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&�@�$�@3/40'F
,+&�(-.3/40-C-85GHD2&�@3$�@3/40-:<(*0'.3$�85&�0'=?/40'>JIK:�('0'.3$�85&�0'=?8�0-&�0'A794850'/4@3,H:�8�"5A�L
M =N850')H$�%*AO$�A�.3%'0'85P4('A�=?>�A�=N.3@38�91A�>Q850-$�%'85=R=NA�.3$�85&�0'F4,+&�(-.3/40-('=NA
D
&�@3$�@3/40-:�&�@S.3&�C-T�('$�/4$�8�&�0*F4/40'>JUO@385$�AOD
&�@�$�@3/40'V�.3/4"5"�/491"�A7IK:<(*0'.3$�85&�0'=
$�%'/1$2('=NAW6O"58�9;$�&7%'/40'>�"5A7$�%*AO)+@3/4T�%*8�.3=+LYXZ85C-8�"5/4@[8�0'$�A�@3:�/4.3A�=R.3/40-94A
(*=NA�>Q:�&�@[&�$�%*A�@S"5/40')+(*/4)+A�=NF4=N('.3%-/4=?\2/4=N.3/4"]/40'>7!^>_/ZL
` %'A7:<&�"5"5&�UO850')H>�8�:�:�A�@3A�0'.3A�=R94A�$�U7A�A�0-D2&�@3$�@�/10a/10'>JIKCa(*=N$294A
.3&�0'=N85>�A�@3A�>cb

•
!dD2&�@3$�@3/40-@�A�=N$�@385.�$�85&�0-@3A�P4('85@�A�=?$�%'/4$2$�%'A7=N('94@3&�('$�850'A7&�@S:�('0'.3$�8�&�0
0'/4C-A794AO850-('T�T�A�@3.3/4=NA7"�A�$�$�A�@3=RU7%'A�0-D2&�@3$�@3/40-=N('94@3&�('$�850'A�=R/1@�A
.3/4"�"5A�>J:<@3&�CEI[F4/40'>Je+85.�A7e+A�@3=N/ZL

•
` %'A7D2&�@3$�@3/40-.3/4"�"5850')H=NA�P4('A�0'.3A78�=?.3/4"5"�V�94,+V�/4>�>�@3A�=N=NF4/40'>J$�%'A7I
.3/4"�"5850')H=NA�P4('A�0'.3A78�=?.3/4"5"�V�94,+V�e+/4"5('A�L ` %'A�@3A�:�&�@3A�F4/40',HT�/4@3/4C-A�$�A�@3=
$�%*/4$2/4@3AOT_/4=N=NA�>Q:�@3&�CEIK$�&7D2&�@3$�@3/40-&�@S:<@3&�CED
&�@3$�@3/40-$�&OIKC-('=N$
94AOT�&�850'$�A�@3=+L

•
D2&�@3$�@3/40a/10'>JIf%*/40'>�"5AO.3%'/1@�/1.�$�A�@[=N$�@3850')+=?>�8�:�:�A�@�A�0*$�"5,�L

D
8�)g('@3AOh4F1T�/4)+A7h4i4F4=N%'&�U7=R$�%'A7/4@3.3%'85$�A�.3$�('@3A7&�:'/;.3"�85A�0'$
$�%*/4$2('=NA�=
91&�$�%-D2&�@3$�@3/40-/40'>JI^LYjk$2.3&�0'=N85=N$�=?&�:'/;Ca/18�0-T�@3&�)+@3/4CE$�%'/4$
850'$�A�@3:�/4.3A�=RU785$�%l:<('0*.3$�85&�0'=?/40'>m=�(*94@3&�('$�8�0*A�=nL
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Xlib D

C function C

Fortran subroutine B

C main program A

D285)+('@3AOhZL¡!^@3.3%'85$�A�.3$�(*@�A7&�:'IK/40'>JD2&�@3$�@3/40-.�"585A�0'$

` %'AOC-/4850-T�@3&�)+@�/1CaF4@3A�T�@3A�=NA�0'$�A�>J94,H94&�GR!#F4T�A�@3:<&�@3C-=?$�/4=N¢]=R=N('.3%-/4=
850'85$�85/4"585£¤/1$�85&�0'F4&�T�A�0*8�0')H$�%'AO>�85=NT�"5/4,¥F4.3@3A�/4$�850')BU7850'>�&�U7=NF4.�@3A�/4$�850')
.3&�C-C-/40'>J94('$�$�&�0'=NF4/40'>J=N&O&�0¡L¦jk:'$�%'A7Ca/18�0-T�@3&�)+@3/4CE85=?UO@385$�$�A�0
('=N850')H&�0'"5,?6O"58�94F18�$
.3&�0'$�/4850'=R85$�=R&�U70-A�e+A�0'$�V�%'/40'>�"5850')H"�&�&�Tc§¨8�:*8�$
('=NA�=
$�%'A7js0*$�@3850'=N85.3=R$�&�&�"�¢]8�$�F485$2.3&�0'$�/4850'=R/;.3/4"5"�$�&

