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        	It is 
        difficult to include trees and coyotes in a bibliography.

        —Georgia Johnson
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        	In the preceding 
        hour, we finished our discussion of Tk graphics and covered the geometry 
        managers available in Tkinter. In this hour, we apply everything we've 
        learned in the previous six hours to build a complete application that 
        allows the calculation and display of Mandelbrot sets and associated 
        Julia sets.
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        	In 1985, the 
        August Scientific American arrived; many of the engineers where I 
        worked came in the next morning with some simple Mandelbrot programs, 
        and by the end of the week nearly everyone had her own program. By 
        Monday, there was a noticeable sluggishness when trying to get any real 
        work done on any of the seven company computers (two Vaxen and five 
        Goulds), caused by the number of Mandelbrot calculations running 
        simultaneously.
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        	This scenario 
        was probably repeated all over the country, although I think our site 
        had a larger proportion of engineers than most others. At the time, the 
        best graphics machine I could get my hands on was an Intelecolor 
        terminal, restricted to downloading at 9600 baud. Even though it took 
        only five minutes to compute a Mandelbrot on our fastest machine (a 
        now-extinct Gould NP1), it could take hours to download the resulting 
        graphic to the display. It was agonizing, and the tube had only eight 
        colors, anyway. I tried to get the company to spring for an Ethernet 
        card for my terminal, but my boss said ''No way! I know what you want it 
        for!" And I could hardly argue with him.
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        	I suspect that 
        for the first few months after the appearance of that Scientific 
        American issue, 90% to 95% of our national computing capability was 
        dedicated to the production of Mandelbrot Set graphics. Now you, too, 
        although belatedly, can contribute.
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        	If you compute 
        Mandelbrots in C nowadays, they get done really quickly. Chances are 
        that the machine you're using to learn Python on is at least three times 
        as fast as the Gould NP1 we were using. Several friends and I managed to 
        reconstruct the clock speed of the NP1 as 33MHz; in 1985, this was a 
        very fast machine, built with ECL logic and four processors. One of the 
        machines I'm writing this book on is a 400MHz single-processor system, 
        and another system is a dual-processor 266. In 1985, the only possible 
        language to write Mandelbrot calculators in was C, because anything else 
        would have been blindingly slow. The program you're going to see here, 
        however, is written entirely in Python and Tkinter, so you should be 
        prepared for slow execution times, at least by today's standards. Even 
        though all the computation is done in Python and not a C extension, I 
        can still compute and display a graphic from the set in five minutes or 
        less. After you understand what's going on, you can search out faster 
        implementations; at least one quite rapid Python version is out there, 
        but it uses the Numeric extension (NumPy, available at 
        
        
        http://numpy.sourceforge.net/) 
        to Python, and the wxPython windowing GUI for Windows (available at
        
        
        
        http://alldunn.com/wxPython/), 
        both of which are far beyond the scope of this book.
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        	I'm sure you've 
        all seen pictures of the Mandelbrot set, but just in case, see Figure 
        23.1.
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        	This is an image 
        of the whole set. Pixels colored black are members of the set; 
        everything else is a nonmember. In a recent documentary on the 
        Mandelbrot set, hosted by Arthur C. Clarke and featuring Benoit 
        Mandelbrot (who discovered the set in 1980). Dr. Clarke explained that 
        the Mandelbrot set was larger than the universe. Or at least, that was 
        his conjecture. He checked with Stephen Hawking, just to make sure. Dr. 
        Hawking agreed, citing the lower limit on the size of physical things, 
        the Planck Length (1.616´10-33 
        cm). Smaller by far than a quark, this dimension is one of the 
        fundamental constants of our universe. Nothing tinier can possibly 
        exist. But there are no such limits when we are dealing with a 
        mathematical model such as the Mandelbrot set; the only
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        	limits are the 
        floating-point capabilities of your computer—which are severe, by the 
        way. You really need unlimited precision to do really good 'brots, but 
        then, who's got that? Not even Python, or at least not yet.
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        Figure 23.1

        The Mandelbrot set.
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        	The math for 
        calculating the set is extremely simple. The basic formula is
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        	Certain 
        assumptions are left out of the equation. Both 
        z 
        and 
        c 
        are complex numbers, and the formula neglects to mention that it is 
        applied to every pixel in a field representing a portion of the complex 
        plane. For the Mandelbrot set, the portion of that plane that is of 
        interest stretches from 
        -2.0 
        to 
        2.0 
        in the 
        x 
        dimension, and from 
        -2.0 
        to 
        2.0 
        in the 
        y 
        dimension (-2.0 
        is at the upper left). To clarify, remember from our earlier discussion 
        of complex numbers that they are composed of a real and an imaginary 
        part. The complex plane treats the 
        x 
        coordinate as the real part of a complex number, and the 
        y 
        coordinate as the imaginary part. Therefore, any single point on the 
        complex plane expresses a complex number; this is 
        c 
        in the preceding formula. You can create the complex number 
        c 
        easily in Python by using 
        c=complex(x,y). 
        In Figure 23.2, you see a diagram showing the important part of the 
        complex plane.
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        	As with any 
        dimension, the 
        x 
        and 
        y 
        dimensions here contain an infinite number of points. Because we are 
        going to display our results on a computer screen, we don't have to 
        calculate the infinite number of points in the plane that is the result 
        of multiplying infinity 
        x 
        times infinity 
        y, 
        but can confine our calculation to the number of visible pixels in any 
        given section of the plane. For the program used in this chapter, the 
        view port I've chosen is 400´400 
        pixels. Therefore, although an infinite number of points are on each 
        dimension, we are looking at only 400 of those points in each dimension: 
        this is known
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        	as the 
        resolution of the axis we are looking at. For the program in this 
        chapter, then, I'm using an 
        x 
        resolution of 400 and a 
        y 
        resolution also of 400. But that still means that the area we cover is 
        160,000 pixels—a not insubstantial number.
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        Figure 23.2

        The complex plane.
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        	That number 
        increases when we know what we are calculating. We must apply the 
        formula 
        
        z = z2 + c 
        to each pixel. But we don't know what 
        z 
        is, do we? You can view it as a third dimension, if you will, a measure 
        of the distance above the complex plane (as in dimensions 
        x, y, 
        and 
        z). 
        For each pixel, then, we need to decide whether the pixel is a member of 
        the Mandelbrot set, in which case we color the pixel black. If the pixel 
        is not a member of the set,  we need to know how far above the complex 
        plane the pixel is, and color it appropriately. How do we decide if a 
        pixel, or point, is a member of the set? We apply our formula to a 
        particular pixel and watch what happens to its distance from the origin 
        of the plane at (0,0j). 
        Then, we can apply these extremely simple rules.
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        	1. Points that 
        never move far away from the plane are members of the set, and we color 
        them black.
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        	2. Points that 
        move away from the plane toward infinity are not members of the set, and 
        we color them according to the speed at which they move away from the 
        plane.
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        	As you know, it 
        is not a good idea to try to compute ''never" and "infinity," so we draw 
        some arbitrary limits to enable us to label, or color, points. The first 
        limit is the cutoff distance above the complex plane. The size of the
        
        x 
        axis is 
        4.0, 
        the distance from 
        -2.0 
        to 
        2.0, 
        so the 
        z 
        axis, you might think. should be 4.0. Because we don't want to calculate 
        negative distances, however, we confine ourselves to the range 
        0 
        to 
        2.0. 
        The distance above the plane itself is calculated by using our formula
        
        
        z = z2 + c, 
        and then by applying the 
        
        abs() 
        function. Note that 
        
        abs() is a 
        function that accepts numeric arguments of any type, so you don't need 
        to import either the 
        math 
        or the 
        
        cmath 
        modules.
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        	The 
        
        abs() 
        function for ordinary numbers simply removes all signs from the number;
        
        
        abs(-4) 
        returns 4, and 
        
        abs(3. 14159). 
        returns 3.14159. Calculating the absolute value of a complex number is a 
        little more, well, complex. You calculate the squares of the parts and 
        add them, and then take the square root of the result. That is, given a 
        complex number, 
        
