Appendix C

Other Computers and BASIC Versions
Here are some considerations for using the programs with non-IBM-compatible computers and with different dialects of BASIC.

BASICA and GW-BASIC


These old versions of BASIC are mostly compatible with the program listings in this book. They do not support VGA graphics, and the older versions don’t even support EGA. Thus you may have to change SM% = 12 in line 1030 to a lower number. PROG28.BAS automatically selects an appropriate graphics mode.


These versions of BASIC do not support strings longer than 255 characters. The easiest way to circumvent this problem is to limit the four-dimensional searches to cubic polynomials. Adding the following line to the program after line 2680 accomplishes this:

2685    IF M% > 253 THEN GOTO 2650

Turbo BASIC and PowerBASIC


The program listings in this book are compatible with Turbo BASIC and PowerBASIC, except for a quirk with the CIRCLE command with VGA graphics that requires the following change in line 3320:

3320 IF PJT% = 1 AND TRD% < 5 THEN IF SM% < 11 THEN CIRCLE (XA, YA), .36 * (XH - XL) ELSE CIRCLE (XA, YA), .5 * (YH - YL)

VisualBASIC for MS-DOS


The programs as listed compile and run directly under VisualBASIC for MS-DOS. This version of BASIC makes it easy for you to add pull-down menus, dialog boxes, and mouse support to give the user interface a more modern look and feel.

VisualBASIC for Windows


One way to convert the programs to run as Microsoft Windows applications is to use the utility TRNSLATE.EXE supplied with VisualBASIC for MS-DOS to translate the programs into VisualBASIC for Windows. Many program differences must be resolved, however.


A VisualBASIC for Windows version of the listing PROG06 but without the keyboard strobe and sound capabilities is given in PROG06VB.BAS. VisualBASIC for Windows 2.0 does not support the SOUND statement or INKEY$ function, although these capabilities and many others are available through internal Windows drivers. You can use this listing as a starting point for converting the other programs in this book for use with Microsoft Windows. The accompanying disk contains a compiled version of this program in the file SAWIN.EXE. To run this program under Windows 3.0 or later, the VBRUN200.DLL run-time dynamic link library that comes with VisualBASIC version 2.00, which is included on the accompanying disk, must be in a directory in your search path.

PROG06VB.BAS. VisualBASIC for Windows version of PROG06

VERSION 2.00

Begin Form PROG06VB 

   Caption         =   “Strange Attractors”

   Height          =   4620

   Left            =   828

   LinkTopic       =   “Form1”

   ScaleHeight     =   4200

   ScaleWidth      =   6420

   Top             =   1128

   Width           =   6516

End

DefDbl A-Z

Sub Form_Activate ()

