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1 Plane figure

1.1 Setting and Defining
1.1.1 Setting environment
Ketinit
Usage Ketinit();
Description Generic function to initialize KEFT'Cindy.

Examples

Ketinit(); The work sub folder is set to "fig" in the folder of the cindy file.
Ketinit(""); The work folder is set to the folder of the cindy file.

Details
This function should be written at the first line on Draw slot page. In case of space figure
(KeTCindy’s 3D-mode), write it in the initialization slot page ketlib.

=Command List
Initglist
Usage Initglist(), Setglist(), Addglist()
Description Add the list generated in "ket1ib" slot to that of "ketlib" slot.

Examples

Initglist(); // in ketlib slot
Implicitplot(''1'',fun,rng);
Setglist();

Ketinit(); // in figures slot
Addglist();

=Command List
Setfiles

Usage Setfiles(filename)
Description Generic function to set the name of texfile.
Details Default file name is working Cinderella file name.

Examples
If working Cinderella file name is "triangle.cdy” then default files name are "triangle.tex”.

By Setfiles("grav"); output files name are "grav.tex”.

=Command List



Setparent

Usage Setparent (filename)
Description Generic function to set the name of texfile by using the Parent push button.

Details There is no default file name when we use the Figpdf() function and the Parent
push button, so we have to define the name of output texfile.

Examples

If working Cinderella file name is "triangle.cdy” , by Setparent ("grav"); output files
name are “triangle.tex” and "grav.tex”. PDF name is "grav.pdf”.

=Command List
Changework

Usage Changework(name of pass)

Description  Generic function to change the working directory(folder).

Default working directory is "fig”.

=Command List
Addpackage

Usage Addpackage(list of style fies)
Description Generic function to add packages of TEX to the main file for previewing.
Detalils Basically, ketpic,ketlayer,amsmath,amssymb,graphicx,color are used.

Examples

Addpackage ([" [dvipdfmx]{media9}"," [dvipdfmx]{animate}", "ketmedia"]);
=Command List
Usegraphics
Usage Usegraphics(”pict2e”)
Description This function changes the graphics package to "pict2e".

Details The defaut package is "tpic".

Examples
Usegraphics("pict2e");

=Command List



1.1.2 Drawing and defining
Addax
Usage Addax(1/0);
Description Generic function to decide axis are drawn or not.

Details If argument is 1, axis are output in the TeX file (default) but there are no axis
on the Euclidean view.

Examples

To draw a triangle.

Listplot ([B,A,C]);
Letter( [A,"ne”,"A" ,B,"SG","B",C,"SG" R IICIIJ);
Yy
A
OB c

Hide coordinate axes.

Addax (0) ;
Listplot([B,A,C,B]);
Letter([A llnell IIAII B "SW" I|Bll C Ilsell IICII]).

A

=Command List
Setax

Usage Setax(a list of parameters);
Description Generic function to set the style of axis.

Details Parameters are:

1. Style of axis (”1” ; line(default), "a” : arrow)
Name of horizontal ax ( default is x)
Posion of horizontal name (default is "e”)
Name of horizontal ax ( default is y)
Posion of horizontal name (default is "n”)
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6. Name of origin (default is O)

7. Position of origin (default is "sw”)
8. Linestyle

9. Color of axes

10. Color of labels

Examples

Setax([llall’Illl’Illl’Illl’llll’llll’Han]);

Setax( [ll n s nn , nn , nn , nn , nn , nn , I|dol| s llredll:l ) ;
Setax([7,"nw"]);
Setax(["a","\theta","","x","w"]);

=Command List
Drwxy

Usage Drwxy(), Drwxy(options)
Description  Generic function to draw axis in the TEX figure.

Details
By default the axes are drawn last. Use this function when axis should be drawn in the
middle of commands. There are no axis on the Euclidean view.

Options is a list of ["Origin=", "Xrng=", "Yrng="].

Examples
To draw a point in the void mode.

Setax([7,"se"]);

Setpt(8);

Pointdata("1", [[-pi,0]], ["Inside=0"]);
Drwxy () ;
Plotdata("1","sin(x)","x", ["dr", "Num=300"]);
Pointdata("2", [[pi,0]], ["Inside=0"]);

=Command List

Definecolor



Usage Definecolor(name of a color,colorcode)
Description Generic function to define the name of colorcode in the TEX figure.

Examples

Definecolor("darkmaz", [0.8,0,0.8]);
Setcolor("darkmaz") ;

=Command List
Setcolor

Usage Setcolor(color,options)
Description Generic function to set the color of figures and characters in the TEX figure.

Examples

C.xy=B.xy|/|C.xy|*C.xy;|

Listplot([B,A,C]);

Setcolor([1,0,0]);
Anglemark("1",[B,A,C],[3]); //size=3
Arrowhead(1,"agl",[2]); //position=1,size=2

Remark You can also use color option in each command of drawing.

Arrowhead(1,"agl", ["Color=[1,0,0]1"]1);

o)

Refer to Color table on Appendix.
=Command List

Deffun

Usage Deffun(name of a function,a list of commands);
Description Generic function to define a function common to both Cindyscript and R.

Examples

O —

2+ 1

Deffun("f(x)", ["regional(y)","y=1/(x"2+1)","y"]1);
Plotdata("l" , "f (X) " s "X") ;



e

0]

I(x >0)
flo) = { —1(x < 0)

Deffun("f(x)", ["regional(y)","if (x>=0,y=1,y=-1)","y"]);
Plotdata("1","(x)","x", ["Dis=1", "Num=100"]) ;

Y

"If” command can be nesting.

Deffun("f(x)", ["regional y","if (x>1,y=1,if(x>-1,y=x,y=-1))","y"1);

Y
5 x
=Command List
Defvar
Usage Defvar([name,value,...]);

Description Generic function to define variables common to both Cindyscript and R.

Examples

Defvar(["const",3]); //const=3;
Defvar(["a",3,"b",1]); //a=3;b=1;

=Command List

Fontsize

Usage Fontsize(size symbol)

Description  Generic function to define the font size in the TEX figure.
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Details The Symbol iS "t " " ss " "f " " s " unn " la" "La" "LA" "h" an .

Examples

Ptsize(2);

Drawpoint ([A,B,C,D,E,F,G]);
Fontsize("t"); Letter([A,"s2","A"]);
Fontsize("ss"); Letter([B,"s2","B"]);
Fontsize("s"); Letter([C,"s2","C"]);
Fontsize("la"); Letter([D,"s2","D"]);
Fontsize("La"); Letter([E,"s2","E"]);
Fontsize("h"); Letter([F,"s2","F"]);
Fontsize("H"); Letter([G,"s2","G"]);

SRR e
=Command List
Ptsize

Usage Ptsize(ratio);
Description Generic funtion to set the size of points.

Details This function is same as Setpt().

=Command List
Setpt

Usage Setpt(ratio);
Description Generic funtion to set the size of points.

Detalils “ratio” is the ratio from the standard size.
Size can be change as a option of "Pointdata”.

Examples
Pointdata("1",A, ["Size=1"]);
Pointdata("2",B, ["Size=2"]);
Pointdata("3",C, ["Size=3"]);
Pointdata("4",D, ["Size=4"]);

Pointsize 1 2 3

LTSN

=Command List

Setmarklen



Usage Setmarklen(real number)
Description Generic function to set the length of tickmarks on the axsis.

Details Set the length of tickmarks on the axsis when we use the functions Htickmark()
and Vtickmark().

=Command List
Setorigin

Usage Setorigin(coordinate)
Description Generic function to set or transtate the coordinate of apparent origin.

Examples

Setorigin([3,2]);
if A is identification name of some point, Setorigin(A);

Remark Coordinate system is not changed as the following examples.

Examples

The coordinate of apparent origin is (3,2) but we use the original coordinate system in
the script.

Setorigin([3,2]);

Listplot([A,B,C,Al);

Ptsize(3);

Drawpoint ([1,1]);

Letter([[1,1],"s2","P"]);

Left figure is Euclidean view, right figure is the result of TEX.
)

=Command List
Setpen

Usage Setpen(real number)

Description Generic function to set the thickness of lines.

=Command List
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Setscaling

Usage Setscaling(scale)

Description  Generic function to set the scale of vertical direction. Argument is real number
or list. If it is a real number, vertical scaling. If the list [a, b], scaling a in the horizontal
direction and b in the vertical direction.