        (-0.5,1j) for 
        example, the absolute value is:
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        sqrt((-0.5 * -0.5) + (1 * 1))

        sqrt((0.25) + (1))

        sqrt(1.25)

        1.11803398875
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        	You can run the 
        above lines of code in an interactive Python session; note that none of 
        the numbers shown are actual complex numbers. To use complex numbers, 
        run these lines of code, also in an interactive session:
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        c = -0.5+1j

        abs(c)
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        	You should get 
        the same answer: 1.11803398875. (If you don't, either you're working on 
        a system with out-of-the-ordinary features, such as very large 
        floating-point numbers, or something is seriously wrong with your Python 
        installation.) With conventional languages such as C, which do not have 
        built-in complex numbers, we would have to jump through some hoops to 
        calculate the absolute value, and this would complicate our code. 
        Luckily, we are using Python, so we can apply our formula virtually 
        unchanged, and I won't bother to explain the complications that would 
        have to be used in other languages (I'm trying to get you to use Python, 
        after all!). Here is the algorithm we will use (this is pseudocode, not 
        real Python):
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        for every pixel in the x dimension:

            for every pixel in the y dimension:

                c = complex(x,y)

                for every pixel in the z dimension:

                    if abs(z) > 2.0:

                        break

                    z = (z**2) + c

                color the z pixel black if abs(z) was never true

                else color the z pixel according to the number of iterations

                 before it went above 2.0
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        	Points on the 
        edges of the plane are going to start off already above our 
        2.0 
        limit. Consider 
        
        abs(-2.0+-2.0j), 
        which is 2.82842712475, so the iteration count (how many loops it takes 
        to go above 
        2.0) 
        is going to be zero. The small program in Listing 23.1 lets you observe 
        the behavior of any single point on the complex plane.
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         1  #!/usr/local/bin/python

         2

         3  import sys

         4  import string

         5

         6  c=-0.5+1j

         7  z=0j

         8

         9  if len(sys.argv)>2:

        10      r=string.atof(sys.argv[1])

        11      i=string.atof(sys.argv[2])

        12      c=complex(r,i)

        13

        14  print ''initial value of c", abs(c)

        15  for i in range(64):

        16      print "step",i,"value of z",z,"distance (abs()) of z",abs(z)

        17      if abs(z)>2.0:

        18          break

        19      z = (z**2) + c

        20  print "color z", i
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        	The default 
        values in lines 6 and 7 are what we've used for examples before. The 
        default output is shown in Listing 23.2.
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        initial value of c 1.11803398875

        step 0 value of z 0j distance (abs()) of z 0.0

        step 1 value of z (-0.5+1j) distance (abs()) of z 1.11803398875

        step 2 value of z (-1.25+0j) distance (abs()) of z 1.25

        step 3 value of z (1.0625+1j) distance (abs()) of z 1.45907719124

        step 4 value of z (-0.37109375+3.125j) distance (abs()) of z 3.14695655694

        color z 4
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        	Naturally, 
        values close in to the center (0,0j) 
        are going to be colored black, and values out at the edges are going to 
        be colored with whatever color we start with. Thus, we can say that 
        values far from the Mandelbrot set are going to escape to infinity 
        rapidly, and the closer we get to the set the slower the values will 
        escape. When they do not escape, they are members of the set. We can 
        view the behavior of nonmember points on the plane as being attracted by 
        infinity. The concept of attractors is part of chaos theory, but that 
        shouldn't intimidate you; all it means is that, left to themselves, 
        that's where they'll head. Because we have no infinite and infinitely 
        capable computers, we don't know if these points that are not members of 
        a set really travel to infinity, but for all practical purposes, we can 
        treat them as if they do.
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        	Choosing a color 
        is based on the number of iterations it takes to determine if a pixel 
        escapes to infinity. In Listing 23.2, the color is 
        4, 
        or because we will use the same colormap functions from the 
        
        colormap 
        module that we used for our animations in the last two chapters, the 
        fourth color in whatever colormap we use. For the default colormap, this 
        is the color 
        
        ''#F2620C". 
        Listing 23.3 shows 
        
        ctest.py, 
        modified to display the color chosen.
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         1  #!/usr/local/bin/python

         2

         3  import sys

         4  import string

         5  from colormap import *

         6

         7  from Tkinter import *

         8

         9  cmap = SetupColormap0(64)

        10

        11  c=-0.5+1j

        12  z=0j

        13

        14  if len(sys.argv)>2:

        15      r=string.atof(sys.argv[1])

        16      i=string.atof(sys.argv[2])

        17      c=complex(r,i)

        18

        19  print "initial value of c", abs(c)

        20  for i in range(64):

        21      print "step",i,"value of z",z,"distance (abs()) of z",abs(z)

        22      if abs(z)>2.0:

        23          break

        24      z = (z**2) + c

        25  print "color z", i, cmap[i]

        26

        27  root=Tk()

        28  root["background"]=cmap[i]

        29  root.mainloop()
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        	The picture in 
        Figure 23.1 was drawn with the program shown in Listing 23.4.
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         1  #!/usr/local/bin/python

         2

         3  from Tkinter import *

         4  from Canvas import Line,Rectangle

         5  import sys

         6  import string

         7  from colormap import *

         8  from tkFileDialog import *

         9

        10  class Msize:

        11      def __init__(self,xr=400,yr=400,xs=-2.0,ys=-1.25,xw=2.6,yw=2.6):

        12          self.xresolution = xr

        13          self.yresolution = yr

        14          self.cxsize = self.xresolution

        15          self.cysize = self.yresolution

        16          self.znought = 0j

        17          self.xstart = xs

        18          self.ystart = ys

        19          self.xwidth = xw

        20          self.ywidth = yw

        21          self.xend = self.xstart + self.xwidth

        22          self.yend = self.ystart + self.ywidth

        23          self.xdiv = self.xwidth / self.xresolution

        24          self.ydiv = self.ywidth / self.yresolution

        25

        26      def __call__(self):

        27          return (self.xstart,

        28              self.ystart,

        29              self.xwidth,

        30              self.ywidth,

        31              self.xend,

        32              self.yend,

        33              self.xdiv,

        34              self.ydiv

        35          )

        36      def set(self,x0,y0,xw,yw):

        37          self.xstart = x0

        38          self.ystart = y0

        39          self.xwidth = xw

        40          self.ywidth = yw

        41          self.xend = self.xstart + self.xwidth

        42          self.yend = self.ystart + self.ywidth

        43          self.xdiv = self.xwidth / self.xresolution

        44          self.ydiv = self.ywidth / self.yresolution

        45

        46      def __repr__(self):

        47          s = ''xstart %s ystart %s xwidth %s ywidth %s xend %s yend %s" \

        48              " xdiv %s ydiv %s xresolution %s yresolution %s" % \
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        49              (self.xstart,self.ystart,

        50              self.xwidth,self.ywidth,

        51              self.xend,self.yend,

        52              self.xdiv,self.ydiv,

        53              self.xresolution,self.yresolution)