XtMainLoop
L¡©2&�(-.3/40

.3/4"5"�$�%'AOD
&�@3$�@3/40-=N('91@�&�(*$�850'A7@3A�T�@3A�=�A�0*$�A�>J94,H94&�GHªK:<@3&�CE$�%'A7C-/48�0
T�@3&�)+@3/4C-« =?A�e+A�0'$2"5&�&�TJ8�:+67"58�9;85=R94A�850')H('=NA�>c§�85$2.3/40-94A7.3/4"5"�A�>J94,H/
¬3­�®�®<¯1­�¬3°¦±c²3³�¬3´3µ·¶+²3´¦¸ /;@3&�('$�850'AO.3/4"5"5A�>JUO%'A�0-/;94(*$�$�&�0-85=RT�@3A�=N=NA�>�¹*8�:
$�%'A7js0*$�@3850'=N85.3=R$�&�&�"�¢]8�$
8�=?94A�850')B(*=NA�>cL ` &O>�&7)+@�/1T�%'85.S&�('$�T�('$�F4$�%'A
D
&�@�$�@3/40-=N('94@3&�('$�850'A7.3/4"�"5=?/ºIK:�('0*.�$�85&�0 ¸ 94&�GHI[¹'$�&O)+A�0*A�@3/4$�A7$�%'A
/4T�T_@�&�T_@�85/4$�Az67"58�9;.3/4"5"�=+L¡6O"58�9 ¸ 94&�GB»7¹')+A�0'A�@3/4$�A�=?$�%*AOT�@3&�$�&�.3&�"
@3A�P4('A�=N$�=+L
` &78�"5"5('=N$�@�/1$�A7$�%'A�=NAO$�A�.3%'0'85P4(*A�=�F1$�%*AO@3A�C-/4850'>�A�@S&�:*$�%*8�=?=NA�.3$�85&�0
.3&�0'$�/4850'=?A�G+/4C-T�"�A�=?&�:'.3&�>�A�L¡©2&�(-.�/10a:�850'>J.�&�C-T�"5A�$�AO"585=N$�850')+=?&�:'$�%'A
C-/4850aT�@3&�)+@3/4C ¸ mandelf¹'850-¼�I[&�C-T�"�A�$�A xmandelf XZ&�(*@�.3A7IS&�>�A�F¾½T�/4)gAOh4¿ZL
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` %'A7:<&�"5"�&�U7850')BA�Gg/4C-T�"�A7=N%'&�U7=RIK.3/4"5"�850')HD2&�@3$�@3/40a/10'>QD
&�@3$�@3/40
.3/4"5"58�0*)BI#L ` %'AOC-/4850-T�@3&�)+@3/4CE('=NA�=?$�%'AOjk0'$�@3850'=N8�.3=?$�&�&�"5¢�85$ ¸ Xt¹�F/10'>J>�A�.�"5/4@3A�=?/ ¬3­�®�®�¯4­�¬3°ºÀt­�¯4®�´?¸ /;=NA�$2&�:'.3/4"5"594/4.3¢�T�@3&�.3A�>�('@3A�=N¹sL

void mandel ();
XtCallbackRec mandel_callbacks[] = {

{ mandel, NULL },
{ NULL, NULL },

},

` %'AOC-/4850-T�@3&�)+@3/4CE/4"5=N&OT�@3&�e+85>�A�=?T�/4.3¢�/4)+850')H:<&�@S$�%'A7@3A�=N$2&�:'$�%'A
.3&�>�A794,BT�A�@3:�&�@3Ca850')H$�&�&�"5¢�85$2850'85$�85/4"58�£�/1$�85&�0'F4.3@3A�/4$�8�0*)BU78�>�)+A�$�=R=N(*.�%
/1=R.3&�C-C-/40'>J94('$�$�&�0'=NF4/40'>J850'e+&�¢�850')

