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1.1 BuRE=mEH%k

AN B R 2 T W B

)
1
/
% The angle « is 30° in the example
, SN (7 /6 in radians). The sine of a,
sin «v oS (0 o ’ )
< which is the height of the red line,
! x .
1 1 cos 1 I
\ 2 / sina = 1/2.
—% By the Theorem of Pythagoras ...
\\\‘_1
\begin{tikzpicture}

[scale=3,line cap=round,

% Styles

axes/.style=,

important line/.style={very thick},

information text/.style={rounded corners,
fill=red!10,inner sep=lex}]

% Colors

\colorlet{anglecolor}{green!50!black}

\colorlet{sincolor}{red}

\colorlet{tancolor}{orange!80!black}

\colorlet{coscolor}{blue}

4

1 17, I tikzpicture I it.

2 4T, scale=3, 4% LPl X 3. line cap=round, & WGk KA EK (rect HFH#, butt AL
%)

4 17, axes KA.
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5 47, E X important line WH R, REKLKFTH very thicke

6 17, & X information text WX, EAMIE, HEN red'10, XFEXFHEEHREBTH

lexo

9 1T, #4 \colorlet & X it green!50!black ¥4 # % anglecolor, 7 LA M4 # 5| Hl iZ B
., 10« 11. 12 7E M.

% The graphic

\draw[help lines,step=0.5cm] (-1.4,-1.4) grid (1.4,1.4);
\draw (0,0) circle [radius=1cm];
\begin{scope} [axes]
\draw[->] (-1.5,0) -- (1.5,0) nodel[right] {$x$}
coordinate(x axis);
\draw[->] (0,-1.5) -- (0,1.5) node[above] {$y$}
coordinate(y axis);
\foreach \x/\xtext in {-1, -.5/-\frac{1}{2}, 1}
\draw[xshift=\x cm] (Opt,1pt) -- (Opt,-1ipt)
node [below,fill=white] {$\xtext$};
\foreach \y/\ytext in {-1, -.5/-\frac{1}{2}, .5/\frac{1}{2}, 1}
\draw[yshift=\y cm] (1pt,Opt) -- (-1pt,Opt)
node[left,fill=white] {$\ytext$};
\end{scope}

14 4T, \drav @4 F 4% H, grid £MN#& o4, KA help lines WX, F K step=0.5cm, DA
Bo(-1.4 ,—1.4) 2 (1.4,1.4) A A%

15 /7, BEH, HQK (0,0), ¥44H radius=lcme

16 1T, JTJ8 scope ¥, HIEENMKEFHLE —NRIE,

17 47, (-1.5,0) % (1.5,0) BL&E,®EIT [->] HEBER®HAMEL; & (1.5,0) FH node
WA KL B IRIAR S, ®I [right] AL RN AEN, AR B #5 o

21 17, \foreach @AM TN HAFTWENTRHAATEEWHEIE. \x/\xtext K& H 4T E T MU
Z\x HRAWI\x/\xtext HRAW; A—NTELELAFS/HPFHERN, ZLETHATEMEAZ
— 5l Hlo B4l {1,...,10y BN 1 WEFEHKF|, KA {1,1.5,,...,10} EAEHNWHAIZE 0.5
% = 5.

22 1T, & 21 fTHy\foreach #AFF MW HEE. LT [xshift=\x cm] FHTWETLH N EEEH
x ®WFH \x cmo

23 fT,node w4} 22 fTH# K (Opt,-1pt) AR, 4 M $\xtext$ HK.%T [below,fill=white]

REMBERTH, REERAAE.

27 4T, %K scope ¥,
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\filldraw[fill=green!20,draw=anglecolor] (0,0) -- (3mm,Opt)
arc [start angle=0, end angle=30, radius=3mm];
\draw (15:2mm) node[anglecolor] {$\alpha$l};
\draw [important line,sincolor]
(30:1cm) -- node[left=1pt,fill=white] {$\sin \alpha$}
(80:1cm |- x axis);
\draw [important line,coscolor]
(30:1cm |- x axis) -- node[below=2pt,fill=white]
{$\cos \alpha$} (0,0);
\path [name path=upward line] (1,0) -- (1,1);
\path [name path=sloped line] (0,0) -- (30:1.5cm);
\draw [name intersections={of=upward line and sloped line, by=t}]
[very thick,orange] (1,0) -- node [right=1pt,fill=white]
{$\displaystyle \tan \alpha \color{black}=
\frac{{\color{red}\sin \alphal}}{\color{blue}\cos \alpha}$}(t);
\draw (0,0) -- (t);

28 4T, \filldraw RHFLHEHAO\Li1l 4 H e \draw B4 4. fill=green!20 &7 A M€
green!20 A7, draw=anglecolor 7 A Bl anglecolor (2. 9 1T X) %

20 17, arc #ALHIEINL, £ start angle=0 &7 &M AKZ 0°, end angle=30 K74 Ik
)% & 30°, radius=3mm F¥HEE 3mm, FKAFELZ (0,0).

30 47, MAAFR (15:2mm) £ 15°, 2mm #9 &
31 17, #7 important line, sincolor ©.7 5 17, 10 f7&X.

32 17, node #AEEBEFT--LF, RTHEMAEKRZFE, F4 $\sin \alpha$ £ BEEX /5

sin avo

33 4T, k1L A (30:1cm) WRELL x WX A,

35 {7, node @AM below=2pt KM ALKAETH 2pt 4, fill=vhite KA XFH
FHERANAE,

37 47, \path @4 F A C/EE N R ERE, X EWBEEENLE, £ name path=upward line
Bl 4 4% N upward lineo

39 11, MKk T4 KA, SR upward line 5§ sloped line WYX BiE44& N to

41 AT, BRX 4 \displaystyle & X B RARFER, EEHEH4A \color{black} R 42 1T
B &HEEA .
\draw [xshift=1.85cm]

node [right,text width=6cm,information text]
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47 The {\color{anglecolor} angle $\alpha$} is $30"\circ$ in the

48 example ($\pi/6$ in radians). The {\color{sincolor}sine of
49 $\alpha$}, which is the height of the red line, is

50 \[

51 {\color{sincolor} \sin \alphal} = 1/2.

52 \]

53 By the Theorem of Pythagoras ...

54}

55 \end{tikzpicture}

44 47, #HI [xshift=1.85cm] ¥ 2L F WAr% A 1.85cm.
45 fTE 54 17, %R KIPWRRA, ¥ 44 FHRITAFH.

55 1T, %% {tikzpicture} 3.

1.2 A Petri-Net

AN R o R ) T | o A

replacement, of

( )‘\\igj
the capacity
s C<>3< by two places
ANNNNNNNNNNAND

ji

1 \begin{tikzpicture}

2 [node distance=1.3cm,on grid,>=stealth',bend angle=45,auto,

3 every place/.style= {minimum size=6mm,thick,draw=blue!75,fill=blue!20},
4 every transition/.style={thick,draw=black!75,fill=black!20},

5 red place/.style= {place,draw=red!75,fill=red!20},

6 every label/.style= {red}]

2 4T, node distance # & node M [EFE, W& FE %8
node distance=ff %
YIFEW A on grid HIH, ZEAFH Z node WFCZHMIEE,; YIIHEL on grid LA, ZE
158 node WA Z AW HEE, WHMEN lcm. >=stealth’ 5 #7 kR . bend angle=45 #57x#2
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WEEEAE. auto TR HAENESHENHENLE. A

auto=direction

W& auto WALE, HYP direction T LLZ left, right, false; %4 N HEZEML % above, below
S EE, = anchor ¥ A, auto H{EZ false; auto W HZKIAZ scope WX E,

3 47,every place & X FTH place Wi R ominimum size=6mm &% /MR % 6mm;draw=blue!75,
J Bt blue!75 B H A4, fill=blue!20, A Hif5 blue!20 HEFTATE.

5 47, & X red place B, HFFHF T place .
6 1T, every label & X FfH lable HIFf .

\node [place,tokens=1] (w1) {3};
\node [place] (c1) [below=of wi] {};
\node [place] (s) [below=of cl,label=above:$s\le 3$] {};
\node [place]l (c2) [below=of s] {};
\node [place,tokens=1] (w2) [below=of c2] {};
\node [transition] (el) [left=of c1] {}
edge [pre,bend left] (wl)
edge [post,bend right] (s)
edge [post] (c1);
\node [transition] (e2) [left=of c2] {}
edge [pre,bend right] (w2)
edge [post,bend left] (s)
edge [post] (c2);
\node [transition] (11) [right=of c1] {3}
edge [pre] (c1)
edge [pre,bend left] (s)
edge [post,bend right] nodel[swap] {2} (w1);
\node [tramnsition] (12) [right=of c2] {%}
edge [pre]l (c2)
edge [pre,bend right] (s)
edge [post,bend left] node {2} (w2);

7 4T, %4 \node R4 WL T place &7 3 1T Xotokens=1 FERMFIEEKE X 1, (wi)
FH owl RNREWNER. LFEFTEANE, E-MELXF (EXRE%ILES).

8 1T, (c1) HETHEMALMA clo I below=of wil KRIFEHE 7 TE XMAFE wi T ¥

9 47, # T label=above:$s\le 3$ 5% node W L WA EGX & s < 3.

12 4T, # B transition B&E 4 77 X.

13-15 47, K 12 178 el 2AlH wi, s, c1 B4, EXE 13, 14 7L F, 16 TALF. (LT
pre, post). bend left=angle, UH KX AN R &, B EEL RKWALLH T W AWML T 1, F 47N
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E, XFMAETH angle A/ BAHH AT W; fH angle B4 R W I NT . bend right=angle
WEESZEMN, RREANT MR wRAEEAE, ©0WBOAELR N ERE TN A

17-19 17, M 16 478 e2 M w2, s, c2 E%4. H& 17. 18 {TAH 5, 19 {THA 5.

Bfﬁnﬁe%ﬁﬁ%e%emﬁg,ﬁgmg%QoﬁmsmpﬁﬁﬁgwﬁﬁgQ%W@wm
L B L E AE R o

27 1T, node % ZATH edge MITA. FFANEZ 2.

\begin{scopel} [xshift=6cm]
\node [place,tokens=1] (w1’ ) {};
\node [place] (ci’ ) [below=of wi’ 1 {};
\node [red place] (si’ ) [below=of cl’ ,xshift=-5mm]
[label=left:$s$] {I};
\node [red place,tokens=3] (s2” ) [below=of c1’ ,xshift=5mm]
[label=right:$\bar s$] {};
\node [place] (c2’ ) [below=of si’ ,xshift=5mm] {};
\node [place,tokens=1] w2 ) [below=of c2’ 1 {};
\node [transition] (el’ ) [left=of c1’ ] {}
edge [pre,bend left] (wi’ )
edge [post] (s1’ )
edge [pre] (s2’ )
edge [post] (ct’ );
\node [transition] (e2’ ) [left=of c2’ 1 {}
edge [pre,bend right] (w2’ )
edge [post] (s1’ )
edge [prel (s2’ )
edge [post] (c2’ );
\node [transition] (11" ) [right=of c1’ 1 {}
edge [pre] (ct’ )
edge [prel (st )
edge [post] (s2” )
edge [post,bend right] node[swap] {2} (wi’ );
\node [transition] (12" ) [right=of c2 ] {}
edge [prel (c2’ )
edge [pre] (s1’ )
edge [post] (s2 )
edge [post,bend left] node {2} (w2’ );
\end{scope}

28 17, B scope ¥, ¥ xshift=6cm H4FH I 4 REEHEFH 6cmo

31 47, % xshift=-5mm FFAFZAEFH Smmo
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32 17, % node MWARL, ®I left 45 FHF4% node HyZM.
56 17, node % edge MiFA, WANEE 2. FEAMESE 2 /7 auto WHT,

57 4T, 4K scope ¥,

\begin{scope} [on background layer]

\node (r1) [fill=black!10,rounded corners,

fit=(w1) (w2) (el) (e2) (11) (12)] {};

\node (r2) [fill=black!10,rounded corners,

fit=(wl’ ) (w2 (el )(e2’ )(11° ) (12" )] {3;

\end{scope}

\draw [shorten >=1mm,-to,thick,decorate,
decoration={snake,amplitude=.4mm,segment length=2mm,
pre=moveto,pre length=1mm,post length=2mm}]

(r1) -- (r2) node [above=1mm,midway,
text width=3cm,align=center]
{replacement of the \textcolor{red}{capacity?}
by \textcolor{red}{two places}};

\end{tikzpicture}

58 1T, # on background layer 575/ B # scope HFEEWERTEE (I tikzpicture
HREMEE) ZTHE.

59 47, # rounded corners I§7Ar&AEA E A .

60 4T, ®H fit £ R —PETF (fit=(wl) w2) (el) (e2) (11) (12), & 5 A M AT Z L A=K node,
A ZEFREET), ERNETHETEMNETCEEN ST E5 TR RAWERF LR inner sep=
HE

1.3 FEJLIATEE 245
1.3.1 Elements’ Book I, Proposition I

AN R oy KD ) T E Y

Proposition I
To construct an

on a given finite straight line.

Let AB be the given finite straight

line. ...
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\begin{tikzpicture} [thick,help lines/.style={thin,draw=black!50}]
\def\A{\textcolor{input}{$A$}}

\def\B{\textcolor{input }{$B$}}

\def\C{\textcolor{output}{$C$3}}

\def\D{$D$}

\def \E{$E$}

\colorlet{input}{blue!80!black}

\colorlet{output}{red!70!black}

\colorlet{triangle}{orange}

1 47, #I thick T XFEFHHEANL T, help lines/.style= & X help lines HyFF .
2 T, \def FFEEXEE, \A ZEXHAM, {\textcolor{input}{$A$}} Z\A H K %

7 4T, \colorlet H B & X &t , {input} ZH &4, {blue!80!black} & Xt H &,

\coordinate [label=left:\A] (A)
at ($ (0,0) + .1x(rand,rand) $);
\coordinate [label=right:\B] (B)
at ($ (1.25,0.25) + .1*(rand,rand) $);
\draw [input] (&) -- (B);
\node [name path=D,help lines,draw,label=left:\D] (D)
at (A) [circle through=(B)] {};
\node [name path=E,help lines,draw,label=right:\E] (E)
at (B) [circle through=(A)] {};
\path [name intersections={of=D and E,by={[label=above:\C]C}}];
\draw [output] (A) -- (C) -- (B);
\foreach \point in {A,B,C}
\fill [black,opacity=.5] (\point) circle (2pt);

10 4T, \coordinate F )& & X AT ThE, T label=left:\A {5 LA, F& T LAT
B left M, AW AEZ 2 /TE XM “\A7 'ﬁ?‘M)KRX%£%%%%nat%$%ﬁ%ﬁ%;
($ (0,0) + .1*(rand,rand) $) AWM EZHEEX—NE, £+ rand Z-1 % 1 ZHHENE, £F
A¥BEANHKE rand HELH I * F5, BAET 4‘? FoTtE, MAZ X HFEA.

4 17, B4 H AB.

15 47, \node /B node (JH#rZ) Th#E; % T name path=D A X node WU FEAIMA D Wi
f%2; ¥ help lines WH 1 72 X help lines #R; # I draw fFrEHL REE;, #5 (D)
%1% node W4 .