        54          return s

        55

        56  class AboutDialog:

        57      def __init__(self,parent,s=''Mandelbrot"):

        58          self.logotxt="""%s Cruiser

        59  Copyright ã 1999, 2000

        60  by Ivan Van Laningham

        61  Written for

        62  Teach Yourself Python in 24 Hours""" %(s)

        63          top = self.top=Toplevel(parent)

        64          top["background"] = "white"

        65          self.i=PhotoImage(file="X_GodNLogo5.gif")

        66          self.lg = Label(top,text="",bd=0)

        67          self.lg["image"] = self.i

        68          self.lg.pack()

        69          self.l=Label(top,text=self.logotxt,bd=0,background="white")

        70          self.l.pack(side=LEFT)

        71          self.b = Button(top, text="OK", command=self.ok,

        72              background="#008000",foreground="white")

        73          self.b.pack(side=LEFT)

        74

        75      def ok(self):

        76          self.top.destroy()

        77

        78  class Mandel:

        79      def __init__(self,ncolors,root,xs=-2.0,ys=-1.25,xw=2.6,yw=2.6,

        80          xr=400,yr=400,

        81          im=["64-mdb5.gif", "64-mdb5.600.gif", "64-mdb5.800.gif",],

        82          qn="Quit",qim=["x_cimi.gif","x_cimi.gif"]):

        83          self.root = root

        84          self.debug = 0

        85          self.useimages = 0

        86          self.origxstart = xs

        87          self.origystart = ys

        88          self.origxwidth = xw

        89          self.origywidth = yw

        90          self.origxresolution = xr

        91          self.origyresolution = yr

        92          self.xstart = xs

        93          self.ystart = ys

        94          self.xwidth = xw

        95          self.ywidth = yw

        96          self.xend = self.xstart + self.xwidth

        97          self.yend = self.ystart + self.ywidth
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         98          self.mdb = None

         99          self.waitvar = 0

        100          self.xresolution = xr

        101          self.yresolution = xr

        102          self.cxsize = self.xresolution

        103          self.cysize = self.yresolution

        104          self.znought = 0j

        105          self.xdiv = self.xwidth / self.xresolution

        106          self.ydiv = self.ywidth / self.yresolution

        107          self.calculating=0

        108          self.ncolors = ncolors

        109          self.ncolorlist = [''2",

        110              "4",

        111              "8",

        112              "16",

        113              "32",

        114              "64",

        115              "128",

        116              "256",

        117              "512",

        118              "1024"

        119          ]

        120          self.colormaps = {"map 1" :SetupColormap0,

        121              "map 2":SetupColormap1,

        122              "map 3":SetupColormap2,

        123              "map 4":SetupColormap3,

        124              "map 5":SetupColormap4,

        125              "map 6":SetupColormap5,

        126              "map 7":SetupColormap6,

        127          }

        128          self.imagelist=im

        129          self.cmapcommand=SetupColormap

        130          self.cmapname = "map 1"

        131          self.cmap = self.cmapcommand(self.ncolors - 1)

        132          self.stopnow = 0

        133          self.mdsize=None

        134          self.xdrawn=None

        135          self.ydrawn=None

        136          self.zdrawn=None

        137          self.uxl = 0

        138          self.uyl = 0

        139          self.uil = 0

        140          self.progress = None

        141          self.progressize = 10

        142          self.xlab = None

        143          self.ylab = None

        144          self._label = None

        145          self.cv = None

        146          self.scX = None
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        147          self.scY = None

        148          self.scZ = None

        149          self.x0 = None

        150          self.x1 = None

        151          self.y0 = None

        152          self.y1 = None

        153          self.zlabel = None

        154          self.listbox = None

        155          self.listbox1 = None

        156          self.qbutton = None

        157          self.cbutton = None

        158          self.cabutton = None

        159          self.rbutton = None

        160          self.qimg = [None,None]

        161          self.cimg = None

        162          self.caimg = None

        163          self.rimg = None

        164          self.J = None

        165          self.qname = qn

        166          self.qimage = qim

        167          self.locked = 0

        168          self.qaction = None

        169          self.afterid = None

        170

        171          self.buildMenu()

        172          self.buildAndSetButtons()

        173

        174          self.buildNColorControl()

        175          self.buildCMapControl()

        176

        177          self.buildXYLabels()

        178          self.setXYLabels()

        179

        180          self.buildProgress()

        181          self.buildCanvas()

        182

        183          self.waitvar = IntVar(0)

        184          self.root.title(''Mandelbrot Cruiser")

        185          self.afterid = self.listbox.after(250,self.colorpoll)

        186

        187      def setXYLabels(self,m=None):

        188          if not self.__dict__.has_key("center"):

        189              self.center=0j

        190          if m == None:

        191              xs = "X start W width %f xdiv %f" % \

        192                  (self.xstart, self.xwidth, self.xdiv)

        193              self.xlab["text"] = xs

        194              ys = "Y start %f width %f ydiv %f" % \

        195                  (self.ystart, self.ywidth, self.ydiv)
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        196              self.ylab["text"] = ys

        197              self.zlabel[''text"]="Zoom:%f\nC = %s" % \

        198                  (self.xwidth/self.xwidth,self.center)

        199          else:

        200              xs = "X start %f width %f xdiv %f" % \

        201                  (m.xstart, m.xwidth, m.xdiv)

        202              self.xlab["text"] = xs

        203              ys = "Y start %f width %f ydiv %f" % \

        204                  (m.ystart, m.ywidth, m.ydiv)

        205              self.ylab["text"] = ys

        206              self.zlabel["text"]="Zoom:%f\nC = %s" % \

        207                  (self.xwidth/m.xwidth, self.center)

        208

        209      def resetter(self,event=0):

        210          if self.calculating:

        211              return

        212          self.xstart = self.origxstart

        213          self.ystart = self.origystart

        214          self.xwidth = self.origxwidth

        215          self.ywidth = self.origywidth

        216          self.xend = self.xstart + self.xwidth

        217          self.yend = self.ystart + self.ywidth

        218          self.xdiv = self.xwidth / self.xresolution

        219          self.ydiv = self.ywidth / self.yresolution

        220          self.mdsize=Msize(self.xresolution,self.yresolution,

        221              self.xstart,self.ystart,self,xwidth,self.ywidth)

        222          self.setXYLabels()

        223          self.cv.delete(ALL)

        224          self.progress.delete(ALL)

        225          self.xdrawn = None

        226          self.ydrawn = None

        227          self.zdrawn = None

        228          self.mdb = self.dithimage()

        229          self.img = self.cv.create_image(self.xresolution/2, \

        230              self.yresolution/2, anchor=CENTER, image=self.mdb)

        231          self.scX.set(self.xresolution/2)

        232          self.scY.set(self.yresolution/2)

        233          self.scZ.set(self.yresolution/2)

        234

        235      def zoomer(self,event=0):

        236          if self.calculating:

        237              return

        238          if self.mdsize == None:

        239              self.mdsize=Msize(self.xresolution,self.yresolution,

        240                  self.xstart,self.ystart,self.xwidth,self.ywidth)

        241          oldxw = self.xwidth

        242          oldyh = self.ywidth

        243          w = self.x1 . self.x0
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        244          xp0 = self.x0 * self.xdiv

