeyboardSize && area > ⤦

Ç l a r g e s tArea ) {
l a r g e s t I ndex = i ;
l a rg e s tArea = area ;

845 }
}

bool keyboardVis ib l e = la rge s tArea > 0 ;
ARect keyboardFrame = keyboardVis ib l e ? nonVis ib leRect [ l a r g e s t I ndex ] : (⤦

Ç ARect ) {0 , 0 , 0 , 0} ;
850

// Send update n o t i f i c a t i o n
i f ( platformData−>keyboardVis ib l e != keyboardVis ib l e | |

! ARectsEqual ( platformData−>keyboardFrame , keyboardFrame ) ) {
platformData−>keyboardVis ib l e = keyboardVis ib l e ;

855 platformData−>keyboardFrame = keyboardFrame ;
i f ( platformData−>di sp lay −>keyboardVis ib i l i tyChangedFunc ) {

double x = keyboardFrame . l e f t ;
double y = keyboardFrame . top ;
double w = keyboardFrame . r i g h t − keyboardFrame . l e f t ;

860 double h = keyboardFrame . bottom − keyboardFrame . top ;
platformData−>di sp lay −>keyboardVis ib i l i tyChangedFunc (⤦

Ç platformData−>di sp lay ,
keyboardVis ib le⤦

Ç ,
x , y , w, h)⤦

Ç ;
}

865 }
}

}

// MARK: App command ca l l ba ck
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870

s t a t i c void gl fmSetAnimating (GLFMPlatformData ∗platformData , bool animating ) {
i f ( platformData−>animating != animating ) {

bool sendAppEvent = true ;
i f ( ! platformData−>has In i t ed && animating ) {

875 platformData−>has In i t ed = true ;
platformData−>in i tTime = glfmTimeNow ( ) ;
sendAppEvent = f a l s e ;

}
platformData−>animating = animating ;

880 i f ( sendAppEvent && platformData−>d i sp l ay && platformData−>di sp lay −>⤦
Ç focusFunc ) {
platformData−>di sp lay −>focusFunc ( platformData−>di sp lay , animating ) ;

}
}

}
885

s t a t i c void glfmOnAppCmd( s t r u c t android app ∗app , i n t 3 2 t cmd) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;
switch (cmd) {

case APP CMD SAVE STATE: {
890 LOG LIFECYCLE(”APP CMD SAVE STATE”) ;

break ;
}
case APP CMD INIT WINDOW: {

LOG LIFECYCLE(”APP CMD INIT WINDOW”) ;
895 const bool su c c e s s = glfmEGLInit ( platformData ) ;

i f ( ! s u c c e s s ) {
glfmEGLCheckError ( platformData ) ;

}
glfmDrawFrame ( platformData ) ;

900 break ;
}
case APP CMDWINDOWRESIZED: {

LOG LIFECYCLE(”APP CMDWINDOWRESIZED”) ;
break ;

905 }
case APPCMDTERMWINDOW: {

LOG LIFECYCLE(”APPCMDTERMWINDOW”) ;
glfmEGLSurfaceDestroy ( platformData ) ;
gl fmSetAnimating ( platformData , f a l s e ) ;

910 break ;
}
case APPCMDWINDOWREDRAWNEEDED: {

LOG LIFECYCLE(”APPCMDWINDOWREDRAWNEEDED”) ;
glfmDrawFrame ( platformData ) ;

915 break ;
}
case APP CMD GAINED FOCUS: {

LOG LIFECYCLE(”APP CMD GAINED FOCUS”) ;
gl fmSetAnimating ( platformData , t rue ) ;

920 break ;
}
case APP CMD LOST FOCUS: {

LOG LIFECYCLE(”APP CMD LOST FOCUS”) ;
i f ( platformData−>animating ) {

925 glfmDrawFrame ( platformData ) ;
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gl fmSetAnimating ( platformData , f a l s e ) ;
}
break ;

}
930 case APPCMDCONTENTRECTCHANGED: {

LOG LIFECYCLE(”APPCMDCONTENTRECTCHANGED”) ;
pthread mutex lock(&app−>mutex ) ;
app−>contentRect = app−>pendingContentRect ;
g l fmResetContentRect ( platformData ) ;

935 pthread cond broadcast (&app−>cond ) ;
pthread mutex unlock(&app−>mutex ) ;
g l fmUpdateKeyboardVis ib i l i ty ( platformData ) ;

break ;
}

940 case APPCMDLOWMEMORY: {
LOG LIFECYCLE(”APPCMDLOWMEMORY”) ;
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>lowMemoryFunc ) {

platformData−>di sp lay −>lowMemoryFunc ( platformData−>d i sp l ay ) ;
}

945 break ;
}
case APP CMD START: {

LOG LIFECYCLE(”APP CMD START”) ;
g l fmSetFu l lSc r e en ( app , platformData−>di sp lay −>uiChrome ) ;

950 break ;
}
case APPCMDRESUME: {

LOG LIFECYCLE(”APPCMDRESUME”) ;
break ;

955 }
case APP CMD PAUSE: {

LOG LIFECYCLE(”APP CMD PAUSE”) ;
break ;

}
960 case APP CMD STOP: {

LOG LIFECYCLE(”APP CMD STOP”) ;
break ;

}
case APP CMDDESTROY: {

965 LOG LIFECYCLE(”APPCMDDESTROY”) ;
glfmEGLDestroy ( platformData ) ;
break ;

}
de f au l t : {

970 // Do nothing
break ;

}
}

}
975

// MARK: Key and touch input ca l l ba ck

s t a t i c const char ∗ glfmUnicodeToUTF8 ( u in t 32 t unicode ) {
s t a t i c char ut f8 [ 5 ] ;

980 i f ( unicode < 0x80 ) {
ut f8 [ 0 ] = ( char ) ( unicode & 0 x7f ) ;
u t f 8 [ 1 ] = 0 ;
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} e l s e i f ( unicode < 0x800 ) {
ut f8 [ 0 ] = ( char ) (0 xc0 | ( unicode >> 6) ) ;

985 ut f8 [ 1 ] = ( char ) (0 x80 | ( unicode & 0 x3f ) ) ;
u t f 8 [ 2 ] = 0 ;

} e l s e i f ( unicode < 0x10000 ) {
ut f8 [ 0 ] = ( char ) (0 xe0 | ( unicode >> 12) ) ;
u t f 8 [ 1 ] = ( char ) (0 x80 | ( ( unicode >> 6) & 0 x3f ) ) ;

990 ut f8 [ 2 ] = ( char ) (0 x80 | ( unicode & 0 x3f ) ) ;
u t f 8 [ 3 ] = 0 ;

} e l s e i f ( unicode < 0x110000 ) {
ut f8 [ 0 ] = ( char ) (0 xf0 | ( unicode >> 18) ) ;
u t f 8 [ 1 ] = ( char ) (0 x80 | ( ( unicode >> 12) & 0 x3f ) ) ;

995 ut f8 [ 2 ] = ( char ) (0 x80 | ( ( unicode >> 6) & 0 x3f ) ) ;
u t f 8 [ 3 ] = ( char ) (0 x80 | ( unicode & 0 x3f ) ) ;
u t f 8 [ 4 ] = 0 ;

} e l s e {
ut f8 [ 0 ] = 0 ;

1000 }
re turn ut f8 ;

}

s t a t i c i n t 3 2 t glfmOnInputEvent ( s t r u c t android app ∗app , AInputEvent ∗ event ) {
1005 GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) app−>userData ;

const i n t 3 2 t eventType = AInputEvent getType ( event ) ;
i f ( eventType == AINPUT EVENT TYPE KEY) {

i n t handled = 0 ;
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>keyFunc ) {

1010 i n t 3 2 t aKeyCode = AKeyEvent getKeyCode ( event ) ;
i n t 3 2 t aAction = AKeyEvent getAction ( event ) ;
i f ( aKeyCode != 0) {

GLFMKey key ;
switch ( aKeyCode ) {

1015 case AKEYCODEDPAD LEFT:
key = GLFMKeyLeft ;
break ;

case AKEYCODEDPADRIGHT:
key = GLFMKeyRight ;

1020 break ;
case AKEYCODEDPADUP:

key = GLFMKeyUp;
break ;

case AKEYCODEDPADDOWN:
1025 key = GLFMKeyDown;

break ;
case AKEYCODEENTER:
case AKEYCODEDPADCENTER:

key = GLFMKeyEnter ;
1030 break ;

case AKEYCODETAB:
key = GLFMKeyTab;
break ;

case AKEYCODE SPACE:
1035 key = GLFMKeySpace ;

break ;
case AKEYCODEBACK:

key = GLFMKeyNavBack ;
break ;
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1040 case AKEYCODEMENU:
key = GLFMKeyNavMenu;
break ;

d e f au l t :
// TODO: Send a l l keycodes ?

1045 i f ( aKeyCode >= AKEYCODE 0 && aKeyCode <= AKEYCODE 9) {
key = (GLFMKey) ( aKeyCode − AKEYCODE 0 + ’0 ’ ) ;

} e l s e i f ( aKeyCode >= AKEYCODEA && aKeyCode <= ⤦
Ç AKEYCODE Z) {
key = (GLFMKey) ( aKeyCode − AKEYCODEA + ’A’ ) ;

} e l s e {
1050 key = (GLFMKey) 0 ;

}
break ;

}

1055 i f ( key != 0) {
i f ( aAction == AKEY EVENT ACTION UP) {

handled = platformData−>di sp lay −>keyFunc ( platformData−>⤦
Ç di sp lay , key ,

GLFMKeyActionReleased⤦
Ç , 0) ;

i f ( handled == 0 && aKeyCode == AKEYCODEBACK) {
1060 handled = glfmHandleBackButton ( app ) ? 1 : 0 ;

}
} e l s e i f ( aAction == AKEYEVENTACTIONDOWN) {

GLFMKeyAction keyAction ;
i f ( AKeyEvent getRepeatCount ( event ) > 0) {

1065 keyAction = GLFMKeyActionRepeated ;
} e l s e {

keyAction = GLFMKeyActionPressed ;
}
handled = platformData−>di sp lay −>keyFunc ( platformData−>⤦

Ç di sp lay , key ,
1070 keyAction , 0) ;

} e l s e i f ( aAction == AKEY EVENT ACTION MULTIPLE) {
i n t 3 2 t i ;
f o r ( i = AKeyEvent getRepeatCount ( event ) ; i > 0 ; i −−) {

handled |= platformData−>di sp lay −>keyFunc (⤦
Ç platformData−>di sp lay , key ,

1075 GLFMKeyActionPressed⤦
Ç , 0) ;

handled |= platformData−>di sp lay −>keyFunc (⤦
Ç platformData−>di sp lay , key ,

GLFMKeyActionReleased⤦
Ç , 0) ;

}
}

1080 }
}

}
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>charFunc ) {

i n t 3 2 t aAction = AKeyEvent getAction ( event ) ;
1085 i f ( aAction == AKEYEVENTACTIONDOWN | | aAction == ⤦

Ç AKEY EVENT ACTION MULTIPLE) {
u in t 32 t unicode = glfmGetUnicodeChar ( platformData , event ) ;
i f ( unicode >= ’ ’ ) {
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const char ∗ s t r = glfmUnicodeToUTF8 ( unicode ) ;
i f ( aAction == AKEYEVENTACTIONDOWN) {

1090 platformData−>di sp lay −>charFunc ( platformData−>di sp lay , ⤦
Ç s t r , 0) ;

} e l s e {
i n t 3 2 t i ;
f o r ( i = AKeyEvent getRepeatCount ( event ) ; i > 0 ; i −−) {

platformData−>di sp lay −>charFunc ( platformData−>⤦
Ç di sp lay , s t r , 0) ;

1095 }
}

}
}

}
1100 re turn handled ;

} e l s e i f ( eventType == AINPUT EVENT TYPE MOTION) {
i f ( platformData−>d i sp l ay && platformData−>di sp lay −>touchFunc ) {

const i n t maxTouches = platformData−>multitouchEnabled ? ⤦
Ç MAX SIMULTANEOUS TOUCHES : 1 ;

const i n t 3 2 t ac t i on = AMotionEvent getAction ( event ) ;
1105 const i n t maskedAction = act i on & AMOTION EVENT ACTIONMASK;

GLFMTouchPhase phase ;
bool va l idAct ion = true ;

1110 switch (maskedAction ) {
case AMOTIONEVENTACTIONDOWN:
case AMOTION EVENTACTION POINTERDOWN:

phase = GLFMTouchPhaseBegan ;
break ;

1115 case AMOTION EVENT ACTION UP:
case AMOTION EVENT ACTION POINTER UP:
case AMOTION EVENT ACTION OUTSIDE:

phase = GLFMTouchPhaseEnded ;
break ;

1120 case AMOTION EVENTACTIONMOVE:
phase = GLFMTouchPhaseMoved ;
break ;

case AMOTION EVENT ACTION CANCEL:
phase = GLFMTouchPhaseCancelled ;

1125 break ;
d e f au l t :

phase = GLFMTouchPhaseCancelled ;
va l idAct ion = f a l s e ;
break ;

1130 }
i f ( va l idAct ion ) {

i f ( phase == GLFMTouchPhaseMoved) {
const s i z e t count = AMotionEvent getPointerCount ( event ) ;
s i z e t i ;