1000 Rem TWO-D MAP SEARCH  VisualBASIC Ver 1.0 (c) 1993 by J. C. Sprott

1020 ReDim XS(499), A(504), V(99)

1040 PREV% = 5                 ‘Plot versus fifth previous iterate

1050 NMAX = 11000              ‘Maximum number of iterations

1060 OMAX% = 2                 ‘Maximum order of polynomial

1070 D% = 2                    ‘Dimension of system

1160 Randomize Timer           ‘Reseed random-number generator

1190 GoSub 1300                ‘Initialize

1200 GoSub 1500                ‘Set parameters

1210 GoSub 1700                ‘Iterate equations

1220 GoSub 2100                ‘Display results

1230 GoSub 2400                ‘Test results

1240 On T% GoTo 1190, 1200, 1210

1250 Cls

1260 End

1300 Rem Initialize

1320 Cls: Msg$ = “Searching...”

1350 CurrentX = (ScaleWidth - TextWidth(Msg$)) / 2

1360 CurrentY = (ScaleHeight - TextHeight(Msg$)) / 2

1370 Print Msg$

1420 Return

1500 Rem Set parameters

1510 X = .05                   ‘Initial condition

1520 Y = .05

1550 XE = X + .000001: YE = Y

1560 GoSub 2600                ‘Get coefficients

1570 T% = 3

1580 P% = 0: LSUM = 0:  N = 0:  NL = 0

1590 XMIN = 1000000!: XMAX = -XMIN:  YMIN = XMIN:  YMAX = XMAX

1630 Return

1700 Rem Iterate equations

1720 XNEW = A(1) + X * (A(2) + A(3) * X + A(4) * Y)

1730 XNEW = XNEW + Y * (A(5) + A(6) * Y)

1830 YNEW = A(7) + X * (A(8) + A(9) * X + A(10) * Y)

1930 YNEW = YNEW + Y * (A(11) + A(12) * Y)

2020 N = N + 1

2030 Return

2100 Rem Display results

2110 If N < 100 Or N > 1000 Then GoTo 2200

2120      If X < XMIN Then XMIN = X

2130      If X > XMAX Then XMAX = X

2140      If Y < YMIN Then YMIN = Y

2150      If Y > YMAX Then YMAX = Y

2200 If N = 1000 Then GoSub 3100       ‘Resize the screen

2210 XS(P%) = X

2220 P% = (P% + 1) Mod 500

2230 I% = (P% + 500 - PREV%) Mod 500

2240 If D% = 1 Then XP = XS(I%): YP = XNEW Else XP = X:  YP = Y

2250 If N < 1000 Or XP <= XL Or XP >= XH Or YP <= YL Or YP >= YH Then GoTo 2320

2300      PSet (XP, YP)                   ‘Plot point on screen

2320 Return

2400 Rem Test results

2410 If Abs(XNEW) + Abs(YNEW) > 1000000! Then T% = 2   ‘Unbounded

2430 GoSub 2900                ‘Calculate Lyapunov exponent

2460 If N >= NMAX Then T% = 2  ‘Strange attractor found

2470 If Abs(XNEW - X) + Abs(YNEW - Y) < .000001 Then T% = 2

2480 If N > 100 And L < .005 Then T% = 2   ‘Limit cycle

2490 DoEvents                  ‘Respond to user command

2510 X = XNEW                  ‘Update value of X

2520 Y = YNEW

2550 Return

2600 Rem Get coefficients

2650 O% = 2 + Int((OMAX% - 1) * Rnd)

2660 CODE$ = Chr$(59 + 4 * D% + O%)

2680 M% = 1: For I% = 1 To D%:  M% = M% * (O% + I%):  Next I%

2690      For I% = 1 To M%        ‘Construct CODE$

2700              GoSub 2800          ‘Shuffle random numbers

2710              CODE$ = CODE$ + Chr$(65 + Int(25 * RAN))

2720      Next I%

2730 For I% = 1 To M%          ‘Convert CODE$ to coefficient values

2740      A(I%) = (Asc(Mid$(CODE$, I% + 1, 1)) - 77) / 10

2750 Next I%

2760 Return

2800 Rem Shuffle random numbers

2810 If V(0) = 0 Then For J% = 0 To 99: V(J%) = Rnd:  Next J%

2820 J% = Int(100 * RAN)

2830 RAN = V(J%)

2840 V(J%) = Rnd

2850 Return

2900 Rem Calculate Lyapunov exponent

2910 XSAVE = XNEW: YSAVE = YNEW:  X = XE:  Y = YE:  N = N - 1

2930 GoSub 1700                ‘Reiterate equations

2940 DLX = XNEW - XSAVE: DLY = YNEW - YSAVE

2960 DL2 = DLX * DLX + DLY * DLY

2970 If CSng(DL2) <= 0 Then GoTo 3070      ‘Don’t divide by zero

2980      DF = 1000000000000# * DL2

2990      RS = 1 / Sqr(DF)

3000      XE = XSAVE + RS * (XNEW - XSAVE):  YE = YSAVE + RS * (YNEW - YSAVE)

3020      XNEW = XSAVE:  YNEW = YSAVE

3030      If DF > 0 Then LSUM = LSUM + Log(DF):  NL = NL + 1

3040      L = .721347 * LSUM / NL

3070 Return

3100 Rem Resize the screen

3110 If D% = 1 Then YMIN = XMIN: YMAX = XMAX

3120 If XMAX - XMIN < .000001 Then XMIN = XMIN - .0000005: XMAX = XMAX + .0000005

3130 If YMAX - YMIN < .000001 Then YMIN = YMIN - .0000005: YMAX = YMAX + .0000005

3160 MX = .1 * (XMAX - XMIN): MY = .1 * (YMAX - YMIN)

3170 XL = XMIN - MX: XH = XMAX + MX:  YL = YMIN - MY:  YH = YMAX + MY

3180 Scale (XL, YL)-(XH, YH): Cls

3460 Return

End Sub

QuickBASIC for Apple Macintosh Systems


If you want to run the programs on an Apple Macintosh, the easiest way is to use the Macintosh version of QuickBASIC. Unfortunately, this BASIC (at least in version 1.0) is not very compatible with any of the IBM BASICs. Also, it lacks many important and useful commands, although most of the missing features (such as color) are available through BASIC calls to the Macintosh Toolbox. An alternate though probably equally difficult  approach is to convert the C source listing in Appendix D for use with one of the C compilers available for the Macintosh.