        245          xp1 = self.x1 * self.xdiv

        246          newxst = self.xstart + xp0

        247          newxe = self.xstart + xp1

        248          h = self.y1 self.y0

        249          yp0 = self.y0 * self.ydiv

        250          yp1 = self.y1 * self.ydiv

        251          newyst = self.ystart + yp0

        252          newye = self.ystart + yp1

        253

        254          self.mdsize.set(newxst,newyst,

        255              newxe newxst,

        256              newye newyst)

        257          self.setXYLabels(self.mdsize)

        258

        259      def xliner(self,event=0):

        260          if self.calculating:

        261              return

        262          n=self.scX.get()

        263          y=self.scY.get()

        264          x1 = n * self.xdiv

        265          x1 = self.xstart + x1

        266          y1 = y * self.ydiv

        267          y1 = self.ystart + y1

        268          self.center=complex(x1,y1)

        269          if self.xdrawn==None:

        270              self.xdrawn = Line(self.cv,n,0,n,self.yresolution-1,

        271                  fill=''#ffffff")

        272          else:

        273              self.cv.coords(self.xdrawn,n,0,n,self.yresolution -1)

        274          self.setXYLabels(self.mdsize)

        275

        276      def yliner(self,event=0):

        277          if self.calculating:

        278              return

        279          n=self.scY.get()

        280          x=self.scX.get()

        281          x1 = x * self.xdiv

        282          x1 = self.xstart + x1

        283          y1 = n * self.ydiv

        284          y1 = self.ystart + y1

        285          self.center=complex(x1,y1)

        286          if self.ydrawn==None:

        287              self.ydrawn = Line(self.cv,0,n,self.xresolution-1,n,

        288                  fill="#ffffff")

        289          else:

        290              self.cv.coords(self.ydrawn,0,n,self.xresolution-1,n)

        291          self.setXYLabels(self.mdsize)
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        293      def zliner(self,event=0):

        294          if self.calculating:

        295              return

        296          self.xliner()

        297          self.yliner()

        298          n=self.scZ.get()

        299          x=self.scX.get()

        300          y=self.scY.get()

        301          x1 = x * self.xdiv

        302          x1 = self.xstart + x1

        303          y1 = y * self.ydiv

        304          y1 = self.ystart + y1

        305          self.center=complex(x1,y1)

        306          lima = min(x,y)

        307          limb = min(self.xresolution x, self.yresolution - y)

        308          limc = min(lima,limb)

        309          # x and y are the coordinates of the center.

        310          # x0 and y0 are the upper-left coordinates:

        311          self.x0 = x - n

        312          if self.x0 < 0:

        313              self.x0 = 0

        314          self.y0 = y - n

        315          if self.y0 < 0:

        316              self.y0 = 0

        317          # x1 and y1 are the lower-right coordinates:

        318          w = x -self.x0

        319          if w > limc:

        320              w = limc

        321          self.x1 = x + w

        322          if self.x1 > self.xresolution-1:

        323              self.x1 = self.xresolution-1

        324          if self.x1 - self.x0 > (limc * 2):

        325              self.x0 = self.x1 (limc * 2)

        326          h = y self.y0

        327          if h > lime:

        328              h = lime

        329          self.y1 = y + h

        330          if self.y1 > self.yresolution 1:

        331              self.y1 = self.yresolution 1

        332          if self.y1 self.y0 > (lime * 2):

        333              self.y0 = self.y1 (lime * 2)

        334          if x == 0 or y == 0:

        335              self.x0 = self.y0 = 0

        336              self.x1 = self.y1 = self.xresolution-1

        337          if self.x1 self.x0 == 0 or self.y1 self.y0 == 0:

        338              self.x0 = self.y0 = 0

        339              self.x1 = self.y1 = self.xresolution-1

        340          if self.zdrawn==None:
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        341              self.zdrawn = Rectangle(self.cv,self.x0,self.y0,

        342                  self.x1,self.y1,outline=''#ffffff")

        343          else:

        344              self.cv.coords(self.zdrawn,self.x0,self.y0,self.x1,self.y1)

        345          self.zoomer()

        346

        347      def die(self,event=0):

        348          self.stopnow = 1

        349          self.root.quit()

        350

        351      def cancel(self,event=0):

        352          self.stopnow = 1

        353          self.cv.delete(ALL)

        354          self.xdrawn=None

        355          self.ydrawn=None

        356          self.zdrawn=None

        357          self.progress.delete(ALL)

        358          self.mdb = self.dithimage()

        359          self.img = self.cv.create_image(self.xresolution/2,

        360              self.yresolution/2, anchor=CENTER, image=self.mdb)

        361          self.cv.update()

        362

        363      def colorpoll(self):

        364          if self.calculating:

        365              pass

        366          else:

        367              now=self.listbox.curselection()

        368              nn = string.atoi(self.ncolorlist[string.atoi(now[0])])

        369              if nn != self.ncolors:

        370                  self.ncolors = nn

        371

        372              x = self.listbox1.curselection()

        373              s = x[0]

        374              tmname = self.listbox1.get(s)

        375              if tmname != self-cmapname;

        376                  self.cmapname = tmname

        377                  self.cmapcommand = self.colormaps[self.cmapname]

        378          self .afterid = self.listbox.after(250,self.colorpoll)

        379

        380      def updateProgress(self):

        381          if self.stopnow:

        382              return

        383          Rectangle(self.progress,

        384              self,uxl,self.uyl,

        385              self.uxl+self.progressize -2,self.uyl+16,

        386              fill=self.cmap[self.uil % self.ncolors],

        387              outline="",

        388              width=0)

        389          self.progress.update()
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        390          self.uxl = self.uxl + self.progressize

        391          self.uil = self.uil + 1

        392

        393      def waitcalc(self):

        394          if self.calculating:

        395              return

        396          self.cv.after(1,self.calc)

        397          self.cv.wait_variable(self.waitvar)

        398

        399      def calc(self):

        400          self.waitvar.set(1)

        401          self.cv.delete(ALL)

        402          self.xdrawn=None

        403          self.ydrawn=None

        404          self.zdrawn=None

        405          self.progress.delete(ALL)

        406          self.mdb = self.dithimage()

        407          self.img = self.cv.create_image(self.xresolution/2,

        408              self.yresolution/2, anchor=CENTER, image=self.mdb)

        409          oldcursor = self.cv[''cursor"]

        410          self.cv["cursor"] = "watch"

        411          self.calculating=1

        412

        413          if self.mdsize != None:

        414              self.xstart,self.ystart,self.xwidth,self.ywidth, \

        415                  self.xend, self.yend,self.xdiv,self.ydiv = \

        416                  self.mdsize()

        417

        418          x = self.xstart

        419          self._label["text"] = \

        420              "Beginning calculation with %d colors %s . . . " % \

        421              (self.ncolors,self.cmapname)

        422          self.cmap = self.cmapcommand (self.ncolors - 1)

        423          if self.ncolors < 64:

        424              dwell = 64

        425          else:

        426              dwell = self.ncolors

        427          self.scX.set(self.xresolution/2)

        428          self.scY.set(self.yresolution/2)

        429          self.scZ.set(self.yresolution/2)

        430          if self.debug == 0:

        431              for xX in range(self.xresolution):

        432                  y = self.ystart

        433                  for yY in range(self.yresolution):

        434                      c = complex(x,y)

        435                      z = self.znought

        436                      i = 0

        437                      for i in range(dwell):

        438                          if abs(z)>2.0:
        	 
      

      
        	 
      

      
        	
      

    

    [bookmark: {FA5}]
    
      
        	 
        	
        	 
      

      
        	 
      

      
        	 
        	continues
        	 
      

      
        	 
      

      
        	
      

    

    [bookmark: {FA6}]
     

  







 


 



  
    	
    
      
        	 
        	 
      

    

    
  

  
    	[bookmark: {FA7}]
    
      
        	
        Page 
        425
      

    

    [bookmark: {FA8}]
    
      
        	
        
        	
        	 
      

      
        	 
      

      
        	 
        	
        439                              break

        440                          z=(z**2)+c

        441                      hcol = self.cmap[i % self.ncolors]

        442                      self.mdb.put((hcol,),(xX,yY,xX+1,yY+1))

        443

        444                      y = y + self.ydiv

        445

        446                      if self.stopnow:

        447                          self.updateProgress()

        448                          self.stopnow=0

        449                          self._label[''text"] = "Finished calculation."