Examples

Setscaling(0.5);

Plotdata("1","-2%x"2+10*x","x");

pl=[5/2,0]; p2=[5/2,25/2]; p3=[0,25/2];

Listplot (™ ~1", [p1,p2,p3],["da"]l);
Expr([[5,0],"s2w","5",p3,"w2","\frac{25}{2}",p1,"s4","\frac{6}{2}"]);

=Command List
Setunitlen

Usage Setunitlen(scale);

Description  Generic function to set the scale of unit length. (default is lcm)
It is recommended to put this function to the beginning of a script.

Examples

Setunitlen("8mm") ;

=Command List
Setwindow

Usage Setwindow (range of x , range of y);
Description Generic function to set a output area on a Euclidean view.

Details A output area is normally specified by a rectangle with SW and NE as diagonal
two vertices. (i.e range of x is [XMIN,XMAX] and range of y is [YMIN,YMAX]) By
dragging these two vertices on a Euclidean view, we can change the output area. This
command is used to set the window manually and fix it.

11



Examples
Setwindow([-5,5],[-1,3]1);

=Command List

1.2 Commands for Drawing
1.2.1 Options of drawing command

Options of drawing command

Line type
"dr, n” solid line
n : thickness
"da(,mmn)”  broken line
m : length, n : gap
m,n option are not draw Euclidean view and can be omitted.
"id(,m,n)” broken line start gap.
"do(,m,n)”  dot line
m : gap, n : thickness
Color
"Color=col” : col: RGB or CMYK or color name
Num
"Num=n” : Number of divisions of plotting data
Example
Plotdata("1","x"2","x", ["Color=red","do,2,3","Num=100"]);
Output
"notex” not output to TEX.
"nodisp”  not output to TEXand Fuclidean view but make PD.
"Size=n”"  size of point and thin of line
"Num=n”" Number of PD
Direction

The direction is represented by e(east : right), w(west: left), n(north : upper), s(south:lower)
and c(center). The distance from the specified position can also be given as a numerical
value. For example, "e2” and "e3” are placed twice and three times of the slightly unit

N AP

distance away from ”e”, respectively.
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Others

In addition, there are options specific to each function.
=Command List
1.2.2 Point, line

Pointdata

Usage Pointdata(name, point list, options)

Description Generic function to make a point data.

Detailse Options are "Size=", "Color=", "Inside=","notex /nodisp”.
Examples
Pointdata("1",[[1,2],[-2,3]]); // make 2 points (1,2),(-2,3)
Pointdata("2", [A,B]); // A and B are draw by drawing tool.
Pointdata("3",A, ["size=4"]); // size of point A is 4.
Pointdata("4", [A,B], ["Inside=0"]); // white circles

Pointdata("5",[[3,4],[5,61], ["notex"]); //not draw in the TEXfile.
Pointdata("6", [[3,4],[5,6]], ["nodisp"]); //not draw TgXfile and Euclidean view.

Draw node of tree.

Ptsize(3);

Pointdata("1",[[1,2],[3,4],[5,21]);
Listplot("1",[[0,0],[1,2],[3,4],[5,2],[4,011);
Listplot("2",[[1,2],[2,0]1]);
Listplot("3",[[5,2],[6,0]11);

Remark Comparative chart of drawing of points
=Command List
Putpoint
Usage Putpoint(name of point, A, B);

Description Generic function to put a point.
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Details Put a point at A. If there already exists a point at A, it is put at B.

Examples
Putpoint ("P", [1,1]); // P is fixed point.
Putpoint ("P", [1,1],[P.x,P.y]); // for a movable point.

Remark Comparative chart of drawing of points
=Command List
Putintersect

Usage Putintersect(name of point, PD1 ,PD2, [Number]| )
Description Generic function to make a intersection point of two curves.

Details PD1 and PD2 are plotting data names of two curves. Only one intersection
point exists inside the drawing range, we have the point. If there exist many intersection
points inside the drawing range then we have the list of coordinates for the points and the
message:’Choose point number” on the console. The "Number” argument is this point
number. We have to use the function Pointdata() when we need the figure of points in
the output TEXfile.

Examples

In the following example We have three intersection points for a cubic curve and a line.

Plotdata("1","x~3-4x*x","x", ["Num=200"]) ; {

Plotdata("2","1/2%x+1", "x");

Putintersect("P","gri", "gr2" 1) ;
Putintersect("Q","grli","gr2",2); o) T
Putintersect("R","gr1","gr2",3);

Pointdata("1", [P,Q,R], ["size=4"]);

If there exist no such points, we have the message:”No intersect point” on the console.
=Command List
PutonCurve

Usage PutonCurve(name of point, PD, options);
Description Generic function to put a point on the curve.
Details Put a point on the curve of PD.

Examples

Paramplot("1","[2*cos(t)~3,2*sin(t)~3]","t=[0,2%pil");
PutonCurve ("P","gp1", [-1,1]1);
This Point P on the asteroid can be move along the curve on the Euclidean view.

14
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=Command List
PutonLine
Usage PutonLine(name of point, A, B);
Description Generic function to put a point on the line.
Details Put a point on the straight line through the two points A and B.

Examples

PutonLine("P",A,B);
=Command List
PutonSeg

Usage PutonSeg(name of point, A, B);
Description Generic function to put a point on the segment.
Details Put a point on the line segment AB.

Examples

PutonSeg("P",A,B);
=Command List
Reflectpoint

Usage Reflectpoint(a point, center or axis of symmetry);
Description Generic function do return the reflect point.

Examples

C.xy=Reflectpoint(A,B);
D.xy=Reflectpoint (A, [[2,3]1]);
E.xy=Reflectpoint([-1,1],[[1,0]]1);
F.xy=Reflectpoint (4, [C,E]);
Lineplot ([C,E], ["do"]);

15
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=Command List
Rotatepoint
Usage Rotatepoint(point, angle(degree), center);
Description Generic function to rotate a point.
Examples
C.xy=Rotatepoint(A,2*pi/3,B);
D.xy=Rotatepoint ((5,2),pi/3,B);
E.xy=Rotatepoint ([3,0],-pi/4,A);
Y
.‘D
B- """"" . C
) ° (5?2>
At
. — x
o (30)
‘E
=Command List
Scalepoint
Usage Scalepoint (point, scale, center):

Description Generic function to scale a point.

Examples

D.xy=Scalepoint (4, [3,2],[0,0]);
E.xy=Scalepoint (4, [3,2],B);
F.xy=Scalepoint(A,C.xy, [0,0]);
Arrowdata("1",[[0,0],C]);
Pointdata("1",[A,B,C,D,E,F], ["size=2"]);
Letter( I:A’ lle2ll s "A("+A.X+" , I|+A.y+||) II] ) ;
Letter ([B,"e2","B("+B.x+","+B.y+")"]);
Letter([C,"e2" ,"C("+C.x+","+C.y+")"]);
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Letter( [D, ngn s "D(""‘D.X"‘" s "+D.y+") n] ) ;
Letter( [E, nan , "E("+E.X+" , "+E.y+") n] ) ;
Letter( [F, ||e2|| s "F(""’F.X"’" s ""‘F-Y"'") n] ) ;

Y
+E(5,5)
+D(9,4)
-A(3,2) -F(12,2)
C(4,1)
5 x
«B(2,-1)
=Command List
Translatepoint
Usage Translatepoint (point, vector);
Description Generic function to translate a point.
Examples
C.xy=Translatepoint (4, [2,3]);
D.xy=Translatepoint (A,B.xy);
)
5t «C
4 L
3t ‘D
2t A
1t B
O 12 3 45 !
=Command List
Setarrow
Usage Setarrow(size(1), angle(18), position(1), cut(0.2)
Description set the style of arrow
=Command List
Arrowdata
Usage Arrowdata(name,[starting point, ending point| , options)

17



Description draw an arrow line between two points.