The QuickBASIC for Macintosh version of the programs typically executes more slowly than those compiled with the IBM version of QuickBASIC. For example, the program used to produce the data in Table 2-2 finds about 106 attractors per hour when compiled with the Macintosh version of QuickBASIC and run on a 25 MHz Macintosh IIci with a floating-point coprocessor and only 14 per hour when using the QuickBASIC interpreter on the same computer.


To get you started, the listing PROG06QB.MAC is a QuickBASIC for Macintosh version of PROG06. You can use it as a starting point for converting the other programs in this book for use on the Macintosh. You can use the Apple File Exchange utility to transfer PROG06QB.MAC on the accompanying disk to a Macintosh with a high density (1.4-MB) disk drive.

PROG06QB.MAC. Macintosh QuickBASIC version of PROG06

1000 REM TWO-D MAP SEARCH  Macintosh QuickBASIC Ver 1.0 (c) 1993 by J. C. Sprott

1010 DEFDBL A-Z                 ‘Use double precision

1020 DIM XS(499), A(504), V(99)

1040 PREV% = 5                  ‘Plot versus fifth previous iterate

1050 NMAX = 11000               ‘Maximum number of iterations

1060 OMAX% = 2                  ‘Maximum order of polynomial

1070 D% = 2                     ‘Dimension of system

1100 SND% = 0                   ‘Turn sound off

1160 RANDOMIZE TIMER            ‘Reseed random-number generator

1190 GOSUB 1300                 ‘Initialize

1200 GOSUB 1500                 ‘Set parameters

1210 GOSUB 1700                 ‘Iterate equations

1220 GOSUB 2100                 ‘Display results

1230 GOSUB 2400                 ‘Test results

1240 ON T% GOTO 1190, 1200, 1210

1250 CLS

1260 END

1300 REM Initialize

1320 WINDOW 1, “Strange Attractors”, (0, 36)-(SYSTEM(5), SYSTEM(6)), 1

1350 MENU 2, 0, 1, “Options”: MENU 2, 1, SND% + 1, “Sound”

1360 WW = WINDOW(2) / 2: WH = WINDOW(3) / 2: CLS

1370 BUTTON 1, 1, “Searching...”, (WW - 45, WH - 10) - (WW + 45, WH + 10)

1420 RETURN

1500 REM Set parameters

1510 X = .05                    ‘Initial condition

1520 Y = .05

1550 XE = X + .000001: YE = Y

1560 GOSUB 2600                 ‘Get coefficients

1570 T% = 3

1580 P% = 0: LSUM = 0: N = 0: NL = 0

1590 XMIN = 1000000!: XMAX = -XMIN: YMIN = XMIN: YMAX = XMAX

1630 RETURN

1700 REM Iterate equations

1720 XNEW = A(1) + X * (A(2) + A(3) * X + A(4) * Y)

1730 XNEW = XNEW + Y * (A(5) + A(6) * Y)

1830 YNEW = A(7) + X * (A(8) + A(9) * X + A(10) * Y)

1930 YNEW = YNEW + Y * (A(11) + A(12) * Y)

2020 N = N + 1

2030 RETURN

2100 REM Display results

2110 IF N < 100 OR N > 1000 THEN GOTO 2200

2120    IF X < XMIN THEN XMIN = X

2130    IF X > XMAX THEN XMAX = X

2140    IF Y < YMIN THEN YMIN = Y

2150    IF Y > YMAX THEN YMAX = Y

2200 IF N = 1000 THEN GOSUB 3100        ‘Resize the screen

2210 XS(P%) = X

2220 P% = (P% + 1) MOD 500

2230 I% = (P% + 500 - PREV%) MOD 500