16 1T,at 6§77 15 4TH) node FrifM M %L E ;(A) & node Frifm By % ; (A) [circle through=(B)]

BLL (A RS, 24K B) WE, FEREA through BFE; L5 {3 WAE node WA, A
TRNE, EXREEALET.
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19 1T, \path B & X #/Z W ; name intersections= F KT XH PMEEH KX A; of=D and E
e EAE D A E R B by= f8 Al C RBX A4, 1 ¢ A A4 {[label=above: \CIC}, 7
B ob TR 645 5 # [Label=above:\C]C FE# K,

21 1T, \foreach /& foreach MK, 1 #4{a,B,CY WWHNTE (F\point R%K) #HAT
A8 [F] B AF

22 17, Bl 21 47\foreach fEM B #HIE. \fill 5 RE T H € ; ®£T opacity=.5 X EFEHE N
0.5; circle #4 4§77 \point HFE X, DL 2pt HF¥AERE; \fill UFFZANBEHE T ZE, L
FERH#E =4 A, B, Co

\begin{pgfonlayer}{background}
\fill[triangle!80] (A) -- (C) -- (B) -- cycle;
\end{pgfonlayer}
\node [below right, text width=5cm,align=justify] at (4,3)
{\small\textbf{Proposition I} \par
\emph{To construct an
\textcolor{triangle}{equilateral triangle}
on a given
\textcolor{input}{finite straight line}.}
\par\vskiplem
Let \A\B\ be the given
\textcolor{input}{finite straight line}. \dots
};
\end{tikzpicture}

23 17, & background Z E1EHA.
25 1T, %% background Z L1,

26 17, % (4,3) EMARA, WA Z — B X F. below right HTFALE R (4,3) WA T ; text
width=5cm X EHATXFH/EN 10cm; align=justify % E XFXFFH XA HEN T Ko

1.3.2 Elements’ Book I, Proposition I1

AN B R 6 T W B Y

\begin{tikzpicture} [thick,help lines/.style={thin,draw=black!50}]
\def\A{\textcolor{orange}{$A$}}

\def\B{\textcolor{input }{$B$}}

\def\C{\textcolor{input}{$C$}}

\def\D{$D$}

\def\E{$E$}

\def\F{$F$}



8

9

\def\G{$G$}
\def \H{$H$}
\def\K{$K$}
\def\L{\textcolor{output}{$L$}}
\colorlet{input}{blue!80!black}
\colorlet{output}{red!70!black}
\coordinate [label=left:\A] (A)

at ($ (0,0) + .1*(rand,rand) $);
\coordinate [label=right:\B] (B)

at ($ (1,0.2) + .1*(rand,rand) $);
\coordinate [label=above:\C] (C)

at ($ (1,2) + .1%(rand,rand) $);

UEEERNEEB EEE L.
\draw [input] (B) -- (C);
\draw [help lines] (A) -- (B);
\coordinate [label=above:\D] (D)
at ($ (A)!.5!1(B) ! {sin(60)*2} ! 90:(B) $);
\draw [help lines] (D) -- ($ (D)!3.75!(A) $)
coordinate [label=-135:\E] (E);
\draw [help lines] (D) -- ($ (D)!3.75!(B) $)
coordinate [label=-45:\F] (F);
\node (H) at (B)
[name path=H,help lines,circle through=(C),
draw,label=135:\H] {};
\path [name path=B--F] (B) -- (F);

17
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2 TIKZ % B RSt 8

\path [name intersections={of=H and B--F,
by={[label=right:\G]G}}];

\node (K) at (D)

[name path=K,help lines,circle through=(G),
draw,label=135:\K] {};

\path [name path=A--E] (A) -- (E);

\path [name intersections={of=K and A--E,
by={[label=below:\L]L}}];

\draw [output] (A) -- (L);

\foreach \point in {A,B,C,D,G,L}

\fill [black,opacity=.5] (\point) circle (2pt);

\end{tikzpicture}

23 17, RZR($ WDI1x!(B) §) #WEHEL AB L— g, Wk x £ 0 2| 1 X, ZAELE AB
WA R x KT 1, ZRE AB SN R x REH, MRS A B WHEBZILY x; WX x &
ok, MZAEREG W@ $) XT A A HXHRA

FER($ X)) ! {sin(60)*2} ! 90:(B) $) = X HELA, HLE XB % X ik 90 E, F
K sin(60)x2 /5, 5| & Eon Ao

FEA($ (A) 1 .51 (B) ! {sin(60)*2} ! 90:(B) $) W FLIEE ($ (A)!.5!1(B) $) FF —
MNE, REZESERHMNEE.,

2 Tikz N4 EIEFGS

T B P, A tikz FHE, HAFEA tikz FEHERWEFE

\usepackage{tikz}

\usetikzlibrary{<list of libraries>}

RJGHF B {tikzpicture} I, =HFHHAH4A \tikz FHEHEH.

B SUAMADTSER, BUHRE-

2.1 {tikzpicture} IFEH tikz fFSHIFEN

IR
\begin{tikzpicture} [<options>]
<environment contents>

\end{tikzpicture}

MR
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\tikz[<options>]{<path commands>}
Bl4n, \tikz{\draw (0,0) rectangle (2ex,lex);}

2.2

FEMNLEXNR

LERY R EENZH

T

HE (1,2) BEHFRLRFE, BRALREMLKEZ Lem.

5 (30:1cm) FEEMAAT R, HF 30 £ 30°%

f£5(30:1cm |- 0,0) &l A (30:1cm) W B AL 53t (0cm,0cm) MW AKFLREZ K. (2,1 |-
3, 5§ (3,4 -1 2,1) FrRXH EME. TELPAREHEES.

4

TERELFH L.

Path

P4 \path JFk#H F G —A path M Z, MABEHTETULEA, &, node, A%, T
AR R A A A Ko

Coordinate

PLér4 \coordinate FFk#yH FHENML (TR K, %, node, AH%) &N coordinate
W&o #EEE coordinate MK Fl, coordinate A KT UM 5N T4 3 A & by iy A f
$%> ﬁ/%’l\)ﬂ\]‘]xﬁgo

Node

M4 \node JFk#yaFHEMTR (TUER, %, node, %) %EH node F, U
K node MERRKEBME, ARHRK, XF, HE, REFEK.

AR, AR TULZFETETEA, ZETARNNEZFEL L LH AR ML drav, HH M

\draw FkWiEH KL H,

2.3

\draw <path>; 1% T \path [draw] ...;.

"% \def

A \def AT HEX MR, ZHEERURFE \Fk. HHEL

\def <t £ 4 F>{E XA &};
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TEHF T EX \wall (FEHEF pattern #£)7E)

\begin{tikzpicture}

\def\wall{ \fill [fill=black!50] (1,-.5) rectangle (2,.5);
\pattern [pattern=bricks] (1,-.5) rectangle (2,.5); .

\draw [line width=1pt] (lcm+.5pt,-.5) -- ++(0,1); }
\wall
\end{tikzpicture}

2.4 Bl#& coordinate W& AERH4r

fi|# coordinate X & #H % &

\path . . . coordinate[<options>] (<name>)at(<coordinate>) . . . ;

BHEFHEANANZILEHN coordinate X E, INXMNEZFAUR K, &, node, MEF%,

\coordinate [<options>] (<name>)at(<coordinate>);
RRE—HENEE, FERTFEEZ®SETA node #4

2.5 Bounding Box
EFR—-ANEE— AWML, £FH%E (vidth), %4 (baseline), XL FETW EAEE
% (height), X% E & T TREZRE (depth). FRAELXZEIMN x #.
KLHWEBENET, TR THEINRS4L

# I use as bounding box

#4- \useasboundingbox, & \path[use as bounding box] 5.

Left of picture\begin{tikzpicture}

\draw[use as bounding box] | —

(2,0) rectangle (3,1); Left of picturel right of picture.
\draw (1,0) -- (4,.75);
\end{tikzpicture}right of picture.

Left of picture

\begin{tikzpicture}
\useasboundingbox (0,0) rectangle (3,1); i ) .
Left of picture right of picture.
\fill (.75,.25) circle (.5cm);
\end{tikzpicture}

right of picture.
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#% Jlcurrent bounding box
# Jlcurrent path bounding box

EEANSERTUCE B RE B REEREHET .

trim left=<dimension or coordinate or default> iiﬁﬁ;ﬁ%%{§55T@ZE£FﬁZ> 4%ﬁi%§ x=dimension
ERYMETHLR, ZAEAMNN B2 oHET AN A EESE, BA opt (B (0,0)) o

trim left=<dimension or coordinate> %%ﬁ(ﬁéﬁl, R 2 & A BRAE

Text before image.

\begin{tikzpicture} [trim left, trim right=2cm, baseline]
\draw (-1,-1) grid (3,2);

\fill (0,0) circle (5pt);

\end{tikzpicture}

Text before image#" Text| after image.

\begin{tikzpicture}
\draw (0,1) -- (0,0) -- (1,1) -- cycle;
\fill (0,0) circle (2pt);

\node[left] at (0,0) {$-1$}; /
\end{tikzpicture} 1

\par
\begin{tikzpicture} [trim left] E///7
-1

\draw (0,1) -- (0,0) -- (1,1) -- cycle;
\fill (0,0) circle (2pt);

\node[left] at (0,0) {$-1$};
\end{tikzpicture}

2.6 HEBRNREMNE

B, AN TRELASHMXFNELFF. baseline MR BRI KL E X FHELZFAWNEE,
baseline=<dimension or coordinate or default> Zi& T H dimension M x ®HE R,
BRIAKEHMN pto # dimension N HENMEEN x WTH. BRAU x A EE.
coordinate %t T 48 & 3 &8 i1 1% A Ao
baseline=default ¥ ZiAfH, #&%E x #l.
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Top align:

\tikz[baseline=(current bounding box.north)] Top align: ]
\draw (0,0) rectangle (lcm,2ex);

2.7 H scope EE scoped S HNEF

FXANFIFE F AT U {tikzpicture} FEH \tikz #AZHHANTFE L.
TR

\begin{scope} [<options>]
<environment contents>

\end{scope}

GABR
\usetikzlibrary{scopes} % %55 KA scopes & /7

\scoped [<options>]<path command>

Bl 4

\begin{tikzpicture}
\node [fill=white] at (1,1) {Hello world};

\scoped [on background layer] Hello world —
\draw (0,0) grid (3,2);
\end{tikzpicture}

2.8 ZRETEEEFEAUR /.style 5 /.default FIIRE

\tikzset{<options>} 2 KX EHE, ¥WEN 44
my style/.style={<options>} & X 4N my style M=
hkeyi/.default=<value> % & 4 ¥ hkeyi #xt % BA(E

Blhm, WAt E help lines & T E XMy, HMHE LT NMWIEEZ line width=0.2pt,gray, # LA
Vi ok s
\tikzset{help lines/.style=very thin} % % E% % ¥ very thin.
\tikzset{Karl s grid/.style={help lines,color=blue!50}}
% EX 4K Karl’ s grid R, #FRXAZZMH help lines,
h R E AR LB EE 50% I
\draw[Karl s grid] (0,0) grid (3,3);

“/.style” BT UF—NRE, A #1 kx, fl



3 PATH #j78 % #:A4F

\begin{tikzpicture} [outline/.style={draw=#1,thick,fill=#1!50}]
\node [outline=red] at (0,1) {red};

\node [outline=blue] at (0,0) {blue};

\end{tikzpicture}

red

\begin{tikzpicture}[outline/.style={draw=#1,thick,fill=#1!50},

outline/.default=black] -

\node [outline] at (0,1) {default};
\node [outline=blue] at (0,0) {blue};
\end{tikzpicture}

2.9 HFIEERKFELINEELZE
% 5% K flthroughf? /¥ & \usetikzlibrary{through}, 4]k

horizontal line through={(<coordinate>)}

vertical line through={(<coordinate>)}

3 Path BIHHKIERE

3.1 REREHENX, AREPMHARE
w42 \path HEEEWANZER XN EE, CREME{tikzpicture} I F .

every path/.style={H R X} REX R AKEERNFER (BNMEET UERMBE) -
insert path=<path> % H1% W 3y AL B R sz .

\tikz [c/.style={insert path={circle[radius=4pt]}}]
\draw (0,0) -- (1,1) [c] -- (3,2) [c];

3.2 ZHMERZEEAT UK

Move-To, MEEZMH — 2| E — 3k H &% %o
Line-To, A HAHEBERANH —Ho5r—%4a, ARAIMEL “--7 £T.
Curve-To, Fwh# (NEREX) FEXREHNN—BoE5E—84, ABRIE “..7 £T.

-—cycle ZHBEAFIRMF T

]t SR A T AR R



3 PATH #j48 X 44k

. controls <first control point> and <second control point> ..
gk
\draw (0,0) .. controls (1,1) and (2,1) .. (2,0);

\draw (-1,0) .. controls (-1,0.555) and (-0.555,1) .. (0,1)
. controls (0.555,1) and (1,0.555) .. (1,0);
& A Bl LB node WYL E

\draw [->] (waiting.west) .. controls +(left:5mm) and +(up:5mm)

. (enter critical.north);

24

<end point>

“HBEAEETRAEREALAEFRNRKRI, THZ Move-To # Line-To # X 7|

\begin{tikzpicture}[line width=10pt]

\draw (0,0) ——-(1,1) (1,1) --(2,0);
\draw (3,0) -- (4,1) — (5,0);

\end{tikzpicture}

RS e 28 B o AL B R v 4 T
\begin{tikzpicture}[line width=10pt]
\draw (0,0) -- (1,1) -- (1,0) —-- (0,0)

(2,0) -- (3,1) -- (3,00 -- (2,0);
\draw (5,0) -- (6,1) -- (6,0) -- cycle

(7,0) -- (8,1) -- (8,0) -- cycle;
\end{tikzpicture}

44

K

3.3 HEZRKEZREHS

44

B> | - BT AFAE LB WEEFE <HLEB> MARIBMEBELEELR, §
<LE2> - | <LEL> RR—M KEW LE> TURLAR, BT UZHLES,

\begin{tikzpicture}

\draw (0,0) node(a) [draw] {A} (1,1) node(b) [draw] {B};
\draw (a.north) |- (b.west);

\draw[color=red] (a.east) -| (2,1.5) -| (b.north);
\end{tikzpicture}

3.4 EZKET to A edge

é?%? nodeo




3 PATH #9548 % 44k 25

3.5 HHKZ®EN, MmE. He. £3E
name path=<name> % ¥1&# %

color M4 BN B &

color=<color name> % /7% E H &

draw & 1 #12
draw=<color name> & X & % F &

draw=none A E 4%
line width=<dimension> & X & 5, #WHME 0.4pt

e S 458, w40 B MR K=
ultra thin, very thin, thin, semithick, thick, very thick, ultra thick

line cap=<type> & X &3k X, 4 ME butt, F#kround, rect = butt

line join=<type> & X WA K HEAWH X, Wi miter, ¥ itround, bevel, miter
miter limit=<factor> AJ#E1H 10

dash pattern=<dash pattern>, dash phase=<dash phase>,

T U & 4 R

solid, dotted, densely dotted, loosely dotted, dashed, densely dashed, loosely dashed,
dash dot, densely dash dot, loosely dash dot, dash dot dot, densely dash dot dot,
loosely dash dot dot

double ¥ E KA N K&
double=<core color> X ENLFHE AL WH €
double distance=<dimension> % & W %4 M [8] B

fill=<color> X EH 7 K H I Fi &
fill=none A 7 i

pattern=<name> K EH AL L, FEZ WA patterns & FE
pattern color=<color> WEH XL LWHAE

decorate & Fl#MitEX, FRHAMMETE
decoration=<style> kB Rk 1itF X, FMA decoration 7%

shade & Jfl L& 7 & R
shading=<name> W& G # XWX, FEFF shadings B F %,

shadow B F %, FEZFEEF shadows 2)F)E



3 PATH #9548 % 44k 26
3.6 BIME@4 clip

R
\begin{tikzpicture}[scale=3]
\clip (-0.1,-0.2) rectangle (1.1,0.75);
\draw[step=.2cm,gray,very thin] (-1.4,-1.4) grid (1.4,1.4);
\draw (-1.5,0) -- (1.5,0); \
\draw (0,-1.5) -- (0,1.5);

\draw (0,0) circle [radius=1cm];

\draw (3mm,Omm) arc [start angle=0, end angle=30, radius=3mm] ;

\end{tikzpicture}

J 7 8

\begin{tikzpicture}[scale=3]

/)

\clip[draw] (0.5,0.5) circle (.6cm); —

\draw[step=.2cm,gray,very thin] (-1.4,-1.4) grid (1.4,1:4) /

\draw (-1.5,0) -- (1.5,0); [

N~

\draw (0,-1.5) -- (0,1.5); / \ \

\draw (0,0) circle [radius=1cm];

\draw (3mm,Omm) arc [start angle=0, end angle=30, radius=3mml; \

\end{tikzpicture}

3.7 ERHE

B3R T AL

« nonzero rule, XA AHEHN; hTHTE A BECBRTHHEAHNRE, [ FEN A BEHFE
I, M 0 Féeitsk; wR | SRMWBAMT BB RN T 2MER AN, Witsm 1, &0t
BOR 1, B HERE o, MAE A BTZRE, TUNFETZKE K.

e even odd rule, 5 F— MM MBEXM, R [ SREARAMIMAHETH, WE A BTFZEKE
B, ENFETIZRKE.

