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1 Introduction to graphics in BIgX



1.1 3% E2{27]: \includegraphics

* O 7|X|: \usepackage{graphicx}

* AFZ8: \includegraphics[width=...]{<filename>}

1.1.1 \includegraphics

\vfill\hfill
\includegraphics[width=.5\1inewidth] {handdrawn2}
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1.1.2 picture box: 0| X}X|5l= 37|

This\includegraphics[width=.3\1linewidth]{handdrawnl}is a picture box.




1.2 12 12|7|: tikzpicture EZ

* O 7|X|: \usepackage{tikz} % preamble
* ALSHE:
\begin{tikzpicture} [<options>] h ==
<tikz code>
\end{tikzpicture}

\begin{tikzpicture}
\draw [help lines] (0,0) grid (4,2); / semicolon

\draw (0,0) -- (4,2); 7 semicolon
\end{tikzpicture}

4% scale, zscale, yscale

\begin{tikzpicturel}[scale=.7]

\draw [help lines] (0,0) grid (4,2); / semicolon
\draw (0,0) -- (4,2); / semicolon
\end{tikzpicture}

o tikzpictureZt J2|= 1 HH|7} picture box2| 37|0|Ct.

* bounding boxZ tikzpicture 20| XtX|St= 37| & X|@e 4= UL



2 tikz: 7| X



2.1 lines and circles

A% \usetikzlibrary{backgrounds}
4% show background grid, arrows, line width

\begin{tikzpicture}[show background grid]
\draw (1,1) -- (4,3);

\draw (1,1) circle (icm);

\draw [->,very thick] (1,3) -- (4,0);
\end{tikzpicture} \\\\‘ ‘////

* line width: O|2| E2E line styles

— ultra thin, thin (default), semithick, thick, very thick, ultra thick
- 10|29 #7|= [line width=2mm]X{Z 2L},

4% arrow tips, line width, color

\begin{tikzpicturel} [>=stealth] /i stealth
\draw [help lines] (0,0) grid (4,3);
\draw [line width=2mm] (0,1) -- (4,3); /% line width

\draw [->,thick,blue] (1,0) -- (0,2) -- (1,3) —- (4,1);

\draw (2,1) circle (5mm);
\draw (2,1) circle (3pt);
\end{tikzpicture}
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2.2 color

ESIsto] L33 22 7| = A

B green B cyen B

B bie E violet Bl agenta

I purple o B orange

B bHown B olive B black

B darkgray M 2oy

A% fill, red!20, dots

\begin{tikzpicture}

\draw [help lines] (0,0) grid (4,4); \

\draw [blue,ultra thick] (0,4) -- (3,0) —— (4,1); \\\ ///f
\draw [£il11] (1,1) circle (1.5pt); 7 dot: small circle

\draw [fill] (2,4) circle (1.5pt); 7 dot: small circle \\\ \\\M
\draw [red,very thick] (1,1) circle (5mm); /,—-\\ \\
\draw [fill=red!20] (3,2) circle (0.7cm); \\5—//

\end{tikzpicture}
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2.3 text 97|

4% \path, \path[draw], \draw
\begin{tikzpicture}[show background grid]
\path (0,0) node {&Yl};

\draw (1,2) node {0i7]|};

\draw (3,1) node [blue]l {X{7]|};

\draw (4,3) node [draw] {Z&!};
\end{tikzpicture}

%% draw, fill, text

\begin{tikzpicturel} [show background grid]

\path (0,0) node [draw,above right] {&Z&l};

\draw (1,2) node [above] {0{7|};

\draw (3,1) node [left,blue]l {X{7|};

\draw (4,3) node [draw,fill=yellow,text=blue] {Z!};
\end{tikzpicture}
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3 \NewDocumentCommand: To}A| 47|



3.1 lines: \myline

\NewDocumentCommand\myline{ 0{} r() r() }
{ \draw [#1] (#2) -- (#3); }

\begin{tikzpicture}[show background grid]
\myline(0,0) (4,3)

\myline[blue,very thick] (0,2)(4,0)
\end{tikzpicture}

3.2 circles: \mycircle

\NewDocumentCommand\myline{ 0{} r() r() }

{ \draw [#1] (#2) -- (#3); }
\NewDocumentCommand\mycircle{ 0{} r(O r() }
{ \draw [#1] (#2) circle (#3); }