Xt
« =?Ca/18�0-"5&�&�T�F4/4=?:�&�"�"5&�UO=+b

main(argc,argv)
{

Widget toplevel, mandelbutton;
Arg argies[10];
toplevel = XtInitialize(”Anyname”, ”Anyname”, NULL, 0, &argc, argv);
 –
 –
 –
XtSetArg( argies[i], XtNcallback, (XtArgVal) mandel_callbacks); i++;
mandelbutton = XtCreateManagedWidget(”mandel”, commandWidgetClass,

form, argies, i);
 –
 –
 –
XtRealizeWidget(toplevel);
XtMainLoop();

}

` %'A7.�/1"�"594/4.3¢�$�/194"�A7@3A�:<A�@3@3A�>J$�&O850a$�%'A7T�@3A�e+85&�('=RA�G+/4C-T�"5A78�=?/º=NA�$
&�:
IK"5/40')g('/4)+A7@�&�(*$�850'A�=?$�%'/4$2U78�"5"�91AO.3/4"5"�A�>JU7%'A�0-/º.3A�@3$�/4850-.�&�C-C-/40'>
91('$�$�&�0-0'/4C-A�>

mandel
85=RT_@�A�=N=NA�>cL ` %'AO:�&�"5"�&�U7850')B@3&�(*$�850'A�F4/1"�=N&

.3/4"5"5A�>
mandel

F4%'/40'>_"�A�=?$�%'AO.3/4"5"594/4.3¢�/40'>J=NA�$�=?('TJ$�&O.3/4"5"�$�%'A
D
&�@3$�@3/40-=N('91@�&�(*$�850'A

GENERATE
F4U7%'85.3%->�&�A�=R$�%'A7/4.3$�('/4"

.3/4"5.3('"5/4$�8�&�0*=+L

` %'85=
mandel

@3&�('$�850'A7C-8�)+%'$
94A78�0-$�%'A7=N/4C-AO:�8�"5A7/4=R$�%'A7C-/4850
@3&�('$�850'A�L
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ª[A�.�/1('=NA7D2&�@3$�@�/10a85=R/;.3/4"5"5V<94,+V�/4>�>�@3A�=N=?T�@3&�.3A�=�=NF1/4"�"]&�:'$�%'A
T�/4@3/4C-A�$�A�@3=R&�0-$�%'A

GENERATE
=N('94@3&�('$�850'A7.3/4"�"]/4@3AO/1>�>�@3A�=N=NA�=nL

mandel(w, closure, call_data)
Widget w;
caddr_t closure;
caddr_t call_data;

{
 –
 –
 –

GENERATE(&wheight,&y0,&incry,&wwidth,&x0,&incrx,&iter);
}

` %'AO:�&�"5"�&�U78�0*)BA�G+/4C-T�"5A78�=?/40aA�Gg.�A�@3T�$
:<@3&�CE$�%'A7D2&�@3$�@3/40-=N('94@3&�('$�8�0*A
0'/1CaA�>

GENERATE
F4U7%'85.3%-$�%*A

mandel
:<('0*.�$�85&�0-.3/4"�"5A�>cLYÅÆ%'A�0-85$

.3&�C-T�"5A�$�A�=?8�$�=?.3/4"�.3('"5/4$�85&�0'=NF48�$
.3/4"�"5=?/ºIK:�('0'.3$�8�&�0 ¸ .3/4"�"5A�> FPUTI¹'$�&94(*8�"5>J$�%*Az67"�859;)+@3/4T�%'85.3=R@3A�P4(*A�=�$�=+L

subroutine GENERATE(wheight,y0,incry,wwidth,x0,incrx,iter)
–
–
–

call FPUTI(ixlo,iylo,index)
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` %'A7:<&�"5"5&�UO850')H.3&�>�AO85=?$�%*AOIK:�('0'.3$�85&�0
FPUTI

F1UO%'85.3%-Ca(*=N$2.3&�0'e+A�@3$
T_/4@3/4C-A�$�A�@3=R:�@3&�CE$�%'AO:�&�@3CE$�%'/4$2D
&�@3$�@3/40-T�@3&�>�('.3A�=R$�&7$�%*AO:�&�@�CÈ$�%*/4$
$�%'A7.3/4"5"�$�&z67"58�9;@3A�P4('85@3A�= ¸ 850a$�%'85=?.3/4=NA�F4$�%'A XPutImage .3/4"5"�¹kb

FPUTI(pix,piy,index)
int *pix,*piy;
int index[64*64];
{

–
–
–
XPutImage(draw_d,draw_win,draw_gc,xip,0,0,*pix,*piy,VSIZE,VSIZE);

}