2240 IF D% = 1 THEN XP = XS(I%): YP = XNEW ELSE XP = X: YP = Y

2250 IF N < 1000 OR XP <= XL OR XP >= XH OR YP <= YL OR YP >= YH THEN GOTO 2320

2300    PSET (WW * (XP - XL) / (XH - XL), WH * (YH - YP) / (YH - YL))

2310    IF SND% = 1 THEN GOSUB 3500     ‘Produce sound

2320 RETURN

2400 REM Test results

2410 IF ABS(XNEW) + ABS(YNEW) > 1000000! THEN T% = 2    ‘Unbounded

2430 GOSUB 2900                 ‘Calculate Lyapunov exponent

2460 IF N >= NMAX THEN T% = 2   ‘Strange attractor found

2470 IF ABS(XNEW - X) + ABS(YNEW - Y) < .000001 THEN T% = 2

2480 IF N > 100 AND L < .005 THEN T% = 2    ‘Limit cycle

2490 Q$ = INKEY$: IF LEN(Q$) THEN GOSUB 3600        ‘Respond to user command

2500 IF MENU(0) = 2 AND MENU(1) = 1 THEN Q$ = “S”: GOSUB 3600

2510 X = XNEW                   ‘Update value of X

2520 Y = YNEW

2550 RETURN

2600 REM Get coefficients

2650 O% = 2 + INT((OMAX% - 1) * RND)

2660 CODE$ = CHR$(59 + 4 * D% + O%)

2680 M% = 1: FOR I% = 1 TO D%: M% = M% * (O% + I%): NEXT I%

2690    FOR I% = 1 TO M%        ‘Construct CODE$

2700        GOSUB 2800          ‘Shuffle random numbers

2710        CODE$ = CODE$ + CHR$(65 + INT(25 * RAN))

2720    NEXT I%

2730 FOR I% = 1 TO M%           ‘Convert CODE$ to coefficient values

2740    A(I%) = (ASC(MID$(CODE$, I% + 1, 1)) - 77) / 10

2750 NEXT I%

2760 RETURN

2800 REM Shuffle random numbers

2810 IF V(0) = 0 THEN FOR J% = 0 TO 99: V(J%) = RND: NEXT J%

2820 J% = INT(100 * RAN)

2830 RAN = V(J%)

2840 V(J%) = RND

2850 RETURN

2900 REM Calculate Lyapunov exponent

2910 XSAVE = XNEW: YSAVE = YNEW: X = XE: Y = YE: N = N - 1

2930 GOSUB 1700                 ‘Reiterate equations

2940 DLX = XNEW - XSAVE: DLY = YNEW - YSAVE

2960 DL2 = DLX * DLX + DLY * DLY

2970 IF CSNG(DL2) <= 0 THEN GOTO 3070       ‘Don’t divide by zero

2980    DF = 1000000000000# * DL2

2990    RS = 1 / SQR(DF)

3000    XE = XSAVE + RS * (XNEW - XSAVE): YE = YSAVE + RS * (YNEW - YSAVE)

3020    XNEW = XSAVE: YNEW = YSAVE

3030    IF DF > 0 THEN LSUM = LSUM + LOG(DF): NL = NL + 1

3040    L = .721347 * LSUM / NL

3070 RETURN

3100 REM Resize the screen

3110 IF D% = 1 THEN YMIN = XMIN: YMAX = XMAX

3120 IF XMAX - XMIN < .000001 THEN XMIN = XMIN - .0000005: XMAX = XMAX + .0000005

3130 IF YMAX - YMIN < .000001 THEN YMIN = YMIN - .0000005: YMAX = YMAX + .0000005

3160 MX = .1 * (XMAX - XMIN): MY = .1 * (YMAX - YMIN)

3170 XL = XMIN - MX: XH = XMAX + MX: YL = YMIN - MY: YH = YMAX + MY

3180 WW = WINDOW(2): WH = WINDOW(3): BUTTON CLOSE 0: CLS

3460 RETURN

3500 REM Produce sound

3510 FREQ% = 220 * 2 ^ (CINT(36 * (XNEW - XL) / (XH - XL)) / 12)

3520 DUR = 1

3540 SOUND FREQ%, DUR: IF PLAY(0) THEN PLAY “MF”

3550 RETURN

3600 REM Respond to user command

3610 T% = 0

3630 IF ASC(Q$) > 96 THEN Q$ = CHR$(ASC(Q$) - 32)

3770 IF Q$ = “S” THEN SND% = (SND% + 1) MOD 2: T% = 3: MENU 2, 1, SND% + 1, “Sound”

3800 RETURN