        450                          self.uil = self.uyl = self.uxl = 0

        451                          self.calculating=0

        452                          self.resetter()

        453                          self.cv["cursor"] = oldcursor

        454                          self.waitvar.set(0)

        455                          return

        456                      if xX != 0 and xX % self.progressize == 0 \

        457                          and yY == 0:

        458                          self.updateProgress()

        459                  x = x + self.xdiv

        460              self.img = self.cv.create_image(self.xresolution/2,

        461                  self.yresolution/2, anchor=CENTER, image=self.mdb)

        462          self.cv.update()

        463          self.updateProgress()

        464          self._label["text"] = "Finished calculation."

        465          self.mdsize=Msize(self.xresolution,self.yresolution,

        466              self.xstart,self.ystart,self.xwidth,self.ywidth)

        467

        468          self.setXYLabels(self.mdsize)

        469          self.uil = self.uyl = self.uxl = 0

        470          self.stopnow = 0

        471          self.calculating=0

        472          self.cv["cursor"] = oldcursor

        473          self.waitvar.set(0)

        474

        475      def changeImages(self,event=None):

        476          if event != None:

        477              self.useimages = event

        478          elif self.useimages:

        479              self.useimages=0

        480          else:

        481              self.useimages=1

        482          try:

        483              self.qbutton.grid_forget()

        484              self.cbutton.grid_forget()

        485              self.rbutton.grid_forget()

        486              self.cabutton.grid_forget()

        487              del self.qbutton
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        488              del self.cbutton

        489              del self.rbutton

        490              del self.cabutton

        491          except:

        492              pass

        493          self.buildAndSetButtons()

        494

        495      def dithimage(self):

        496          if self.mdb != None:

        497              del self.mdb

        498          if self.xresolution == 600:

        499              f=self.imagelist[1]

        500          elif self.xresolution == 800:

        501              f=self.imagelist[2]

        502          else:

        503              f=self.imagelist[0]

        504          self.mdb = PhotoImage(file=f)

        505          return self.mdb

        506

        507      def about(self,event=0):

        508          d = AboutDialog(self.root)

        509          self.root.wait_window(d.top)

        510

        511      def saveit(self,event=0):

        512          sname = asksaveasfilename(initialfile=''untitled.ppm",

        513              filetypes=[("PPM files", "*.ppm")])

        514          if sname and self.mdb:

        515              self.mdb.write(sname,format="ppm")

        516

        517      def popJulia(self,event=0):

        518          if self.J == None:

        519              import julia2

        520              topl=Toplevel(self.root)

        521              topl.transient(self.root)

        522              self.J = julia2.Julia(self.ncolors,topl)

        523              n=self.scX.get()

        524              y=self.scY.get()

        525              x1 = n * self.xdiv

        526              x1 = self.xstart + x1

        527              y1 = y * self.ydiv

        528              y1 = self.ystart + y1

        529              self.J.center=complex(x1,y1)

        530              self.J.lock(1)

        531              self.J.setXYLabels()

        532              self.J.waitcalc()

        533          elif self.J.calculating:

        534                  print "Sorry!" # This needs an error box.

        535          else:

        536              s=self.J.root.state()
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        537              if s != "normal":

        538                  self.J.root.deiconify()

        539              n=self.scX.get()

        540              y=self.scY.get()

        541              x1 = n * self.xdiv

        542              x1 = self.xstart + x1

        543              y1 = y * self.ydiv

        544              y1 = self.ystart + y1

        545              self.J.center=complex(x1,y1)

        546              self.J.lock(1)

        547              self.J.setXYLabels()

        548              self.J.waitcalc()

        549

        550

        551      def buildMenu(self):

        552          bar = Menu (self.root)

        553          filem = Menu(bar)

        554          filem.add_command(label=''Save as . . . ",command=self.saveit)

        555          filem.add_command(label="Use button images",

        556              command=self.changeImages)

        557          filem.add_separator()

        558          filem.add_command(label="Exit", command=self.die)

        559          bar.add_cascade(label="File", menu=filem)

        560          helpm=Menu(bar)

        561          helpm.add_command(label="About",command=self.about)

        562          bar.add_cascade(label="Help", menu=helpm)

        563          self.filem = filem

        564          self.root.config(menu=bar)

        565

        566          self.pop=Menu(self.root)

        567          self.pop.add_command(label="Show Julia set . . . ",

        568              command=self.popJulia)

        569          self.pop["tearoff"]=0

        570

        571      def buildButtons(self):

        572          self.qbutton=Button(self.root,text=self.qname)

        573          if self.qaction != None:

        574              self.qbutton["command"] = self.qaction

        575          else:

        576              self.qbutton["command"] = self.die

        577

        578          self.cbutton=Button(self.root,text="Cancel",

        579              command=self.cancel)

        580          self.rbutton = Button(self.root,text="Reset",

        581              command=self.resetter)

        582          self.cabutton=Button(self.root,text="Calculate",

        583              command=self.waitcalc)

        584          if self.useimages:

        585              self.qimg[0]=PhotoImage(file=self.qimage[0])
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        586              self.qimg[1]=PhotoImage(file=self.qimage[1])

        587              self.qbutton[''image"] = self.qimg[self.locked]

        588              self.cimg=PhotoImage(file="x_akbal.gif")

        589              self.cbutton["image"] = self.cimg

        590              self.rimg=PhotoImage(file="G718.gif")

        591              self.rbutton["image"] = self.rimg

        592              self.caimg=PhotoImage(file="xoc_1.gif")

        593              self.cabutton["image"] = self.caimg

        594

        595      def buildAndSetButtons(self):

        596          self.buildButtons()

        597          self.qbutton.grid(row=0,column=0)

        598          self.cbutton.grid(row=0,column=1)

        599          self.rbutton.grid(row=0,column=4)

        600          self.cabutton.grid(row=0,column=5)

        601

        602      def buildNColorControl(self):

        603          f1 = Frame(self.root,width=60,height=32)

        604          scrollbar = Scrollbar(f1, orient=VERTICAL)

        605          self.listbox=Listbox(f1,exportselection=0,height=1,

        606              width=5,yscrollcommand=scrollbar.set,selectmode=SINGLE)

        607          n = 0

        608          ns = -1

        609          for i in self.ncolorlist:

        610              if i == str(self.ncolors):

        611                 ns = n

        612              self.listbox.insert(END, i)

        613              n = n + 1

        614          if ns == -1:

        615              self.ncolorlist.append(str(self.ncolors))

        616              self.listbox.insert(END,str(self.ncolors))

        617              ns = n

        618          scrollbar.config(command=self.listbox.yview)

        619          self.listbox.pack(side=LEFT)

        620          scrollbar.pack(side=LEFT)

        621          self.listbox.select_set(ns)

        622          self.listbox.see(ns)