Options : Those of Setarrow and "Line=n(y)”(with line),”Cutend="(trimming),”Color="

Examples

Arrowdata("1",[A,B]);
Arrowdata("2",[[1,0],[2,31],[2]);
Arrowdata("3",[[2,0],[3,3]1],[3,45]);
Arrowdata("4",[[3,0],[4,31]1,[3,1,0.5]);
Arrowdata("5",[[4,0],[5,3]1],[3,1,1,0]);
Arrowdata("6",[[5,0],[6,3]],[3,"Line=y"]);
Arrowdata("7",[[6,0],([7,3]],[3,"dr,2"]);
Arrowdata("8",[[7,0],[8,3]],[3,1,1,0.5,"Color=red"]);

Yy
Circledata("1",[A,A.xy+[0.5,0]]1);
Circledata("2", [B,B.xy+[0.7,0]]1);
Arrowdata([A,B], ["Cutend=[0.5,0.7]1"]);
Letter([A,“c","A",B,”c","B”]); e

=Command List

Arrowhead
Usage (1) Arrowhead(point, direction , options)
(2) Arrowhead(point/positon ratio, PD(curve), options)
Description (1) draw an arrowhead with specified direction at a point.

(2) draw an arrowhead on a PD(curve)
Options are the same as Arrowdata
Position ratio of a point on the curve is from 0 to 1.

Examples

Let A=[1,1].

(a) Arrowhead(A, [-1,1]);

(b) Arrowhead([1,1],[-1,11,[2,601);

(c) Arrowhead(A,[-1,1],[2,30,0.5);

(d) Arrowhead([1,1],[-1,1],[2,20,0.5,"Line=y"]);

18



Let A whose position ratio is 0.6 be on the curve crl. Fﬁ

(e) Arrowhead(A,"cri");

(f) Arrowhead(0.6,"cr1",[2,1,0.5,"Color=red"]);
(g) Arrowhead(1,"cri");
(h)

h) Arrowhead(l,"Invert(cri)", ["Line=y"]);

e) (f) (g) (b)
NN YN
=Command List

Lineplot

Usage Lineplot(name, [A, B], options)
Description Draw the straight line through the two points A, B.

Details The list of two points is given by the coordinates or the geometric elements.
If the list of points is given by geometric elements, "name” can be omitted.
options : "4” means drawing a half straight line.
Both the line type and "+” can be specified as a list.

Example

Draw a straight line connecting the coordinates.
Lineplot("1",[[0,0],[1,2]11);

Draw the two points A, B in the Cinderella main screen and draw a straight line AB.
Lineplot ([A,B]);

Some examples of options.
Lineplot ([A,B], ["dr,0.5","+"]); // Draw a half line with A as the end point.
Lineplot ([C,D], ["dr,2"]); // Draw the straight line CD with double thickness.
Lineplot ([E,F],["da"]); // Draw the straight line EF as a broken line.
Lineplot ([G,H], ["do"]); // Draw the straight line GH as a dotted line.

The results are shown in order from the top left of the next figure.
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=Command List
Listplot
Usage Listplot(name, a list of points, options)
Description Connect points by line segments.

Details The list of two points is given by the names of the coordinates or the geometric
elements.
If the list of points is given by geometric element names, the name of the plotting data
can be omitted.

Examplel Line style
Listplot([A,B]);
Listplot([C,D], ["dr,2"]);
Listplot([E,F], ["da"]);
Listplot([G,H], ["da,3,1"]);
Listplot([K,L],["da,1,3"]);
Listplot ([M,N], ["do"]1);
Listplot([0,P],["do,3"1);
Listplot([Q,R],["do,3,3"]);

20



Example2 Draw a triangle.
Draw the triangle ABC or simply creating 3 points A, B, C with the Euclidean view.

Addax (0) ;
Listplot([A,B,C,Al);

The position of the points can be specified by coordinates. In this case "name” is neces-
sary.

Listplot("1",[[0,0],[2,0],[1,2],[0,0]11);

Example3 Expansion of finite Fourier series
30
™ 1—(=1)"
5 + ng_o #sin nx

The plotting data is a list of the coordinates of points. Therefore, define the function in
Cindyscript as follows, create plotting data pd and pass it as argument.

f(x):=(
s=pi/2;
repeat(30,n,s=s+(1-(-1)"n) /n*sin(n*x)) ;
);
pd=apply(0..200,t,
x=-2%pi+t*4*pi/200;
[x,f(x)];
);
Listplot("1",pd);
Expr([[-2*pi,-0.5],"s","-2\pi", [-pi,-0.5],"s","-\pi", [pi,-0.5],"s",
"\pi" s [2*p1’_05] s "S" , "2\pi" s [O,pl] s uw2u s "\pi"] );

Y
s

<
+

W (jv W— L

—27 —T ™ 21

There is a limit on the length of the list, so it is impossible to use a long list or to use it
many times. For example, in the Shellpinski gasket using Turtle Graphics, the next size
is possible, but in the growth model of plants there are many branches so it can not be
a big figure. We devise a script and divide it into lists of about 200.
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=Command List
Mksegments
Usage Mksegments|()
Description Create plotting data of all geometric segments.

Details All the line segments drawn by the "Add line segment” tool in the Euclidean
view are used as plotting data as they are. For example, if the line segment AB is created,
plotting data sgAB is created. After that, if you change the identification name of point
B (for example to Q) in the inspector of the Euclidean view, the plotting data name is
also changed. Even if the line segmen has already been drawn, it can be changed.

Example Examples of geometric progression
Draw a figure of a geometric progression that makes triangles by connecting the mid-
points of each edge of a triangle one after another.
First draw the triangle ABC with the "Add line segment” tool in the Euclidean view.
Take the midpoint of each edge with the ”Add midpoint” tool in the Euclidean view and
connect the midpoints with the "Add line segment” tool in the Euclidean view.
Repeat this process. If you write Mksegments () ;, you can obtain the data of the figure
at the completion of drawing, without writing Listplot ([A, B, C]);.

=Command List
Framedata

Usage Framedata(name,expr,options)
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Description Generic function to draw a rectangle.
Details expr typel : [center,x,ly] : Ix and ly are a half of the horizontal and vertical
length.
expr type2 : [pl, p2] : if pl and p2 are name of point, 1st argument can be omitted.
options : usual options and "center”/”corner” (type2).
If ”center”, pl is center, p2 is apex of rectangle. (Default)

If ”corner”, pl and p2 are diagonal point of rectangle.

Examples
Framedata("1"); // same as Framedata([SW,NE], ["corner"]);
Framedata("2",[[0,0],2,2]);
Framedata("3",[A,1.5,1.2]); // left figure
Framedata([B,C]); // center figure
Framedata([D,E], ["corner"]); // right figure
C E
1.2
A 1.5 B )
D
Reference Ovaldata.
=Command List
Polygonplot
Usage Polygonplot(name, point list, integer, options)

Description  Generic function to draw a polygon inscribed inside the circle.

Details If the point list is [A,B] then the center is A and the radius is AB for the circle.
Corresponding circle is not drawing. Two points A,B allowed to be coordinates.

option : If A and B are geometric point , make geometric apex by "Geo=y”.

Examples

Addax(0);
Polygonplot("1",[[-4,1],[-4,3]11,7);
Polygonplot("2", [A,B],7);
Polygonplot("3", [C,D],7, ["Geo=y"]);

23



We can draw the regular polygon whose one side is the line segment AB.

n=5;
pti=[complex(A),complex(B)];
th=2%pi/n;
repeat(n-2,s,
zl=pti_s;
z2=pti_(s+1);
z=z2+(z2-z1) *(cos (th) +i*sin(th));
pti=append(pti,z);
)
pt=apply(pti,gauss(#));
pt=append (pt,A.xy) ;
Listplot("1",pt);

pti is the list of complex numbers correspond to each vertex, pt is the list of coordinates
of vertexes.

=Command List

1.2.3 Curved line

Bezier

Usage Bezier(name,nodes of curve, control points, options)

Description Draw a bezier curve.
For each interval, control points are given in two lists for 3rd-order and one list for 2nd-
order Bezier curve.
You can specify the number of division among nodes (default value is 10).

Examples

C

2nd-order Bezier curve bzl .
Bezier("1",[A,B],[C]);

3rd-order Bezier curve bzc . .
Bezier("c",[A,B],[C,D]);
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Connecting two curves, bz3
Bezier("3",[A,B,C], [[D], [E,F11); D B

If D,B,E are on the straight line, bzS C
the curve becomes smoothly. A B
Bezier("S",[A,B,C], [[D], [E,F]1]);

Bezier("name", [A,B,C,D], [E,F,G,H,K,L] );

C.} .

A

Bezier("1a",[A,B,C], [[D], [E,F1], ["Num=3"]);

25
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=Command List
Beziersmooth

Usage Beziersmooth(name, a list of nodes, options);
Description Generic function to draw a smooth Bézier curve.
Details Control points are added to keep smoothness.