JF \fill #AETHE



3 PATH #9548 % 44k 27

\begin{tikzpicture}[scale=3]

\clip (-0.1,-0.2) rectangle (1.1,0.75);

\draw[step=.5cm, gray,very thin]
(-1.4,-1.4) grid (1.4,1.4);

\draw (-1.5,0) -- (1.5,0);

\draw (0,-1.5) -- (0,1.5);

\draw (0,0) circle [radius=1cm];

\fill[green!20!white] (0,0) -- (3mm,Omm)

arc [start angle=0, end angle=30, radius=3mm]
-- (0,0);
\end{tikzpicture}

/% green!20luhite #j%ERRE E 20% HE L 80% EHREHARDTUA — cycle 4 f:

\fill[green!20!white] (0,0) -- (3mm,Omm)

arc [start angle=0, end angle=30, radius=3mm] -- cycle;

\filldraw #4 @ HHE, AEAXTHAE
\begin{tikzpicture}[scale=3]
\clip (-0.1,-0.2) rectangle (1.1,0.75);
\draw [step=.5cm,gray,very thin] (-1.4,-1.4) grid (1.4,1.4);
\draw (-1.5,0) -- (1.5,0);
\draw (0,-1.5) -- (0,1.5);
\draw (0,0) circle [radius=1cm];
\filldraw [fill=green!20!white, draw=green!50!black]
(0,0) -- (3mm,Omm)

arc [start angle=0, end angle=30,
radius=3mm] -- cycle;

\end{tikzpicture}

3.8 HIBHT

PR B, 8 7 ey A \shade #7\shadedraw

\tikz \shade (0,0) rectangle (2,1) (3,0.5) circle (.5cm);

BROAB Rl R BB A Byl . T B R
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\begin{tikzpicture} [rounded corners,ultra thick]

\shade [top color=yellow,bottom color=black]
(0,0) rectangle +(2,1);

\shade [left color=yellow,right color=black]
(3,0) rectangle +(2,1);

\shadedraw [inner color=yellow,outer color=black,

draw=yellow] (6,0) rectangle +(2,1);
\shade [ball color=green] (9,.5) circle (.5cm);
\end{tikzpicture}

we B B30

3.9 H + ZTTRMEH

FH# ++(acm, bem) EFHZLAWFTZHH A L@ E (acn, bem)
\begin{tikzpicture}
\def\rectanglepath{-- ++(1cm,0cm) -- ++(Ocm,lcm) --

++(-1cm,0cm) -- cycle}

\draw (0,0) \rectanglepath;
\draw (1.5,0) \rectanglepath;

\end{tikzpicture}

L AN D7 T DA AL
\tikz \draw (0,0) rectangle +(1,1) (1.5,0) rectangle +(1,1);

FH +(acm, bem) W RAME (T2 KAFH) R4 2 LM E (acm, bem)
\begin{tikzpicture}
\def\rectanglepath{-- +(1cm,0cm) -- +(lcm,2cm) --
+(0cm,1cm) -- cycle}
\draw (0,0) \rectanglepath;
\draw (1.5,0) \rectanglepath;
\end{tikzpicture}

4 BARMLFTE, AREGHES

ST R%E \usetikzlibrary{calc} FHEFE calc, K/ LIFMEARITE,

G-

([<options>]$<coordinate computation>$)
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BEEELT I + 55 SRRNMBFRAEZXMHENEL, EEXNEHL, i, 28K 8 HKFEKXE
wEMELEITHES.

<coordinate>!<number>!<angle>:<second coordinate>

H “i<angle>:” L& A; EWREAH “i<angle>:”, N “i<number>” SLMA .

FKERG (WD!x!(B) $) FHLHL AB L—ME, ZEA5E A WIEBILE AB WKEHR x; W0
B x AT o, ZELEHEL B £, WwH x MT o, ZEEHL BA L, HE A NTiZES5E B 2.

FER($ X)) ! {sin(60)*2} ! 90:(B) $) U X HEL, HEE XB % X ik 90 EF, F
K sin(60)*2 )7, #7238 & Fom Ao

FHER(G (A) ! .5 1 (B) ! {sin(60)*2} ! 90:(B) $) f54iZHE ($ (A)!.51(B) $) B3 —
MNE, REZESERHMNEZE,

FHEA(G Q) P B) ! (C) $) A B EHEL AC LHEXHEE (FEL),

\begin{tikzpicture}
\coordinate [label=left:$A$] (A) at (0,0);
\coordinate [label=right:$B$] (B) at (0.75,0.25);
\coordinate [label=above:$C$] (C) at (1,1.5);
\draw (4) -- (B) -- (O);
\coordinate [label=above:$D$] (D)

at ($ (4) ! .51 (B) ! {sin(60)*2} ! 90:(B) $) {};
\node (H) [label=135:$H$,draw,circle through=(C)] at (B) {};
\draw (D) -- ($ (D) ! 3.5 ! (B) $)

coordinate [label=below:$F$] (F);
\draw (D) -- ($ (D) ! 2.5 ! (A) $)

coordinate [label=below:$E$] (E);

\end{tikzpicture}
\begin{tikzpicture}
\draw [help lines] (0,0) grid (4,4); e®%
\foreach \i in {0,0.1,...,2} .
\fill ($(2,2) !'\i! \i*180:(3,2)$) circle (2pt); '. .
\end{tikzpicture} % | ! ®
[ ]
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\begin{tikzpicture}
\draw [help lines] (0,0) grid (3,2);
\coordinate (a) at (0,1);

\coordinate (b) at (3,2); b
\coordinate (c) at (2.5,0); 1
\draw (a) nodelred,left]{a} -- (b) nodelred,right]l{b} -- a
\
(c) nodelred,below]{c} -- cycle; :§E/
\draw([red] (a) -- ($(b)!(a)!'(c)$); ¢

\draw[orange] (b) -- ($(a)!(b)!(c)$);
\draw[blue] (c) -- ($(a)!(c)!(b)$);
\end{tikzpicture}

P

=1

AN

5

)<\

WA intersections 27 &, XX HikE S NHET. #£ T name path=<name> % 4 7] B By K 1E
%, F#T name intersections=<options> KR NBEERNZ B4

name intersections T % kI

name intersections={of=<pathl> and <path2>, name=<prefix>,
total=<macro>, by={<comma-separated list>},

sort by=<path name>}

HA, of= HEHANKEA; name= HX A G4 (X EWFEL), R name=i, M B A TH i-1,
i-2, i-3 XM H A KF A ; total=macro, macro EUHALMFT \FFkh—4F5, REXLWEHE;
sort by=, #%{§E BEN T WK EHF; by={comma-separated list}, —4FFHHENFE (NN
ME), ZEFAEZE/EA, ARVFERE; A #5 comma-separated list FF|F Mt L FERLK, 7
ETNRERS ..., UL E 3£ P FTE .

\begin{tikzpicture}
\clip (-2,-2) rectangle (2,2);
\draw [name path=curve 1] (-2,-1) .. controls (8,-1)

and (-8,1) .. (2,1);
\draw [name path=curve 2] (-1,-2) .. controls (-1,8)
and (1,-8) .. (1,2);
\fill [name intersections={
of=curve 1 and curve 2,
by={[label=center:a], [label=center:...],
[label=center:il}}];
\end{tikzpicture}



\begin{tikzpicture}
\clip (-2,-2) rectangle (2,2);
\draw [name path=curve 1] (-2,-1) .. controls (8,-1)
and (-8,1) .. (2,1);
\draw [name path=curve 2] (-1,-2) .. controls (-1,8)
and (1,-8) .. (1,2);
\fill [name intersections={of=curve 1 and curve 2,
name=i, total=\t}]
[every node/.style={above left, black, opacity=1},
red, opacity=0.5]
\foreach \s in {1,...,\t}{(i-\s) circle (2pt)
node {\footnotesize\s}};
\end{tikzpicture}

THEFHT#HI sort by=\pathname, F7A&E T HAHE

\begin{tikzpicture}
\clip (-0.5,-0.75) rectangle (3.25,2.25);
\foreach \pathname/\shift in {line/Ocm, curve/2cm}{
\tikzset{xshift=\shift}
\draw [->, name path=curve] (1,1.5) .. controls (-1,1)
and (2,0.5) .. (0,0);
\draw [->, name path=line] (0,-.5) -- (1,2) ;
\fill [name intersections={of=line and curve,
sort by=\pathname, name=i}]
[every node/.style={left=.25cm, black, opacity=1},
red, opacity=0.5]
\foreach \s in {1,2,3}{(i-\s) circle (2pt)
node {\footnotesize\sl}};
}
\end{tikzpicture}

31
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\begin{tikzpicture}
\coordinate [label=left:$A$] (A) at (0,0);
\coordinate [label=right:$B$] (B) at (1.25,0.25);
\draw [name path=A--B] (A) -- (B);
\node (D) [name path=D,draw,circle through=(B),
label=left:$D$] C

at (4) {};

\node (E) [name path=E,draw,circle through=(A), “ E
label=right:$E$] D ‘v
at (B) {3};

\path [name intersections={of=D and E, ¢
by={[label=above:$C$]C, [label=below:$C  $1C’ } }1;

\draw [name path=C--C’ ,red] (C) -- (C’ );

\path [name intersections={of=A--B and C--C’ ,by=F}];

\node [fill=red,inner sep=1pt,label=-45:$F$] at (F) {};

\end{tikzpicture}

6 ZESRE

Jfl4 foreach WyiEH LINEEHAE, H%
\path . . . foreach <variables> [options] in {path commands} . . . ;
FWE# foreach T \foreach ft#:
\foreach \x in {1,2,3} {$x =\x$, } r=1, v=2, v=3,
e s stzete 0is . OOOOOOOOOO
\draw (\x,0) circle (0.4cm);

T WA R DR T = N A

\tikz \foreach \x in {-1,-0.5,...,8%}
\draw (\x cm,-1pt) -- (\x cm,1pt);

\tikz \draw (0,0) foreach \x in {1,...,3} { - (\x,1) -- (\x,0) }; /////L////L///W

7 node 2£[F

7.1 node BYA)E
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\path . . . (<coordinate>) node [<options>](<name>)

{<node contents>} . . . ;

node W H AT ZCIENNE, FHEZEZEN, HFESER node WAEK (TUFHL), LEF
BEAR, BEHFELAR WAL TES, %+ 4 node contents=<node contents> 7 & B,
HEREFHAE

T A at 157~ node FFMHLLE

\path . . . node [<options>](<name>)

at (<coordinate>){<node contents>} . . . ;

F UK \path . . . node ¥4 \node %4, HW¥ at HHH

\node [<options>](<name>) (<coordinate>)

{<node contents>} . . . ;

\begin{tikzpicture}

\path (0,2) node [shape=circle,draw] {(0,2)} 1’2)
( 1,2) node [draw] {(1,2)};

\end{tikzpicture}

\begin{tikzpicture}
\node at ( 0,2) [circle,draw] {(0,2)};
\end{tikzpicture}

7.2 node BIE AN

shape=<shape name> #1¥ coordinate, circle, ellipse, diamond, dart F K. Wi HIKZ rectangle,
draw B HBAR By R

fill i;éi}ﬁ;%ﬁ/é

label % node fHAFZL

behind path &7 B2 ¥ #E 4 ﬁ%nﬁe(%%:%ﬁﬁé)
in front of path BE5 L

double i R % & W&
rounded corners ¥ F FH A ZE A

rounded corners=<dimension> X & i F & A W ¥ 17
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MMr%memﬂm>&%nwe%X?Wgﬁﬁﬁ%ﬁ%

minimum height=<dimension> % & node M &/NE/E

minimum width=<dimension>
minimum size=<dimension>

shape aspect=<aspect ratio> % & node 5% & Z b
shape border rotate=<angle> {#4# node %15 /& f & it %

name=<name> X & node WA, T UK N LHAEFW &L FE

7.3 1 node H{EH foreach i&Ef]

BT
hﬁHQﬁHaaHaﬂ
\tikz \node foreach \x in {1,...,4}
foreach \y in {1,2,3} [1,2]2,2]]3,2][4,2]

[draw] at (\x,\y) {\x,\y};

[1,1][2,1][3,1][4,1]

\tikzstyle{every node}=[dart, inner sep=1pt, draw]

\tikz \node foreach \a/\b/\c in »

{a/0/0, B/45/0, C/0/45, D/45/45}

[shape border rotate=\b, rotate=\c] <<;7 Y;;>

at (\b/36,-\c/36) {\a};

7.4 AIMEAFE node IXEHEIN

every <shape> node/.style={style}

I X AL I LA FRIE N By AR A <shape> (WAR T WA WKL, 44 FTH node) B node
BB E M EAHX, £ node ¥ LA IEAM KM LA E B EA

\begin{tikzpicture} [every node/.style={draw}]
\draw (0,0) node {A} -- (1,1) node {B};
\end{tikzpicture}

\begin{tikzpicture}
[every rectangle node/.style={draw}, @
every circle node/.style={draw,doublel}]
\draw (0,0) node[rectangle] {A} -- (1,1) nodelcircle] {B}; Ei
\end{tikzpicture}



7 NODE #%H 35

name prefix=<text>

IR EANHTT A FFIEN B FTH node W ERX BRI MNATL, B %47, WETIH, RETH,
ARETHRZEMEL -
\tikz {

\begin{scope} [name prefix = top-]

\node (A) at (0,1) {A};

\node (B) at (1,1) {B};

\draw (A) -- (B);

\end{scope} A—B
\begin{scopel} [name prefix = bottom-] \\\
\node (A) at (0,0) {A}; A8

\node (B) at (1,0) {B};

\draw (A) -- (B);

\end{scope}

\draw [red] (top-A) -- (bottom-B);
}

7.5 node HEINF4iIE
7 node WX FH NI
text=<color> & & X FH &
node font=<font commands> % & node W FiH Fik

font=<font commands> X & node W ILTE 5 W FHK

1l 4
\begin{tikzpicture} italic
\draw[node font=\itshape]l (1,0) -- +(1,1) nodelabove] {italic}; /////
\end{tikzpicture}
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7.6 FILITE node N B FIHANIFE

flindE N EEX B tabular 3%

\tikz \node [draw] {
\begin{tabular}{cc}
upper left & upper right\\
lower left & lower right
\end{tabular}
};

7.7 node BIXFEXFAR

upper left

lower left

upper right

lower right

LA T# T F node WA F X F A H A

align=center
align=right
align=flush left
align=flush center

align=justify

\tikz[align=center] \node[draw] {This is a\\demonstration.};

\tikz \node[fill=yellow!80!black,align=right]
{This is a\\[-2pt] demonstration text for\\[lex] alignments.l};

36
This is a
demonstration.
This is a

demonstration text for

alignments.