        623          f1.grid(row=0,column=2)

        624          self.root.columnconfigure(2,minsize=30)

        625

        626      def buildCMapControl(self):

        627          f2 = Frame(self.root,width=70,height=32)

        628          scrollbar1 = Scrollbar(f2, orient=VERTICAL)

        629          self.listbox1=Listbox(f2,exportselection=0,height=1,

        630              width=6,yscrollcommand=scrollbar1.set,selectmode=SINGLE)

        631          k = self.colormaps.keys()

        632          k.sort()

        633          for i in k:
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        634              self.listbox1.insert(END,i)

        635          scrollbar1.config(command=self.listbox1.yview)

        636          self.listbox1.pack(side=LEFT)

        637          scrollbar1.pack(side=LEFT)

        638          self.listbox1.select_set(0)

        639          f2.grid(row=0,column=3)

        640          self.root.columnconfigure(3,minsize=70)

        641

        642      def buildXYLabels(self):

        643          self.xlab = Label(self.root,text=''")

        644          self.ylab = Label(self.root,text="")

        645          self.xlab.grid(row=1,column=0,columnspan=3,sticky=W)

        646          self.ylab.grid(row=1,column=3,columnspan=3,sticky=E)

        647          self._label=Label(self.root,text="")

        648          self._label.grid(row=2,column=1,columnspan=5)

        649          self.zlabel=Label(self.root,text="Zoom:%f" % 1.0)

        650          self.zlabel.grid(row=2,column=0)

        651

        652      def buildProgress(self):

        653          f=Frame(self.root)

        654          self.progress = Canvas(f,width=self.cxsize,height=16,

        655              borderwidth=0,highlightthickness=0,selectborderwidth=0)

        656          self.progress.pack(side=TOP)

        657          f.grid(row=3,column=0,columnspan=6)

        658

        659      def buildCanvas(self):

        660          f = Frame(self.root,width=self.cxsize+54,height=self.cysize+54)

        661

        662          self.cv = Canvas(f,width=self.cxsize, height=self.cysize,

        663              borderwidth=0,highlightthickness=0,selectborderwidth=0)

        664          self.mdb = self.dithimage()

        665          self.img = self.cv.create_image(self.xresolution/2,

        666              self.yresolution/2, anchor=CENTER, image=self.mdb)

        667          self.cv.place(relx=0.5,rely=0.5,anchor=CENTER)

        668          self.scX = Scale(f,orient=HORIZONTAL,from_=0,

        669              to=self.xresolution - 1,

        670              length=self.cxsize, showvalue=0,command=self.xliner)

        671          self.scX.set(self.xresolution/2)

        672          self.scX.place(relx=0.5,rely=0,anchor=N)

        673

        674          self.scY = Scale(f,orient=VERTICAL,from_=0,

        675              to=self.yresolution - 1,

        676              length=self.cysize,command=self.yliner, showvalue=0)

        677          self.scY.set(self.yresolution/2)

        678          self.scY.place(relx=0,rely=0.5,anchor=W)

        679

        680          self.scZ = Scale(f,orient=HORIZONTAL,to=0,

        681              from_=self.yresolution - 1,length=self.cxsize,

        682              showvalue=0,command=self.zliner)
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        683          self.scZ.set(self.yresolution/2)

        684          self.scZ.place(relx=0.5,rely=1,anchor=S)

        685          f.grid(column=0,row=4,columnspan=6)

        686          self.cv.bind(''<Button-1>",self.clicker)

        687          self.cv.bind("<Button-3>",self.clacker)

        688

        689      def clicker(self,event=0):

        690          x,y=event.x,event.y

        691          x1=self.xstart+(x*self.xdiv)

        692          y1=self.ystart+(y*self.ydiv)

        693          self.scY.set(y)

        694          self.scX.set(x)

        695

        696      def clacker(self,event=0):

        697          self.pop.post(event.x_root,event.y_root)

        698

        699  if __name__ == "__main__":

        700      if len(sys.argv)>1:

        701          ncolors=string.atoi(sys.argv[1])

        702      else:

        703          ncolors=32

        704      root=Tk()

        705      mandel=Mandel(ncolors,root)

        706

        707      mandel.root.mainloop()

        708
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        Figure 23.3

        Running

        
        
        mandelbrot2.py.
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        Figure 23.4

        Use button images.
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        Figure 23.5

        Preparing to zoom in, 5.55 to one.
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        shot. Figure 23.6, shows the calculated section.
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        Zooming in.
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        	We build the 
        whole application as a class, 
        
        Mandel; this 
        makes it easy to modify, using inheritance, for the calculation of Julia 
        sets, which we cover briefly later in this chapter. The list of images,
        
        im 
        in the 
        
        __init__() 
        method in line 79, allows us to provide precomputed Mandelbrots when the 
        application starts up; that's shown in Figures 23.3 and 23.5. That way, 
        if we want to bypass computation of the full set and proceed directly to 
        a zoom, it's easy to know where we are.
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        colorpoll() 
        method, lines 363–379, lets us avoid having to double-click the scrolled 
        list boxes for the number of colors and for the colormap selector; every 
        250 milliseconds, the method is activated and checks whatever values 
        have been set, and those values are transferred to the class items,
        
        
        self.ncolor 
        and 
        
        self.cmap.
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        	The 
        
        xliner(),
        
        
        yliner(), and
        
        
        zliner() 
        methods allow us to pick the center of a square anywhere on the complex 
        plane and zoom in to view it in greater detail. The 
        x 
        and 
        y 
        methods draw lines according to the position of the scrollbars, whereas 
        the 
        
        zliner() 
        method adjusts the size of the zoomed square depending on the position 
        of the bottom scrollbar.
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        	The 
        
        calc() method 
        in lines 399–473 is where the grunt work is done. Because the resolution 
        is 400 pixels, that means we have to choose the color for 160,000 
        pixels; some will have no more than one iteration, while all the pixels 
        that are in the set will have whatever 
        
        dwell is set 
        to—at least 
        64.
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        	Most of the rest 
        of the methods in class 
        
        Mandel are 
        self-explanatory; if you have questions, reread the code and watch the 
        behavior onscreen. However, lines 517–549 require explanation.
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        	Gaston Maurice 
        Julia, who served as a soldier in World War I, discovered the sets that 
        bear his name sometime before 1918, when he published the details of 
        their construction. Although he was somewhat famous among the 
        mathematicians of his day, his work was forgotten until Benoit 
        Mandelbrot discovered the Mandelbrot set, based at least partly on 
        Julia's work. It may surprise you to learn that Julia sets were found 
        first, but you need to remember that the real wonder is that Julia, 
        without the aid of modern high-speed computers, was able to discover any 
        fractal objects at all.
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        	The main 
        difference between Mandelbrot and Julia sets is that in the Mandelbrot, 
        we cruise across all points in the set, transform the x,y 
        coordinate into a complex number, and then determine whether the point 
        escapes to infinity. In the Julia set, we do the same thing, except that 
        we pick a single point out of the Mandelbrot set to provide the 
        x,y 
        coordinate. We still cruise across all points in the complex plane, and 
        we still calculate whether 
        z 
        escapes to infinity, but we keep the value 
        c 
        constant throughout the entire calculation. We use the complex 
        coordinate 
        x,y 
        to provide the starting value of 
        z, 
        instead of 
        