1135 f o r ( i = 0 ; i < count ; i++) {
const i n t touchNumber = AMotionEvent getPointerId ( event ,⤦

Ç i ) ;
i f ( touchNumber >= 0 && touchNumber < maxTouches ) {

double x = ( double ) AMotionEvent getX ( event , i ) ;
double y = ( double ) AMotionEvent getY ( event , i ) ;

1140 platformData−>di sp lay −>touchFunc ( platformData−>⤦
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Ç di sp lay , touchNumber ,
phase , x , y ) ;

//LOGDEBUG(”Touch %i : (% i ) %i ,% i ” , touchNumber , ⤦
Ç phase , x , y ) ;

}
}

1145 } e l s e {
const s i z e t index =

( s i z e t ) ( ( ac t i on & ⤦
Ç AMOTION EVENT ACTION POINTER INDEX MASK) >>

AMOTION EVENT ACTION POINTER INDEX SHIFT) ;
const i n t touchNumber = AMotionEvent getPointerId ( event , ⤦

Ç index ) ;
1150 i f ( touchNumber >= 0 && touchNumber < maxTouches ) {

double x = ( double ) AMotionEvent getX ( event , index ) ;
double y = ( double ) AMotionEvent getY ( event , index ) ;
platformData−>di sp lay −>touchFunc ( platformData−>di sp lay , ⤦

Ç touchNumber ,
phase , x , y ) ;

1155 //LOGDEBUG(”Touch %i : (% i ) %i ,% i ” , touchNumber , phase , ⤦
Ç x , y ) ;

}
}

}
}

1160 re turn 1 ;
}
re turn 0 ;

}

1165 // MARK: Main entry po int

void android main ( s t r u c t android app ∗app ) {
#pragma c lang d i a gno s t i c push
#pragma c lang d i a gno s t i c ignored ”−Wdeprecated−d e c l a r a t i o n s ”

1170 // Don ’ t s t r i p g lue code . Although t h i s i s deprecated , i t ’ s e a s i e r with ⤦
Ç complex CMake f i l e s .

app dummy( ) ;
#pragma c lang d i a gno s t i c pop

LOG LIFECYCLE(” android main ”) ;
1175

// I n i t p lat form data
GLFMPlatformData ∗platformData ;
i f ( platformDataGlobal == NULL) {

platformDataGlobal = c a l l o c (1 , s i z e o f (GLFMPlatformData ) ) ;
1180 }

platformData = platformDataGlobal ;

app−>userData = platformData ;
app−>onAppCmd = glfmOnAppCmd ;

1185 app−>onInputEvent = glfmOnInputEvent ;
app−>a c t i v i t y −>ca l l back s −>onContentRectChanged = glfmOnContentRectChanged ;
platformData−>app = app ;

// I n i t java env
1190 JavaVM ∗vm = app−>a c t i v i t y −>vm;
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(∗vm)−>AttachCurrentThread (vm, &platformData−>jniEnv , NULL) ;

// Get d i sp l ay s c a l e
const i n t ACONFIGURATION DENSITY ANY = 0 x f f f e ; // Added in API 21

1195 const i n t 3 2 t dens i ty = AConf igurat ion getDens i ty ( app−>c on f i g ) ;
i f ( dens i ty == ACONFIGURATION DENSITY DEFAULT | | dens i ty == ⤦

Ç ACONFIGURATION DENSITY NONE | |
dens i ty == ACONFIGURATION DENSITY ANY | | dens i ty <= 0) {

platformData−>s c a l e = 1 . 0 ;
} e l s e {

1200 platformData−>s c a l e = dens i ty / 1 60 . 0 ;
}

i f ( platformData−>d i sp l ay == NULL) {
LOG LIFECYCLE(” glfmMain ”) ;

1205 // Only c a l l glfmMain ( ) once per i n s t ance
// This should c a l l g l fm In i t ( )
platformData−>d i sp l ay = c a l l o c (1 , s i z e o f (GLFMDisplay ) ) ;
platformData−>di sp lay −>platformData = platformData ;
glfmMain ( platformData−>d i sp l ay ) ;

1210 }

// Setup window params
i n t 3 2 t windowFormat ;
switch ( platformData−>di sp lay −>colorFormat ) {

1215 case GLFMColorFormatRGB565 :
windowFormat = WINDOWFORMAT RGB 565;
break ;

case GLFMColorFormatRGBA8888 : d e f au l t :
windowFormat = WINDOW FORMAT RGBA 8888;

1220 break ;
}
bool f u l l s c r e e n = platformData−>di sp lay −>uiChrome == ⤦

Ç GLFMUserInterfaceChromeFullscreen ;
ANativeActivity setWindowFormat ( app−>a c t i v i t y , windowFormat ) ;
ANativeActivity setWindowFlags ( app−>a c t i v i t y ,

1225 f u l l s c r e e n ? AWINDOWFLAGFULLSCREEN : 0 ,
AWINDOWFLAGFULLSCREEN) ;

g l fmSetFu l lSc r e en ( app , platformData−>di sp lay −>uiChrome ) ;

// Run the main loop
1230 whi le (1 ) {

i n t ident ;
i n t events ;
s t r u c t and r o i d po l l s o u r c e ∗ source ;

1235 whi le ( ( ident = ALooper po l lAl l ( platformData−>animating ? 0 : −1 , NULL, ⤦
Ç &events ,

( void ∗∗)&source ) ) >= 0) {
i f ( source ) {

source−>proce s s ( app , source ) ;
}

1240

// i f ( ident == LOOPER ID USER) {
// i f ( platformData−>acce l e romete rSenso r != NULL) {
// ASensorEvent event ;
// whi l e ( ASensorEventQueue getEvents ( platformData−>⤦
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Ç sensorEventQueue ,
1245 // &event , 1) > 0) {

// LOGDEBUG(” acce l e romete r : x=%f y=%f z=%f ” ,
// event . a c c e l e r a t i o n . x , event . a c c e l e r a t i o n . y ,
// event . a c c e l e r a t i o n . z ) ;
// }

1250 // }
// }

i f ( app−>destroyRequested != 0) {
LOG LIFECYCLE(” Destroying thread ”) ;

1255 glfmEGLDestroy ( platformData ) ;
gl fmSetAnimating ( platformData , f a l s e ) ;
(∗vm)−>DetachCurrentThread (vm) ;
platformData−>app = NULL;
// App i s destroyed , but android main ( ) can be c a l l e d again in ⤦

Ç the same proce s s .
1260 re turn ;

}
}

i f ( platformData−>animating && platformData−>d i sp l ay ) {
1265 glfmDrawFrame ( platformData ) ;

}
}

}

1270 // MARK: GLFM implementation

void g l fmSe tUse r In t e r f a c eOr i en ta t i on (GLFMDisplay ∗ di sp lay ,
GLFMUserInterfaceOrientation ⤦

Ç a l l owedOr i en ta t i on s ) {
i f ( d i sp lay −>a l l owedOr i en ta t i on s != a l l owedOr i en ta t i on s ) {

1275 di sp lay −>a l l owedOr i en ta t i on s = a l l owedOr i en ta t i on s ;
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>⤦

Ç platformData ;
g l fmSetOr i en ta t i on ( platformData−>app ) ;

}
}

1280

void g l fmGetDisp laySize (GLFMDisplay ∗ di sp lay , i n t ∗width , i n t ∗ he ight ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
∗width = platformData−>width ;
∗ he ight = platformData−>he ight ;

1285 }

double g l fmGetDisp laySca le (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
re turn platformData−>s c a l e ;

1290 }

void glfmGetDisplayChromeInsets (GLFMDisplay ∗ di sp lay , double ∗ top , double ∗ r i ght⤦
Ç , double ∗bottom ,

double ∗ l e f t ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;

1295 ARect windowRect = platformData−>app−>contentRect ;
ARect v i s i b l eR e c t = glfmGetWindowVisibleDisplayFrame ( platformData , ⤦
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Ç windowRect ) ;
i f ( v i s i b l eR e c t . r i g h t − v i s i b l eR e c t . l e f t <= 0 | | v i s i b l eR e c t . bottom − ⤦

Ç v i s i b l eR e c t . top <= 0) {
∗ top = 0 ;
∗ r i g h t = 0 ;

1300 ∗bottom = 0 ;
∗ l e f t = 0 ;

} e l s e {
∗ top = v i s i b l eR e c t . top ;
∗ r i g h t = platformData−>width − v i s i b l eR e c t . r i g h t ;

1305 ∗bottom = platformData−>he ight − v i s i b l eR e c t . bottom ;
∗ l e f t = v i s i b l eRe c t . l e f t ;

}
}

1310 void glfmDisplayChromeUpdated (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
g l fmSetFu l lSc r e en ( platformData−>app , d i sp lay −>uiChrome ) ;

}

1315 GLFMRenderingAPI glfmGetRenderingAPI (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
re turn platformData−>renderingAPI ;

}

1320 bool glfmHasTouch (GLFMDisplay ∗ d i sp l ay ) {
( void ) d i sp l ay ;
// This w i l l need to change , f o r say , TV apps
re turn true ;

}
1325

void glfmSetMouseCursor (GLFMDisplay ∗ di sp lay , GLFMMouseCursor mouseCursor ) {
( void ) d i sp l ay ;
( void )mouseCursor ;
// Do nothing

1330 }

void gl fmSetMult itouchEnabled (GLFMDisplay ∗ di sp lay , bool mult itouchEnabled ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
platformData−>multitouchEnabled = multitouchEnabled ;

1335 }

bool glfmGetMultitouchEnabled (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;
re turn platformData−>multitouchEnabled ;

1340 }

GLFMProc glfmGetProcAddress ( const char ∗ functionName ) {
GLFMProc func t i on = eglGetProcAddress ( functionName ) ;
i f ( ! f unc t i on ) {

1345 s t a t i c void ∗handle = NULL;
i f ( ! handle ) {

handle = dlopen (NULL, RTLD LAZY) ;
}
f unc t i on = handle ? (GLFMProc) dlsym ( handle , functionName ) : NULL;

1350 }
re turn func t i on ;

106



graphgrow-android src/glfm platform emscripten.c

}

void g l fmSetKeyboardVis ib le (GLFMDisplay ∗ di sp lay , bool v i s i b l e ) {
1355 GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;

i f ( g l fmSetKeyboardVis ib le ( platformData , v i s i b l e ) ) {
i f ( v i s i b l e && disp lay −>uiChrome == GLFMUserInterfaceChromeFullscreen ) {

// This seems to be r equ i r ed to r e s e t to f u l l s c r e e n when the ⤦
Ç keyboard i s shown .

g l fmSetFu l lSc r e en ( platformData−>app , ⤦
Ç GLFMUserInterfaceChromeNavigationAndStatusBar ) ;

1360 }
}

}

bool g l fmIsKeyboardVis ib l e (GLFMDisplay ∗ d i sp l ay ) {
1365 GLFMPlatformData ∗platformData = (GLFMPlatformData ∗) d i sp lay −>platformData ;

re turn platformData−>keyboardVis ib l e ;
}

// MARK: Android− s p e c i f i c pub l i c f unc t i on s
1370

ANativeAct iv ity ∗ gl fmAndroidGetActivity ( ) {
i f ( platformDataGlobal && platformDataGlobal−>app ) {

re turn platformDataGlobal−>app−>a c t i v i t y ;
} e l s e {

1375 re turn NULL;
}

}

#end i f

44 src/glfm platform emscripten.c

/∗
GLFM
https : // github . com/brackeen /glfm
Copyright ( c ) 2014−2017 David Brackeen

5

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed warranty .
In no event w i l l the authors be held l i a b l e f o r any damages a r i s i n g from the
use o f t h i s so f tware . Permiss ion i s granted to anyone to use t h i s so f tware
f o r any purpose , i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and

10 r e d i s t r i b u t e i t f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware in a
product , an acknowledgment in the product documentation would be apprec ia t ed

15 but i s not r equ i r ed .
2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not be

mis represented as being the o r i g i n a l so f tware .
3 . This no t i c e may not be removed or a l t e r e d from any source d i s t r i b u t i o n .
∗/

20

#inc lude ”glfm . h”

#i f d e f GLFMPLATFORMEMSCRIPTEN
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25 #inc lude <EGL/ eg l . h>
#inc lude <emscr ipten / emscr ipten . h>
#inc lude <emscr ipten /html5 . h>
#inc lude <math . h>
#inc lude <s t d l i b . h>

30 #inc lude <sys / time . h>
#inc lude <time . h>

#inc lude ” g l fm plat fo rm . h”

35 #de f i n e MAX ACTIVE TOUCHES 10

typede f s t r u c t {
long i d e n t i f i e r ;
bool a c t i v e ;

40 } GLFMActiveTouch ;

typede f s t r u c t {
bool multitouchEnabled ;
i n t 3 2 t width ;

45 i n t 3 2 t he ight ;
double s c a l e ;
GLFMRenderingAPI renderingAPI ;

bool mouseDown ;
50 GLFMActiveTouch act iveTouches [MAX ACTIVE TOUCHES ] ;

bool a c t i v e ;
bool i s F u l l s c r e e n ;

} GLFMPlatformData ;
55

s t a t i c void gl fmClearAct iveTouches (GLFMPlatformData ∗platformData ) ;