Examples

Beziersmooth("1", [A,B,C,D]);

Remark Control points are movable.

=Command List

Beziersym

Usage Beziersym(name, a list of nodes, options);

Description Generic function to draw a smooth Bézier curve.

Details Control points are added to be symmetric with respect to each node.
Examples
Cqu o C2p D
C3q
Clp
A C2q ¢ o
C3p
Remark Some control points are movable.

26



Clq B

. . C2 D
Clp L
A a0 Gy
=Command List
Mkbeziercrv

Usage Mkbeziercrv(name, [nodes, control points|, options)
Description Draw some Bézier curves.
Details In the case of a single Bézier curve, [ ] outside the list can be omitted.

Mkbeziercrv(name, [nodes, control points], options) is same as Bezier(name, [nodes, con-
trol points], options).

Mkbeziercrv("n", [[A,B,C], [[D], [E,F]1]1]) is same as Bezier("n", [A,B,C],
[[D], [E,F]]). The name of the plotting data is "bz”.

Examplel
Mkbeziercrv("5",[[[A,B,C],[[D], [E,F]1]], [[G,H,K,L], [M], [N,0],[P]]1]1]);

D E F 1\./[ No oO ]i)
/\H/\/\
/\/_\ v )
B G
A C

=Command List

Mkbezierptcrv

Usage Mkbezierpterv(a list of points, options)

Description Draw a Bézier curve.

Details Arrange the control points automatically. After that, move the nodes and the
control points and correct the Bézier curve to what you want to draw.
In the case of multiple curves, [ ptlistl, ptlist2.... ]
The name is automatically attached in order from A.
The options are as follows:
"Deg=..”  You can specify the degree (Default is 3rd order).

"Num=.." You can specify the partition number (the partition point number — 1) for
each section (Default is 10).

2
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Example

Mkbezierptcrv([A,B,C]);

B
Aql Ap2
Apl Aq2

A C

After that, move the nodes and the control points and correct the Bézier curve to what
you want to draw.

B
A C

Ap2  Aq2
Mkbezierptcrv([A,B,C], ["Deg=2"1);

If Deg = 2, it is the Bézier curve of 2nd order.
One control point can be set for each section.

In the case of multiple curves, [ ptlistl, ptlist2.... ]
Mkbezierptcrv([[A,B,C], [D,E,F,G]]);

B
Aql Ap2
Apl A2

=Command List
Bspline
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Usage Bspline(name list of control points, options)
Description Draw second degree B-spline curve.
Details Though not displayed, nodal points are calculated automatically.

Examples

Bspline("1",[A,B,C,D,E]);(=Bezier("1",[A, (B+C)/2,(C+D)/2,E], [B,C,D]);)
The name becomes bzb1l instead of bz1l. Endpoints can be moved instead of control

points.
D
];D) L[]
A C E

Bspline("1",[A,B,C,D,A]);
The generated curve becomes closed when the first component of the list is the same as
the last one.

B, ,C
(] ) D
A
=Command List
CRspline
Usage CRspline(name, list of node points, options)

Description Draw single Catmull-Rom spline curve.

Details Only node points are free and control points cannot be moved.
Extra options is :
"size->" specifies the thickness of line on the Euclidean view.

Examples

CRspline("1",[A,B,C,D]);

(B\)
A C

=Command List
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Ospline
Usage Ospline(name, a list of control points, options);

Description Generic function to draw a spline curve of Oshima.

Examples

Ospline("1",[A,B,C,D,E]);
Ospline("1",[A,B,C,D,A]);

Reference Bspline.

=Command List

Circledata

Usage Circledata(name, list, options)

Description Draw a circle or polygon.

Details The list consists of the central point and some point on the circle or the radius.
It is also permitted that three points on the circle are given in the list. The name can

be omitted when the central point and a point on the circle are given with the names of
their geometric components.
Options :

"Rng=[60,, 6,]1" specifies the range of argument in which the circle is drawn.

"Num=number of division" specifies the number of dividing points used to draw circle.
When this number is small, the corresponding polygon is drawn.

Examples

The circle with center [0,0] or A and radius 2 ( draw A by drawing tool)

Circledata("1",[[0,0],[2,0]11);(or [[0,0],2])
Circledata("1", [A,A+[2,0]1]);(or [A,2])

The circle with center A and radius AB
Circledata([A,B]);

The circle which passes through three points A, B, and C
Circledata([A,B,C]);

When we use Circledata([A,B,C]), the central point of the circle can be drawn by the
following command.
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Pointdata("1", [crABCcenter]);

When we add options "dr,2", "da", "do", the following figures are generated respectively.

The circular arc with center A, radius AB, and the range of argument [O, g}

Circledata([A,B], ["Rng=[0,pi/3]1"1);

The sector.
Draw A, B, C by drawing tool.

th=arctan2(B-A);

C.xy=Rotatepoint (B,pi/3,A);

Circledata([A,B], [Assign("Rng=[th,th+pi/3]","th",th)]);
Listplot([B,A,C]);

Letter( [A’ llsll , IIAII ,B’ ||ell s |IBI| ,C’ |lnw|l 5 IlCll] ) ;

NE

>B B

S!
ny @ A

The circle with center A and radius AB, together with the inscribed equilateral hexagon
(left figure)

Circledata("1",[A,B]);
Circledata("2", [A,B], ["Num=6"]);

The position of vertices can be changed via the option "Rng=". (right figure)
Circledata("2", [A,B], ["Num=6","Rng=[pi/6,13/6*pil"]);
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=Command List

Mkcircles

Usage Mkcircles()
Description Create plotting data of all geometric circles.

Details All circles drawn by the ”add circle” tool (any one of three types) in the Eu-
clidean view are used as plotting data as they are. For example, if you create a circle
with the center A and the point on the circumference as B, the plotting data crAB is
created. After that, if you change the identification name of point B (for example to Q)
in the inspector of the Euclidean view, the geometric point name is also changed. Even
if the circle has already been drawn, it can be changed.

=Command List
Ellipseplot
Usage Ellipseplot(name, [F1,F2 /A /al, range, options)
Description Generic function to draw ellipse.

Examples

F1,F2 are focus points, A is a point on the ellipse, a is the length F1-A-F2.
Default of the range is [-5,5].

Examples

Ellipseplot("1",[A,B,4]); //sum of distance from Focus is 4.
Ellipseplot("1",[A,B,C],"[0,pil"); //half of ellipse.

Now draw tangent and normal. Draw figures by draw tool on Euclidean view. Put point
D on tangent and E on normal.

Ellipseplot("1",[A,B,C]);

Lineplot ([C,D]);

Lineplot ([C,E]);

Arrowdata([A,C]);
Arrowdata([C,B]);
Anglemark([A,C,B]);
Expr([A,"s2","F_1",B,"s2","F_2"]);

T
Q )

Fy
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Now draw point D and E on ellipse.

Ellipseplot("1",[A,B,C]);
Listplot([A,C,Bl);
Listplot([A,D,B]);
Listplot([A,E,B]);

Expr( [A, ”82” s IIF_1|| ’B, ||S2|| , ||F_2||] ) ;

Y
A

>
F ) F

=Command List
Hyperbolaplot
Usage Hyperbolaplot(name,[F1,F2,A], range, options)
Description Generic function to draw a hyperbola.

Details Option is as usual except ”Asy=line style”. This option is for drawing asymp-
totes.

Reference Ellipseplot and Parabolaplot.

Examples
Hyperbolaplot("1",[A,B,C]);

Hyperbolaplot("1",[A,B,2]);
Hyperbolaplot("1",[A,B,C], ["Asy=do"]);

=Command List
Parabolaplot
Usage Parabolaplot(name, [A, B, C], range, options);

Description Generic function to draws a parabola.
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Detalils

Usage
Description

Detalils

Examples

Parabolaplot("1",[A,B,C]);
Parabolaplot("1",[A,B,C],"[-4,4]1"); //range is [-4,4]
Parabolaplot("1",[[0,1],[-1,-1],[1,-1]11); // coordinate

Area enclosed by parabola and tangent

Parabolaplot("1",[A,B,C]);
Putoncurve("D","grlpara");
Putoncurve("E","grlpara");
Tangentplot("1","gripara","x="+D.x);

Tangentplot ("2","gripara","x="+E.x);
pts=Intersectcurves("lntnl","1lntn2");

Listplot("1", [E,pts_1,D]);

Hatchdata("1",["ii"], [["gripara","s"],["sgl","n"1]);

Y

7

Ovaldata

Ovaldata(name, [A, B], options);

A is the center, B is a diagonal point.

option : ratio of the roundness ( default is 0.2) .