A% opacity (default: 1)
\begin{tikzpicture}[show background grid]
\myline(0,0) (4,3)
\mycircle[red] (1,1) (1cm)
\mycircle[fill=blue!30] (3, .5) (5mm)
\mycircle[fill=blue,opacity=.3](3,2) (5mm)
\end{tikzpicture}

% opactity

NV
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3.3 dots: \mycircledot

\NewDocumentCommand\mycircledot

{0{} rO DOA{2pt} }

{ \draw [fill,#1] (#2) circle (#3); }
\begin{tikzpicture}[show background grid]
\draw (0,0) -- (4,3);

\mycircledot [red,fill=none] (1,1)
\mycircledot [blue!30] (3, .5)
\mycircledot [blue,opacity=.3](3,2) (5mm)
\mycircledot(0,3)

\end{tikzpicture}

3.4 dots: \mynode

\NewDocumentCommand\mynode{ 0{} r() +m 0{} }

{ \draw [#1] (#2) node [#4] {#3}; }
\begin{tikzpicture} [show background grid]

\draw [help lines] (0,0) grid (4,2);

\mynode (0,0){Z4f} [above right] % above right
\mynode (4,2){Z!}[draw,fill=yellow,below left] 2 draw
\mynode(2,1){runing. ..}

\end{tikzpicture}
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3.5 tzplot I|7|X]: 12 2 Z
\usepackage{tzplot}
o tikzpicture & LHOI| A AL

o OfF<: texdoc tzplot

\begin{tikzpicture}

\tzhelplines[semithick] (0,0) (4,3)

\tzline(0,0) (4,3)

\tzline[blue,very thick] (0,2) (4,0)
\tzcircle[red] (1,1) (1cm)
\tzcircle[fill=blue,opacity=.3]1(3,2) (bmm) [ opacity=.3
\end{tikzpicture}

A% ar: above right A

\begin{tikzpicture}

\tzhelplines[semithick] (0,0) (4,3)

\tznode(0,0){Start} [draw,ar] % \tznode : draw

\tznode*(4,3){End!} 4 \tznode* : draw

\tzline(0,3)(3,1)

\tzdot (0,3){A}[a] % \tzdot

\tzdot*(3,1){B}[b] % \tzdot* : fill B

\end{tikzpicture}

12


https://mirror.navercorp.com/CTAN/graphics/pgf/contrib/tzplot/tzplot-doc.pdf

4 tzplot: Basics

\usepackage{tzplot}

13



4.1 dots, lines, circles, and text

L

=

\tzline(0,0) (1,1)

\tzline(0,0){text}[al (1,1)
\tzline(0,0){text}[a] (1,1){text}[ar]

\tzcircle (0,0) (1cm)
\tzcirclex(1,1) (1cm)

\tzdot (0,0) \tzdot(0,0)(1.2pt)
\tzdot*(0,0)  \tzdot(0,0) (1.2pt)

\tznode (0,0){text}[<pos>,<options>]
\tznode* (0,0) {text} [<pos>,<options>]

(ar=above right)

: fill

(default diameter: 1.2pt)

: fill

: draw

14



4.2 \tzcoor (named coordinate), \tzhelplines

\begin{tikzpicture}
\tzhelplines(0,0) (4,3)
\tzcoor(0,0) (4)
\tzcoor(4,3) (B)
\tzline(A) (B)
\tzdot*(A) \tzdot*(B)
\end{tikzpicture}

4% \tzhelplines(4,3)
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzcoor(0,0) (4)
\tzcoor(4,3) (B)
\tzline(A) (B)

\tzdot*(A) \tzdot*(B)
\tzdot*[red] (0,3) (5pt)
\tznodex*(0,2){AB} [circle]
\tznode*(0,1){AB}[ellipse,fill=green]
\tzcircle*(3,2) (1cm)
\end{tikzpicture}

% (0,0): default
7 mamed coordinate
7 named coordinate

% (0,0): default

/% semithick
7 mamed coordinate
% nmamed coordinate

% bpt
7% circle
7% ellipse
4 fill

15



4.3 lines, text and line styles

\begin{tikzpicture}

\tzhelplines[semithick] (4,3)