This is a

demonstration
\tikz \node[fill=yellow!80!black,text width=3cm,align=flush center] text for
{This is a demonstration text for showing how line breaking works.}; showing how

7.8 18 node BITNFHHRKEE

T % text width=<dimension> X & node FATXFWHARE

\tikz \draw (0,0) node[fill=yellow!80!black,text width=3cm]

line breaking

works.

This is a
demonstration

text for

{This is a demonstration text for showing how line breaking works.};

showing how line

breaking works.
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7.9 node RIS E

node 5 ¥ X Z 7T LLZ 447+ nodes HAES, ibxf KA U TLE

e TN, center

. Egﬁiﬁiii, north, north east, east, south east, south, south west, west, north west, %

B E AT Ry R L

o HA&{IE, base, base west, base east

HE A FAE, nid, mid west, mid east

JEBRFRILF L, WRNEZLHRA (W), XTHEZFAFIEF L u.north, u.north east, u.south

P
west, u.center %?

4 (anchor )L & 3 W W 4% X & anchor=<anchor name>, 157~ node B “4% & % % <anchor name>
ME, T8 “GEHNEELEEMAH, B node R R E X538 % a8 IAH

\begin{tikzpicture}
\draw (-0.5,0) rectangle (3.5,3);
\draw (0.5,0.5) node [fill=yellow!80!black, anchor=south west]
{Text at \verb!node 1!}
-- (2.5,2.5) node [anchor=east]
{Text at \verb!node 2!'};

Text at node 2

»Text at node 1

\end{tikzpicture}

7.10 node HIEBLLE

above ¥ node FH#HE|fTd R K LI}, BMAEFZW AT L L
below, left, right,

above=<offset> W& NI E T Lo L F B IEH

below=<offset>, left=<offset>, right=<offset>

above left, above right, below left, below right

above left=Jf #landfE #2, W ENd P CER, LHEHIHAHIERF2
above right=JF & 1and ¥ &2
below left=JF ¥ landE %2
below right=J# % 1andif &2

centered

\tikz \fill (0,0) circle (2pt) node[above] {abovel}; above
\tikz \fill (0,0) circle (2pt) node[above=10pt] {above}; abgve .
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7.11 iZE1& node HWEE(E

# 6B A positioning 27 E.
EN RS

\node at (1,1) [above=2,draw] {abovel};
ZE X node WHNAE (1,1) 2 E 2cm &

\node at (1,1) [above right=.2 and 3mm,draw] {above};
X node WA (1,1) Z F0.2cm, Z A 3mmik

\node [above=5mm of somenode.north east]
E X node WyH "4 K somenode % node B north east LEZ L 5mm 4, EELME of

\usetikzlibrary{positioning} % & & K% &
\begin{tikzpicture}
[place/.style={circle,draw=blue!50,fill=blue!20,thick,
inner sep=Opt,minimum size=6mm},
transition/.style={rectangle,draw=black!50,fill=black!20,
thick,inner sep=4pt,minimum size=4mm},
display/.style={draw=red!50,fill=red!20,thick,
inner sep=5pt},diamond,aspect=2]
\node [place] (a) at ( 0,2) {a};
\node [place] (b) [below=of al] {b};
\node [place] (c) [below=of bl {c};
\node [transition] (d) [right=of b] {\huge d};
\node [transition] (e) [left=of bl {e};
\node [display] (f) [above right=of d.north east] {f};
\end{tikzpicture}

LE T above right=3 and 4 1@ EF# 3cm, M4 FFH 4cm; above=3 and 4 F§7 4 LT
ﬁz Scm7 &ﬁ%ﬁ%@?‘%: é"k 4 jﬁ}ﬂo
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\begin{tikzpicture}
\draw[help lines] (0,0) grid (4,4); above

\fill [red] (0,0) circle [radius=2pt]; (4’3)
\fill [red](4,3) circle [radius=2pt];

\node (0,0) [below] {$(0,0)$};

\node (4,3) [below left]{$(4,3)$} ;

\node at (0,0) [above right=3 and 4,draw] {abovel;
\end{tikzpicture} (0,0)

# I “node distance= H®’ # T W node WA HE. UM A on grid HLIME, ZMEIEH
& node W HNZMWIES; YIIFEL on grid HITH, ZEIENAZ node AR X HWIEE, #HHE
j@ 1cmo

\begin{tikzpicture} [every node/.style=draw,node distance=5mm]
\draw[help lines] (0,0) grid (2,3);

% Not gridded

\node (al) at (0,0) {not gridded}; N
\node (bl) [above=of al]l {fooy};

\node (c1) [above=of bl] {a}; E:
% gridded

\begin{scope}[on grid]

\node (a2) at (2,0) {gridded};
\node (b2) [above=of a2] {fooy};
\node (c2) [above=of b2] {a};

Hh
o4
o -
<

|
|

\end{scope}
\end{tikzpicture}

7.12 &2 LK node HRERINLEILIN

£ node WA R ME|BZ L, #MF, node WAL EBURTRA N KT
(0,0)node{a} -- (1,1) i® node & An7E (0,0) H AL
(0,0) --node{a}(1,1) i® node A4 AnfE & H ||

(0,0) -- (1,1)node{a} 1€ node #F& M7 (1,1) A4

4 UHEF R E node HEMME, ¥ HWFEMELT T

pos=</M >

auto, auto=<direction>
swap 5 °
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sloped

allow upside down=<boolean> #J#ifH false
midway % T pos=0.5

near start % T pos=0.25

near end % T pos=0.75

very near start % T pos=0.125

very near end &T pos=0.875

at start % T pos=0

at end % T pos=1

pos=0 1§71 node AR &, pos=1 712 node FFAELEL &

\tikz \draw (0,0) -- (3,1)
node [pos=0]{0} node [pos=0.5]{1/2} node[pos=0.9]1{9/10};

\tikz \draw (0,0) .. controls +(right:3.5cm)
and +(right:3.5cm) .. (0,3)
node foreach \p in {0,0.125,...,1} [pos=\pl{\p};

\tikz \draw (0,0) |- (3,1)
node [pos=0]{0} node[pos=0.5]{1/2} node[pos=0.91{9/10%};

40

# I auto 7~ node WAL LMWAMEAEN (BRAZ scope WX E), auto=left 77~ node #F
BFELMAM, auto=right 57 node MALELWAM. #£T swap 677 node WA KES auto HH

R —, FEXWs (—A183515) ' £ swap WH 5T

\begin{tikzpicture}[auto,bend right]
\node (a) at (0:1) {$0"\circ$};

\node (b) at (120:1) {$120"\circ$}; 120°
\node (c) at (240:1) {$240"\circ$l}; 2,<%
\draw (a) to node {1} node [swap] {1~ } (b)

(b) to node {2} node [swap] {2" } (c) 240°

(c) to node {3} node [swap] {3~ } (a);
\end{tikzpicture}
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41
# sloped 1% node #F& & B2 M4t

o 1
\tikz \draw (0,0) .. controls +(up:2cm)

and +(left:2cm) (1,3)

node foreach \p in {0,0.25,...,1}

0.5 o

qz 0

[sloped,above,pos=\pl{\p};

o
# I allow upside down=true 2 allow upside down f#1% node A4 % 7Z&EHEZLW—M, T
= R BRI H—,

\tikz [allow upside down]

© 1
\draw (0,0) .. controls +(up:2cm)

0 .
0
o
and +(left:2cm) .. (1,3) 9
node foreach \p in {0,0.25,...,1} o
[sloped,above,pos=\pl{\p};

o
P midway ¥ node FRAKAEHAR H I
\begin{tikzpicture} [->]
\draw (0,0) -- (2,0.5) node[midway,sloped,above] {$x$}; ‘iiifi:::j
\draw (2,-.5) -- (0,0) node[midway,sloped,below] {$y$l}; D
\end{tikzpicture}
7.13 4

node fl label #%, label BIAE

% node JMARZT FIW A ik, Hik—, F\node, X/NFiE B WA ATk, FiEZ, F label T,
label Hy4] %

label=[options]<angle>:<text>

Ht angle RSP EMB T ZH FAL, TURAZE (FEM, HIEHR), &7 LL&Z above, below, left,
right, above left é?égo text %%tﬁ%%#qzio

HEETERDFE label MHTEF LI T LK.
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\tikz
\node [circle, draw,scale=2, default
label=default,
label={[green] 60:\Huge $60~\circ$},
label=below:$-90"\circ$, 3°
label=3:$3"\circ$,
label=2:$2"\circ$,
label={[green,below] 180:$180 \circ$},
label={[red,centered] 135:$115"\circ$}]
{\tiny my circle};
—90°
TULARE A4, 0L F A
\begin{tikzpicture}
\node [circle,draw,label={[name=1label node] ////
above left:$a,b$}] {}; a,b
\draw (label node) -- +(1,1); O
\end{tikzpicture}

T FIFEL T every label/.style={} X &EE label M

\tikz [rotate=-80,every label/.style={draw,red}]

\node [transform shape,rectangle,draw,label=right:label] {main node};

op ou ﬂ-"'gm

# I label distance W EAMA G X £ 2 6 B I &

\tikz[label distance=5mm] Y
\node [circle,draw,label=right:X,

label=above right:Y,

label=above:Z] {my circlel};

\begin{tikzpicture}

[place/.style={circle,draw=blue!50,fill=blue!20,thick,

inner sep=Opt,minimum size=6mm}] 5s<3
\node [place, label=right:$s\1le3$] (waiting) at (0,2) {};
\end{tikzpicture}

42
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7.14

K k%t pin #1%

pin A& A EE label £, RZZ THHNKE.

every

pin edge/.style={ }

pin edge=<options>

\tikz

\node

\tikz

\node

7.15

[pin distance=15mm,

every pin edge/.style={<-,shorten <=1pt,decorate,
decoration={snake,pre length=4pt}}]
[circle,draw,pin=right:X,

pin=above right:Y,

pin=above:Z] {my circle};

[every pin edge/.style={},
initial/.style={pin={[pin distance=5mm,
pin edge={<-,shorten <=1pt}]
left:start}}]

[circle,draw,initial] {my circle};

SR quotes 25 node fNIRE

B quotes /¥ E \usetikzlibrary{quotes}.

7 \node HyHEIF, AN G F 5 RMFHE (TS X LAk

\tikz
\tikz

\node ["my label" red, draw] {my nodel};
\node [label={[red]lmy label}, draw] {my node};

BRG] 5 H#E— L

\begin{tikzpicture} % i matrix 5%

\matrix [row sep=5mm,column sep=5mm] {

\node
\node
\node
\node
\node
\node

[draw, "label"] {A}; &

[draw, "label" left] {B}; &

[draw, "label" centered] {CI}; \\

[draw, "label" color=red] {D}; &

[draw, "label" {red,draw,thick}] {E} ;&

[draw, "label" {green,draw,ultra thick}] {F};\\ };

\end{tikzpicture}

i

43

o

start —

) 2B AE AT H . T WA F R

my label

label

label [B] 14B41

label
o]
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\tikz \node ["90:$90"\circ$", "left:$180"\circ$",
circle, draw] {circle}; 90° 90°
\tikz [every label quotes/.style=red]

\node ["90:$90"\circ$", "left:$180" \circ$",

circle, draw] {circle};

180° 180°

WRISHNAETHE S, EARETHELX.
\tikz \node ["{yes, we can}", draw] {foo}; yes, we can yes: wWe can

\tikz \node ["yes{:} we can", draw] {foo}; foo foo

8 1f node Z|8HEZk

8.1 HAfS ——, .., —| Bk

A AAT node X Bk, ERAXEHERF 3 M: A - RFWALE, A .. A%,
A o-1 &R E A&

HEMW A B AR LAR, node WHILE, node W4, W 7 {LERMN node AR, ( AR
node #94% %)

\begin{tikzpicture}

\path (0,0) node (x) {Hello World!'}

(3,1) nodelcircle,draw] (y) {$\int_1"2 x \mathrm d x$};

\draw[->,blue] (x) -- (y);

\draw[->,red] (x) -| node[near start,below] {label} (y);

\draw[->,orange] (x) .. controls +(up:1lcm) and +(left:1cm) Hello torld! label
. node[above,sloped] {label} (y);

\end{tikzpicture}
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\begin{tikzpicture}
[place/.style={circle,draw=blue!50,fill=blue!20,thick,
inner sep=Opt,minimum size=6mm},
transition/.style={rectangle,draw=black!50,fill=black!20,

thick,inner sep=Opt,minimum size=4mm}]

\rode flaee] (@) L 2
\node [place] (b) [below=of a] {b}; W
\node [transition] (c) [left=of bl {c}; -
\draw [->] (b.north) -- (a.south);
\draw [->] (b.west) -- (c.east);
\draw [->] (a.west) .. controls +(left:5mm) and +(up:5mm)

(c.north);
\end{tikzpicture}
8.2 &F to

8.2.1 HAAEIRE

HITUARET to RBEFART - & .. BX
to[options] <nodes> <coordinate> <cycle>
to F# H# T out=, in=, bend left=, bend right= R RHELL I AWML E.

45

out=<angle> WRLARRBIEALKR, Uzt EF W AWK, ER4THAE, THENLETH

<angle> &2 ALY R A A ;
in=<angle> é"]%/@‘%z"ﬁg /Q%uég/ﬁ\jb)/?\zﬁo

bend left=<angle> UMW X R AR R, BRREL RNV W EAMGEL T W, FH47m (AR H

E, ZFEHETH <angle> & BAMB AT W A; MAELRLWIENT HZ -<angle>.

bend right=<angle>WEEH5Z XM, REAWNFTEHHER. WRTIWEAE, CHBAEZH TR

HIE A

bend angle=<angle> #bend leftfibend righti% & <angle>.