Examples

Ovaldata("1", [A,B]);
Ovaldata("2", [C,D],[0]1);
Ovaldata("3", [E,F],[1,"dr,3"]);
Ovaldata("4", [G,H],[1.5,"da"]l);

B F,

34

Generic function to draw a rectangle with rounded corners.

A is the focus point, BC is the directrix. Default of the range is [-5, 5].

=Command List

=Command List



1.2.4 Graph of function
Plotdata

Usage Plotdata(name, function, variable and range, options)
Description Generic function to draw the graph of function.

Details Options : next options and usual options.
"Dis=real number”: discontinuity
"Exc=list of real numbers”: exclusion points

"Exc=function”: exclude the zero points of the function

Examples
Plotdata("1","x"2-2%x" , "x");
Yy
o) x

Draw in red.

Plotdata("1","x"2-2*x","x", ["Color=[1,0,0]"]1);

Plotdata("3","2*sin(2*x-pi/4)","x=[0,2*pil");

AWANS
[ AVARY

PlOtdata("]." s IISln(X) n s ”X" , [HdOH] ) ,

Plotdata("2","sin(x)+1","x", ["da"]);
Plotdata("3","sin(x)+2","x", ["dr,2"]);
Plotdata("4","sin(x)+3","x");
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Draw smoothly by "Num=n" option.

Left figure: "Num=>50"(default), Right figure: "Num=200"

)
5 x
Draw discontinuity accurately by "Dis” option.
Plotdata("1","tan(x)","x", ["Num=200"]) ; // left figure
Plotdata("1","tan(x)","x", ["Num=200","Dis=50"1); // right figure

Y )

Draw floor function.

Plotdata("1","floor(x)","x", ["Num=100","Dis=0.9"]);

Drwxy () ;

repeat(7,s,start -> -2,
Pointdata(text(s+3), [s+1,s], ["Inside=0","Size=3"]);

);
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Assign a value to the letter ”b”.
repeat(50,t,
cb=t/5-5;

Plotdata(text(t) ,Assign("b*x-b~2","b",cb),"x");
);

i
SRPLHAL Illlll
NS

=Command List

Implicitplot
Usage Implicitplot(name,functionstring,range of x, range of y, options);
Usage Generic function to draw the graph of a implicit function.
Examples

Implicitplot("1","x™2-x*y+2xy~2=4", "x=[-3,3]","y=[-2,2]");

Y

).

-

Implicitplot("1","x™2+2xy~2=4" "x=[-2,2]","y=[-2,2]");
Hatchdata("1", ["i"], [["imp1"]1]);
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=Command List
Deqgplot

Usage Degplot(name, expression, names of variations, options)

Description Draw the solution curve of a differential equation.

Details The differential equation and its initial conditions should be specified as argu-
ments.

Examples
The solution curve of the equation y” = —y with initial conditions y(0) = 1,¢4'(0) =0

~ s

Deqplot("l”,"y =-y","X",O, [1,01),

|
\

Remark Derivative symbol y~ is a backquate, not a single quote.

~_"

The solution curve of the equation ' = y * (1 — y) with initial condition y(0) = 0.5
Degplot("2","y =y*(1-y)","x",0, 0.5, ["Num=100"]);

L

>
O‘

The solution curve of the equation [x,y]" = [x(1 —1y), 0.3y(z — 1)] of variable ¢ with initial
conditions z(0) = 1,y(0) = 0.5

Degplot ("3"," [x,y] "=[x*x(1-y),0.3*xy*(x-1)]","t=[0,20]", [1,0.5], ["Num=200"]) ;
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=Command List
Paramplot
Usage Paramaplot(name, expression, variable and domain, options);

Description Generic function to draw a curve of parametric representation.

Examples
Draw a cycloid curve.

Paramplot("1","[t-sin(t),1-cos(t)]","t=[0,2*pi]l");

0] ¢
Draw ellipses with options.

Paramplot ("1","[2*cos(t)-5,sin(t)]","t=[0,2%pil");
Paramplot ("2","[2*cos(t),sin(t)]","t=[0,2*pi]", ["dr,2"]);
Paramplot ("3","[2*cos(t)+5,sin(t)]","t=[0,2*pi]", ["da"]);
Paramplot ("4"," [2%cos(t)+10,sin(t)]","t=[0,2*pil", ["do"]);

=Command List
Polarplot

Usage Polarplot(name, expression, variable and domain, options);
Description This function draws a curve of polar equation.

Examples To draw a cardioid.

Polarplot("1","2*x(1+cos(t))","t=[0,2*%pi]", ["Num=200"]);
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=Command List
Periodfun

Usage Periodfun(defL,repeat,options)
Description Function to draw the graph of a periodic function.
Details defL is a list of fun(str),interval,division number.
The options are "Con=n/do, Color=name” for discontinuous parts.
ex. "Con=do,Color=red” , 7 Con=n". Default is broken line and draw
Repeat count is a count number or a list of count numbers of left side and right side.

The return value are a list of function in Maxima format and the period.
Remark The functions should be defined on the symmetrical interval [-a,a.

Examples

defL=["0",[-1,0],1,"1",[0,1],1];
Periodfun(defL, 2,["dr,2"]);
memori=apply(-5..5,x, [x,text(x)]);
memori=flatten(remove (memori, [[0,"0"]1]));
Htickmark (memori) ;
Vtickmark([1,"1"]);

1

-

[E AN
N+ - - -+
Lot ---

5 -4 =3 =2 =10

defL=["0",[-1,0],1,"x"2",[0,1],50];
Periodfun(defL, 2, ["Con=n","dr,2"]);
memori=apply(-5..5,x, [x,text(x)]);
memori=flatten(remove (memori, [[0,"0"]]1));
Htickmark (memori) ;

Vtickmark([1,"1"]);
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=Command List
Fourierseries

Usage Fourierseries(name,coeff,period,terms)

Description Function to draw the graph of a fourier series.

o0
Details ag + Z(an cos nx + by, sinnx)
n=1
coeff is a list of [ag, a,, b,]. Each element are string.
term is a number of terms.

Examples

Fourierseries("1",["1/2", "O;&, "(1-(-1)"n)/(pi*n)"],2,6, ["Num=200"]) ;

WaWalaWala)

=Command List
Tangentplot

Usage Tangentplot(name,PD, pointinfo, options);

Description Generic funtion to draw a tangent line of a plotting data.

”n

Details The pointinfo is one of "x=xvalue”,”y=yvalue”, [point, parameter].
The option "nth” is used to set the number when plotting data has multi intersects.

Examples
Plotdata(‘"l","XAQ","X")
Tangentplot ("1","gri", "x=2");
Tangentplot ("2","gri","y=1",["Color=red"]);
Tangentplot("3","gr1","y=1",[2,"Color=blue"])
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Reference Derivative.

=Command List

1.2.5 Letter

Letter
Usage Letter([position, direction, string],options)
Description Display the string.
Details Write the string at the position specified by position (or coordinates) and di-

rection.

The position (or coordinates) can also be specified by the geometric point name.

The direction is "e”, "w”, "n”, ”’s”, ”¢”. The distance from the specified position can also

be given as a numerical value. For example, "e2” and "e3” are placed twice and three
b

times of the slightly unit distance away from ”e”, respectively.
Multiple strings can be passed in the form of a list.

Remark The derivative symbol " uses $ ' $ (single quart) in mathematical mode (inter-
leaved with two $ s). Option is size of font. For example, ["size=32"]

Example
Letter([[2,1] ,"se","P"]); // Display P in the southeast of the coordinates (2, 1).
Letter([C ,"c", "C"1); // Display C with the point C as the center.

Letter([A,"sw","A" ,E,"s","$ f(x)=\frac{1}{4} x72 $"1);
//Display A in the southwest of point A and f(z) = {22 in the south of the point E.

=Command List
Letterrot

Usage Letterrot([pos, dir, move, string])

Description Rotate a string and display it.
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Details At the position of the coordinates, rotate to the direction specified by the di-
rection vector and write the string.
The third argument is a minute movement amount and can be abbreviated.