\tzdot*(0,.5){A}[1]

\tzline[blue] (0,.5){1line A}(3,.5){B}[r] % default: a
\tzline(0,1){line B}(3,3){X}[1,at start] % at start

\tzline(2,3){line C}[b,sloped] (4,0) % sloped

\end{tikzpicture}

/4 solid, dashed, dotted 7
\begin{tikzpicture} line B~
\tzhelplines[solid] (4,3) % solid -
\tzdot+(0, .5){A} [1] A %
\tzline[dotted,blue] (0,.5){line A}[a]l(3,.5){B}[r,green] P 6}
\tzline[dashed,red] (0,1){line B}(3,3){X}[1,at start] X line A
\tzline[blue] (2,3){1line C}[b,sloped,red] (4,0) /7 sloped A

\end{tikzpicture}

* line styles: (default: solid)
— dotted, densely dotted, loosely dotted
— dashed, densely dotted, loosely dotted
16



4.4

rectangles and ellipses

7% \tzframe = \tzrectangle
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzframe(0,1) (3,2)
\tzrectangle[bluel (2,3) (4,0)
\end{tikzpicture}

7% \tzframex = \tzrectagle*
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzframe* [dashed] (0,1) (3,2)
\tzrectanglex[fill=green] (2,3) (4,0)
\end{tikzpicture}

ik \tzcircle(*), \tzellipse(*)
\begin{tikzpicture}
\tzhelplines[semithick] (4,2)
\tzcircle(1,1) (1cm)
\tzellipsex[fill=red] (2,1) (1.5cm and 8mm)
\end{tikzpicture}




5 Many Dots: Semicolon versions

th HH OfCH DO NOT FORGET ; at the end!

\tzcoors (0,0)(A) (1,1)(B) (2,2)(C);
\tzcoors*(0,0) (A) (1,1)(B) (2,2)(C);

\tzdots (0,0)(1,1)(2,2) ;
\tzdots*(0,0) (1,1)(2,2) ;
\tzdots*(0,0) (1,1) (2,2){C}[ar] ;

\tzlines (0,0)(1,1)(2,3);
\tzlines (0,0)(1,1){line A}[a]l(2,3){End}[r];

\tzlines+(0,0)(1,1)(2,3);
\tzlines+(0,0) (1,1){1line A}[a](2,3){End}[r];

b
A

b
b

invisible
dots

dots
dots and labels

relative coordinates
labels
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how many dots? : Semicolon (;) versions

\begin{tikzpicture}
\tzhelplines[semithick] (4,2)
\tzcoors(2,1) (4) (1,0) (B) (4,2) (C); % invisible

\tzdots (A) (B) (C);
\tzcoors*(0,2) (D){D} [b] (2,0) (E){E} [a] (4,1) (F){F}[b];
\end{tikzpicture}

\begin{tikzpicture}

\tzhelplines[semithick] (4,2)
\tzdots*(2,1){A}(1,0){B}[0] (4,2){C}[45]; (5pt) 7 size
\tzlines[->](0,2)(2,0)(4,1);

\end{tikzpicture}

\begin{tikzpicture}
\tzhelplines[semithick] (4,3)

\tzlines[->](0,2){Go}(2,0){Up}[a,sloped] (4,1){End}[a];

\tzlines+[->,blue,thick] (0,1)(1,1)(1,0)(2,1);
\end{tikzpicture}

—

o MOIZE(;)2 2t& LIE0| W= NS 2l0[Stet.