// MARK: GLFM implementation

60 void g l fmSe tUse r In t e r f a c eOr i en ta t i on (GLFMDisplay ∗ di sp lay ,
GLFMUserInterfaceOrientation ⤦

Ç a l l owedOr i en ta t i on s ) {
i f ( d i sp lay −>a l l owedOr i en ta t i on s != a l l owedOr i en ta t i on s ) {

di sp lay −>a l l owedOr i en ta t i on s = a l l owedOr i en ta t i on s ;

65 // Lock o r i e n t a t i o n
// NOTE: I ’m not sure t h i s works anywhere yet
i f ( a l l owedOr i en ta t i on s == GLFMUserInter faceOrientat ionPortra i t ) {

ems c r i p t e n l o c k o r i e n t a t i o n (EMSCRIPTEN ORIENTATION PORTRAIT PRIMARY ⤦
Ç |

EMSCRIPTEN ORIENTATION PORTRAIT SECONDARY⤦
Ç ) ;

70 } e l s e i f ( a l l owedOr i en ta t i on s == GLFMUserInterfaceOrientationLandscape )⤦
Ç {
ems c r i p t e n l o c k o r i e n t a t i o n (EMSCRIPTEN ORIENTATION LANDSCAPE PRIMARY⤦

Ç |
EMSCRIPTEN ORIENTATION LANDSCAPE SECONDARY⤦

Ç ) ;
} e l s e {

ems c r i p t e n l o c k o r i e n t a t i o n (EMSCRIPTEN ORIENTATION PORTRAIT PRIMARY ⤦
Ç |
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75 EMSCRIPTEN ORIENTATION PORTRAIT SECONDARY⤦
Ç |

EMSCRIPTEN ORIENTATION LANDSCAPE PRIMARY⤦
Ç |

EMSCRIPTEN ORIENTATION LANDSCAPE SECONDARY⤦
Ç ) ;

}
}

80 }

void g l fmGetDisp laySize (GLFMDisplay ∗ di sp lay , i n t ∗width , i n t ∗ he ight ) {
GLFMPlatformData ∗platformData = disp lay −>platformData ;
∗width = platformData−>width ;

85 ∗ he ight = platformData−>he ight ;
}

double g l fmGetDisp laySca le (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = disp lay −>platformData ;

90 re turn platformData−>s c a l e ;
}

void glfmGetDisplayChromeInsets (GLFMDisplay ∗ di sp lay , double ∗ top , double ∗ r i ght⤦
Ç , double ∗bottom ,

double ∗ l e f t ) {
95 GLFMPlatformData ∗platformData = disp lay −>platformData ;

∗ top = platformData−>s c a l e ∗ EM ASM DOUBLE V( {
var htmlSty le s = window . getComputedStyle ( document . que rySe l e c to r (” html ”) )⤦

Ç ;
r e turn ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome−top−o ld ”) ) ⤦

Ç | | 0) +
100 ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome−top ”) ) | | 0)⤦

Ç ;
} ) ;
∗ r i g h t = platformData−>s c a l e ∗ EM ASM DOUBLE V( {

var htmlSty le s = window . getComputedStyle ( document . que rySe l e c to r (” html ”) )⤦
Ç ;

r e turn ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome− r i ght −o ld ”) )⤦
Ç | | 0) +

105 ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome− r i g h t ”) ) | | ⤦
Ç 0) ;

} ) ;
∗bottom = platformData−>s c a l e ∗ EM ASM DOUBLE V( {

var htmlSty le s = window . getComputedStyle ( document . que rySe l e c to r (” html ”) )⤦
Ç ;

r e turn ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome−bottom−o ld ”)⤦
Ç ) | | 0) +

110 ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome−bottom”) ) | |⤦
Ç 0) ;

} ) ;
∗ l e f t = platformData−>s c a l e ∗ EM ASM DOUBLE V( {

var htmlSty le s = window . getComputedStyle ( document . que rySe l e c to r (” html ”) )⤦
Ç ;

r e turn ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome− l e f t −o ld ”) ) ⤦
Ç | | 0) +

115 ( pa r s e In t ( htmlSty le s . getPropertyValue (”−−glfm−chrome− l e f t ”) ) | | ⤦
Ç 0) ;
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} ) ;
}

void glfmDisplayChromeUpdated (GLFMDisplay ∗ d i sp l ay ) {
120 GLFMPlatformData ∗platformData = disp lay −>platformData ;

i f ( d i sp lay −>uiChrome == GLFMUserInterfaceChromeFullscreen ) {
i f ( ! platformData−> i s F u l l s c r e e n ) {

EMSCRIPTEN RESULT r e s u l t = ems c r i p t e n r e q u e s t f u l l s c r e e n (NULL, ⤦
Ç EM FALSE) ;

125 platformData−> i s F u l l s c r e e n = ( r e s u l t == EMSCRIPTEN RESULT SUCCESS) ;
i f ( ! platformData−> i s F u l l s c r e e n ) {

di sp lay −>uiChrome = GLFMUserInterfaceChromeNavigation ;
}

}
130 } e l s e i f ( platformData−> i s F u l l s c r e e n ) {

platformData−> i s F u l l s c r e e n = f a l s e ;
em s c r i p t e n e x i t f u l l s c r e e n ( ) ;

}
}

135

GLFMRenderingAPI glfmGetRenderingAPI (GLFMDisplay ∗ d i sp l ay ) {
GLFMPlatformData ∗platformData = disp lay −>platformData ;
re turn platformData−>renderingAPI ;

}
140

bool glfmHasTouch (GLFMDisplay ∗ d i sp l ay ) {
( void ) d i sp l ay ;
re turn EM ASM INT V({

re turn ( ( ’ ontouchstart ’ in window) | | ( nav igator . msMaxTouchPoints > 0) ) ;
145 }) ;

}

void glfmSetMouseCursor (GLFMDisplay ∗ di sp lay , GLFMMouseCursor mouseCursor ) {
( void ) d i sp l ay ;

150 // Make sure the j a v a s c r i p t array emCursors i s r e f e r n c ed proper ly
i n t emCursor = 0 ;
switch (mouseCursor ) {

case GLFMMouseCursorAuto :
emCursor = 0 ;

155 break ;
case GLFMMouseCursorNone :

emCursor = 1 ;
break ;

case GLFMMouseCursorDefault :
160 emCursor = 2 ;

break ;
case GLFMMouseCursorPointer :

emCursor = 3 ;
break ;

165 case GLFMMouseCursorCrosshair :
emCursor = 4 ;
break ;

case GLFMMouseCursorText :
emCursor = 5 ;

170 break ;
}
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EM ASM ({
var emCursors = new Array ( ’ auto ’ , ’ none ’ , ’ de fau l t ’ , ’ po inter ’ , ’⤦

Ç c r o s sha i r ’ , ’ text ’ ) ;
Module [ ’ canvas ’ ] . s t y l e . cu r so r = emCursors [ $0 ] ;

175 } ,
emCursor ) ;

}

void gl fmSetMult itouchEnabled (GLFMDisplay ∗ di sp lay , bool mult itouchEnabled ) {
180 GLFMPlatformData ∗platformData = disp lay −>platformData ;

platformData−>multitouchEnabled = multitouchEnabled ;
}

bool glfmGetMultitouchEnabled (GLFMDisplay ∗ d i sp l ay ) {
185 GLFMPlatformData ∗platformData = disp lay −>platformData ;

re turn platformData−>multitouchEnabled ;
}

void g l fmSetKeyboardVis ib le (GLFMDisplay ∗ di sp lay , bool v i s i b l e ) {
190 ( void ) d i sp l ay ;

( void ) v i s i b l e ;
// Do nothing

}

195 bool g l fmIsKeyboardVis ib l e (GLFMDisplay ∗ d i sp l ay ) {
( void ) d i sp l ay ;
re turn f a l s e ;

}

200 GLFMProc glfmGetProcAddress ( const char ∗ functionName ) {
re turn eglGetProcAddress ( functionName ) ;

}

// MARK: Emscripten g lue
205

s t a t i c i n t glfmGetDisplayWidth (GLFMDisplay ∗ d i sp l ay ) {
( void ) d i sp l ay ;
const double width = EM ASM DOUBLE V({

var canvas = Module [ ’ canvas ’ ] ;
210 re turn canvas . width ;

}) ;
r e turn ( i n t ) ( round ( width ) ) ;

}

215 s t a t i c i n t g l fmGetDisplayHeight (GLFMDisplay ∗ d i sp l ay ) {
( void ) d i sp l ay ;
const double he ight = EM ASM DOUBLE V({

var canvas = Module [ ’ canvas ’ ] ;
r e turn canvas . he ight ;

220 }) ;
r e turn ( i n t ) ( round ( he ight ) ) ;

}

s t a t i c void g l fmSetAct ive (GLFMDisplay ∗ di sp lay , bool a c t i v e ) {
225 GLFMPlatformData ∗platformData = disp lay −>platformData ;

i f ( platformData−>a c t i v e != ac t i v e ) {
platformData−>a c t i v e = ac t i v e ;
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gl fmClearAct iveTouches ( platformData ) ;
i f ( d i sp lay −>focusFunc ) {

230 di sp lay −>focusFunc ( d i sp lay , a c t i v e ) ;
}

}
}

235 s t a t i c void glfmMainLoopFunc ( void ∗userData ) {
GLFMDisplay ∗ d i sp l ay = userData ;
i f ( d i sp l ay ) {

// Check i f canvas s i z e has changed
i n t displayChanged = EM ASM INT V({

240 var canvas = Module [ ’ canvas ’ ] ;
var dev i c eP ixe lRat i o = window . dev i c eP ixe lRat i o | | 1 ;
var width = canvas . c l i entWidth ∗ dev i c eP ixe lRat i o ;
var he ight = canvas . c l i e n tHe i gh t ∗ dev i c eP ixe lRat i o ;
i f ( width != canvas . width | | he ight != canvas . he ight ) {

245 canvas . width = width ;
canvas . he ight = he ight ;
r e turn 1 ;

} e l s e {
re turn 0 ;

250 }
}) ;
i f ( displayChanged ) {

GLFMPlatformData ∗platformData = disp lay −>platformData ;
platformData−>width = glfmGetDisplayWidth ( d i sp l ay ) ;

255 platformData−>he ight = gl fmGetDisplayHeight ( d i sp l ay ) ;
platformData−>s c a l e = ems c r i p t e n g e t d e v i c e p i x e l r a t i o ( ) ;
i f ( d i sp lay −>sur faceRes izedFunc ) {

di sp lay −>sur faceRes izedFunc ( d i sp lay , platformData−>width , ⤦
Ç platformData−>he ight ) ;

}
260 }

// Tick
i f ( d i sp lay −>mainLoopFunc ) {

// NOTE: The JavaScr ipt requestAnimationFrame ca l l ba ck sends the ⤦
Ç frame time as a

265 // parameter , but Emscripten inc lude send i t .
d i sp lay −>mainLoopFunc ( d i sp lay , emscr ipten get now ( ) / 1000 .0 ) ;

}
}

}
270

s t a t i c EMBOOL glfmWebGLContextCallback ( i n t eventType , const void ∗ reserved , ⤦
Ç void ∗userData ) {
( void ) r e s e rved ;
GLFMDisplay ∗ d i sp l ay = userData ;
i f ( eventType == EMSCRIPTENEVENTWEBGLCONTEXTLOST) {

275 i f ( d i sp lay −>sur faceDestroyedFunc ) {
di sp lay −>sur faceDestroyedFunc ( d i sp l ay ) ;

}
re turn 1 ;

} e l s e i f ( eventType == EMSCRIPTENEVENTWEBGLCONTEXTRESTORED) {
280 GLFMPlatformData ∗platformData = disp lay −>platformData ;

i f ( d i sp lay −>sur faceCreatedFunc ) {
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di sp lay −>sur faceCreatedFunc ( d i sp lay , platformData−>width , ⤦
Ç platformData−>he ight ) ;

}
re turn 1 ;

285 } e l s e {
re turn 0 ;

}
}

290 s t a t i c EMBOOL g l fmVi s ib i l i t yChangeCa l lback ( i n t eventType ,
const ⤦

Ç Emscr iptenVis ib i l i tyChangeEvent⤦
Ç ∗e ,

void ∗userData ) {
( void ) eventType ;
GLFMDisplay ∗ d i sp l ay = userData ;

295 g l fmSetAct ive ( d i sp lay , ! e−>hidden ) ;
r e turn 1 ;

}

s t a t i c EMBOOL glfmKeyCallback ( i n t eventType , const EmscriptenKeyboardEvent ∗e ,⤦
Ç void ∗userData ) {

300 GLFMDisplay ∗ d i sp l ay = userData ;
i f ( eventType == EMSCRIPTEN EVENT KEYPRESS) {

i f ( d i sp lay −>charFunc && e−>charCode >= ’ ’ ) {
di sp lay −>charFunc ( d i sp lay , e−>key , 0) ;

}
305 re turn 1 ;

}
// Prevent change o f f o cus v ia tab key
EMBOOL handled = e−>keyCode == ’\ t ’ ;
i f ( d i sp lay −>keyFunc ) {

310 GLFMKeyAction ac t i on ;
i f ( eventType == EMSCRIPTENEVENTKEYDOWN) {

i f ( e−>repeat ) {
ac t i on = GLFMKeyActionRepeated ;