Example
Letterrot(C,B-A,"t2n5","AB");
It is also possible to write as follows, abbreviated for the amount of movement.

Letterrot(C,B-A,"AB");
Reference Exprrot.
=Command List
Expr
Usage Expr([pos, dir, string]);
Description Generic function to write an expression in TEXstyle.

Details pos : position
dir : direction(e,w,s,n,ne,;nw,se,sw,c)

string : expression

Also see Letter

Examples

Expr([[-3,3],"e","f(x)=\frac{1}{4}x"2"]1);
Expr([[3,1.5],"s2e2","f (x)=\frac{1}{2}x", [2,0],"s","2",[0,1],"w","1"]);

Arrowdata(Q,P);
Expr ([Q,"ne2","\displaystyle\int_a"b \log x\,dx="
+text (L.x*(log(L.x)-1)-G.x*(log(G.x)-1))]1);

b
( / log z dx = 3.55
(a =046, b=4.8)
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=Command List
Exprrot

Usage Exprrot([pos, dir,[move(optional)], string);
Description Generic function to write a rotated expression in TEXstyle.

Details pos : position : coordinate or name
dir : direction vector : coordinate or name
move: "t":tangent , "n”:normal

string : expression

Examples

Exprrot(C,B-A,"\frac{2}{3}");
Exprrot([3,2],[2,-1],"tOn1", "\sqrt{3}");

Yy
A EO
> 3
B
@
A
5 x
=Command List
1.2.6 Marking
Anglemark
Usage Anglemark( a list of points, options);

Description draw an angle mark with an arc at the angle determined by [A,B,C]
Options :
numerical value size of mark (default is 1)

draw text "Expr=n,str" or "Let=n,str"

Examples

draw an angle mark at interior angles of a triangle, write characters.
Listplot([A,B,C,Al);
Letter([A,"n1","A",B,"w1","B",C,"e1","C"]);
Anglemark([B,A,C]);
Anglemark([C,B,A], ["Expr=\theta"]);
Anglemark([A,C,B], [2,"dr,3","Expr=2,\alpha"]);
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draw o at interior angles of a triangle.

Listplot([A,B,C,A]);
Letter([A "Ill" uAu B "Wl" an C ||e1|| HCII]).
Anglemark([C,B,A], ["Expr=\circ","nodisp"]);

A

Remark You can draw an angle mark with a parallelogram. Refer to Paramark .
=Command List
Paramark

Usage Paramark([A, B, C], options);

Description Generic function to draw an angle mark with a parallelogram at the angle
determined by [A,B,C].
Options : numerical value size of mark (default is 1) and usual options.

Examples Draw an angle mark at interior angles of a triangle, write characters.
Listplot([A,B,C,A]);
Paramark([A,B,C]);

Paramark([C,A,B], [3,"Expr=\alpha"]);
Paramark([B,C,A], ["dr,2","Expr=2,\theta"]);
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Reference Anglemark.
=Command List
Bowdata
Usage Bowdata(a list of points, options);

Description draw the shape of bow connecting two points in the list counterclockwise

Details Options :
curvature (default is 1)
size of the blank space in the middle of bow
expression located at the blank space "Expr=expressions"
The location of expressions can be modified via "Expr=tn, expressions" where t spec-
ifies the movement in the direction of segment and n specifies that of normal direction.
Both positive and negative numbers are permitted.
line type "dr,n" , "da,m,n" , "do,m,n"

Examples

draw the shapes of bow along with the edges of triangle ABC and add marks.
Listplot([A,B,C,Al);
Letter([A,"n1","A",B,"w1","B",C,"e1","C"]);
Bowdata([A,B]);
Bowdata([B,C], [1,"Expr=tOn3,a"]);
Bowdata([C,A], [2,1.2,"Expr=10","da"]);

Expressions can be displayed in rotated manner via "Exprrot=tn,expressions" though
the Euclidean view does not correspond to this modification. Adding r to tn results in
the turning round.
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Examples

Bowdata([B,A], [1,1,"Exprrot=a"]);
Bowdata([D,C], [1,1,"Exprrot=t3n0,a"]);
Bowdata([F,E], [1,1,"Exprrot=t-3n0,a"]);
Bowdata([H,G], [1,1,"Exprrot=tOn3,a"]);
Bowdata([L,K], [1,1,"Exprrot=tOnOr,a"]);
Bowdata ([N,M], [1,1,"Exprrot=t3n0r,a"]);

Usage
Description

Detalils

[l

opr%?on t3n0  t-3n0 tOn3 tOnOr t3n0r

=Command List
Drawsegmark
Drawsegmark(name, list, options) or Segmark(name, list, options)
Add a mark to a segment.

Add a mark to the segment determined by the end points specified in the list.

Four kinds of marks can be used.

Extra options :

"Type=n" (n=1,2,3,4) specifies the kind of mark.

"Width=" specifies the distance between two segments of the mark (in case when n = 2).

Examples

Listplot([A,B,C,D,A]);

Segmark("1",[A,B], ["Type=1"1);

Segmark("2", [B,C], ["Type=2","Width=1.5"]); //width of two lines
Segmark("3", [C,D], ["Type=3"1);

Segmark("4", [D,A], ["Type=4"1);

Usage

Description

=Command List
Htickmark
Htickmark([x-coord,[direction(optional)],expression,...|);

Generic function to tick on the horizontal axis.
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Details Default of direction is "s1". Minor adjustments are not displayed on the Eu-
clidean view, you have to check the results on the PDF file. The length of tickmarks can
be set by the function Setmarklen().

Examples
Htickmark( [1’ ||1|| ,2’ "Il]." s ||2|| ,3’ nsen s ||3|| ’4, ||4||] ) ;

Yy
| 2
ol 1 3 4

T

ticks=apply(-5..5,x, [x,text(x)]1); // ticks is [ [-5,75"],...,[5,75”] |

ticks=remove(ticks, [[0,"0"11);  //[0,70”] is removed
ticks=flatten(ticks); // ticks becomes [-5,75",...,5,”5”]
Htickmark(ticks);

Y

—5—4—3—2—10‘ i o 3 4 35 7

Reference Vtickmark.
=Command List

Vtickmark

Usage Vtickmark([y-coord,[direction(optional)],expression,...]);
Description Generic function to tick on the vertical axis.
Details Default of direction is "w1".

Examples

Vtickmark([1,"1",2,"2"]);

Reference Htickmark.
=Command List
Rulerscale

Usage Rulerscale(starting point, horizontal marks, vertical marks);
Description Generic functio to put ruler marks.

Details The marks are give as a list.
["r",a,b,c,d] to put marks from a to b with intervals c, scales d.
["f",nl,"str",n2,"str", ] to put marks as the same format as Htickmark.

Examplesl

Listplot("1",[[2,1]1,[9,111);
Rulerscale([2,1],["r",2,9,1,10],[1);
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Examples2

Framedata("1",[A,B], ["corner"]);
Rulerscale(A, ["r",0,5,1],["f",1,"d1",3,"d2"]);

d2-
d14
1 2 3 4 5
=Command List
1.3 Using plotting data
Changestyle
Usage Changestyle(list of PD, options)

Description Change the option for drawing.
Details Change the option for drawing several shapes altogether.

Examples

Draw segment AB and Circle AB with broken line on the Euclidean view and keep them
from being drawn on TEX final output.

Listplot([A,B]);
Circledata([A,B]);
Changestyle(["sgAB","crAB"], ["da","notex"]);

=Command List
Drawfigures

Usage Drawfigures(or Drwfigs)(name,List of PDs,List of Options)
Description Manipulate a plural number of PDs together.
Remark List of Options should corrensponds to that of PDs.

Examples After manipulating PDs of a circle and a point on the circle by AddGraph,
you can translate or rotate them together.
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opcr=["dr"];
oppt=["Size=2","Color=red"];
Circledata("1",[[0,1],[0,0]],0pcr);
Pointdata("1", [0,0],o0ppt);
adl=["cri","pt1"];
dt=2%pi/32;
opcr=["dr,0.3"];
nn=32;
forall(l. .nn,
t=dt*#;
Rotatedata(2,adl,-t, [[0,1],"nodisp"]);
Translatedata(2,"rt2", [t,0], ["nodisp"]);
Drawfigures(text(#), ["tr2_1","tr2_2"], [opcr,opptl);
);

=Command List
Invert

Usage Invert(PD)
Description Rearrange plotting data in the reverse order.