        (0,0j) as we 
        do for the Mandelbrot set. What this means is that we can use 
        essentially the same calculation to display Julia sets, and that we can 
        also use the Mandelbrot set from which to pick points. Figure 23.7 shows 
        the Julia set calculated from the point (-0.778, -0.1515j) 
        selected from the Mandelbrot set.
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        	You can zoom 
        into the Julia sets using the application provided here, just like you 
        can with the Mandelbrot set. Figure 23.8 shows the selection of a square 
        to zoom in on.
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        	Figure 23.9 
        shows the zoomed square.
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        Figure 23.7

        Julia set for

        
        
        (-0.778, -0.1515j).
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        Figure 23.8

        Preparing to zoom.
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        Figure 23.9

        Zoomed.
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        	Because we made 
        Mandel a class, we can use it to inherit from when we build class Julia. 
        Listing 23.5 shows the additional file required.
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         1  #!/usr/local/bin/python

         2

         3  from Tkinter import *

         4  from Canvas import Line,Rectangle

         5  import sys

         6  import string

         7  from colormap import *

         8  from tkFileDialog import *

         9  from mandelbrot2 import *

        10

        11  class Julia(Mandel):

        12      def __init__(self,ncolors,root,xs=-2.0,ys=-2.0,xw=4.0,yw=4.0,

        13          xr=400,yr=400,

        14          im=[''new-mdb.gif", "new-mdb.600.gif", "new-mdb.800.gif",],

        15          qn="Lock C",qim=["x_kankin_1.gif","x_pop_1.gif"]):

        16          Mandel.__init__(self,ncolors,root,xs,ys,xw,yw,xr,yr,im,qn,qim)

        17          self.calculating=0

        18          self.center=0j

        19          self.root.title("Julia Cruiser")

        20          self.qaction=self.lock

        21          self.qbutton["command"] = self.qaction
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        22          self.locked=0

        23          self.xhairs=0j

        24          self.filem.delete(4)

        25          self.filem.delete(3)

        26          self.root.protocol('WM_DELETE_WINDOW',self.killafter)

        27

        28      def killafter(self):

        29          self.root.withdraw()

        30

        31      def lock(self,locker=None):

        32          if locker != None:

        33              self.locked=locker

        34          elif self.locked==0:

        35              self.locked=1

        36          else:

        37              self.locked=0

        38          if self.locked:

        39              self.qbutton[''text"]="Unlock C"

        40          else:

        41              self.qbutton["text"]="Lock C"

        42          if self.useimages:

        43              self.qbutton["image"] = self.qimg[self.locked]

        44

        45      def popJulia(self,event=0):

        46          pass

        47

        48      def setXYLabels(self,m=None):

        49          if not self.__dict__.has__key("center"):

        50              self.center=0j

        51              self.xhairs=0j

        52          if m == None:

        53              xs = "X start %f width %f xdiv %f" % \

        54                  (self.xstart, self.xwidth, self.xdiv)

        55              self.xlab["text"] = xs

        56              ys = "Y start %f width %f ydiv %f" % \

        57                  (self.ystart, self.ywidth, self.ydiv)

        58              self.ylab["text"] = ys

        59              self.zlabel["text"]="C = %s\nX = %s\nZoom = %s" % \

        60                  (self.center, self.xhairs, self.xwidth/self.xwidth)

        61          else:

        62              xs = "X start %f width %f xdiv %f" % \

        63                  (m.xstart, m.xwidth, m.xdiv)

        64              self.xlab["text"] = xs

        65              ys = "Y start %f width %f ydiv %f" % \

        66                  (m.ystart, m.ywidth, m.ydiv)

        67              self.ylab["text"] = ys

        68              self.zlabel["text"]="C = %s\nX = %s\nZoom = %s" % \

        69                  (self.center, self.xhairs, self.xwidth/m.xwidth)
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         71      def xliner(self,event=0):

         72          if self.calculating:

         73              return

         74          n=self.scX.get()

         75          y=self.scY.get()

         76          x1 = n * self.xdiv

         77          x1 = self.xstart + x1

         78          y1 = y * self.ydiv

         79          y1 = self.ystart + y1

         80          if not self.locked:

         81              self.center=complex(x1,y1)

         82          self.xhairs=complex(x1,y1)

         83          if self.xdrawn==None:

         84              self.xdrawn = Line(self.cv,n,0,n,self.yresolution-1,

         85                  fill=''#ffffff")

         86          else:

         87              self.cv.coords(self.xdrawn,n,0,n,self.yresolution-1)

         88          self.setXYLabels(self.mdsize)

         89

         90      def yliner(self,event=0):

         91          if self.calculating:

         92              return

         93          x=self.scX.get()

         94          n=self.scY.get()

         95          x1 = x * self.xdiv

         96          y1 = n * self.ydiv

         97          x1 = self.xstart + x1

         98          y1 = self.ystart + y1

         99          if not self.locked:

        100              self.center=complex(x1,y1)

        101          self.xharis=complex(x1,y1)

        102          if self.ydrawn==None:

        103              self.ydrawn = Line(self.cv,0,n,self.xresolution-1,n,

        104                  fill="#ffffff")

        105          else:

        106              self.cv.coords(self.ydrawn,0,n,self.xresolution-1,n)

        107          self.setXYLabels(self.mdsize)

        108

        109      def zliner(self,event=0):

        110          if self.calculating:

        111              return

        112          self.xliner()

        113          self.yliner()

        114          n=self.scZ.get()

        115          x=self.scX.get()

        116          y=self.scY.get()

        117          x1 = x * self.xdiv

        118          y1 = y * self.ydiv

        119          x1 = self.xstart + x1
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        120          y1 = self.ystart + y1

        121          if not self.locked:

        122              self.center=complex(x1,y1)

        123          self.xhairs=complex(x1,y1)

        124          self.setXYLabels(self.mdsize)

        125          lima = min(x,y)

        126          limb = min(self.xresolution - x, self.yresolution - y)

        127          limc = min(lima,limb)

        128          # x and y are the coordinates of the center.

        129          # x0 and y0 are the upper left coordinates:

        130          self.x0 = x - n

        131          if self.x0 < 00:

        132              self.x0 = 0

        133          self.y0 = y - n

        134          if self.y0 < 0:

        135              self.y0 = 0

        136          # x1 and y1 are the lower right coordinates:

        137          w = x - self.x0

        138          if w > limc:

        139              w = limc

        140          self.x1 = x + w

        141          if self.x1 > self.xresolution-1:

        142              self.x1 = self.xresolution-1

        143          if self.x1 - self.x0 > (limc * 2):

        144              self.x0 = self.x1 - (limc * 2)

        145          h = y - self.y0

        146          if h > limc:

        147              h = limc

        148          self.y1 = y + h

        149          if self.y1 > self.yresolution - 1:

        150              self.y1 = self.yresolution - 1

        151          if self.y1 - self.y0 > (limc * 2):

        152              self.y0 = self.y1 - (limc * 2)

        153          if x == 0 or y == 0:

        154              self.x0 = self.y0 = 0

        155              self.x1 = self.y1 = self.xresolution-1

        156          if self.x1 - self.x0 == 0 or self.y1 - self.y0 == 0:

        157              self.x0 = self.y0 = 0

        158              self.x1 = self.y1 = self.xresolution-1

        159          if self.zdrawn==None:

        160              self.zdrawn = Rectangle(self.cv,self.x0,self.y0,

        161                  self.x1,self.y1,outline=''#ffffff")

        162          else:

        163              self.cv.coords(self.zdrawn,self.x0,self.y0,self.x1,self.y1)

        164          self.zoomer()

        165

        166      def resetter(self):