} e l s e {
315 ac t i on = GLFMKeyActionPressed ;

}
} e l s e i f ( eventType == EMSCRIPTEN EVENTKEYUP) {

ac t i on = GLFMKeyActionReleased ;
} e l s e {

320 re turn 0 ;
}

/∗
TODO: Mod i f i e r s

325 For now ju s t send e−>keyCode as i s . I t i s i d e n t i c a l to the de f ined ⤦
Ç va lue s :

GLFMKeyBackspace = 0x08 ,
GLFMKeyTab = 0x09 ,
GLFMKeyEnter = 0x0d ,
GLFMKeyEscape = 0x1b ,

330 GLFMKeySpace = 0x20 ,
GLFMKeyLeft = 0x25 ,
GLFMKeyUp = 0x26 ,
GLFMKeyRight = 0x27 ,
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GLFMKeyDown = 0x28 ,
335 ∗/

return d i sp lay −>keyFunc ( d i sp lay , e−>keyCode , act ion , 0) | | handled ;
} e l s e {

re turn handled ;
340 }

}

s t a t i c EMBOOL glfmMouseCallback ( i n t eventType , const EmscriptenMouseEvent ∗e , ⤦
Ç void ∗userData ) {
GLFMDisplay ∗ d i sp l ay = userData ;

345 i f ( d i sp lay −>touchFunc ) {
GLFMPlatformData ∗platformData = disp lay −>platformData ;
GLFMTouchPhase touchPhase ;
switch ( eventType ) {

case EMSCRIPTENEVENTMOUSEDOWN:
350 touchPhase = GLFMTouchPhaseBegan ;

platformData−>mouseDown = true ;
break ;

case EMSCRIPTENEVENTMOUSEMOVE:
355 i f ( platformData−>mouseDown) {

touchPhase = GLFMTouchPhaseMoved ;
} e l s e {

touchPhase = GLFMTouchPhaseHover ;
}

360 break ;

case EMSCRIPTEN EVENTMOUSEUP:
touchPhase = GLFMTouchPhaseEnded ;
platformData−>mouseDown = f a l s e ;

365 break ;

d e f au l t :
touchPhase = GLFMTouchPhaseCancelled ;
platformData−>mouseDown = f a l s e ;

370 break ;
}
re turn d i sp lay −>touchFunc ( d i sp lay , e−>button , touchPhase ,

platformData−>s c a l e ∗ ( double ) e−>canvasX ,
platformData−>s c a l e ∗ ( double ) e−>canvasY ) ;

375 } e l s e {
re turn 0 ;

}
}

380 s t a t i c void gl fmClearAct iveTouches (GLFMPlatformData ∗platformData ) {
f o r ( i n t i = 0 ; i < MAXACTIVE TOUCHES; i++) {

platformData−>act iveTouches [ i ] . a c t i v e = f a l s e ;
}

}
385

s t a t i c i n t g l fmGetTouchIdent i f i e r (GLFMPlatformData ∗platformData , const ⤦
Ç EmscriptenTouchPoint ∗ t ) {
i n t f i r s tNu l l I n d e x = −1;
i n t index = −1;
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f o r ( i n t i = 0 ; i < MAXACTIVE TOUCHES; i++) {
390 i f ( platformData−>act iveTouches [ i ] . i d e n t i f i e r == t−> i d e n t i f i e r &&

platformData−>act iveTouches [ i ] . a c t i v e ) {
index = i ;
break ;

} e l s e i f ( f i r s tNu l l I n d e x == −1 && ! platformData−>act iveTouches [ i ] .⤦
Ç a c t i v e ) {

395 f i r s tNu l l I n d e x = i ;
}

}
i f ( index == −1) {

i f ( f i r s tNu l l I n d e x == −1) {
400 // Shouldn ’ t happen

return −1;
}
index = f i r s tNu l l I n d e x ;
platformData−>act iveTouches [ index ] . i d e n t i f i e r = t−> i d e n t i f i e r ;

405 platformData−>act iveTouches [ index ] . a c t i v e = true ;
}
re turn index ;

}

410 s t a t i c EMBOOL glfmTouchCallback ( i n t eventType , const EmscriptenTouchEvent ∗e , ⤦
Ç void ∗userData ) {
GLFMDisplay ∗ d i sp l ay = userData ;
i f ( d i sp lay −>touchFunc ) {

GLFMPlatformData ∗platformData = disp lay −>platformData ;
GLFMTouchPhase touchPhase ;

415 switch ( eventType ) {
case EMSCRIPTENEVENTTOUCHSTART:

touchPhase = GLFMTouchPhaseBegan ;
break ;

420 case EMSCRIPTENEVENTTOUCHMOVE:
touchPhase = GLFMTouchPhaseMoved ;
break ;

case EMSCRIPTENEVENTTOUCHEND:
425 touchPhase = GLFMTouchPhaseEnded ;

break ;

case EMSCRIPTENEVENTTOUCHCANCEL:
d e f au l t :

430 touchPhase = GLFMTouchPhaseCancelled ;
break ;

}

i n t handled = 0 ;
435 f o r ( i n t i = 0 ; i < e−>numTouches ; i++) {

const EmscriptenTouchPoint ∗ t = &e−>touches [ i ] ;
i f ( t−>isChanged ) {

i n t i d e n t i f i e r = g l fmGetTouchIdent i f i e r ( platformData , t ) ;
i f ( i d e n t i f i e r >= 0) {

440 i f ( ( platformData−>multitouchEnabled | | i d e n t i f i e r == 0) ) {
handled |= disp lay −>touchFunc ( d i sp lay , i d e n t i f i e r , ⤦

Ç touchPhase ,
platformData−>s c a l e ∗ (⤦
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Ç double ) t−>canvasX ,
platformData−>s c a l e ∗ (⤦

Ç double ) t−>canvasY ) ;
}

445

i f ( touchPhase == GLFMTouchPhaseEnded | | touchPhase == ⤦
Ç GLFMTouchPhaseCancelled ) {
platformData−>act iveTouches [ i d e n t i f i e r ] . a c t i v e = f a l s e ;

}
}

450 }
}
re turn handled ;

} e l s e {
re turn 0 ;

455 }
}

// MARK: main

460 i n t main ( ) {
GLFMDisplay ∗ gl fmDisplay = c a l l o c (1 , s i z e o f (GLFMDisplay ) ) ;
GLFMPlatformData ∗platformData = c a l l o c (1 , s i z e o f (GLFMPlatformData ) ) ;
g l fmDisplay−>platformData = platformData ;
platformData−>a c t i v e = true ;

465 gl fmClearAct iveTouches ( platformData ) ;

// Main entry
glfmMain ( g l fmDisplay ) ;

470 // I n i t r e s i z a b l e canvas
EMASM({

var canvas = Module [ ’ canvas ’ ] ;
var dev i c eP ixe lRat i o = window . dev i c eP ixe lRat i o | | 1 ;
canvas . width = canvas . c l i entWidth ∗ dev i c eP ixe lRat i o ;

475 canvas . he ight = canvas . c l i e n tHe i gh t ∗ dev i c eP ixe lRat i o ;
}) ;
platformData−>width = glfmGetDisplayWidth ( g l fmDisplay ) ;
platformData−>he ight = gl fmGetDisplayHeight ( g l fmDisplay ) ;
platformData−>s c a l e = ems c r i p t e n g e t d e v i c e p i x e l r a t i o ( ) ;

480

// Create WebGL context
EmscriptenWebGLContextAttributes a t t r i b s ;
em s c r i p t e n webg l i n i t c o n t e x t a t t r i b u t e s (& a t t r i b s ) ;
a t t r i b s . alpha = glfmDisplay−>colorFormat == GLFMColorFormatRGBA8888 ;

485 a t t r i b s . depth = glfmDisplay−>depthFormat != GLFMDepthFormatNone ;
a t t r i b s . s t e n c i l = glfmDisplay−>s tenc i lFormat != GLFMStencilFormatNone ;
a t t r i b s . a n t i a l i a s = glfmDisplay−>multisample != GLFMMultisampleNone ;
a t t r i b s . premult ip l i edAlpha = 1 ;
a t t r i b s . preserveDrawingBuf fer = 0 ;

490 a t t r i b s . preferLowPowerToHighPerformance = 0 ;
a t t r i b s . fa i l I fMajorPer formanceCaveat = 0 ;
a t t r i b s . enableExtens ionsByDefault = 0 ;

i n t contextHandle = 0 ;
495 i f ( g l fmDisplay−>preferredAPI >= GLFMRenderingAPIOpenGLES3) {

// OpenGL ES 3 .0 / WebGL 2 .0
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a t t r i b s . majorVersion = 2 ;
a t t r i b s . minorVersion = 0 ;
contextHandle = emsc r i p t en webg l c r ea t e con t ex t (NULL, &a t t r i b s ) ;

500 i f ( contextHandle ) {
platformData−>renderingAPI = GLFMRenderingAPIOpenGLES3 ;

}
}
i f ( ! contextHandle ) {

505 // OpenGL ES 2 .0 / WebGL 1 .0
a t t r i b s . majorVersion = 1 ;
a t t r i b s . minorVersion = 0 ;
contextHandle = emsc r i p t en webg l c r ea t e con t ex t (NULL, &a t t r i b s ) ;
i f ( contextHandle ) {

510 platformData−>renderingAPI = GLFMRenderingAPIOpenGLES2 ;
}

}
i f ( ! contextHandle ) {

g l fmReportSur faceError ( gl fmDisplay , ”Couldn ’ t c r e a t e GL context ”) ;
515 re turn 0 ;

}

emscr ipten webg l make context cur rent ( contextHandle ) ;

520 i f ( g l fmDisplay−>sur faceCreatedFunc ) {
gl fmDisplay−>sur faceCreatedFunc ( gl fmDisplay , platformData−>width , ⤦

Ç platformData−>he ight ) ;
}

// Setup c a l l b a c k s
525 emsc r i p t en s e t ma in l oop a rg ( glfmMainLoopFunc , gl fmDisplay , 0 , 0) ;

em s c r i p t e n s e t t o u ch s t a r t c a l l b a c k (0 , gl fmDisplay , 1 , gl fmTouchCallback ) ;
emsc r i p t en s e t t ouchend ca l l ba ck (0 , gl fmDisplay , 1 , gl fmTouchCallback ) ;
emsc r ip t en se t touchmove ca l lback (0 , gl fmDisplay , 1 , gl fmTouchCallback ) ;
ems c r i p t en s e t t ou ch c an c e l c a l l b a ck (0 , gl fmDisplay , 1 , gl fmTouchCallback ) ;

530 emscr ipten set mousedown ca l lback (0 , gl fmDisplay , 1 , gl fmMouseCallback ) ;
emsc r ip t en se t mouseup ca l lback (0 , gl fmDisplay , 1 , gl fmMouseCallback ) ;
emscr ipten set mousemove ca l lback (0 , gl fmDisplay , 1 , gl fmMouseCallback ) ;
// em s c r i p t e n s e t c l i c k c a l l b a c k (0 , 0 , 1 , mouse ca l lback ) ;
// em s c r i p t e n s e t d b l c l i c k c a l l b a c k (0 , 0 , 1 , mouse ca l lback ) ;

535 ems c r i p t e n s e t k e yp r e s s c a l l b a c k (0 , gl fmDisplay , 1 , gl fmKeyCallback ) ;
emsc r ip t en se t keydown ca l lback (0 , gl fmDisplay , 1 , gl fmKeyCallback ) ;
emsc r i p t en s e t k eyup ca l l ba ck (0 , gl fmDisplay , 1 , gl fmKeyCallback ) ;
ems c r i p t e n s e t webg l c on t e x t l o s t c a l l b a c k (0 , gl fmDisplay , 1 , ⤦

Ç glfmWebGLContextCallback ) ;
ems c r i p t en s e t webg l c on t ex t r e s t o r ed c a l l b a ck (0 , gl fmDisplay , 1 , ⤦

Ç glfmWebGLContextCallback ) ;
540 em s c r i p t e n s e t v i s i b i l i t y c h a n g e c a l l b a c k ( gl fmDisplay , 1 , ⤦

Ç g l fmVi s ib i l i t yChangeCa l lback ) ;
r e turn 0 ;

}

#end i f

45 src/glfm platform.h

/∗
GLFM
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https : // github . com/brackeen /glfm
Copyright ( c ) 2014−2017 David Brackeen

5

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed warranty .
In no event w i l l the authors be held l i a b l e f o r any damages a r i s i n g from the
use o f t h i s so f tware . Permiss ion i s granted to anyone to use t h i s so f tware
f o r any purpose , i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and

10 r e d i s t r i b u t e i t f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware in a
product , an acknowledgment in the product documentation would be apprec ia t ed

15 but i s not r equ i r ed .
2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not be

mis represented as being the o r i g i n a l so f tware .
3 . This no t i c e may not be removed or a l t e r e d from any source d i s t r i b u t i o n .
∗/

20

#i f n d e f GLFMPLATFORMH
#de f i n e GLFMPLATFORMH

#inc lude ”glfm . h”
25 #inc lude <s tdarg . 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>

30 #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 GLFMDisplay {
35 // Config

GLFMRenderingAPI pre ferredAPI ;
GLFMColorFormat colorFormat ;
GLFMDepthFormat depthFormat ;
GLFMStencilFormat s tenc i lFormat ;