HANAEWRERR WA, WTOHT
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\begin{tikzpicture}

[place/.style={circle,draw=blue!50,fill=blue!20,thick,

inner sep=Opt,minimum size=6mm},

transition/.style={rectangle,draw=black!50,fill=black!20,

thick,inner sep=Opt,minimum size=4mm}]
\node[place] (a) {a}; &
\node [place] (b) [below=of al] {b};
\node [transition] (c) [left=of bl {c};
\draw [->] (b) to (a);
\draw [->] (b) to (c);
\draw [->] (a) to [out=-15,in=160] (c);
\draw [->] (b) to [bend right=45] (a);
\draw [->] (b) to [bend left=45] (c);
\end{tikzpicture}

8.2.2 NNHR%ZE

T PAZE to 51 node %4 iiin node FFA
\begin{tikzpicture}
\draw (0,0) to node [sloped,above]l {x} (3,2);
\draw (0,0) to[out=90,in=180] node [sloped,above] {x} (3,2);
\end{tikzpicture}

N

T PL% to /i edge node=<node specification> # % A node 4, FE THALE T
WO R TR A R
\begin{tikzpicture}
\draw (0,0) to [edge node={node [sloped,above] {x}}] (3,2);
\draw (0,0) to [out=90,in=180,
edge node={node [sloped,above]l {x}}] (3,2);
\end{tikzpicture}

N

T DA% to m edge label=<text> B3 edge label'=<text> 44 Jnirss, H F Wil 5 kx4
W AR AW AL E

\tikz \draw (0,0) to [edge label=x, edge label'=y] (3,2);

\
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8.2.3 ‘BEEBFZFIBOHIHER

TP every to/.style W E&F KR

\tikz[every to/.style={bend left}]
\draw (0,0) to (3,2);

8.3 HWRETF edge

e%e@%%ﬁ

edge [options] <nodes> <coordinate> <cycle>

8.3.1 BE—WEAXNEL

BEF to B M—HEL, M edge TU— W FHBL FETEFMI d % a,b,c H 3 /> edge,
REZRA—1Na%.
\begin{tikzpicture}
\node (a) at (0:1) {$a$};
\node (b) at (90:1) {$b$} edge [->] (a); b
\node (c) at (180:1) {$c$} edge [->] (a) z// \\\
edge [<-] (b); c———a
\node (d) at (270:1) {$d$} edge [->] (a) \\\ //}
edge [dotted] (b)
edge [<-] (c);
\end{tikzpicture}

£ A A A T A
\begin{tikzpicture}
\node foreach \name/\angle in {a/0,b/90,c/180,d/270}
(\name) at (\angle:1) {$\name$};
\path[->] (b) edge (a) b

edge (c) z// \\&

C—— a

edge [-,dotted] (d) \\& //]

(c) edge (a) d
edge (d)
(@) edge (a);
\end{tikzpicture}
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8.3.2 1l node =&

WH LA edge /1 node A4

\begin{tikzpicture}
\node foreach \name/\angle in {a/0,b/90,c/180,d/270}
(\name) at (\angle:1.5) {$\name$};
\path[->] (b) edge nodel[above right] {$5$} (a)
edge (c)

edge [-,dotted] node[below,sloped] {missing} (d)
(c) edge (a)
edge (d)

(o}
z//;;;$;:;\\\
S

(d) edge [red] nodel[above,sloped] {very}
node[below,sloped] {bad} (a);
\end{tikzpicture}

8.3.3 fil quotes FR%E

WA quotes 27 JE, MF VLN edge 1 every edge quotes/.style={} 1 quotes &Ik in
4o
\tikz \draw (0,0) edge ["left", ->] (2,0);
\tikz [every edge quotes/.style={auto=right}] left right
\draw (0,0) edge ["right", ->] (2,0);

&, WRAE every edge quotes/.style={} F % H auto #I, NI AMNFREMTLLE, W
FARAEERFE A
\tikz [every edge quotes/.style={fill=white,font=\footnotesizel}] e
mid
\draw (0,0) edge ["mid", ->] (2,1); -
ARG ZTZE T (—MNE5F), KT swap, ETHETHEFEHMA.

\tikz
\draw (0,0) edge ["left", "right"', start left

"start" near start, right end

"end"' near end] (4,0);
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8.4 EENXH3 pre F post

\begin{tikzpicture}
[place/.style={circle,draw=blue!50,fill=blue!20,thick,
inner sep=Opt,minimum size=6mm},
transition/.style={rectangle,draw=black!50,fill=black!20,
thick,inner sep=Opt,minimum size=4mm}]

[bend angle=45,
pre/.style={<-,shorten <=1pt,>=stealth',semithick},
post/.style={->,shorten >=1pt,>=stealth',semithick}]

\node [place] (a) {a};

\node [place] (b) [below=of waiting] {b};

\node [place] (d) [below=of critical] {d};

\node [transition] (c) [right=of criticall] {c}

edge [pre]l (b)

edge [post,bend right] (a)

edge [pre, bend left] (d);
\node [transition] (e) [left=of criticall {e}

edge [post] (b)

edge [pre, bend left] (a)

edge [post,bend right] (d);
\end{tikzpicture}

9 {EEE

49

()
o
(e}

TRFAFENEBRETRGEL, WREATANE SN AN TES, WEEHL2 BT HEHNE, B
FRONEBRZMAHE. TUFH (REREL) WAKRNWE, FAZCNNERRF, Fln

\pgfdeclarelayer{namel}
\pgfdeclarelayer{name2}
\pgfdeclarelayer{name3}

\pgfsetlayers{namel,name2,name3}

X FH T =/ E namel, name2, name3, FIXBMAKT, A E I E TW EEHK, %EE name3

Bo hETUETRANE LR, B TEHZSE

\begin{pgfonlayer}{<layer name>}
<environment contents>

\end{pgfonlayer}

ZIH T Poe ARG H T 55
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\pgfdeclarelayer{background layer}
\pgfdeclarelayer{foreground layer}
\pgfsetlayers{background layer,main,foreground layer}
\begin{tikzpicture}

% On main layer:

\fill[blue] (0,0) circle (icm);
\begin{pgfonlayer}{background layer}

\fill[yellow] (-1,-1) rectangle (1,1);
\end{pgfonlayer}

\begin{pgfonlayer}{foreground layer}

\node [white] {foreground};
\end{pgfonlayer}
\begin{pgfonlayer}{background layer}
\fill[black] (-.8,-.8) rectangle (.8,.8);
\end{pgfonlayer}

% On main layer again:

\fill[blue!50] (-.5,-1) rectangle (.5,1);
\end{tikzpicture}

#HEE# T on background layer R ft T scope i A £ 44 \scoped FH, EEXEZ
THE.
\begin{tikzpicture}
% On main layer:
\fill[blue] (0,0) circle (1lcm);
\begin{scope}[on background layer={color=yellow}]
\fill (-1,-1) rectangle (1,1);
\end{scope}
\begin{scope} [on background layer]
\fill[black] (-.8,-.8) rectangle (.8,.8);
\end{scope}

% On main layer again:
\fill[blue!50] (-.5,-1) rectangle (.5,1);
\end{tikzpicture}

10 node R fit FEIN

node W fit HMFE A fit BFE, &5 5 K% & \usetikzlibrary{fit}

GRS

fit=coordinates # nodes
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RXFEAE R —DET, Bl fit=(a) () (c) (@) (e), FFTHMET A LARHK node W4, £
ZEFEWES, AZELR, ERAETRIIFNETCEEN. £ TR RNIES AL “inner
sep= HH” KL E.

# T rotate fit=angle X E & TH A Z.
\begin{tikzpicture} [inner sep=0pt,thick,
dot/.style={fill=blue,circle,minimum size=3pt}]
\draw[help lines] (0,0) grid (3,2);

\node[dot] (a) at (1,1) {};

\node [dot] (b) at (2,2) {};

\node[dot] (c) at (1,2) {}; ?<T
\node[dot] (d) at (1.25,0.25) {};

\node[dot] (e) at (1.75,1.5) {};
\node [draw=red, fit=(a) (b) (c) (d) (e)] {box};

\node [draw,circle,fit=(a) (b) (c) (d) (e)] {};

\node [draw=red, rotate fit=30, fit=(a) (b) (c) (d) (e)] {};
\end{tikzpicture}

box

11 EZ1TERZIES|IA node

11.1 remember picture IEIRFI overlay iEIRN

HUEENFEREL 5| A EMFFEREL FE node, HEEE. 484 # 5 node WHEFAn
remember picture #H; A H AW 5 fl node WHAKEH I overlay M (ZLEMHKREL 2%k
TR RERTUERLMIOEER P A ZBEEBRERF N node. T HEFSRFFHRAFIFE
o B o

IR S TRV R L

{\noindent \tikz[remember picture] \node[circle,fill=red!50] (nl) ;B A\
B 45 #/\tikz [remember picture] \node[fill=blue!50] (n2) {};\\
BEGIR, R EAERDZEE K\

\begin{tikzpicture} [remember picture,overlay]

\draw[->,very thick] (nl) -- (n2);

\end{tikzpicture}\\

HEZ— A\

\begin{tikzpicture}[remember picture]

\node (c) [circle,draw] {Big circle};

\draw [overlay,->,very thick,red,opacity=.5]

(c) tolbend left] (n1) (nl1) -| (n2);

\end{tikzpicture}}
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H 4 PN

BEE R, AR RfEDZE Bk

EEE K

11.2 Current Page Node —Absolute Positioning

current page s —/NMEFFH FE X node, X M T Y #l W AE K —/> node, FTPA current page.south
west £ YR MW A FAFLE, current page.center & U H WA H oo T8 F 5 Hl current page
T I AR R R R

LR T AT A e X F

\begin{tikzpicture} [remember picture,overlay]

\node [xshift=1cm,yshift=1cm] at (current page.south west)
[text width=7cm,fill=red!20,rounded corners,above right]

{

This is an absolutely positioned text in the

lower left corner. No shipout-hackery is used.

};

\end{tikzpicture}

EUHM AT OB - PNFEWRER 0.25 HE

\begin{tikzpicture} [remember picture,overlay]
\draw [line width=1mm,opacity=.25,red]
(current page.center) circle (3cm);

\end{tikzpicture}

YR TP ORAMTERAER 0.2 WXF

\begin{tikzpicture} [remember picture,overlay]
\node [rotate=60,scale=10,text=green,text opacity=0.2]
at (current page.center) {Examplel};

\end{tikzpicture}

This is an absolutely positioned
text in the lower left corner. No

shipout-hackery is used.
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12 X<FFmEJLAEERNILITTAE

S Al %2 ¥ JE\usetikzlibrary[calc,intersections, through,backgrounds]

12.1 coordinate EF

coordinate EFJH T EHAK, T H U THEEZE coordinate &

\coordinate
\path . . . coordinate [options] (name) at (coordinate) . . . ;

\node [shape=coordinate] [options] (name) at (coordinate) {};

B 4 B It % i o
\begin{tikzpicture}
\coordinate [label=left:\textcolor{blue}{$A$}] (A) at (0,0);
\coordinate [label=right:\textcolor{blue}{$B$}] (B) at (1.25,0.25); A,”////‘B
\draw[blue] (A) -- (B);
\end{tikzpicture}

12.2 rand

WH rand & &-1 2| 1 ZFEEHEALEK, FEEHEAILR

\coordinate [...] (A) at (0+0.1*rand,0+0.1*rand);
\coordinate [...] (B) at (1.25+0.1*rand,0.25+0.1*rand);

H¥] BLE ik

\coordinate [...] (&) at ($ (0,0) + .1x(rand,rand) $);
\coordinate [...] (B) at ($ (1.25,0.25) + .1*x(rand,rand) $);

FENEE LSS rand HEEMW x 5, IFEHFRFTUEHR. XEFBNETLHTE
EGX B 304 o

WHE, MAE

Rl

12.3 let I{EEF

A let HTxFRARFWAFTERX

\path . . . let <assignment>,<assignment>,<assignment>. . . in . . . ;

e in FRREAR, KA PHHF S H assignment & L. assignment WHRE “H5 = HEHX
# . % assignment FHH E\p, \x, \y, \n. #wFRE X
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let \pil=(1pt,1pt+2pt), \p2=(4,3), \p{name}=(0,5)...,

M\pt #A& 7 NFA “ipt,3pt”, EZMWHE S (\pl) #EZE A (1pt,3pt)o MMM, \x1 #A2Z(\pl) H
F—PMLFAE 1pt, \yl 32 \pl) WE - NEKTFLE 3pt, \x2 BA& 4, \y2 %A 3, \x{name}
£ 0, \y{name} #Z 5. EE, Al let &M K AKALL pt HEMFLE, I X F58\x28, $\y28
ETA% pt KT,

METH, EEE in BETALL T, A THTER let BME.

\begin{tikzpicture}
\draw [help lines] (0,0) grid (3,2);
\fill
let
\pl = (1,0),
\p2 = (3,2),
\p{center} = ($ (\p1) '.5! (\p2) $)
in
(\x1,0) node[below=0.9cm,red]{\scriptsize$\verb!\p1!_x=1$}
circle [radius=2pt]
(\x2,0) node[below=0.3cm,red]{\scriptsize$\verb!\p2!_x=3$}
circle [radius=2pt]
(\x{center},0) node[below=0.6cm,blue]{\scriptsize$\verb!\p{center}! x=2.5%}
circle [radius=2pt] ;

\end{tikzpicture}

\p2, = 3
\p{center}, = 2.5
\pt, =1

12.4 R# veclen(x,y)

B veclen(x,y) WMEZ a2+ 2, HHE (x,y) WKE. TAWPFH, AEH veclen(x,y)
KA let EFHMMELAE,

B veclen(x,y) 1EA circle 5%
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\begin{tikzpicture}
\coordinate [label=left:$A$] (A) at (0,0);
\coordinate [label=right:$B$] (B) at (1.25,0.25);
\draw (&) -- (B);
\draw (A) let

\pl = (¢ B) - (A) $

in

circle ({veclen(\x1,\y1)1});

\end{tikzpicture}

K%k veclen(x,y) W{HIM N ZE, FwUAA

\begin{tikzpicture}
\coordinate [label=left:$A$] (A) at (0,0);
\coordinate [label=right:$B$] (B) at (1.25,0.25);

\draw (A) -- (B);
\draw let \pl = ($ (B) - (A) $),
\n{radius} = {veclen(\x1,\y1)} ‘
in

(A) circle (\n{radiusl})
(B) circle (\n{radius});
\end{tikzpicture}

12.5 circle through iEIR

% \node MM circle through=<coordinate>,¥ LA node #§ 1 Xt (L& % A0 Eif coordinate
WE, XFEIEA through /7 E.

\begin{tikzpicture}
\coordinate [label=left:$A$] (A) at (0,0);
\coordinate [label=right:$B$] (B) at (1.25,0.25); B

\draw (A) -- (B);
\node [draw,circle through=(B),label=left:$D$] at (A) {};
\end{tikzpicture}

12.6 I%LERAES

BEAR cal BJFEo

tangent cs:node=<node> 1§ /& ¥ & T<node>#y i1 F, <node>Hy H4k R # & coordinate = circle
tangent cs:point=<point> 7§ & ¥ £ it & <point>
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tangent cs:solution=<number> WX & %L T14, HEFEWHREMENT K

\begin{tikzpicture}
\draw[help lines] (0,0) grid (3,2);
\coordinate (a) at (3,2);
\node [circle,draw] (c) at (1,1) [minimum size=40pt] {$c$}; T<<;/
\draw[red] (a) -- (tangent cs:node=c,point={(a)},solution=1) \\\_
--— (c.center) -- (tangent cs:node=c,point={(a)},

solution=2) -- cycle;

\end{tikzpicture}

13 EREIEE

[ H %I opacity=<value> W& L% Z . % opaque F§7 T2 F& W Bl draw opacity=0.5,
fill opacity=0.5, text opacity=1 Z Al X EHKE. Er . XFHFEWE.

\begin{tikzpicture}[line width=1lex]

\draw (0,0) -- (3,1);
\filldraw [fill=yellow!80!black,draw opacity=0.5] ﬂ
(1,0) rectangle (2,1);

\end{tikzpicture}

\begin{tikzpicture} [thick,fill opacity=0.5]
\filldraw[fill=red] (0:1cm) circle (12mm);
\filldraw[fill=green] (120:1cm) circle (12mm);
\filldraw[fill=blue] (-120:1cm) circle (12mm);
\end{tikzpicture}

\begin{tikzpicture}[every node/.style={fill,draw}]
\draw[line width=2mm,blue!50,line cap=round] (0,0) grid (3,2);
\node [opacity=0.5] at (1.5,2) {Upper node};
\node [draw opacity=0.8,fill opacity=0.2,text opacity=1]
at (1.5,0) {Lower node};
\end{tikzpicture}
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\begin{tikzpicture}[fill opacity=0.5]
\fill[red] (0,0) circle (1);
\fill[red] (1,0) circle (1);
\end{tikzpicture}

14.1  #iKIEBATRIERR

arrows=<start arrow specification>-<end arrow specification>

WIER I ER AR EAERX (PHAEL). wmRKREE, fln > KFEREAEHER, RIAE
REER k. B FH arrows= ¥ M #

% \draw @A 2 A H drav HINHALBRMBEI -> H -< 7 UEKEZRHA A k; Hindk 5
<= B >- FEBZERAMRE K, BB <> ARSI KT RAMWAT K. RS A i m B
Bk Yk EFEAN, FF clip #4 0, tips=never # false A, tips=on draw &1
draw 4B, \path ¥ ZB, SEFKE LB, LA k.