Ue

End
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5.2 \tzpolygon(*): closed shapes

7% \tzpolygon(*): triangle

\begin{tikzpicture} [font=\scriptsize] [ font
\tzhelplines[semithick] (4,3)

\tzpolygon[blue,thick] (0,0)(2.5,2)(3,0);
\tzpolygonx*[red] (3,3){A}[1](0,1){B}[b] (4,0){C}[r](3,3);
\end{tikzpicture}

7% \tzpolygon(*)+: relative coordinates
\begin{tikzpicture}[auto,sloped,font=\scriptsize] /7
\tzhelplines[semithick] (4,4)

\tzpolygon+[blue] (0,1){side A}[b]

(1,-1){side B}[b]

(3,1){side C}

(-2,1){side D}

(-2,-1);
\tzpolygon*+[fill=green,blue,thick] (0,2) (1,2)(3,-2)
- (-1,2);

\end{tikzpicture}

20



6 Filling area

21



6.1 \tzpath* and \tzpath

7% \tzpath* : [black!50,ftll opacity=.3] by default
\begin{tikzpicture}

\tzhelplines[semithick] (4,2)

\tzpath[fill=blue] (0,0)(.5,0)(1,1.5);
\tzpath*(0,1)(1,0)(2,2) (4,1); / semicolon
— version

\tzpath[£fi11](3,2)(4,2)(2.5,0);

\end{tikzpicture}

% \tzpath(*)

\begin{tikzpicturel}[scale=.5]
\tzhelplines[semithick] (8,7)
\tzlines(0,0)(5,5)(5,0);
\tzlines(0,1)(6,1)(2,7)(8,3);

\tzpath*[blue] (1,1)(4,4)(5,2.5)(5,1);
\tzpath[fill=green] (0,0) (0,1) (1,1);
\tzpath[pattern=north east lines](5,1)(5,2.5)(6,1);
\tzpath*[red] (2,7) (5,2.5) (5,5);
\tzpath[pattern=horizontal lines](2,7)(4,4)(5,5);
\end{tikzpicture}

N
NNy
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7 Curves

\tzparabola(0,0)(3,3) % two coordinates
\tzparabola(0,0) (2,2) (3,3) % three coordinates
\tzto(0,0)(1,1) % default: straight line

\tzto(0,0) [bend right] (1,1) % e.g. bend left=30
\tzplotcurve(0,0)(1,2)(3,3) ; % semicolon version

\tzfn\Fx[0:4] %% predefined fn \def\Fx{(\x-2)72-1}

23



7.1

\tzparabola

7% \tzparaola : 2 or 3 coordinates
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzparabola(0,0) (1,2)

\tzparabola(2,3) (3,2) (4,0) 7/ bend at (3,2)

\end{tikzpicture}
7% \tzparaola : 2 or 3 coordinates curve: A
\begin{tikzpicture} curve B

\tzhelplines[semithick] (4,3)
\tzparabola[thick,blue] (0,2) (1,1) (3,3) {curve A}[r]
\tzparabola(0,1) (.7,.4)(3,2.7){curve B}[r]

\tzparabola(2,0) (3,1) (4,0) :
\tzparabola[fill] (2.7,0)(3,.7)(3.3,0)
\end{tikzpicture} : ‘

24



7.2 \tzto: bend left, bend right

% \tzto

\begin{tikzpicture}

\tzhelplines[semithick] (4,3)

\tzto(0,0) (3,1){line}[r] % default: line
\tzto[bend left](0,1)(3,2){curve}[r] 7 bend left
\tzto[out=45,in=-120] (0,2) (4, .5) 4 out, in
\end{tikzpicture}

curve

line

/% bend right=<degree> (default: 30)
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzto[bend right=15,dashed] (0,0){curve}[c]l(4,1) 7/
\tzto[bend right=45,dotted] (0,0){curve}[c](4,1) /%
\tzto[bend left,blue,thick] (0,1)(3,2){curve}[r]
\tzto[out=45,in=-120]
(0,2)
{out=45,in=-120}
[a,blue,sloped,scale=.6,font=\ttfamily]
(4,.5)
\end{tikzpicture}

25



7.3 \tzplotcurve (*)

7% \tzplotcurve(*) : [mark=+,mark stize=2pt] by default
\begin{tikzpicture}

\tzhelplines[semithick] (4,3)
\tzplotcurve(0,0)(1,1)(3,0)(4,2); 7 [tenstion=1]
\tzplotcurvex(0,1)(1,2)(3,1)(4,3); 7 [mark=x]
\end{tikzpicture}

7% \tzplotcurve : {<label>}[<angle>] for coordinates
\begin{tikzpicture}
\tzhelplines[semithick] (4,3)
\tzplotcurve* [mark=ball]

(0,0){a}[0]

(1,1){B}

(3,0){cC?