        167          Mandel.resetter(self)

        168          self.locked=0
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        169          self.qbutton["text"]="Lock C"

        170          self.center=0j

        171          self.xhairs=0j

        172

        173      def calc(self):

        174          self.waitvar.set(1)

        175          self.cv.delete(ALL)

        176          self.xdrawn=None

        177          self.ydrawn=None

        178          self.zdrawn=None

        179          self.progress.delete(ALL)

        180          self.mdb = self.dithimage()

        181          self.img = self.cv.create_image(self.xresolution/2,

        182              self.yresolution/2, anchor=CENTER, image=self.mdb)

        183          oldcursor = self.cv[''cursor"]

        184          self.cv["cursor"] = "watch"

        185          self.calculating=1

        186

        187          if self.mdsize != None:

        188              self.xstart,self.ystart,self.xwidth,self.ywidth, \

        189                  self.xend, self.yend,self.xdiv,self.ydiv = \

        190                  self.mdsize()

        191

        192          x = self.xstart

        193          self._label["text"] = \

        194              "Beginning calculation with %d colors %s . . . " % \

        195              (self.ncolors,self.cmapname)

        196          self.cmap = self.cmapcommand(self.ncolors - 1)

        197          if self.ncolors < 64:

        198              dwell = 64

        199          else:

        200              dwell = self.ncolors

        201          C = self.center

        202          self.scX.set(self.xresolution/2)

        203          self.scY.set(self.yresolution/2)

        204          self.scZ.set(self.yresolution/2)

        205          if self.debug == 0:

        206              for xX in range(self.xresolution):

        207                  y = self.ystart

        208                  for yY in range(self.yresolution):

        209                      z = complex(x,y)

        210                      i = 0

        211                      for i in range(dwell):

        212                          if abs(z)>2.0:

        213                              break

        214                          z=(z**2)+C

        215                      hcol = self.cmap[i % self.ncolors]

        216                      self.mdb.put((hcol,),(xX,yY,xX+1,yY+1))

        217
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        218                      y = y + self.ydiv

        219

        220                      if self.stopnow:

        221                          self.updateProgress()

        222                          self.stopnow=0

        223                          self._label[''text"] = "Finished calculation."

        224                          self.uil = self.uyl = self.uxl = 0

        225                          self.calculating=0

        226                          self.resetter()

        227                          self.cv["cursor"] = oldcursor

        228                          self.waitvar.set(0)

        229                          return

        230                      if xX != 0 and xX % self.progressize == 0 \

        231                          and yY == 0:

        232                          self.updateProgress()

        233                  x = x + self.xdiv

        234              self.img = self.cv.create_image(self.xresolution/2,

        235                  self.yresolution/2, anchor=CENTER, image=self.mdb)

        236          self.cv.update()

        237          self.updateProgress()

        238          self._label["text"] = "Finished calculation."

        239          self.mdsize=Msize(self.xresolution,self.yresolution,

        240              self.xstart,self.ystart,self.xwidth,self.ywidth)

        241

        242          self.setXYLabels(self.mdsize)

        243          self.uil = self.uyl = self.uxl = 0

        244          self.stopnow = 0

        245          self.calculating=0

        246          self.cv["cursor"] = oldcursor

        247          self.waitvar.set(0)

        248

        249      def about(self,event=0):

        250          d = AboutDialog(self.root,"Julia")

        251          self.root.wait_window(d.top)

        252

        253      def clicker(self,event=0):

        254          x,y=event.x,event.y

        255          x1=self.xstart+(x*self.xdiv)

        256          y1=self.ystart+(y*self.ydiv)

        257          self.scY.set(y)

        258          self.scX.set(x)

        259

        260      def clacker(self,event=0):

        261          pass

        262

        263  if __name__ == "__main__":

        264      if len(sys.argv)>1:

        265          ncolors=string.atoi(sys.argv[1])

        266      else:
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        267          ncolors=32

        268      root=Tk()

        269      julia=Julia(ncolors,root)

        270

        271      julia.root.mainloop()

        272
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        	I have few 
        comments for the Julia code. Mostly, what we need to do in this code is 
        to modify existing behavior, so we provide our own methods, which will 
        override corresponding ones in the Mandel code. These are methods such 
        as 
        
        calc(),
        
        
        clicker(), 
        and 
        
        popJulia(), 
        which need either to do something different or to do nothing instead of 
        something. The thing we do that is really different is to change the 
        label and behavior of the Quit button; for the Julia displayer, we use 
        what is now the Lock button to lock the selection of the value for
        
        c 
        so that we can still use the scrollbars to select a center point and 
        adjust the size of the zoom box. If we didn't do that, every time we 
        moved the scrollbars we would move the Julia set to unknown territory. 
        The 
        
        lock() method 
        in lines 32–43 is where most of this work is done. When we start up a 
        Julia set exploration (in line 517 and so on), we also set the center 
        point and lock that center. Then we automatically start the calculation; 
        all this is done in lines 529–532 of Listing 23.4.
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        	During this 
        penultimate hour, we've learned about Mandelbrot and Julia sets, how to 
        calculate them, and used Tkinter to provide a GUI for displaying them. 
        In the next hour, we will talk about CGI Web programming and finish up 
        with a few odds and ends and a bit of (horrors) philosophy.
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        	A If you 
        are immune to the beauty of the sets as some people are (including my 
        wife: ''Yuck. Looks like paisley!" she says), you should realize that 
        fractal geometry and chaos theory have useful applications in everything 
        from weather prediction to image compression.
        	 
      

      
        	 
      

      
        	
      

    

    [bookmark: {100B}]
     

  







 


 



  
    	
    
      
        	 
        	 
      

    

    
  

  
    	[bookmark: {100C}]
    
      
        	
        Page 
        442
      

    

    [bookmark: {100D}]
    
      
        	 
        	
        	 
      

      
        	 
      

      
        	 
        	Q You didn't 
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        	A This is 
        a term and a branch of mathematics founded by Benoit Mandelbrot. It is 
        his contention that fractal geometry is the geometry of nature; things 
        small are similar to things large. Look at coastlines: start from space, 
        zoom in (just like we do with the Mandelbrot or Julia sets), and notice 
        that no matter how close you get, it looks in general just like it did 
        from space. Search the Web for more information; there's a ton out 
        there. See the book referenced in the exercises.
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        answer, 2,560,000 is probably closest to the truth. It can't be 160,000, 
        because we have to iterate over the points, and they are not all at the 
        same distance from the complex plane. And if it were 5,120,000, all the 
        pixels would be black, and we wouldn't be calculating it because it 
        would be boring.
        	 
      

      
        	 
      

      
        	
      

    

    [bookmark: {1022}]
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        one Julia set for each point in the Mandelbrot, which has been called a 
        catalog for the Julia sets. Because the number of points in the 
        Mandelbrot set is infinite, the number of Julia sets is also infinite.
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        combining the Planck constants and googolplexes can be found at 
        
        
        http://www.informatik.uni-frankfurt.de/~fp/Tools/GetAGoogol.html.
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        Infinity: Documentary shown on PBS featuring Arthur C. Clarke, 
        Benoit Mandelbrot, Michael Barnsley, and Ian Stewart. I can't track down 
        more information than this; it was shown during pledge week here in Salt 
        Lake, and they shrank the credits to an unreadable size. An Internet 
        search turns up nothing.
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        Computer Graphics: Principles and Practice, Second Edition in C 
        by James D. Foley, Andries van Dam, Steven K. Feiner and John F. Hughes. 
        New York, NY: AddisonWesley, 1990.
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