JE & ->Stealth, -Stealth[] >, -Stealth[] > &, 1 -Stealth> F &%

\begin{tikzpicture}
\draw[->] (0,0) -- (2,0);
\draw[>-Stealth] (0,0.5) -- (3,0.5); I
\end{tikzpicture}

T H o By AT KA R B T UL, SR AFAALETHERR

\draw [-{Stealth[length=5mm]}]

HIH tip TUHETH K ZLE H

tips=<value> XA true, ¥ on draw, H£ ¥ value ¥ LABU{f true, proper, on draw,

on proper draw, never = falseo

\begin{tikzpicture}
\draw [->] (0,0) arc [start angle=180, end angle=30,
radius=40pt] ;
\draw [<->] (1,0) -- (1.5cm,10pt) -- (2cm,Opt) -- (2.5cm,10pt); N
\end{tikzpicture}

W RS — A AR
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\begin{tikzpicture} [>=stealth]
\draw [->] (0,0) arc [start angle=180, end angle=30, radius=40pt];
\draw [<<-,very thick] (1,0) -- (1.5cm,10pt) --
(2cm,O0pt) -- (2.5cm,10pt); kkﬁ\\v//
\end{tikzpicture}

\tikz {

\node [circle,draw] (A) {A};

\node [circle,draw] (B) [right=of A] {B};
\draw [draw = blue, thick,

arrows={ K TR
Computer Modern Rightarrow [sep] @
- Latex[blue!50,length=8pt,bend,line width=0pt] ;T

Stealth[length=8pt,open,bend, sep]}]

(A) edge [bend left=45] (B)

(B) edge [in=-110, out=-70,looseness=8] (B);
}

14.2 HLKEZER
length=<dimension> ,<line width, factor> <outer factor>

ERE AR H B4 F— % dimension ZH K HEAKE, Flir smm; & Z#HIUEN CFHF 2
ML sE) FHET w, ERM AR THA dimension WM EHEM v GAEHRR"; & =%M
AEEA KA double LTI A A, 682N Lyl .

\tikz{

\draw [-{Stealth[length=5mm]}] (0,0) -- (2,0); Eﬁf
\draw [|<->|] (1.5,.4) -- nodel[above=1mm] {5mm} (2, .4); —>
}

double 7~ B W %
double distance=<dimension> % & W %4 [8] B

\tikz \draw [line width=1pt, double distance=3pt,
arrows = {-Latex[length=0Opt 3 0]}] (0,0) -- (1,0);

14.3 HikEEIZED

width=<dimension> <line width, factor> <outer factor>
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5KEHRTEN, TRX=ZAEIZEH T
width'=<dimension> < length factor> <line_ width factor>
WX F, F—@dHEENLTE N dinension; F _#HWMENME, - #E dimension §¥5$J:?@ﬁﬂ

TRKEGEE, F-RTERE, HFENFRANER EEMETHER. XML FERH L
F. KE. AT R—Z LA Flin width'=0pt 0.5 EFEH LK FTILA 2.

\tikz
—

\draw [arrows = {-Latex[width'=Opt .5, length=15pt]}] (0,0) -- (1,0);
14.4 PATELEBAMBRE
inset=<dimension> <line ,width factor> <outer  factor>
inset'=<dimension> < length factor> <line width  factor>
AEBRATHEE, BRAWEXE width' £l

th g
\tikz \draw [arrows = {-Stealth[length=10pt, inset=5ptl}] (0,0) -- (1,0);
\tikz \draw [arrows = {-Stealth[length=10pt, inset=2pt]l}] (0,0) -- (1,0);
—_—> —>>
14.5 FATE LRI AE
angle=<angle>:<dimension> <line width factor> <outer factor>
angle'=<angle>
EREATHEM, BAWENLES width' £

b
\tikz \draw [arrows = {-Stealth[inset=0Opt, length=10pt, angle'=90]}]

(0,0) -- (1,0) '

\tikz \draw [arrows = {-Stealth[inset=Opt, length=10pt, angle'=30]}] —

(0,0) -- (1,0);

14.6 FikMRRXTIRT

scale=<factor>
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AW EXART, ERFERT (K, K, WURE=ZFE) RRAGTEARTH factor &, EF¥

\tikz {

\draw [arrows = {-Stealth[]}] (0,1) —-- (1,1); —
\draw [arrows = {-Stealth[scale=2]}] (0,0.5) -- (1,0.5); —>
\draw [arrows = {-Stealth[scale=4]}] (0,0) -- (1,0); }

}

scale length=<factor>

scale width=<factor>

AR S kK E A5

\tikz {

\draw [arrows = {-Stealth[]}] (0,1) -- (1,1); -
\draw [arrows = {-Stealth[scale length=4]}] (0,0.5) -- (1,0.5);

\draw [arrows = {-Stealth[scale width=4]1}] (0,0) -- (1,0); )

}

14.7 KRR E

# I reverse 17 #7 KR H R 1

\tikz [ultra thick]

\draw [arrows = {-Stealth[reversed]}]

(0,00 -- (1,0);

\tikz [ultra thick]

\draw [arrows = {-Stealth[reversed, reversed]}]

(0,00 -- (1,0);

134

14.8 F&Erk

¥ harpoon WMk, FT®I left; ®I swap TR F—FHk; MAM right FT
harpoon, swap /it %,
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\tikz [ultra thick]
\draw [arrows = {-Stealth[harpoon]}]
(0,0) -- (1,0);
\tikz [ultra thick]
\draw [arrows = {-Stealth[harpoon,swap]}]
(0,0) —- (1,0);
\tikz [ultra thick]
\draw [arrows = {-Stealth[left]}]
(0,0) -- (1,0);
\tikz [ultra thick]
\draw [arrows = {-Stealth[right]}]
(0,00 —= (1,0);

14.9 &ikEe

L F \draw &4 8 8 k3 R A B E .
\tikz [ultra thick]
\draw [red, arrows = {-Stealth}]
(0,0) - (1,0);
\tikz [ultra thick]
\draw [red, arrows = {-Stealth[color=blue]}]
(0,0) -- (1,0);
\tikz [ultra thick]
\draw [red, arrows = {-Stealth[blue]l}]
(0,00 —= (1,0);
\tikz [ultra thick]
\draw [draw=red, fill=red!50,
arrows = {-Stealth[length=10pt]}]
(0,0) -- (1,1) —- (2,0);

W7 DL fill=color # none AR kA FE KA.

\tikz {

\draw [help lines,scale=3] (0,-.5) grid [step=1mm] (1,.5);
\draw [thick, red, scale=3, arrows = {-Stealth[fill=blue, }

length=30pt,width'=0 1]}]
(0,0) -- (1,0);

> > )///\\

61

THEY, red £E Mdraw WHE, FIUXZLLEN; AT blue BERTHLHMENEE, £111

XA BRTH Ko
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\tikz {

\draw [help lines, scale=3] (0,-.5) grid [step=1mm] (1,.5);

\draw [thick, red, scale=3,
arrows = {-Stealth[color=blue, fill=green,
length=30pt,width'=0 11}] (0,0) -- (1,0);
}

14.10 #ikibR%&EE

line width=<dimension> <line ywidth, factor> <outer factor>

line width'=<dimension> <length, factor>

WHERBEREHLAKE. FEHEMEMN. WwWRE — T dimension £ 0,

\tikz \draw [arrows = {-Latex[line width=5pt, fill=white,
length=25pt,width'=0 1]1}] (0,0) -- (2,0);

14.11 %53, KES, #ERE

line cap=<type> & XA
line join=<type> %%5& XA
miter limit=<factor> 4} [R#l

LTH 3 ML, round, 5 rect, F (L&) butt
\begin{tikzpicture}
\begin{scopel} [1line width=15pt]
\draw[line cap=rect] (0,0 ) -- (1,0);
\draw[line cap=butt] (0,.5) -- (1,.5);
\draw[line cap=round] (0,1 ) -- (1,1);
\end{scope}
\draw[white,line width=2pt]

(0,0 ) —- (1,0) (0,.5) -- (1,.5) (0,1 ) —- (1,1);

\end{tikzpicture}

KELIH 3 MER, round, “F bevel, #} miter

WA, B

=

62
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\begin{tikzpicture}[line width=10pt]

\draw[line join=round] (0,0) -- ++(.5,1) —-- ++(.5,-1);
\draw[line join=bevel] (1.25,0) -- ++(.5,1) -- ++(.5,-1);
\draw[line join=miter] (2.5,0) -- ++(.5,1) —- ++(.5,-1);
\useasboundingbox (0,1.5); % enlarge bounding box

\end{tikzpicture}

#H4E R E| miter limit=<factor> W WA LI WL F

\begin{tikzpicture}[line width=5pt]

\draw (0,0) -- ++(5,.5) —— ++(-5,.5);

\draw[miter limit=25] (6,0) -- ++(5,.5) —- ++(-5,.5);
\useasboundingbox (14,0); % enlarge bounding box

\end{tikzpicture}

> 

RAHT, KEE®I, #ERFLERTHK, 71U A kL ER

\tikz [line width=2mm]

\draw [arrows = {-Computer Modern Rightarrow[line join=miter]}]

(0,0) -- (1,0);
\tikz [line width=2mm]
\draw [arrows = {-Computer Modern Rightarrow[line cap=round]}]

(0,00 -- (1,0);

.7 PL#5 % line cap, line join, K MR round, sharp

\tikz [line width=2mm]
\draw [arrows = {-Computer Modern Rightarrow[sharp]}]

(0,00 -- (1,0);
\tikz [line width=2mm] + +
\draw [arrows = {-Computer Modern Rightarrow[round]}]

(0,0) -- (1,0);

14.12 ThETk

#kW bend WHHH & LWET KMAH KN T T T .
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\begin{tikzpicture}
\draw [red,line width=1mm,-{Stealth[bend,round,length=30pt]}]
(0,-.5) .. controls (1,-.5) and (0.5,0) .. (1.5,0);

\end{tikzpicture}

14.13 HREkET kR HE)E

=>>> AL - f1 3 A > WAs, 5-00>>> 1 >[I>00>00 &%, £ 3 ME Bk,
# IR

sep=<dimension> <line width factor> <outer ,factor>

RAEFRN SR 28, REZFWEFE, Riksep=0.88pt .3 1 (EEXNBKAERE=ZNHEKAE)

\tikz {

\draw [very thick,-{>[sep=1pt]>[sep= 6pt]>}]
(0,1.0) -- (1,1.0);

\draw [very thick,-{>[sep=6pt]>[sep=-2pt]>}]
(0,0.5) —— (1,0.5);

\draw [very thick,-{> >[sep] >}]
(0,0.0) -- (1,0.0);
}

£1Y

\tikz {
\node [draw] (A) {A};
\node [draw,node distance=4cm] (B) [right=of A] {B};
\draw [>={Stealthlscale=2,fill=blue,bend]}]

[-{> [sep=40pt] >[sep=10pt]}]

(A) to [bend left=45] (B);
\draw [- > >] (A) to [bend right=45] (B);

}

14.14 BB EREXET K

AUEEMTRARE - R T, ERATZENBETET, ERE M LT ESHIR,
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\tikz [very thick]
\draw [<<<->>>] (0,0) -- (3,0);\\
\tikz [very thick]
\draw [<.<<->.>>] (0,0) -- (3,0);\\
\tikz [very thick]
\draw [<<.<-.>>>] (0,0) -- (3,0);\\
\tikz [very thick]
\draw [<<.<->.>>] (0,0) to [bend left] (3,0);\\
\tikz [very thick]
\draw [-{Stealth[red] . Stealth[scale=2,fill=blue]
Stealth[scale=4,fill=green]}] (0,0) -- (3,0);

14.15 3EREKBY SRR
HRESE | MEHFIRT—F, TULFLERAR

\begin{tikzpicture}[scale=2,ultra thick]
\begin{scope} [>=Latex]

\draw[>->] (Opt,3ex) -- (lcm,3ex);
\draw[|<->>|] (Opt,2ex) -- (lcm,2ex);
\end{scope}

\begin{scope} [>=Stealth]

\draw[>->] (Opt,lex) -- (lcm,lex);
\draw[|<<.<->|] (Opt,Oex) -- (lcm,Oex);
\end{scope}

\end{tikzpicture}

<<<—>]|

X FH k97 54X, 5% «FM> 16.5 Reference: Arrow Tips; 67.5 Arrow Shapes.

15 HFERFE

55 XIEAETE \usetikzlibrary{math,calc}s

65

pgf v TikZ #EH pgf HKF 7% (XAFIEAE WX KitE, 5L LHEFREML, TEN
REFREAR) RPTHFREK, ERFTANFEZEFEAR. BFEEFELFA pet KFEGI%E, 2
ERANEES TE. TURA fpu BFEXRRSGTERE. HFBEFEERTRTLEHELHT, 2

H cal BFES

¥R EF A4S \tikzmath{<statements>} Z ¥, H ¥ <statements> & —

BEEA, BAEALAUAELER.

RINPATREF

{5
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X417 evaluate=<statements>, % % T \tikzmath{<statements>}.

w4 evaluate=<statements> F1iEA \tikzmath{<statements>} W <statements> H — W
SRR E X RERE Rk AR, TEENRBFEZ LM —NER, TiAH ST,

15.1 HA%ES = RE

TURAES = HEME, fln
\newcount\mycount
\newdimen\mydimen
\tikzmath{

\a
\b

\mycount

4x5+6;

sin(30)%4; 26.0, 2.0, 11, 225.0pt
10g10(2048) / 1logl0(2);

1572;

\mydimen
}
\a, \b, \the\mycount, \the\mydimen

BWIRESH ET LR RFER, FREUEFE T
\tikzmath{
\x1 = 3+4; \x2 = 30+40; \x3 = 300+400;
}
\x1, \x2, \x3

7.0, 70.0, 700.0

WREWEATUAERFER, RFREZALETHELK

\tikzmath{
\c{air} = 340; \c{water} = 1435; \c{steel} = 6100;
}

\foreach \medium in {air,steel}

{The speed of sound in \medium\ is \c{\medium} m/s. }

The speed of sound in air is 340 m/s. The speed of sound in steel is 6100 m/s.

15.2 let MH{{E

4] %

let <variable> = <expression>;
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\tikzmath{
let \x = (5%4)+1;
let \c1 = blue; (5%4)+1, “blue”
}

\x, “\c1”

15.3 #H{EZHEH

BROA R B F DR BOT R BT U F ARERA,

integer <variable>, <additional variables>; & HFr7| %% & & &%
int <variable>, <additional variables>; F—iEAWEHE
real <variable>, <additional variables>; & PHETZ| 2% & & L&

\tikzmath{
integer \x, \y, \z;

\x = 4%5+6;
\y = sin(30)*4; r=26, y=2, z=9
\z = 1log10(512) / logl0(2);

print {$x=\x$, $y=\y$, $z=\z$};
}

15.4 %5 coordinate T=M{{E

T PL4E (2cm,3pt), (my node.east) , XFHF AN EZELXARN(LFA $...8 FF)KTFEA coordinate
TE (F), #FUE tikzpicture I 5| F XA E.