40 GLFMMultisample mult isample ;
GLFMUserInterfaceOrientation a l l owedOr i en ta t i on s ;
GLFMUserInterfaceChrome uiChrome ;

// Cal lbacks
45 GLFMMainLoopFunc mainLoopFunc ;

GLFMTouchFunc touchFunc ;
GLFMKeyFunc keyFunc ;
GLFMCharFunc charFunc ;
GLFMSurfaceErrorFunc sur faceErrorFunc ;

50 GLFMSurfaceCreatedFunc surfaceCreatedFunc ;
GLFMSurfaceResizedFunc sur faceRes izedFunc ;
GLFMSurfaceDestroyedFunc surfaceDestroyedFunc ;
GLFMKeyboardVisibilityChangedFunc keyboardVis ib i l i tyChangedFunc ;
GLFMMemoryWarningFunc lowMemoryFunc ;

55 GLFMAppFocusFunc focusFunc ;

// External data
void ∗userData ;
void ∗platformData ;
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60 } ;

// MARK: S e t t e r s

void gl fmSetSurfaceErrorFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceErrorFunc ⤦
Ç sur faceErrorFunc ) {

65 i f ( d i sp l ay ) {
di sp lay −>sur faceErrorFunc = sur faceErrorFunc ;

}
}

70 void g l fmSetDisp layConf ig (GLFMDisplay ∗ di sp lay ,
const GLFMRenderingAPI preferredAPI ,
const GLFMColorFormat colorFormat ,
const GLFMDepthFormat depthFormat ,
const GLFMStencilFormat stenc i lFormat ,

75 const GLFMMultisample mult isample ) {
i f ( d i sp l ay ) {

di sp lay −>preferredAPI = preferredAPI ;
d i sp lay −>colorFormat = colorFormat ;
d i sp lay −>depthFormat = depthFormat ;

80 di sp lay −>s tenc i lFormat = stenc i lFormat ;
d i sp lay −>multisample = multisample ;

}
}

85 GLFMUserInterfaceOrientation g l fmGetUse r In te r f aceOr i enta t i on (GLFMDisplay ∗⤦
Ç d i sp l ay ) {
re turn d i sp l ay ? d i sp lay −>a l l owedOr i en ta t i on s : ⤦

Ç GLFMUserInterfaceOrientationAny ;
}

void glfmSetUserData (GLFMDisplay ∗ di sp lay , void ∗userData ) {
90 i f ( d i sp l ay ) {

di sp lay −>userData = userData ;
}

}

95 void ∗glfmGetUserData (GLFMDisplay ∗ d i sp l ay ) {
re turn d i sp l ay ? d i sp lay −>userData : NULL;

}

void glfmDisplayChromeUpdated (GLFMDisplay ∗ d i sp l ay ) ;
100

GLFMUserInterfaceChrome glfmGetDisplayChrome (GLFMDisplay ∗ d i sp l ay ) {
re turn d i sp l ay ? d i sp lay −>uiChrome : GLFMUserInterfaceChromeNavigation ;

}

105 void glfmSetDisplayChrome (GLFMDisplay ∗ di sp lay , GLFMUserInterfaceChrome uiChrome⤦
Ç ) {
i f ( d i sp l ay ) {

di sp lay −>uiChrome = uiChrome ;
glfmDisplayChromeUpdated ( d i sp l ay ) ;

}
110 }

void glfmSetMainLoopFunc (GLFMDisplay ∗ di sp lay , GLFMMainLoopFunc mainLoopFunc ) {
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i f ( d i sp l ay ) {
di sp lay −>mainLoopFunc = mainLoopFunc ;

115 }
}

void gl fmSetSurfaceCreatedFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceCreatedFunc ⤦
Ç sur faceCreatedFunc ) {
i f ( d i sp l ay ) {

120 di sp lay −>sur faceCreatedFunc = surfaceCreatedFunc ;
}

}

void gl fmSetSurfaceRes izedFunc (GLFMDisplay ∗ di sp lay , GLFMSurfaceResizedFunc ⤦
Ç sur faceRes izedFunc ) {

125 i f ( d i sp l ay ) {
di sp lay −>sur faceRes izedFunc = sur faceRes izedFunc ;

}
}

130 void gl fmSetSurfaceDestroyedFunc (GLFMDisplay ∗ di sp lay ,
GLFMSurfaceDestroyedFunc surfaceDestroyedFunc ) ⤦

Ç {
i f ( d i sp l ay ) {

di sp lay −>sur faceDestroyedFunc = surfaceDestroyedFunc ;
}

135 }

void gl fmSetKeyboardVis ibi l i tyChangedFunc (GLFMDisplay ∗ di sp lay ,
GLFMKeyboardVisibilityChangedFunc func⤦

Ç ) {
i f ( d i sp l ay ) {

140 di sp lay −>keyboardVis ib i l i tyChangedFunc = func ;
}

}

void glfmSetTouchFunc (GLFMDisplay ∗ di sp lay , GLFMTouchFunc touchFunc ) {
145 i f ( d i sp l ay ) {

di sp lay −>touchFunc = touchFunc ;
}

}

150 void glfmSetKeyFunc (GLFMDisplay ∗ di sp lay , GLFMKeyFunc keyFunc ) {
i f ( d i sp l ay ) {

di sp lay −>keyFunc = keyFunc ;
}

}
155

void glfmSetCharFunc (GLFMDisplay ∗ di sp lay , GLFMCharFunc charFunc ) {
i f ( d i sp l ay ) {

di sp lay −>charFunc = charFunc ;
}

160 }

void glfmSetMemoryWarningFunc (GLFMDisplay ∗ di sp lay , GLFMMemoryWarningFunc ⤦
Ç lowMemoryFunc ) {
i f ( d i sp l ay ) {

di sp lay −>lowMemoryFunc = lowMemoryFunc ;
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165 }
}

void glfmSetAppFocusFunc (GLFMDisplay ∗ di sp lay , GLFMAppFocusFunc focusFunc ) {
i f ( d i sp l ay ) {

170 di sp lay −>focusFunc = focusFunc ;
}

}

// MARK: Helper f un c t i on s
175

s t a t i c void g l fmReportSur faceError (GLFMDisplay ∗ di sp lay , const char ∗⤦
Ç errorMessage ) {
i f ( d i sp lay −>sur faceErrorFunc && errorMessage ) {

di sp lay −>sur faceErrorFunc ( d i sp lay , errorMessage ) ;
}

180 }

// gl fmExtensionSupported func t i on i s from
// http ://www. opengl . org / a r ch i v e s / r e s ou r c e s / f e a t u r e s /OGLextensions/
bool gl fmExtensionSupported ( const char ∗ extens i on ) {

185 // Extension names should not have spaces .
GLubyte ∗where = (GLubyte ∗) s t r c h r ( extens ion , ’ ’ ) ;
i f ( where | | ∗ extens i on == ’\0 ’ ) {

re turn f a l s e ;
}

190

const GLubyte ∗ ex t en s i on s = g lGetSt r ing (GL EXTENSIONS) ;

// I t takes a b i t o f care to be f oo l −proo f about par s ing the
// OpenGL ext en s i on s s t r i n g . Don ’ t be f o o l e d by sub− s t r i n g s , e t c .

195 const GLubyte ∗ s t a r t = ex t en s i on s ;
f o r ( ; ; ) {

where = (GLubyte ∗) s t r s t r ( ( const char ∗) s ta r t , ex t ens i on ) ;
i f ( ! where ) {

break ;
200 }

GLubyte ∗ terminator = where + s t r l e n ( extens i on ) ;
i f ( where == s t a r t | | ∗( where − 1) == ’ ’ ) {

i f (∗ terminator == ’ ’ | | ∗ terminator == ’\0 ’ ) {
205 re turn true ;

}
}

s t a r t = terminator ;
210 }

re turn f a l s e ;
}

215 #i f d e f c p l u s p l u s
}
#end i f

#end i f
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46 src/glfm platform ios.m

/∗
GLFM
https : // github . com/brackeen /glfm
Copyright ( c ) 2014−2017 David Brackeen

5

This so f tware i s provided ’ as− i s ’ , without any expre s s or impl i ed warranty .
In no event w i l l the authors be held l i a b l e f o r any damages a r i s i n g from the
use o f t h i s so f tware . Permiss ion i s granted to anyone to use t h i s so f tware
f o r any purpose , i n c l ud ing commercial app l i c a t i on s , and to a l t e r i t and

10 r e d i s t r i b u t e i t f r e e l y , sub j e c t to the f o l l ow i n g r e s t r i c t i o n s :

1 . The o r i g i n o f t h i s so f tware must not be mis represented ; you must not
c la im that you wrote the o r i g i n a l so f tware . I f you use t h i s so f tware in a
product , an acknowledgment in the product documentation would be apprec ia t ed

15 but i s not r equ i r ed .
2 . Altered source v e r s i on s must be p l a i n l y marked as such , and must not be

mis represented as being the o r i g i n a l so f tware .
3 . This no t i c e may not be removed or a l t e r e d from any source d i s t r i b u t i o n .
∗/

20

#inc lude ”glfm . h”

#i f de f i ned (GLFM PLATFORM IOS) | | de f ined (GLFMPLATFORMTVOS)

25 #import <UIKit/UIKit . h>

#inc lude <d l f c n . h>
#inc lude ” g l fm plat fo rm . h”

30 #de f i n e MAX SIMULTANEOUS TOUCHES 10

#de f i n e CHECKGL ERROR() do { GLenum e r r o r = glGetError ( ) ; i f ( e r r o r != ⤦

Ç GL NO ERROR) \
NSLog(@”OpenGL e r r o r 0x%04x at g l fm p l a t f o rm i o s .m:% i ” , e r ro r , LINE ) ; } ⤦

Ç whi le (0 )

35 @inte r f a c e GLFMAppDelegate : NSObject <UIAppl icat ionDelegate>

@property ( nonatomic , s t rong ) UIWindow ∗window ;
@property ( nonatomic , a s s i gn ) BOOL ac t i v e ;

40 @end

#pragma mark − GLFMView

@inte r f a c e GLFMView : UIView {
45 GLint drawableWidth ;

GLint drawableHeight ;
GLuint de fau l tFramebu f f e r ;
GLuint co l o rRende rbu f f e r ;
GLuint attachmentRenderbuf fer ;

50 GLuint msaaFramebuffer ;
GLuint msaaRenderbuffer ;

}
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@property ( nonatomic , s t rong ) EAGLContext ∗ context ;
55 @property ( nonatomic , a s s i gn ) NSString ∗ colorFormat ;

@property ( nonatomic , a s s i gn ) BOOL pre se rveBackbu f f e r ;
@property ( nonatomic , a s s i gn ) NSUInteger depthBits ;
@property ( nonatomic , a s s i gn ) NSUInteger s t e n c i l B i t s ;
@property ( nonatomic , a s s i gn ) BOOL mult isampl ing ;

60 @property ( nonatomic , readonly ) NSUInteger drawableWidth ;
@property ( nonatomic , readonly ) NSUInteger drawableHeight ;

− ( void ) createDrawable ;
− ( void ) deleteDrawable ;

65 − ( void ) prepareRender ;
− ( void ) f in i shRender ;

@end

70 @implementation GLFMView

@dynamic drawableWidth , drawableHeight ;

+ ( Class ) l a y e rC l a s s {
75 re turn [CAEAGLLayer c l a s s ] ;

}

− ( void ) d e a l l o c {
[ s e l f de leteDrawable ] ;

80 }

− ( NSUInteger ) drawableWidth {
re turn ( NSUInteger ) drawableWidth ;

}
85

− ( NSUInteger ) drawableHeight {
re turn ( NSUInteger ) drawableHeight ;

}

90 − ( void ) createDrawable {
i f ( de f au l tFramebu f f e r != 0 | | ! s e l f . context ) {

re turn ;
}

95 i f ( ! s e l f . colorFormat ) {
s e l f . colorFormat = kEAGLColorFormatRGBA8 ;

}

[ EAGLContext setCurrentContext : s e l f . context ] ;
100

CAEAGLLayer ∗ eag lLayer = (CAEAGLLayer ∗) s e l f . l a y e r ;
eag lLayer . opaque = YES;
eag lLayer . drawab leProper t i e s =

@{ kEAGLDrawablePropertyRetainedBacking : @( s e l f . p r e s e rveBackbu f f e r ) ,
105 kEAGLDrawablePropertyColorFormat : s e l f . colorFormat } ;

g lGenFramebuffers (1 , & de fau l tFramebu f f e r ) ;
g lGenRenderbuf fers (1 , & co l o rRende rbu f f e r ) ;
g lBindFramebuffer (GL FRAMEBUFFER, de fau l tFramebu f f e r ) ;

110 g lBindRenderbuf fer (GL RENDERBUFFER, co l o rRende rbu f f e r ) ;
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// iPhone 6 Display Zoom hack − use a modi f i ed bounds so that the ⤦
Ç r ende rbu f f e rS to rag e method

// c r e a t e s the c o r r e c t s i z e r ende rbu f f e r .
CGRect oldBounds = eag lLayer . bounds ;

115 i f ( eag lLayer . c on t en t sSca l e == 2.343750) {
i f ( eag lLayer . bounds . s i z e . width == 320.0 && eaglLayer . bounds . s i z e . he ight⤦