Examples

See the examples in Shade
=Command List
Joincrvs

Usage Joincrvs(name, list of PDs, options)

Description Create a plotting data of one curve by connecting a list of plotting data of
adjacent curves.

Details The list of curves is specified in the adjacent order.
Options is line type.

Examples

Draw the closed curve obtained from the line segment y = x (—\/§ <z < \/5) and the
half circle, and paint the interior of the closed curve using the yellow color.

Put the point A at the origin and the point B in the appropriate place.
Plotdata("1","x","x=[-sqrt(2),sqrt(2)]1");
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B.xy=[sqrt(2),sqrt(2)];
Circledata("2",[A,B], ["Rng=[pi/4,pi/4%5]1"]);
Joincrvs("1", ["gri","cr2"]);
Shade(["join1"], ["Color=yellow"]);

Y
x
=Command List
Partcrv
Usage Partcrv(name, A, B, PD, options)
Description  Generic function to make a piece of curve from the PD between the points A
and B.
Details The order of two points A, B must be same as the direction of the curve.

Options are ”dr, n”, "da,m,n” or "do,m,n”

Examples

In the following example We draw a parabola with dotted line and draw a piece of curve
with real line.

Plotdata("l" , ng~on , nyn , ["dO"] ) :

Partcrv("1", [0,0], [1,1], "gri");

Y

0

In the next example we draw a piece of circle with real line. The direction of a circle is
counterclockwise direction.

Circledata([A,B], ["do"]);

Plotdata("1","x~2" "x" 6 ["do"]);

tmp=Intersectcrvs("crAB","grl");

P.xy=tmp_1;

Q.xy=tmp_2;

Partcrv("1i", P, Q, "crAB");

Partcrv("2", Q, P, "crAB");
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figure of partl

figure of part2

In the last example we draw the pice of parabola:y = x? which is cut off by the circle.

Circledata("1",[[0,2],[0,0]],["da"]);
Plotdata(“l“,”x‘Q",”x",["do"]);
tmp=Intersectcrvs("crl","gri");
Partcrv("2",tmp_2,tmp_1,"gri", ["dr,2"]);

Enclosing

Usage Enclosing(name, a list of plotdata, options);

=Command List

Description This function makes a closed curve form the list of plotdata.

Details Options are:

near point from start position : Set in case where the first curve and the last curve have

multi intersects.

|ldr|l s Ildall R Ildoll , n ‘noteXH s I|nodisp|l s "COlOI‘= n

Examples
Plotdata("l","x"2","x”);
Lineplot("1", [[0,0],[1,0]11);
Lineplot("2",[[2,0],[2,1]11);

as usual.

Enclosing("1", ["Invert(gr1)","1ln1","1n2"], ["nodisp"]);

Shade(["enl1"], ["Color=red"]);
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RemarkThe followings have the opposite direction.

Enclosing("1",["1n1","1n2","Invert(grl)"]);
Enclosing("1", ["grl","Invert(1n2)","Invert(1lnl)"]);

=Command List
Hatchdata

Usage Hatchdata(name, a list of ”i” or "0” | a list of a list of PD | options)
Description Generic function to draw hatch lines in the close curve.

Details Options are:
angle(degree,45), interval(ratio,1) of hatches,
"Max=(default:20)" maximum of the number of hatches.
"No=pointlist" not executed when any point is selected
"File=y/m/n(default:n)" whether to make data file or not
"Check=pointlist" data file updated if any point is changed

Examples

Circledata([A,B], ["dr"]);
Hatchdata("1",["i"],[["crAB"]],["dr,0.7"]);

Circledata([A,B], ["dr"]);

Paramplot ("1"," [4*cos(t),2*sin(t)]","t=[0,2%pil");

Paramplot ("2"," [2*cos(t) ,4*sin(t)]","t=[0,2*pi]l");
Hatchdata("1",["ioi"], [["crAB"], ["gp1"], ["gp2"1], ["dr,0.7"1);
Hatchdata("2", ["iio"], [["crAB"], ["gp1"]l, ["gp2"1], ["dr,0.7"1);

) Y

23



Plotdata("1","2*sin(x)","x=[-pi,3*pi]", ["Num=100"]);

Listplot ([A,B]);

Listplot ([A,C]);

Hatchdata("l" s [”ii”] s [["SgAB" , nnu] s ["grl" , IISll]] s ["dr,0.7”] ) ;

Hatchdata("2" s ["ii"] s [["SgAC" , "S"] s ["grl" s "Il"]] s ["dr,O.?"] )’
Y

2 L

— \_/ '

K, N

Plotdata("1","2*sin(x)","x=[-pi,3*pi]", ["Num=100"]) ;

Listplot([A,B]);

Listplot([A,C]);

Hatchdata("1",["iio"], [["sgAB","s"], ["sgAC","n"], ["gri","n"11);
)

2 L

7/ Y/ )

Deffun("f(x)", ["regional(y)","y=x"3-2*x","y"]);

Plotdata("1","f(x)","x", ["Num=100"1);

Putoncurve("A","gr1l");

coef=Derivative("f(x)","x",A.x);

Defvar(["coef",coef]);

Deffun("g(x)", ["regional(y)","y=coef*(x-A.x)+A.y","y"]);

Plotdata("2","g(x)","x", ["Num=1"]);

if (!Ptselected(), // if any point is not selected
Enclosing("1", ["gr2","Invert(gr1)"], [A,"nodisp"]);
Hatchdata("1", ["i"], [["en1"]]);

);

[T
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Circledata([A,B]);

Hatchdata("1",["i"],[["crAB"]]);

Hatchdata("2",["i"], [["crAB"]], [-40,2]);// angle = —40°, interval = x2|
Hatchdata("3", ["i"], [["crAB"]], ["dr,0.5"]);

Hatchdata("4",["i"], [["crAB"]1], [-45,2,"dr,0.5"]);

OO

Lineplot("1",[A,B]);// name of this data is 1lnil
Lineplot("2", [A,C]);

Hatchdata("S" s ["iii"] s [["CI‘AB"] s ["11’11" s "Il"] s ["ln2" s nnn]] ) ;
Hatchdata("G" , ["iOO"] , [["CI‘AB"] , [”lnl" , "Il"] , ["ln2" , "Il"]] ) :

Dy (D

Circledata([A,B], ["nodisp"]);
Hatchdata("7",["i"], [["crAB"1]);
Circledata([A,B], ["da"]);
Hatchdata("8",["i"], [["crAB"]1]);

~

>
.
7/
I/ )
\
\
1
1
/
7
N /
/

=Command List
Dotfilldata
Usage Dotfilldata(name, list of the dotted sides "i” or ”0”, list of PD, option)

Description Fill a domain with dots.

Details R is called to generate the data. Arguments are the same as Hatchdata.
Option is the density of dots from 0.1 to 0.8 (default is 0.3).
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Examples

A pie chart
After making closed curve via Partcrv() and Enclosing(), the surrounded region is
filled with dots.

r=3;

pO=rx[cos(pi/2),sin(pi/2)];
pl=r*[cos(-pi/6),sin(-pi/6)];
p2=r*[cos(-3*pi/4),sin(-3*pi/4)];
Circledata("1",[[0,0], [r,0]1);
Listplot("1",[[0,0],p0]);

Listplot("2", [[0,0],p1]);

Listplot ("3",[[0,0],p2]);

Partcrv("1",pl,p0,"crl");

Enclosing("1", ["sg2","partl","Invert(sgl) "], [[0,0]1]);
Partcrv("2",p2,pl,"crl");

Enclosing("2", ["sg3","part2","Invert(sg2)"], [[0,0]1);
Dotfilldata("1",["i"], [["en1"]1]);
Dotfilldata("2",["i"],[["en2"]1],[0.1]);

=Command List

Shade
Usage Shade(("name”),list of PD, options);

Description This function fills a domain surrounded by a closed curve.

Details Options are as follows. () means the default.

o Starting point. The defaults are the intersect of the first curve and the last one.

e "Color="
o "Enc=n(y)” Whether Enclosing is used.
o "Trim=n(y)” Whether it is trimmed in the window.

o "First=y(n)”
Whether Shade is placed at the top in TEX. The default is just before Gdata.