GRS

coordinate <variable>, <additional variables>;

\tikzmath{

coordinate \c, \d;
\c¢ = (-1,2)+(1,-1);
(4,1)-(2,-1);

\d
\tikz\draw (\c) -- (\d);

}

LA B AW T 7 X5 A
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\tikzmath{

coordinate \c;

\cl = (30:20pt); % MEZ .
\c2 = (210:20pt); % MEZ L
}

\tikz\draw (\cx1,\cyl) -- (\cx2,\cyl) - (\cx2,\cy2) —- (\cx1,\cy2);

15.5 for {EINER]

4] %

for <variable> in {<list>}{<expressions>};

ERE, (1) EHAEES; (2) <list> $X@ALE; (3) —4 for FREA—NEE; (4) for 78
o T 1B B9 78 0T B A A AR B

\tikzmath{
int \x, \y;
\y = 0;

for \x1 in {1,...,5}{
for \x2 in {10,20,...,50}{
\y = \y+\x1x\x2;

T = 5, x5 = 50,y = 2250

+;
s
}
$x_1=\x1, x_2=\x2, y=\y$

15.6 if &HiEF)

VA 45

if <condition> then {<if-non-zero-statements>};

if <condition> then {<if-non-zero-statements>}

else {<if-non-zero-statements>};

) 4n
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\begin{tikzpicture}
\tikzmath{
int \x;
for \k in {0,10,...,350}{
if \k>260 then { let \c = orange; } else {
if \k>170 then { let \c = blue; } else {
if \k>80 then { let \c = red; } else {
let \c = green; }; }; };
{\path [£fill=\c!50, draw=\c] (\k:0.5cm) -- (\k:1lcm) --
(\k+5:1cm) -- (\k+5:0.5cm) -- cycle;};
T

Ve

}
\end{tikzpicture}

15.7 EHEAEH

%
function <name>(<arguments>) { <definition> };

HFH name FUREM LML T W AREXW AN, WREALE, TULAEET; ABEELF,

Sb 7l return <expression>; 4R

\tikzmath{
function product(\x,\y) {return \x*\y;I};
int \i, \i, \k;

\i = random(1,10);

10 x 23 = 230
\j = random(20, 40);
\k = product(\i, \j);

print { $\i\times \j = \k$ };
}

15.8 H print HiHER

4] %

print {<code>};
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\tikzmath{
int \x, \y, \z;
\x = random(2, 5);

for \y in {0,...,6}{
\z = \x"\y;
print {$\x"\y=\z$, };
IF5
}

50=1, 5'=5, 52=25, 53=125, 5*=625, 5°=3125, 5% =15625,

15.9 FEREMNEICEE

e EAENTANTR, EEARIELE T2 ARFIREN T RCHE

\begin{tikzpicture}
\draw [help lines] grid (3,2);
\tikzmath{

coordinate \c;
for \x in {0,10,...,360}{

\¢ = (1.5cm, 1cm) + (\x:1cm and 0.5cm);
{ \fill (\¢) circle [radius=1pt]; };

ooooo

+;
}
\end{tikzpicture}

15.10 EAXHFzENEE

x +y | fmE
x -y | WE
AR #K
y | &
x/y| W&
Ty
[}

|
o]

Frr, mEH
M
xr | 2 HBHNE

x?y:z|FMT if x then y else z, & x FEHE

x==y | & x FT y MEE 1, FMEKE 0
x>y |#F x KT y WEE 1, FNEE 0
x<y|#%x AFy NEE 1, FUEE o
x=y! | & x L% T y WEE 1, FWEE o
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I'x

x>y |#F x AT%T y WEE 1, FNEE 0
x <=y | & x MNTHT y MEHE 1, TWRKE 0
x &by | F x vy HEFEFWNEE 1, FUERE 0
x Il y|# x 2y FEEMNEKE 1, FWERE 0
*

x AFENEE 1, FNEE 0
divide(x,y) |z U y W#
div(x,y) | %REEN, & = BRI y HHFHE
sqrt(x) |z WHEARFITR
pow(x,y) | x B y KF
e | B MK

exp(x) | e*

In(x) | L e HERE = W%
logl0o(x) | A 10 HJERW = BT
log2(x) | L 2 HRW z X%

abs(x) | o B4 XHHE
mod(x,y) | U y B4 %k
sign(x) | = HWiF 5
round(x) | X =z W& AN
floor(x) | #HMITEN, *t = BE
ceil(x) | & z M ERE

int(x) | RE = HEHIHL
frac(x) | RE x B/ NI L

real(x) | ¥ = FEH
isodd(x) | # = WEHI o= F HNE
iseven(x) | # x WEHI L ZMEHH N K
isprime(x) | & x WEKIHZF KR E
pi BREAE «
rad(x) | £ = % HNE
deg(x) | £ = #HAE
sin(x) | A « WIEZME
sin(x r) | INE

= =

X

1
1
1

r WIEZME, Pl sin(pi/3 1)
cos(x) | A » W4 EME
cos(x r) | INE = WHREZME
tan(x) | A)F = WIEVE
tan(x r) | WE = WENE
cot(x) | AE » WAYVME

cot(x r) | INE = BW&WE

asin(x) |z WRIEZAEME, &£ —90° 2| 90° |4
acos(x) | WRAZMAEME, £ 0° % 180° Z [
tan(x) |z WWRIEWAEMHE




16 R34 5 F PLOT %% %% A%

72

atan2(y,x)

trig format=degl|rad
rnd

rand

random

random(x)
random(x,y)

veclen(x,y)

y/x W R IEY A EE
REZARHERALINEEATE, WHEA deg
P 0 Bl 1 Z A — AN AT oA B AL 3
FE -1 B 1 Z I — AR A oA B AL 2

5 rnd A

FE 1B o Z e —ANEALE R

Ao By ZE#—EALE K
BEEE (z,y) WE 2?2 +12

min(x1,x2,...,xn) | 3K E AW &/ ME
max(x1,x2,...,xn) | R E AN & AHE
array ({x},{y}) | A#4 {y} RZ5%H4 {x}
sinh(x) | z B X dh IF % 1H
cosh(x) | z By X i R fE
tanh(x) | z By W d EI1E
width(*"x'') | HE A4 = WETHEE
height(*"x'") | REHEE » WETFHEE
depth(""x'") | KEHEAE » WRETHWEE

(), BT, RXEHEWF, ZFFRAHKNERE, Fla, sin(30) FMT sin 30 (EEEHK);

sin 30%10 %1 T sin(30)*10.

{3}, 5, Ak X4, ZBATEZTURKZELT UE%4, v {1, {2,3}, {4,5}, 6}.

(1, %5, RIHATEK, RIMFE 0,1,2, ...
v, RKEF, FIR UK,

16 FKIZEF plot LFIRHEIR

BAERT plot RIE A4 H| 5 o4 % B 4 H

16.1 FWNEARER: line-to F1 moving-to

\pathy,. .. u——plot<further arguments> .. .. .u;

\path,,....uplot<further arguments>.. .. .u;

%W%gﬁ%%%—mht%lMym%%hWﬁphtZﬁ%%@Epht%%%%%ﬁ%ﬁ*ﬁﬁ
WAL &M 2 moving-to R, M plot ZuHHAEAFEHE plot £FIMEE, ZH LHEHEL.

ARk
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--plot[<local joptions>]coordinates{<coordinate 1>
Luuuuuu<coordinate 2>. .. u<coordinate n>}
--plot[[<local options>]file{<filename>}
--plot[<local joptions>]<coordinate ,expression>

—--plot[<local options>] function{<gnuplot formula>}

<coordinate expression> WEEE, LNGWHEN NP EMRZERLAR,;, WREZLKAXFAEE T,
N #ENRFAERALETHERLEK.

line-to #= moving-to # X 7|

\begin{tikzpicture} / \

\draw (0,0) -- (1,1) plot coordinates {(2,0) (4,0)}
node [below left=0.5 ] {moving—toi%iﬁ}; line-to &=,
\draw[color=red,yshift=2.5cm]
(0,0) -- (1,1) -- plot coordinates {(2,0) (4,00} /////
node [below left=0.5 ]{line-to#L & };

\end{tikzpicture} moving-to £ =

16.2 FALIRELHIHTEKE

\tikz \draw plot coordinates {(0,0) (1,1) (2,0) (3,1) (2,1) (10:2cm)};

SN

16.3 5S5ZEMNEXTE

X T Bk XA DU A &

variable=<macro> HE X HZ &, SLAMUEFI\F kK, Hil\x
samples=<number> FEA K% H, EkiA25
domain=<start>:<end> & X ¥, ZiA-5:5

samples at=<sample list> HZ EHME k), AUITEHEEAR

ETHNRDY, £5 \xr BHAE \x #HEHINE

\begin{tikzpicture} [domain=0:4]

\draw[very thin,color=gray] (-0.1,-1.1) grid (3.9,3.9);

\draw[->] (-0.2,0) -- (4.2,0) nodel[right] {$x$};

\draw[->] (0,-1.2) -- (0,4.2) nodel[above] {$f(x)$};

\draw[color=red] plot (\x,\x) nodel[right] {$f(x) =x$1};
\draw[color=blue] plot (\x,{sin(\x r)}) nodelright] {$f(x) = \sin x$};
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\draw[color=orange] plot (\x,{0.05*exp(\x)})
node [right] {$f(x) = \frac{1}{20} \mathrm e"x$};
\end{tikzpicture}

f(x)
f@) =4
f(z) =sinx

THHRDE Z%5%h%, %5 smooth 2FF W& E T HE.
\tikz \draw[domain=0:360,smooth,variable=\t]
plot ({sin(\t)},\t/360,{cos(\t)});

16.4 E&H5EHEEY]

TEATHHEET T LA nath, cal BFEF

\begin{tikzpicture} [samples=500,domain=-1:4]
\draw [help lines,step=0.5cm]
(-1,-0.5)node[below left,red]{$(-1,-0.5)$} grid
(4,4.5)node[above right,red]{$(4,4.5)3%};
\draw[->] (-1,0) -- (4,0) nodel[right] {$x$};
\draw[->] (0,-0.5) -- (0,4.5) node[above] {$f(x)$};
\draw[color=blue] plot (\x,{exp(\x / 10) * (sin(\x r))
- (27 (1/2)) * \x * (cos(\x r + 1))})
node[right] {$f(x) = \mathrm{e} {\frac x {10}} \sin x
- \sqrt{2} x \cos (x+1)$};
\fill (-1,-0.5) circle [radius=2pt]
(4,4.5) circle [radius=2pt];
\end{tikzpicture}
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/(@) (4,4.5)

(—1,-0.5)

17 AR F0E R R TR

17.1 BRI R EN T 6

x=<value> R ExWWBEMKERZLK (EFEKEEM)
x=<coordinate> X & x%li B &

y=<value>

y=<coordinate> %

z=<value> il

z=<coordinate> K}

\begin{tikzpicture} [smooth]
\draw plot coordinates{(1,0) (2,0.5) (3,0) (3,1)};
\draw [x={(0cm,1cm)},y={(1cm,0cm) }, color=red]

plot coordinates{(1,0) (2,0.5) (3,0) (3,1)};
\end{tikzpicture}

17.2  AARH R BRI TR

T R A A B B B AT R

xshift=<value> ¥f A AR #hFr [ — &I & x4 F
yshift=<value> Y7k & —RIiF&yH-F ¥
zshift=<value> ¥ A Arfifn ] — R ik & 25T
shift={<coordinate>} ¥ ALArihfnEl — 3 & W B FH
shift only RRWREGRHLYHTH

scale=<factor> LR & 4 LBl # & 1E 7k 48

scale around={<factor> : <coordinate>} VL#& & A AF AL L F 0 1E ik 4

/ f(z) = et sinz — v/2z cos(z + 1)

75
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xscale=<factor> HMMFFRL, ATk ffactor (HIEFR)
yscale=<factor> X

xslant=<factor> ¥ & (x,y) & K (x+y*factor,y)
yslant=<factor>

rotate=<degree> VLR & 4 H10 fE ¥

rotate around={<degree>:<coordinate>} PAI§E & K F L jE
mmmammqu%R>EE%%ﬁ%¢ﬂ%ﬂﬁ%(%mﬁg)
rotate around y=<angle> il

rotate around z=<angle> il

cm={<a>,<b>,<c>,<d>,<coordinate>} X & 4 — KL #%

Bk A (z,y) A cm ERAN L%, LT F W coordinate & (p,q), N A IEH £
)G
c d) \y q

tE ST B AL & LATRE, WP BAREE A, REKFRSETFLER,

\begin{tikzpicture} [scale=2]
\draw[help lines] (0,0) grid (3,2);
\draw (0,0) rectangle (1,0.5);
\begin{scopel} [xshift=1cm]
\draw [red, thick] (0,0) rectangle (1,0.5);
\draw[yshift=1cm] [blue] (0,0) rectangle (1,0.5) node[right]{ E#};
\draw[rotate=30] [orange] (0,0) rectangle node[sloped,right]{/t4:}(1,0.5);
\draw[yshift=1cm,rotate=30] [green] (0,0) rectangle (1,0.5)
node [rotate=30,right]{%t L # Fiw it} ;
\draw [rotate=30,yshift=1cm] [blue] (0,0) rectangle
node [sloped,left=1]{/t i % F £#}(1,0.5) ;
\end{scope}
\end{tikzpicture}

%

e
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18 FiEXHBIEARJLIATER

e X LB ZEFfe 4 #, FF shapes.geometric 7 EEHE S EHT M.