Ç == 568 .0 ) {
eag lLayer . bounds = CGRectMake( eag lLayer . bounds . o r i g i n . x , eag lLayer .⤦

Ç bounds . o r i g i n . y ,
eag lLayer . bounds . s i z e . width ,
1334 / eag lLayer . c on t en t sSca l e ) ;

120 } e l s e i f ( eag lLayer . bounds . s i z e . width == 568.0 && eaglLayer . bounds . s i z e⤦
Ç . he ight == 320 .0 ) {
eag lLayer . bounds = CGRectMake( eag lLayer . bounds . o r i g i n . x , eag lLayer .⤦

Ç bounds . o r i g i n . y ,
1334 / eag lLayer . content sSca l e ,
eag lLayer . bounds . s i z e . he ight ) ;

}
125 }

i f ( ! [ s e l f . context r ende rbu f f e rS to rag e :GLRENDERBUFFER fromDrawable :⤦
Ç eag lLayer ] ) {
NSLog(@”Error : Ca l l to r ende rbu f f e rS to rag e f a i l e d ”) ;

}
130

eag lLayer . bounds = oldBounds ;

g lFramebuf fe rRenderbuf fe r (GL FRAMEBUFFER, GLCOLORATTACHMENT0, ⤦
Ç GLRENDERBUFFER,

co l o rRende rbu f f e r ) ;
135

glGetRenderbuf ferParameter iv (GL RENDERBUFFER, GL RENDERBUFFERWIDTH, &⤦
Ç drawableWidth ) ;

g lGetRenderbuf ferParameter iv (GL RENDERBUFFER, GL RENDERBUFFER HEIGHT, &⤦
Ç drawableHeight ) ;

i f ( mult i sampl ing ) {
140 glGenFramebuffers (1 , & msaaFramebuffer ) ;

g lBindFramebuffer (GL FRAMEBUFFER, msaaFramebuffer ) ;

g lGenRenderbuf fers (1 , & msaaRenderbuffer ) ;
g lBindRenderbuf fer (GL RENDERBUFFER, msaaRenderbuffer ) ;

145

GLenum in t e rna l f o rmat = GL RGBA8 OES;
i f ( [ kEAGLColorFormatRGB565 isEqualToStr ing : co lorFormat ] ) {

i n t e rna l f o rmat = GL RGB565 ;
}

150

glRenderbufferStorageMultisampleAPPLE (GL RENDERBUFFER, 4 , in t e rna l f o rmat ⤦
Ç ,

drawableWidth , drawableHeight ) ;

g lFramebuf fe rRenderbuf fe r (GL FRAMEBUFFER, GLCOLORATTACHMENT0, ⤦
Ç GLRENDERBUFFER,

155 msaaRenderbuffer ) ;
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GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE) {

NSLog(@”Error : Couldn ’ t c r e a t e mult isample f ramebu f f e r : 0x%04x” , ⤦
Ç s t a tu s ) ;

160 }
}

i f ( depthBi t s > 0 | | s t e n c i l B i t s > 0) {
glGenRenderbuf fers (1 , & attachmentRenderbuf fer ) ;

165 g lBindRenderbuf fer (GL RENDERBUFFER, attachmentRenderbuf fer ) ;

GLenum in t e rna l f o rmat ;
i f ( depthBi t s > 0 && s t e n c i l B i t s > 0) {

i n t e rna l f o rmat = GL DEPTH24 STENCIL8 OES ;
170 } e l s e i f ( depthBi t s >= 24) {

i n t e rna l f o rmat = GL DEPTH COMPONENT24 OES;
} e l s e i f ( depthBi t s > 0) {

i n t e rna l f o rmat = GL DEPTHCOMPONENT16;
} e l s e {

175 i n t e rna l f o rmat = GL STENCIL INDEX8 ;
}

i f ( mult i sampl ing ) {
glRenderbufferStorageMultisampleAPPLE (GL RENDERBUFFER, 4 , ⤦

Ç i n t e rna l f o rmat ,
180 drawableWidth , ⤦

Ç drawableHeight ) ;
} e l s e {

g lRenderbu f f e rSto rage (GL RENDERBUFFER, in te rna l f o rmat , ⤦
Ç drawableWidth , drawableHeight ) ;

}

185 i f ( depthBi t s > 0) {
g lFramebuf fe rRenderbuf fe r (GL FRAMEBUFFER, GLDEPTHATTACHMENT, ⤦

Ç GLRENDERBUFFER,
attachmentRenderbuf fer ) ;

}
i f ( s t e n c i l B i t s > 0) {

190 g lFramebuf fe rRenderbuf fe r (GL FRAMEBUFFER, GL STENCIL ATTACHMENT, ⤦
Ç GLRENDERBUFFER,

attachmentRenderbuf fer ) ;
}

}

195 GLenum sta tu s = glCheckFramebuf ferStatus (GLFRAMEBUFFER) ;
i f ( s t a tu s != GLFRAMEBUFFERCOMPLETE) {

NSLog(@”Error : Framebuffer incomplete : 0x%04x” , s t a tu s ) ;
}

200 CHECKGL ERROR() ;
}

− ( void ) deleteDrawable {
i f ( de f au l tFramebu f f e r ) {

205 g lDe l e t eFramebuf f e r s (1 , & de fau l tFramebu f f e r ) ;
de f au l tFramebu f f e r = 0 ;

}
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i f ( c o l o rRende rbu f f e r ) {
g lDe l e t eRende rbu f f e r s (1 , & co l o rRende rbu f f e r ) ;

210 co l o rRende rbu f f e r = 0 ;
}
i f ( attachmentRenderbuf fer ) {

g lDe l e t eRende rbu f f e r s (1 , & attachmentRenderbuf fer ) ;
attachmentRenderbuf fer = 0 ;

215 }
i f ( msaaRenderbuffer ) {

g lDe l e t eRende rbu f f e r s (1 , & msaaRenderbuffer ) ;
msaaRenderbuffer = 0 ;

}
220 i f ( msaaFramebuffer ) {

g lDe l e t eFramebuf f e r s (1 , & msaaFramebuffer ) ;
msaaFramebuffer = 0 ;

}
}

225

− ( void ) prepareRender {
[ EAGLContext setCurrentContext : s e l f . context ] ;
i f ( mult i sampl ing ) {

glBindFramebuffer (GL FRAMEBUFFER, msaaFramebuffer ) ;
230 g lBindRenderbuf fer (GL RENDERBUFFER, msaaRenderbuffer ) ;

} e l s e {
glBindFramebuffer (GL FRAMEBUFFER, de fau l tFramebu f f e r ) ;
g lBindRenderbuf fer (GL RENDERBUFFER, co l o rRende rbu f f e r ) ;

}
235 CHECKGL ERROR() ;

}

− ( void ) f in i shRender {
i f ( mult i sampl ing ) {

240 glBindFramebuffer (GL READ FRAMEBUFFER APPLE, msaaFramebuffer ) ;
g lBindFramebuffer (GLDRAWFRAMEBUFFERAPPLE, de fau l tFramebu f f e r ) ;
glResolveMultisampleFramebufferAPPLE ( ) ;

}

245 s t a t i c bool checked GL EXT discard framebuffer = f a l s e ;
s t a t i c bool has GL EXT discard framebuffer = f a l s e ;
i f ( ! checked GL EXT discard framebuffer ) {

checked GL EXT discard framebuffer = true ;
i f ( g l fmExtensionSupported (” GL EXT discard framebuffer ”) ) {

250 has GL EXT discard framebuffer = true ;
}

}
i f ( has GL EXT discard framebuffer ) {

GLenum ta rg e t = GLFRAMEBUFFER;
255 GLenum attachments [ 3 ] ;

GLs ize i numAttachments = 0 ;
i f ( mult i sampl ing ) {

t a r g e t = GL READ FRAMEBUFFER APPLE;
attachments [ numAttachments++] = GLCOLORATTACHMENT0;

260 }
i f ( depthBi t s > 0) {

attachments [ numAttachments++] = GLDEPTHATTACHMENT;
}
i f ( s t e n c i l B i t s > 0) {
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265 attachments [ numAttachments++] = GL STENCIL ATTACHMENT;
}
i f ( numAttachments > 0) {

i f ( mult i sampl ing ) {
glBindFramebuffer (GL FRAMEBUFFER, msaaFramebuffer ) ;

270 } e l s e {
glBindFramebuffer (GL FRAMEBUFFER, de fau l tFramebu f f e r ) ;

}
glDiscardFramebufferEXT ( target , numAttachments , attachments ) ;

}
275 }

g lBindRenderbuf fer (GL RENDERBUFFER, co l o rRende rbu f f e r ) ;
[ s e l f . context pre sentRenderbu f f e r :GLRENDERBUFFER] ;

280 CHECKGL ERROR() ;
}

− ( void ) layoutSubviews {
CGSize s i z e = s e l f . p re f e r r edDrawab leS i ze ;

285 NSUInteger newDrawableWidth = (NSUInteger ) s i z e . width ;
NSUInteger newDrawableHeight = (NSUInteger ) s i z e . he ight ;

i f ( s e l f . drawableWidth != newDrawableWidth | | s e l f . drawableHeight != ⤦

Ç newDrawableHeight ) {
[ s e l f de leteDrawable ] ;

290 [ s e l f createDrawable ] ;
}

}

− (CGSize ) pre f e r r edDrawab leS i ze {
295 NSUInteger newDrawableWidth = (NSUInteger ) ( s e l f . bounds . s i z e . width ∗ s e l f .⤦

Ç contentSca l eFactor ) ;
NSUInteger newDrawableHeight = (NSUInteger ) ( s e l f . bounds . s i z e . he ight ∗ s e l f .⤦

Ç contentSca l eFactor ) ;

// On the iPhone 6 when ”Display Zoom” i s set , the s i z e w i l l be i n c o r r e c t .
i f ( s e l f . contentSca l eFactor == 2.343750) {

300 i f ( newDrawableWidth == 750 && newDrawableHeight == 1331) {
newDrawableHeight = 1334 ;

} e l s e i f ( newDrawableWidth == 1331 && newDrawableHeight == 750) {
newDrawableWidth = 1334 ;

}
305 }

re turn CGSizeMake ( newDrawableWidth , newDrawableHeight ) ;
}

310 @end

#pragma mark − GLFMViewController

@ in t e r f a c e GLFMViewController : UIViewControl ler<UIKeyInput , UITextInputTraits> ⤦
Ç {

315 const void ∗ act iveTouches [MAX SIMULTANEOUS TOUCHES ] ;
}
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@property ( nonatomic , s t rong ) EAGLContext ∗ context ;
@property ( nonatomic , s t rong ) CADisplayLink ∗ d i sp layL ink ;

320 @property ( nonatomic , a s s i gn ) GLFMDisplay ∗ gl fmDisplay ;
@property ( nonatomic , a s s i gn ) CGSize drawableS ize ;
@property ( nonatomic , a s s i gn ) BOOL multipleTouchEnabled ;
@property ( nonatomic , a s s i gn ) BOOL keyboardRequested ;
@property ( nonatomic , a s s i gn ) BOOL keyboardVis ib l e ;

325 @property ( nonatomic , a s s i gn ) BOOL sur f a c eCr ea t edNot i f i e d ;

@end

@implementation GLFMViewController
330

− ( id ) i n i t {
i f ( ( s e l f = [ super i n i t ] ) ) {

[ s e l f c l earTouches ] ;
g l fmDisp lay = c a l l o c (1 , s i z e o f (GLFMDisplay ) ) ;

335 gl fmDisplay −>platformData = ( b r i d g e void ∗) s e l f ;
}
re turn s e l f ;

}

340 − (BOOL) animating {
re turn ( s e l f . d i sp layL ink != n i l ) ;

}

− ( void ) setAnimating : (BOOL) animating {
345 i f ( s e l f . animating != animating ) {

i f ( ! animating ) {
[ s e l f . d i sp layL ink i n v a l i d a t e ] ;
s e l f . d i sp layL ink = n i l ;

} e l s e {
350 s e l f . d i sp layL ink = [ CADisplayLink displayLinkWithTarget : s e l f

s e l e c t o r : @se l e c to r (⤦
Ç render : ) ] ;

[ s e l f . d i sp layL ink addToRunLoop : [ NSRunLoop mainRunLoop ] forMode :⤦
Ç NSRunLoopCommonModes ] ;

}
}

355 }

− (BOOL) pre fer sStatusBarHidden {
re turn gl fmDisplay −>uiChrome != ⤦

Ç GLFMUserInterfaceChromeNavigationAndStatusBar ;
}

360

− (BOOL) prefersHomeIndicatorAutoHidden {
re turn gl fmDisplay −>uiChrome == GLFMUserInterfaceChromeFullscreen ;

}

365 − ( void ) loadView {
GLFMAppDelegate ∗ de l e ga t e = UIAppl icat ion . sharedAppl i ca t ion . d e l e ga t e ;
s e l f . view = [ [GLFMView a l l o c ] initWithFrame : de l e ga t e . window . bounds ] ;
s e l f . view . autores i z ingMask = UIViewAutores iz ingFlexibleWidth | ⤦

Ç UIViewAutores i z ingFlex ib leHe ight ;
s e l f . view . contentSca l eFactor = [ UIScreen mainScreen ] . na t i v eSca l e ;