Examples
Setax([7,"nw"]);
Plotdata("1","2*sin(x)","x", ["Num=100"]) ;
Lineplot("1",[[0,1],[1,111);
Shade(["1n1","Invert(gr1)"], [[2.5,1],"Color=0.2%[0,0,0,1]1"]1);
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Plotdata("1","x~2-1","x=[-3,3]");
Plotdata("2","x~2/2","x=[-3,3]");
Shade("1", ["gr2","Invert(gr1)"],[[-1.5,1],"Color=[1,0,0]","alpha->0.4"]);

Y

ri=2;

r2=1.5;

Circledata("1",[A,A+[r1,0]1]);

Circledata("2",[A,A+[r2,0]]);

Listplot("1", [A+[r1,0],A+[r2,0]], ["nodisp"]);
Shade(["cr1","sgl","Invert(cr2)","Invert(sgl)"], ["Enc=n","Color=green"]);

crl
sgl
Reference Joincrvs.
=Command List
Reflectdata
Usage Reflectdata(name, PD, center or axis of symmetry, options);

Description Generic function to draw a reflective curve.

Details axis of symmzetry is defined as a list of 2 points.
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Examples

Circledata([A,B]);

Reflectdata("1","crAB", [C]);
Reflectdata("2","crAB",[[-1,2]1]1, ["dr,2"]);
Reflectdata("3","crAB", [D,E], ["da"]);

Q (-1,2) C D

O S
’

=Command List
Rotatedata

Usage Rotatedata(name, (a list of )PD, angle(degree), options);
Description Generic function to rotate plotting data.

Details Options are center, and as usual. The default of center is [0,0].

Examples

Circledata([A,B]);
Rotatedata("1","crAB",pi/2, [C]);
Rotatedata("2","crAB",pi/3,[[1,5],"dr,2"]);
Rotatedata("3","crAB",-pi/3,[D,"da"]);

‘D «(1,5)
i B C,
’I/, \\\‘ .A m
=Command List
Scaledata
Usage Scaledata(name, list of PD, horizontal ratio, vertical ration, [options]);
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Description Generic function to scale plotting data.

Detalils Options are Center, and as usual. The default of center is [0,0].

Examples

Circledata([A,B]);
Scaledata("1","crAB",3,2,[[0,0]11);
Scaledata("2","crAB",3,2,[C,"dr,2"]);
Scaledata("3","crAB",D.x,D.y, [[0,0],"da"]);

Y

O e IR
C D )
=Command List
Translatedata
Usage Translatedata(name, list of PD, vector, options);

Description Generic function to translate plotting data.

Details Options are Center, and as usual. The default of center is [0,0].
Examples
Circledata([A,B]);

Translatedata("1","crAB", [2,3]);
Translatedata("2","crAB",C, ["dr,2"]);
Translatedata("3","crAB",D, ["da"]);

/ \

1

!
\ /
(23
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=Command List
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1.4 Calculus and I/O

Derivative

Usage
Derivative(function(string), variable(string), value);
Derivative(PD(string), pointinfo, ([nth of intersects)));

Description Generic funtion to find the derivative of a function or a plotting data.

N

Details The pointinfo is one of "x=xvalue”,”y=yvalue”, [point, parameter].
The option of nth is used to set the number when plotting data has multi intersects.

Examples

Deffun("f(x)", ["regional(y)","y=x"3-4*x","y"]);
coef=Derivative("f(x)","x",A.x);

A.y=f(A.x);

B.y=coef*(B.x-A.x)+A.y;
Plotdata("1","f(x)","x", ["Num=200"]);
Lineplot([A,B]);

Letter([A,"ne","A"]);

Y
A
o) x
Reference Tangentplot.
=Command List
Integrate
Usage

Integrate(function or name of PD, "varname=range”, [options]);
Description Generic funtion to find the value of numerical integration.
Details Oshima’s Bezier formula is used.

Examples

f(x):=x"3-2%x"2+2;
val=Integrate("f(x)","x=[0,3]1");
println(val); // 8.25 will be displyed.

plotting data("1","x"3-2%x"2+2","x");
println(Integrate("gril", [0,3]1));

=Command List
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Inversefun

Usage Inversefun(function(string), range, value);
Description Generic function to find the value of the inversefunction.
Details The value is found in the range.

Examples

x=Inversefun("sin(x)","x=[0,pi/2]",0.5);
The value of x is 0.5236.

=Command List
Crossprod

Usage Crossprod(vecl, vec2);
Description Generic function to return the cross product of 2 vectors.
Details The vectors are a list with length 3 or 2.
Examples
v=Crossprod([1,0,0],[1,1,1]1); // The result is v=[0,-1,1].
=Command List

Dotprod

Usage Dotprod(vecl, vec2);
Description Generic function to return the dot product of 2 vectors.

Examples

v=Dotprod([1,2,3],[1,-1,11); // The result is v=2.
=Command List
Findarea

Usage Findarea(plotting data( or string of pd ));
Description Generic function to return the area enclosed with a close curve.
Details Oshima’s Bézier formula is used.

Examples

Paramplot("1","[3*cos(t),2*sin(t)]","t=[0,2%pi]l");
area=Findarea("gpl");
println(Sprintf(area,6)); // The result is 18.849536.

=Command List

Findlength
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Usage Findlength(plotting data( or string of pd ));
Description Generic function to return the length of a curve.
Details Oshima’s Bézier formula is used.

Examples

Circledata("1",[[0,0],[2,01]1);
len=Findlength("cri");
println(Sprintf(len,6)); // The result is 12.558097.

=Command List
Intersectcurves

Usage Intersectervs(plotting datal(string), plotting data2(string));
Description Generic funtion to return a list of intersects of 2 plotting data.

Examples

Plotdata("1", "sin(x)", "x", ["Num=100"]);
Circledata([A, Bl);
tmp=Intersectcrvs("grl","crAB");

pP=tmp_1;
pQ=tmp_2;
Y
Q
VA
=Command List
IntersectcurvesPp
Usage IntersectervsPp(plotting datal(string), plotting data2(string));

Description Generic funtion to return a list of intersects with parameters of 2 plotting data.

Details Parameters are positons of the intersect.
=Command List
Nearestpt
Usage Nearestpt(plotting datal, plotting data2);

Description Generic funtion to return the nearest point with the parameter and the dis-
tance.
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Examples
Plotdata("1", "x~2+2", "x=[-2,2]");
Plotdata("2", "-(x-2)7"2+1","x=[0,4]1");
plist=Nearestpt("gr1","gr2");
Listplot("1",plist_1,plist_3);

pB=plist_3;

Remark The returned list is [[0.4,2.16],31,[1.58,0.82],20.73,1.78].

)

A
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=Command List
Nearestptcrv

Usage Nearestptcrv(pointl, PD);

Description Generic funtion to return the nearest point on the PD from the pointl.

Examples
Plotdata(" " , Ng~on s ”X") ;
tmp=Nearestptcrv(A,"grl"); //Tjhe coordnates will be returned.
Putpoint ("B",tmp) ;
Listplot([A,B],["do"]);

Y
~A
5 x
Remark The return value is [[0.4,2.16],31,[1.58,0.82],20.73,1.78].
=Command List
Numptcrv

Usage Numpterv (PD)

Description Generic function to return the number of PD.
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Details This is the same as length(PD).

Examples
Compare the order of PD, Implicit() and Paramplot(). ( on Euclidean view )

Slider("A-C-B",[0,-2],[6,-2]);

Implicitplot("1","x"2+4xy~2=4" "x=[-2,2]","y=[-2,2]",["do"]);
Paramplot("1","[2*cos(t)+5,sin(t)]","t=[0,2*pi]", ["do", "Num=140"]);
println([Numptcrv(impl) ,Numptcrv(gp1)]); //display number of PD on console
n=floor(C.x*2);

repeat(n,s,start->0,

t=s%10+1;

draw(impl_t,color->hue(s/10));

draw(gpl_t,color->hue(s/10));

);
@ T g
o )
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=Command List
Paramoncurve
Usage Paramoncurve(point, PD)

Description Generic function to return the parameter value of the point on the curve.

Details The integer part is the number of the segment on which the point lies, the
fractional part is the position on the segment.
Examples

Listplot([A,B,C,Al);

Putonseg("D", [B,C]);

tmp=Paramoncurve (D, "sgABCA") ;

println(tmp