(4,2){End!}[[red]180] ;
\tzlines(0,3){line A}[a]l(1,3){B}(2,2)(4,3){End}[al; 7
\end{tikzpicture}

26



7.4 \tzfn: plot functions

% \tzfn : plots points (z,f(z))
\begin{tikzpicture}[scale=.5,font=\scriptsize]
\tzhelplines*[semithick] (8,5) /4 started version
\tzfn{-.25%x(\x-2)"2+5}[0:6.5]

{$0.25(x-2) "2+5$} [b]
\tzfn[blue]l{sin(\x r)+2}[0:2*pi]l{$\sin x+2$}[r]
\end{tikzpicture}

sinx 4 2

0.25(x —2)%2 +5

\begin{tikzpicture} [font=\scriptsize]
\tzhelplines*[semithick] (4,3)

\tzshoworigin
\tzaxes(-1,-1) (4,3) {$x$}{3y$}
\def\Fx{.2*(\x-1) "2% (\x-3)+2} % \def

\tzfn\Fx[-1:3.5]
\tznode (2,1){$f (x)=\frac15(x-1)"2(x-3)+2$}[b,blue]
\end{tikzpicture}

f@) = L@ —1)(@-3)+2

27



s Angles

\tzanglemark(B) (A) (C){$\theta 1$}
\tzanglemark' (B) (A) (C) A
VA

\tzanglemark*(C) (A) (B) 6, > €
\tzanglemark*' (C) (A) (B)

=~]

\tzrightanglemark(A) (B) (C)
\tzrightanglemarkx*(A) (B) (C)

28



8.1

angle marks: \tzanglemark and \tzanglemark' (swap version)

% \tzanglemark, \tzanglemark'
\begin{tikzpicturel} [font=\scriptsize]
\tzhelplines[semithick] (4,3)
\tzcoors(1,1) (A){A}[1](3,3) (B){B}[ar]

(3,0) (C){C}[b] (1,3) (D){D}[al];
\tzlines(B) (A) (C) (D);
\tzanglemark' (B) (A) (C){$\angle$A} [pos=1.7] 7 swap
\tzanglemark(A) (C) (D) {$\theta$}

\end{tikzpicture}

% \tzanglemark+("')
\begin{tikzpicture} [font=\scriptsize]
\tzhelplines[semithick] (4,3)
\tzcoors(0,1) (A){A}[1](3,3) (B){B} [ar]

(2,0) (C){C}[b];
\tzpolygon(A) (B) (C);
\tzanglemark' (C) (A) (B){$\angle$A} [pos=1.7]1 7 swap
\tzanglemark* [red] (A) (B) (C){$\angle$B} [xshift=-1mm]
\tzanglemark (A) (C) (B) {$\angle$C}(11pt) / radius=11pt
\tzanglemark (4) (C) (B)
\end{tikzpicture}

A<

~ L

o8]

29



8.2 right angle marks: \tzrightanglemark

\begin{tikzpicture} [font=\scriptsize]
\tzhelplines[semithick] (4,3)
\tzcoors(1,0) (A){A}[1](3,3) (B){B} [ar]
(0,3) (C){C}[b](3,1)(D);
\tzline"AB" (A) (B)
\tzlines"CD" (C) (D) ([turn]O:1cm){D}[r];
\tzXpoint*{AB}{CD}(K){K}[a] / intersection
\tzrightanglemark (4) (K) (C) {90\textdegree}
\end{tikzpicture}

\begin{tikzpicture} [font=\scriptsize]
\tzhelplines[semithick] (4,3)
\tzcoor(1,0) (B){B}[-90]
\tzcoors($(B)+(115:2)$) (A){A}[135]

($(B)+(25:3)$) (C){C}H[0] ; A
\tzpolygon(A) (B) (C); b
\tzanglemark [double] (B) (A) (C){$\theta_1$} 7 double ;5> C
\tzanglemark(B) (C) (A) {$\theta_2$2}
\tzanglemark* [blue] (B) (C) (4) 20°

\tzrightanglemark(A) (B) (C) {90\textdegree} [pos=1.7]
\tzrightanglemarkx [red] (4) (B) (C)
\end{tikzpicture}
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