370 }
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− ( void ) viewDidLoad {
[ super viewDidLoad ] ;

375 GLFMView ∗view = (GLFMView ∗) s e l f . view ;
s e l f . drawableS ize = [ view pre f e r r edDrawab leS i ze ] ;

glfmMain ( g l fmDisp lay ) ;

380 i f ( g l fmDisplay −>preferredAPI >= GLFMRenderingAPIOpenGLES3) {
s e l f . context = [ [ EAGLContext a l l o c ] initWithAPI :⤦

Ç kEAGLRenderingAPIOpenGLES3 ] ;
}
i f ( ! s e l f . context ) {

s e l f . context = [ [ EAGLContext a l l o c ] initWithAPI :⤦
Ç kEAGLRenderingAPIOpenGLES2 ] ;

385 }

i f ( ! s e l f . context ) {
g l fmReportSur faceError ( g l fmDisplay , ” Fa i l ed to c r e a t e ES context ”) ;
r e turn ;

390 }

view . context = s e l f . context ;

#i f TARGET OS IOS
395 view . multipleTouchEnabled = s e l f . multipleTouchEnabled ;

[ s e l f setNeedsStatusBarAppearanceUpdate ] ;
#end i f

400 switch ( g l fmDisplay −>colorFormat ) {
case GLFMColorFormatRGB565 :

view . colorFormat = kEAGLColorFormatRGB565 ;
break ;

case GLFMColorFormatRGBA8888 :
405 de f au l t :

view . colorFormat = kEAGLColorFormatRGBA8 ;
break ;

}

410 switch ( g l fmDisplay −>depthFormat ) {
case GLFMDepthFormatNone :
d e f au l t :

view . depthBits = 0 ;
break ;

415 case GLFMDepthFormat16 :
view . depthBits = 16 ;
break ;

case GLFMDepthFormat24 :
view . depthBits = 24 ;

420 break ;
}

switch ( g l fmDisplay −>s t enc i lFormat ) {
case GLFMStencilFormatNone :

425 de f au l t :
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view . s t e n c i l B i t s = 0 ;
break ;

case GLFMStencilFormat8 :
view . s t e n c i l B i t s = 8 ;

430 break ;
}

view . mult i sampl ing = gl fmDisplay −>multisample != GLFMMultisampleNone ;

435 [ view createDrawable ] ;

i f ( view . drawableWidth > 0 && view . drawableHeight > 0) {
s e l f . drawableS ize = CGSizeMake ( view . drawableWidth , view . drawableHeight ) ;
s e l f . animating = YES;

440 }

#i f TARGET OS IOS
[ NSNot i f i cat ionCenter . de fau l tCente r addObserver : s e l f s e l e c t o r : @se l e c to r (⤦

Ç keyboardFrameChanged : )
name :⤦

Ç UIKeyboardWillChangeFrameNotif ication⤦
Ç

445 ob j e c t : view . window ] ;
#end i f
}

− ( UIInter faceOr ientat ionMask ) suppo r t ed In t e r f a c eOr i en ta t i on s {
450 BOOL i sTab l e t = (UI USER INTERFACE IDIOM() == UIUserInter faceIdiomPad ) ;

GLFMUserInterfaceOrientation u iOr i en t a t i on s = gl fmDisplay −>⤦
Ç a l l owedOr i en ta t i on s ;

i f ( u iOr i en t a t i on s == GLFMUserInterfaceOrientationAny ) {
i f ( i sTab l e t ) {

re turn UIInte r faceOr i entat ionMaskAl l ;
455 } e l s e {

re turn UIInterfaceOrientationMaskAllButUpsideDown ;
}

} e l s e i f ( u iOr i en t a t i on s == GLFMUserInter faceOrientat ionPortra i t ) {
i f ( i sTab l e t ) {

460 re turn ( UIInter faceOr ientat ionMask ) (⤦
Ç UIInte r f aceOr i enta t i onMaskPor t ra i t |

UIInter faceOrientat ionMaskPortra itUpsideDown ) ;
} e l s e {

re turn UI Inte r f aceOr i enta t i onMaskPor t ra i t ;
}

465 } e l s e {
re turn UIInter faceOrientat ionMaskLandscape ;

}
}

470 − ( void ) didReceiveMemoryWarning {
[ super didReceiveMemoryWarning ] ;
i f ( g l fmDisplay −>lowMemoryFunc ) {

gl fmDisplay −>lowMemoryFunc ( g l fmDisp lay ) ;
}

475 }

− ( void ) d e a l l o c {
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[ s e l f setAnimating :NO] ;
i f ( [ EAGLContext currentContext ] == s e l f . context ) {

480 [ EAGLContext setCurrentContext : n i l ] ;
}
i f ( g l fmDisplay −>sur faceDestroyedFunc ) {

gl fmDisplay −>sur faceDestroyedFunc ( g l fmDisp lay ) ;
}

485 f r e e ( g l fmDisp lay ) ;
}

− ( void ) render : ( CADisplayLink ∗) d i sp layL ink {
GLFMView ∗view = (GLFMView ∗) s e l f . view ;

490

i f ( ! s e l f . s u r f a c eCrea t edNot i f i e d ) {
s e l f . s u r f a c eCr ea t edNot i f i e d = YES;

i f ( g l fmDisplay −>sur faceCreatedFunc ) {
495 gl fmDisplay −>sur faceCreatedFunc ( g l fmDisplay , ( i n t ) s e l f .⤦

Ç drawableS ize . width ,
( i n t ) s e l f . drawableS ize . he ight ) ;

}
}

500 CGSize newDrawableSize = CGSizeMake ( view . drawableWidth , view . drawableHeight )⤦
Ç ;

i f ( ! CGSizeEqualToSize ( s e l f . drawableSize , newDrawableSize ) ) {
s e l f . drawableS ize = newDrawableSize ;
i f ( g l fmDisplay −>sur faceRes izedFunc ) {

gl fmDisplay −>sur faceRes izedFunc ( g l fmDisplay , ( i n t ) s e l f .⤦
Ç drawableS ize . width ,

505 ( i n t ) s e l f . drawableS ize . he ight ) ;
}

}

[ view prepareRender ] ;
510 i f ( g l fmDisplay −>mainLoopFunc ) {

gl fmDisplay −>mainLoopFunc ( g l fmDisplay , d i sp layL ink . timestamp ) ;
}
[ view f in i shRender ] ;

}
515

#pragma mark − UIResponder

− ( void ) c learTouches {
f o r ( i n t i = 0 ; i < MAX SIMULTANEOUS TOUCHES; i++) {

520 act iveTouches [ i ] = NULL;
}

}

− ( void ) addTouchEvent : ( UITouch ∗) touch withType : ( GLFMTouchPhase) phase {
525 i n t f i r s tNu l l I n d e x = −1;

i n t index = −1;
f o r ( i n t i = 0 ; i < MAX SIMULTANEOUS TOUCHES; i++) {

i f ( act iveTouches [ i ] == ( b r i d g e const void ∗) touch ) {
index = i ;

530 break ;
} e l s e i f ( f i r s tNu l l I n d e x == −1 && act iveTouches [ i ] == NULL) {
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f i r s tNu l l I n d e x = i ;
}

}
535 i f ( index == −1) {

i f ( f i r s tNu l l I n d e x == −1) {
// Shouldn ’ t happen
return ;

}
540 index = f i r s tNu l l I n d e x ;

act iveTouches [ index ] = ( b r i d g e const void ∗) touch ;
}

i f ( g l fmDisplay −>touchFunc ) {
545 CGPoint cur rLocat ion = [ touch locat ionInView : s e l f . view ] ;

cur rLocat ion . x ∗= s e l f . view . contentSca l eFactor ;
cur rLocat ion . y ∗= s e l f . view . contentSca l eFactor ;

g l fmDisplay −>touchFunc ( g l fmDisplay , index , phase ,
550 ( double ) currLocat ion . x , ( double ) cur rLocat ion . y ) ;

}

i f ( phase == GLFMTouchPhaseEnded | | phase == GLFMTouchPhaseCancelled ) {
act iveTouches [ index ] = NULL;

555 }
}

− ( void ) touchesBegan : ( NSSet ∗) touches withEvent : ( UIEvent ∗) event {
f o r (UITouch ∗ touch in touches ) {

560 [ s e l f addTouchEvent : touch withType : GLFMTouchPhaseBegan ] ;
}

}

− ( void ) touchesMoved : ( NSSet ∗) touches withEvent : ( UIEvent ∗) event {
565 f o r (UITouch ∗ touch in touches ) {

[ s e l f addTouchEvent : touch withType :GLFMTouchPhaseMoved ] ;
}

}

570 − ( void ) touchesEnded : ( NSSet ∗) touches withEvent : ( UIEvent ∗) event {
f o r (UITouch ∗ touch in touches ) {

[ s e l f addTouchEvent : touch withType :GLFMTouchPhaseEnded ] ;
}

}
575

− ( void ) touchesCance l l ed : ( NSSet ∗) touches withEvent : ( UIEvent ∗) event {
f o r (UITouch ∗ touch in touches ) {

[ s e l f addTouchEvent : touch withType : GLFMTouchPhaseCancelled ] ;
}

580 }

#i f TARGET OS TV

− (BOOL) handlePress : ( UIPress ∗) p r e s s withAction : ( GLFMKeyAction) ac t i on {
585 i f ( g l fmDisplay −>keyFunc ) {

GLFMKey key = (GLFMKey) 0 ;
switch ( p r e s s . type ) {

case UIPressTypeUpArrow :
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key = GLFMKeyUp;
590 break ;

case UIPressTypeDownArrow :
key = GLFMKeyDown;
break ;

case UIPressTypeLeftArrow :
595 key = GLFMKeyLeft ;

break ;
case UIPressTypeRightArrow :

key = GLFMKeyRight ;
break ;

600 case UIPressTypeSelect :
key = GLFMKeyNavSelect ;
break ;

case UIPressTypeMenu :
key = GLFMKeyNavMenu;

605 break ;
case UIPressTypePlayPause :

key = GLFMKeyPlayPause ;
break ;

}
610 i f ( key != 0) {

re turn gl fmDisplay −>keyFunc ( g l fmDisplay , key , act ion , 0) ;
} e l s e {

re turn NO;
}

615 } e l s e {
re turn NO;

}
}

620 − ( void ) pressesBegan : ( NSSet<UIPress ∗> ∗) p r e s s e s withEvent : ( UIPressesEvent ∗)⤦
Ç event {
BOOL handled = YES;
f o r ( UIPress ∗ pre s s in p r e s s e s ) {

handled &= [ s e l f handlePress : p r e s s withAction : GLFMKeyActionPressed ] ;
}

625 i f ( ! handled ) {
[ super pressesBegan : p r e s s e s withEvent : event ] ;

}
}

630 − ( void ) pressesChanged : ( NSSet<UIPress ∗> ∗) p r e s s e s withEvent : ( UIPressesEvent ∗)⤦
Ç event {
[ super pressesChanged : p r e s s e s withEvent : event ] ;

}

− ( void ) pressesEnded : ( NSSet<UIPress ∗> ∗) p r e s s e s withEvent : ( UIPressesEvent ∗)⤦
Ç event {

635 BOOL handled = YES;
f o r ( UIPress ∗ pre s s in p r e s s e s ) {

handled &= [ s e l f handlePress : p r e s s withAction : GLFMKeyActionReleased ] ;
}
i f ( ! handled ) {

640 [ super pressesEnded : p r e s s e s withEvent : event ] ;
}

}
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− ( void ) p r e s s e sCance l l ed : ( NSSet<UIPress ∗> ∗) p r e s s e s withEvent : ( UIPressesEvent ⤦
Ç ∗) event {

645 [ super p r e s s e sCance l l ed : p r e s s e s withEvent : event ] ;
}

#end i f

650 #pragma mark − UIKeyInput

#i f TARGET OS IOS

− ( void ) keyboardFrameChanged : ( NSNot i f i ca t i on ∗) n o t i f i c a t i o n {
655 id va lue = n o t i f i c a t i o n . u s e r I n f o [ UIKeyboardFrameEndUserInfoKey ] ;

i f ( [ va lue isKindOfClass : [ NSValue c l a s s ] ] ) {
NSValue ∗nsValue = value ;
CGRect keyboardFrame = [ nsValue CGRectValue ] ;

660 s e l f . keyboardVis ib l e = CGRectIntersectsRect ( s e l f . view . window . frame , ⤦
Ç keyboardFrame ) ;

i f ( g l fmDisplay −>keyboardVis ib i l i tyChangedFunc ) {
// Convert to view coo rd ina t e s
keyboardFrame = [ s e l f . view convertRect : keyboardFrame fromView : n i l ] ;

665

// Convert to p i x e l s
keyboardFrame . o r i g i n . x ∗= s e l f . view . contentSca l eFactor ;
keyboardFrame . o r i g i n . y ∗= s e l f . view . contentSca l eFactor ;
keyboardFrame . s i z e . width ∗= s e l f . view . contentSca l eFactor ;

670 keyboardFrame . s i z e . he ight ∗= s e l f . view . contentSca l eFactor ;

g l fmDisplay −>keyboardVis ib i l i tyChangedFunc ( g l fmDisplay , s e l f .⤦
Ç keyboardVis ib le ,

keyboardFrame . o r i g i n . x ,
keyboardFrame . o r i g i n . y ,

675 keyboardFrame . s i z e . width⤦
Ç ,

keyboardFrame . s i z e .⤦
Ç he ight ) ;

}
}

}
680

#end i f

// UITextInputTraits − d i s ab l e sugge s t i on bar
− ( UITextAutocorrectionType ) autocorrect ionType {

685 re turn UITextAutocorrectionTypeNo ;
}

− (BOOL) hasText {
re turn YES;

690 }

− ( void ) in s e r tText : ( NSString ∗) t ex t {
i f ( g l fmDisplay −>charFunc ) {

gl fmDisplay −>charFunc ( g l fmDisplay , t ex t . UTF8String , 0) ;

134



graphgrow-android src/glfm platform ios.m

695 }
}

− ( void ) deleteBackward {
i f ( g l fmDisplay −>keyFunc ) {

700 gl fmDisplay −>keyFunc ( g l fmDisplay , GLFMKeyBackspace , ⤦
Ç GLFMKeyActionPressed , 0) ;

g l fmDisplay −>keyFunc ( g l fmDisplay , GLFMKeyBackspace , ⤦
Ç GLFMKeyActionReleased , 0) ;

}
}

705 − (BOOL) canBecomeFirstResponder {
re turn s e l f . keyboardRequested ;

}

− (NSArray ∗)keyCommands {
710 s t a t i c NSArray ∗keyCommands = NULL;

i f ( ! keyCommands) {
keyCommands = @[ [UIKeyCommand keyCommandWithInput : UIKeyInputUpArrow

mod i f i e rF l ag s : ( UIKeyModif ierFlags ) 0
ac t i on : @se l e c to r ( keyPressed⤦

Ç : ) ] ,
715 [UIKeyCommand keyCommandWithInput : UIKeyInputDownArrow

mod i f i e rF l ag s : ( UIKeyModif ierFlags ) 0
ac t i on : @se l e c to r ( keyPressed⤦

Ç : ) ] ,
[UIKeyCommand keyCommandWithInput : UIKeyInputLeftArrow

mod i f i e rF l ag s : ( UIKeyModif ierFlags ) 0
720 ac t i on : @se l e c to r ( keyPressed⤦

Ç : ) ] ,
[UIKeyCommand keyCommandWithInput : UIKeyInputRightArrow

mod i f i e rF l ag s : ( UIKeyModif ierFlags ) 0
ac t i on : @se l e c to r ( keyPressed⤦

Ç : ) ] ,
[UIKeyCommand keyCommandWithInput : UIKeyInputEscape

725 mod i f i e rF l ag s : ( UIKeyModif ierFlags ) 0
ac t i on : @se l e c to r ( keyPressed⤦

Ç : ) ] ] ;
} ;

r e turn keyCommands ;
730 }

− ( void ) keyPressed : (UIKeyCommand ∗)keyCommand {
i f ( g l fmDisplay −>keyFunc ) {

NSString ∗key = [ keyCommand input ] ;
735 GLFMKey keyCode = (GLFMKey) 0 ;

i f ( key == UIKeyInputUpArrow ) {
keyCode = GLFMKeyUp;

} e l s e i f ( key == UIKeyInputDownArrow) {
keyCode = GLFMKeyDown;

740 } e l s e i f ( key == UIKeyInputLeftArrow ) {
keyCode = GLFMKeyLeft ;

} e l s e i f ( key == UIKeyInputRightArrow ) {
keyCode = GLFMKeyRight ;

} e l s e i f ( key == UIKeyInputEscape ) {

135



graphgrow-android src/glfm platform ios.m

745 keyCode = GLFMKeyEscape ;
}

i f ( keyCode != 0) {
gl fmDisplay −>keyFunc ( g l fmDisplay , keyCode , GLFMKeyActionPressed , ⤦
Ç 0) ;

750 gl fmDisplay −>keyFunc ( g l fmDisplay , keyCode , GLFMKeyActionReleased , ⤦
Ç 0) ;

}
}

}

755 @end

#pragma mark − Appl i ca t ion Delegate

@implementation GLFMAppDelegate
760

− (BOOL) app l i c a t i o n : ( UIAppl icat ion ∗) app l i c a t i o n
didFinishLaunchingWithOptions : ( NSDictionary ∗) launchOptions {
a c t i v e = YES;
s e l f . window = [ [ UIWindow a l l o c ] i n i t ] ;

765 i f ( s e l f . window . bounds . s i z e . width <= 0.0 | | s e l f . window . bounds . s i z e . he ight ⤦
Ç <= 0 . 0 ) {
// Set UIWindow frame f o r iOS 8 .
// On iOS 9 , the UIWindow frame may be d i f f e r e n t than the UIScreen ⤦

Ç bounds f o r iPad ’ s
// Sp l i t View or S l i d e Over .
s e l f . window . frame = [ [ UIScreen mainScreen ] bounds ] ;

770 }
s e l f . window . rootViewContro l l e r = [ [ GLFMViewController a l l o c ] i n i t ] ;
[ s e l f . window makeKeyAndVisible ] ;
r e turn YES;

}
775

− ( void ) s e tAct i ve : (BOOL) a c t i v e {
i f ( a c t i v e != ac t i v e ) {

a c t i v e = ac t i v e ;

780 GLFMViewController ∗vc = (GLFMViewController ∗) [ s e l f . window ⤦

Ç rootViewContro l l e r ] ;
[ vc c learTouches ] ;
vc . animating = ac t i v e ;
i f ( vc . g l fmDisplay && vc . gl fmDisplay−>focusFunc ) {

vc . gl fmDisplay−>focusFunc ( vc . gl fmDisplay , a c t i v e ) ;
785 }

}
}

− ( void ) app l i c a t i onWi l lRe s i gnAct iv e : ( UIAppl icat ion ∗) app l i c a t i o n {
790 s e l f . a c t i v e = NO;

}

− ( void ) appl icat ionDidEnterBackground : ( UIAppl icat ion ∗) app l i c a t i o n {
s e l f . a c t i v e = NO;

795 }
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− ( void ) app l i cat ionWi l lEnterForeground : ( UIAppl icat ion ∗) app l i c a t i o n {
s e l f . a c t i v e = YES;

}
800

− ( void ) appl icat ionDidBecomeActive : ( UIAppl icat ion ∗) app l i c a t i o n {
s e l f . a c t i v e = YES;

}

805 − ( void ) app l i ca t ionWi l lTerminate : ( UIAppl icat ion ∗) app l i c a t i o n {
s e l f . a c t i v e = NO;

}

@end
810

#pragma mark − Main

i n t main ( i n t argc , char ∗argv [ ] ) {
@autore l easepoo l {

815 re turn UIApplicationMain (0 , NULL, n i l , NSStringFromClass ( [⤦
Ç GLFMAppDelegate c l a s s ] ) ) ;

}
}

#pragma mark − GLFM implementation
820

GLFMProc glfmGetProcAddress ( const char ∗ functionName ) {
s t a t i c void ∗handle = NULL;
i f ( ! handle ) {

handle = dlopen (NULL, RTLD LAZY) ;
825 }

re turn handle ? (GLFMProc) dlsym ( handle , functionName ) : NULL;
}

void g l fmSe tUse r In t e r f a c eOr i en ta t i on (GLFMDisplay ∗ di sp lay ,
830 GLFMUserInterfaceOrientation ⤦

Ç a l l owedOr i en ta t i on s ) {
i f ( d i sp l ay ) {

i f ( d i sp lay −>a l l owedOr i en ta t i on s != a l l owedOr i en ta t i on s ) {
di sp lay −>a l l owedOr i en ta t i on s = a l l owedOr i en ta t i on s ;

835 // HACK: Not i fy that the value o f suppo r t ed In t e r f a c eOr i en t a t i on s has⤦
Ç changed

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

i f ( vc . view . window) {
UIViewControl ler ∗dummyVC = [ [ UIViewControl ler a l l o c ] i n i t ] ;
dummyVC. view = [ [ UIView a l l o c ] i n i t ] ;

840 [ vc pre sentViewContro l l e r :dummyVC animated :NO complet ion :ˆ{
[ vc dismissViewControl lerAnimated :NO complet ion :NULL ] ;

} ] ;
}

}
845 }

}

void g l fmGetDisp laySize (GLFMDisplay ∗ di sp lay , i n t ∗width , i n t ∗ he ight ) {
i f ( d i sp l ay && disp lay −>platformData ) {
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850 GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

∗width = ( i n t ) vc . drawableS ize . width ;
∗ he ight = ( i n t ) vc . drawableS ize . he ight ;

} e l s e {
∗width = 0 ;

855 ∗ he ight = 0 ;
}

}

double g l fmGetDisp laySca le (GLFMDisplay ∗ d i sp l ay ) {
860 i f ( d i sp l ay && disp lay −>platformData ) {

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

re turn vc . view . contentSca l eFactor ;
} e l s e {

re turn [ UIScreen mainScreen ] . s c a l e ;
865 }

}

void glfmGetDisplayChromeInsets (GLFMDisplay ∗ di sp lay , double ∗ top , double ∗ r i ght⤦
Ç , double ∗bottom ,

double ∗ l e f t ) {
870 i f ( d i sp l ay && disp lay −>platformData ) {

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

i f ( @ava i lab l e ( iOS 11 , tvOS 11 , ∗) ) {
UIEdgeInsets i n s e t s = vc . view . s a f eAr ea In s e t s ;
∗ top = i n s e t s . top ∗ vc . view . contentSca l eFactor ;

875 ∗ r i g h t = i n s e t s . r i g h t ∗ vc . view . contentSca l eFactor ;
∗bottom = i n s e t s . bottom ∗ vc . view . contentSca l eFactor ;
∗ l e f t = i n s e t s . l e f t ∗ vc . view . contentSca l eFactor ;

} e l s e {
#i f TARGET OS IOS

880 i f ( ! [ vc pre fer sStatusBarHidden ] ) {
∗ top = ( [ UIAppl icat ion sharedAppl i ca t ion ] . statusBarFrame . s i z e .⤦

Ç he ight ∗
vc . view . contentSca l eFactor ) ;

} e l s e {
∗ top = 0 . 0 ;

885 }
#e l s e

∗ top = 0 . 0 ;
#end i f

∗ r i g h t = 0 . 0 ;
890 ∗bottom = 0 . 0 ;

∗ l e f t = 0 . 0 ;
}

} e l s e {
∗ top = 0 . 0 ;

895 ∗ r i g h t = 0 . 0 ;
∗bottom = 0 . 0 ;
∗ l e f t = 0 . 0 ;

}
}

900

void glfmDisplayChromeUpdated (GLFMDisplay ∗ d i sp l ay ) {
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i f ( d i sp l ay && disp lay −>platformData ) {
#i f TARGET OS IOS

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

905 [ vc setNeedsStatusBarAppearanceUpdate ] ;
i f ( @ava i lab l e ( iOS 11 , ∗) ) {

[ vc setNeedsUpdateOfHomeIndicatorAutoHidden ] ;
}

#end i f
910 }

}

GLFMRenderingAPI glfmGetRenderingAPI (GLFMDisplay ∗ d i sp l ay ) {
i f ( d i sp l ay && disp lay −>platformData ) {

915 GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

i f ( vc . context .API == kEAGLRenderingAPIOpenGLES3) {
re turn GLFMRenderingAPIOpenGLES3 ;

} e l s e {
re turn GLFMRenderingAPIOpenGLES2 ;

920 }
} e l s e {

re turn GLFMRenderingAPIOpenGLES2 ;
}

}
925

bool glfmHasTouch (GLFMDisplay ∗ d i sp l ay ) {
re turn true ;

}

930 void glfmSetMouseCursor (GLFMDisplay ∗ di sp lay , GLFMMouseCursor mouseCursor ) {
// Do nothing

}

void gl fmSetMult itouchEnabled (GLFMDisplay ∗ di sp lay , bool mult itouchEnabled ) {
935 i f ( d i sp l ay ) {

#i f TARGET OS IOS
GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦

Ç platformData ;
vc . multipleTouchEnabled = (BOOL) multitouchEnabled ;
i f ( vc . isViewLoaded ) {

940 vc . view . multipleTouchEnabled = (BOOL) multitouchEnabled ;
}

#end i f
}

}
945

bool glfmGetMultitouchEnabled (GLFMDisplay ∗ d i sp l ay ) {
i f ( d i sp l ay ) {

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

re turn vc . multipleTouchEnabled ;
950 } e l s e {

re turn f a l s e ;
}

}
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955 void g l fmSetKeyboardVis ib le (GLFMDisplay ∗ di sp lay , bool v i s i b l e ) {
i f ( d i sp l ay ) {

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

vc . keyboardRequested = v i s i b l e ;
i f ( v i s i b l e ) {

960 [ vc becomeFirstResponder ] ;
} e l s e {

[ vc r e s i gnF i r s tResponder ] ;
}

}
965 }

bool g l fmIsKeyboardVis ib l e (GLFMDisplay ∗ d i sp l ay ) {
i f ( d i sp l ay ) {

GLFMViewController ∗vc = ( b r i d g e GLFMViewController ∗) d i sp lay −>⤦
Ç platformData ;

970 re turn vc . keyboardRequested ;
} e l s e {

re turn f a l s e ;
}

}
975

#end i f
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