18.1 #EF rectangle

<coordinate> rectangle <coordinate> 4 & Xt ff & A AT & 4
# I rounded corners FEEH AKX EH A
# M rounded corners=10pt ¥ & [E f ¥ 4% % 10pt

\tikz \draw (0,0) rectangle (2,2);
\tikz \draw[rounded corners] (0.5,0.5) rectangle (1.5,1.5);
\tikz \draw[rounded cormers=10pt] (2,0) -- (2,2) -- (02);

)

18.2 circle

circle XM AR LA, ZFHEREFERT, FERTTREFHETH, CTHEREFT A,

\begin{tikzpicture}
\draw[color=green,very thin] (10pt,15pt)

circle[radius=20pt] ;
\end{tikzpicture}

\begin{tikzpicture}
\draw[color=red,very thick] (10pt,15pt)
circle(icm);

\end{tikzpicture}

\begin{tikzpicture}[radius=7pt]
\draw (0,0) circle -- (1,1) circle -- ++(0,1) circle;
\end{tikzpicture}

18.3 f[A ellipse

# circle ## x radius=, y radius= %W, A X EH N FwmEMHE,
WBF ]l ellipse A% circleo
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\begin{tikzpicture}
\fill (1,0) ellipse [x radius=lcm, y radius=bmm, rotate=30];
\end{tikzpicture}

18.4 [&IR arc

<coordinate> arc [<options>] iX E #j<coordinate> & i & AT
# I start angle=<degrees> ik E I AL

# M end angle=<degrees> WE X It A )&

# I delta angle=<degrees> WE A AIFWEHAEZ =

I radius=R T REMNHFERT

FEIKRTEAFF -- cycle WIEA

\begin{tikzpicture} [radius=1cm]
\draw (0,0) arc[start angle=180, end angle=90]-- (2,.5)
arc[start angle=90, delta angle=-90];
\draw (4,0) —— +(30:1cm)
arc [start angle=30, delta angle=30] -- cycle;
\draw (8,0) arc [start angle=0, end angle=270,
x radius=lcm, y radius=bmm] -- cycle;

\end{tikzpicture}

N 2 O

\begin{tikzpicture}[radius=1cm,delta angle=30]
\draw (-1,0) -- +(3.5,0);

\draw (1,0) ++(210:2cm) -- +(30:4cm);
\draw (1,0) +(0:1cm) arc [start angle=0]; ///ff(///
\draw (1,0) +(180:1cm) arc [start angle=180]; ///in///
\path (1,0) ++(15:.75cm) node{$\alpha$l};
\path (1,0) ++(15:-.75cm) node{$\beta$};
\end{tikzpicture}
%] DA A AL

\tikz \draw (0,0) arc [start angle=0, end angle=315,

x radius=1.75cm, y radius=1lcm];
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18.5 [#& grid, help lines

<coordinate> grid [<options>] <coordinate>;

[<options>]<coordinate> grid <coordinate>;

grid B JE 8 AT 7 WS BT AR X S8 X4 A 2o

# 1 step=<number or dimension or coordinate> W E & /NEH K, i H1cn
# T step=<coordinate> 75— N/NEHY XA & 1EE

# I xstep=<dimension or number> X B F K, Wi {E1cn

# I ystep=<dimension or number> X E MK, #HEH1cn

help lines A& XH M4k, #MH{H line width=0.2pt,gray

\begin{tikzpicture}[x=.5cm]
\draw[thick] (0,0) grid [step=1] (3,2);

79

\draw[red] (0,0) grid [step=.75cm] (3,2);

\end{tikzpicture}

\begin{tikzpicture}

\draw (0,0) circle [radius=1];
\draw[blue] (0,0) grid [step=(45:1)] (3,2);
\end{tikzpicture}

18.6 ¥k E ¥ parabola

\tikz \draw [scale=2](0,0) rectangle (1,1)
(0,0) parabola (1,1);

\tikz \draw [x=1pt,y=1pt,scale=4]
(0,0) parabola bend (4,16) (6,12);

\begin{tikzpicture}
\draw[help lines] (0,0) grid (3,2);

\draw (-1,0) parabola[parabola height=2cm] +(3,0);

\end{tikzpicture}
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18.7 IE3%, REEF sin, cos
KANETFREEHKXE [0,7/2] WH sin(z),cos(z) H, K3 al m/2 WEZEHXEKHHE
AR B 7 .

A sine \tikz \draw[x=lex,y=1lex] (0,0) sin (1.57,1); curve. A sine ~ curve.

FETET x feyEr
\tikz \draw[x=1.57ex,y=lex,scale=4]
(0,0) sin (1,1) cos (2,0) sin (3,-1) cos (4,0) M
(0,1) cos (1,0) sin (2,-1) cos (3,0) sin (4,1);
18.8 % diamond

T LK aspect=ratio 1E X I FH node WIET, REZHWWHET L RE2th
\tikz [aspect=2]
\node [shape=diamond ,draw] {Diamond};
H ¥ #yshape=T7 ML 4 #

18.9 ## trapezium

R IR LML, £ trapezium B HEFEHL, FIHEUTHIN

trapezium left angle=<angle> 7% T A /¥ %k
trapezium right angle=<angle> T AEHK
trapezium angle=<angle> WM& A A2 X NEH
trapezium stretches=<boolean> ZKiA true
minimum size= # /MR

minimum width= /)5 &

minimum height= & /& &

trapezium stretches

trapezium stretches AIFFE R — A7 M f#4E, R % F X/ P#H T ,minimum width 2 minimum height
R E AR, WA K LT EE R Em R T,
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\begin{tikzpicture}
\tikzstyle{every node}=[trapezium, draw]
\node at (0,2) {A};

\node [trapezium left angle=75, trapezium right angle=45]
at (0,1) {B};

\node [trapezium left angle=120, trapezium right angle=60,
trapezium stretches,minimum width=4cm]
at (0,0) {C};

\end{tikzpicture}

18.10 #[& semicircle

18.11 IE%iff regular polygon

JFl# T regular polygon sides=<integer> W& % H 8 #

\begin{tikzpicture}
\foreach \a in {3,...,7}
{
\draw[blue, dashed] (\a*2,0) circle(0.5cm);
\node [regular polygon, regular polygon sides=\a,
minimum size=1cm, draw] at (\a*x2,0) {};
}
\end{tikzpicture}

18.12 EE star

star T DUH DL T

star points=<integer> £ E {7 f B M3k
star point height=<distance> M & /&
star point ratio=<number> i ff /&

81
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\begin{tikzpicture}
\draw [help lines] (0,0) grid (2,2);

\draw [blue, dashed] (1,1) circle(icm); N
\draw [red, dashed] (1,1) circle(.5cm); Bﬂ
\node [star, star points=8,star point ratio=30, hm>
star point height=1cm,minimum size=2cm, draw]
at (1,1) {S};
\end{tikzpicture}

18.13 FHFEZ=A isosceles triangle

EEZ AR TEI

isosceles triangle apex angle=<angle> KA /¥ #

isosceles triangle stretches=<boolean> #JAtrue

# I isosceles triangle stretches R IFHEX —ANF M4, wREAXNHET, ninimum width =
minimum height ¥ & X EMARR T, MANK L Em K Em R~

18.14 E kite

kite H U TH&EI

kite upper vertex angle=<angle> Il & #
kite lower vertex angle=<angle> J&ffl /¥ %k
kite vertex angles=<angle specification> T AMEEANEHK

18.15 XK$E dart

dart H WA

dart tip angle=<angle> Il f /& %t
dart tail angle=<angle> J&ffi /¥ %k
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\begin{tikzpicture}

\node [dart, draw, gray, shape border uses incircle,

shape border rotate=45] (d) {dartl};
\draw [<->] (d.tip)++(202.5:.5cm)
arc(202.5:247.5:.5cm) ;
\node [left=.5cm] at (d.tip) {tip angle};
\draw [<->] (d.tail center)++(157.5:.5cm)
arc(157.5:292.5: .5cm) ;
\node [right] at (d.tail center) {tail anglel};
\end{tikzpicture}

18.16 ¥ circular sector

B HAEHET circular sector angle=<angle>.

18.17 [E#f cylinder

cylinder A ML T#5

aspect=<value> KT W [ ZE, B &/ ik
cylinder end fill=<color> JKEH 7t Al &
cylinder body fill=<color> fl| 3 7 Hi &

cylinder uses custom fill=<boolean> ff T T E, ZRik true

\begin{tikzpicture} [aspect=0.5]
\node [cylinder, cylinder uses custom fill,

cylinder end fill=red!50,

cylinder body fill=red!25] {\huge Cylinder};

\end{tikzpicture}

19 ZRIEHER

83

tip angle

_

_— /
< dart /

/

/
~ tail /angle
\
\ /

\ /
\ /
\ /

\/

Cylinder

B %Al shapes.symbols /7 & \usepgflibrary{shapes.symbols}.

TETHENZMAEEEL T, AA aspect,minimum width,minimum height ,fill=yellow,draw=red,

line width=2pt Z M,
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19.1 ZIF$ERE correct forbidden sign 1 forbidden sign

\tikz \node [correct forbidden sign,line width=lex,

draw=red,fill=vhite] {Smoking};

g
\tikz \node [forbidden sign,line width=1lex, g
Q

draw=red,fill=white] {Smoking};

19.2 K% magnifying glass

magnifying glass 7 F/ME X &

magnifying glass handle angle fill=<degree> M A FHE AL, BRL -45
magnifying glass handle angle aspect=<factor> FHKEZHGHEFEZth, Bk 1.5

\begin{tikzpicture}
\node [magnifying glass,line width=1lex,draw] {hugel};

\end{tikzpicture}

19.3 = cloud

cloud # WM X T

cloud puffs=<integer> = M/N¥, WHME 10
cloud puff arc=<angle> AT, WBE 135

\begin{tikzpicture}

\node[cloud, draw, fill=gray!20, aspect=2] {ABC};

\node[cloud, draw, fill=gray!20] at (1.5,0) {D}; @
\end{tikzpicture}

19.4 '#YEE starburst

starburst A P T4 5 2

starburst points=<integer> XM AW N3k, WiHHE 17
starburst point height=<length> X AW /E, WHHE .5cm
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\begin{tikzpicture}

\node [starburst, fill=yellow, draw=red, line width=2pt]
{\bf BANG!'};

\end{tikzpicture}

19.5 {557 signal

signal A M T4 X T
signal pointer angle=<angle> % /&, #I4E{H 90
signal from=<direction> and <opposite direction> F§& W M35 % i, ¥4 14 nowhere,
ﬁﬂﬁﬂ, north, south, east, west, above, below, right, left, nowhere,

nowhere R A& W Mg, #7405

signal to=<direction> and <opposite direction> 84N F L, MIE(H east

\begin{tikzpicture}

[every node/.style={signal, draw, text=white, signal to=nowherel}]
\node [fill=green!65!black, signal to=east] at (0,1) {To Eastl};
\node[fill=red!65!black, signal from=east] at (0,0) {From East};
\end{tikzpicture}

19.6 %K tape

tape A W T4 X T
tape bend top=<bend style> & P FHE W F A, M in and out, out and in = none ﬁitP
=% —, M in and out, P FH S W4 90 F, #AZ in and out KA

tape bend bottom=<bend style> ?lﬁiﬂl:fﬁﬁﬁ/ﬂ’gﬁﬁjfﬁ, #M#EE in and out

\begin{tikzpicture}
\tikzstyle{every node}=[tape, draw]

\node [tape bend top=out and in, tape bend bottom=out and in]
Parallel
{Parallel};

\node at (2,0) [tape bend bottom=out and in] {Why?};
\end{tikzpicture}
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20 PBHIRE

HE A trees 12FE \usetikzlibrary{trees}.

20.1 WHIEXWIE, ET SEEZK

A EF \node EHEE,FH EF child { <node BEHEE> child { ... }} XMHHALE,
TURBHAIEALFE S D HAAW T EENER. EREFRE—NTFHV ARG E. BFoEWkE
K EEFFEEE

THEF RZTHERE 2 A child, 2444 4 left f1 right; % right Z TH 2 > child.

\begin{tikzpicture}
\node {root} root
child {node {left}} / \
child {node {right} )
left right
child {node {child}}
child {node {child}} / \
18 child child
\end{tikzpicture}

MUREEFT - ETT AL E L
\begin{tikzpicture}[sibling distance=15mm]
\node [rectangle,draw] {root}
child {nodel[circle,draw,yshift=-5mm] (left node) {leftl}}
child {nodel[ellipse,draw] (right node) {right}}; @
\draw[dashed,->] (left node) -- (right node); @
\end{tikzpicture}

WHEH AT, TH node FHLY Atrk. WRFBH Aad, WAKLEHBY Ead. B
S 4 H A parent, N'EWTH EAA %4 % parent-1, parent-2 %% parent-1 #F ¥ A4
A4 ¥ parent-1-1, parent-1-2 %%,
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\begin{tikzpicture}[sibling distance=15mm]
\node (root) {root}

child
child { root
child {coordinate (special)}
child
root-1 root-2
I
\node at (root-1) {root-1};
\node at (root-2) {root-2}; spedialroot-2-2

\node at (special) {speciall;
\node at (root-2-2) {root-2-2};
\end{tikzpicture}

20.3 TRIETEICEE

T HY A R B 3 TR Nk B

MHEANR TR E N ARZA, REFRETE.
SR T R B LT B AEARE node 1EA FikE-

MBRTHATHRHEREERERGE 1+ MV RN, REFHETE.
EEANTHREWTHETE (LHEFZH) W&, LT TR URIZT T R £ o0 XA Ko

o HEANTHRHEREENEZT VW REWIALE T EH node 1B E,
« WEER 2XENAHBY, HAUEANEE, FHARMTER T @ RE.

\begin{tikzpicture}
\scoped % JF B ¥ % B H# E
[...] % FHESANEITHTEMM
\node[...] {root} % 5 WH LI AARY &
[...]1 % FESAHETE AT A
child[...] % FHEFZAWHITEHMZ TV EURZTTEAZTHESX
{
nodel...] {} % ZHSHAWEIR &3 Ll 74 &

}
child[...] % FHEFZAMETHAMNZTTRULZT T RITHLX

\end{tikzpicture}
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20.4 WEHERXEKE

LK E AR R B AL, BN

level/.style={ ... }

\begin{tikzpicture}[level/.style={sibling distance=20mm/#1}]
\node {root}

child { child child }

child { child child child };
\end{tikzpicture}

WU AF R ERXHER, TASHEXE 1 BME 2 EWAERX

\begin{tikzpicture}
[level 1/.style={sibling distance=20mm},
level 2/.style={sibling distance=5mm}]
\node {root}

child { child child }

child { child child child };
\end{tikzpicture}

20.5 WEEEMUER—EZHAIT S(EEE

level distance=<distance>

BHBCERERRE o WRAETA LAY R, R AL R W & H = T8y I 5 K

sibling distance=<distance>

BHREE, REENAT K EE,

\begin{tikzpicture}
[level distance=10mm,
every node/.style={fill=red!60,circle,inner sep=1pt},
level 1/.style={sibling distance=20mm,nodes={fill=red!45}},
level 2/.style={sibling distance=10mm,nodes={fill=red!30}},
level 3/.style={sibling distance=5mm,nodes={fill=red!25}}]

\node {31}
child {node {30}
child {node {20}
child {node {5}}
child {node {4}}
}
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child {node {10}
child {node {9}}
child {node {1}}
}
}
child {node {20}
child {node {19}
child {node {13}}
child[missing]
}
child {node {18}}
e
\end{tikzpicture}

31

30 20
/\ /\
20 10 19 18
ANaANY
54 9 1 1
20.6 TaEEKAEIEDR

grow=<direction>

89

<direction> T ULZEMNAE (F@f), M LZ down, up, left, right, north, south, east,

west, north east, north west, south east,

grow'=<direction>

5 FRTHT svap, /Y5 grow K.

south west.
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\begin{tikzpicture}[level distance=2em]
\node {C}
child[grow=up] {node {H}}
child[grow=left] {node {H}}
child[grow=down] {node {H}}

child[grow=right] {node {C} H H
child[grow=up] {node {H}} HA—'é::(gng
child[grow=right] {node {H}} \
child[grow=down] {node {H}} ; I f

edge from parent [double] This is wrong!
coordinate (wrong)
};

\draw[<-,red] ([yshift=-2mm]wrong) -- +(0,-1)

node [below]{This is wrong!};
\end{tikzpicture}
\begin{tikzpicture}
\node [rectangle,draw] (a) at (0,0) {start nodel}; the middle is here

\node [rectangle,draw] (b) at (2,1) {end};
\draw (a) -- (b)
node [coordinate,midway] {} % B EALIF, EHEF X
child[grow=100,<-] {node[above] {the middle is herel}};
\end{tikzpicture}

20.7 mEHHHFTR

grow cyclic & T ¥ R EERXT & RIFMHA

sibling angle=<angle> R E—EZ W, MAFHEK (X-T) HXZFEH KA
clockwise from=<angle> A% <angle> FF#h, B4t MAAM T &
counterclockwise from=<angle> A E <angle> Frob, 3k 4w HEAR TR

90
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\begin{tikzpicture}

[grow cyclic,

level 1/.style={level distance=8mm,sibling angle=60},
level 2/.style={level distance=4mm,sibling angle=45},
level 3/.style={level distance=2mm,sibling angle=30}]
\coordinate [rotate=-90] % going down

child foreach \x in {1,2,3}

{child foreach \x in {1,2,3}

{child foreach \x in {1,2,3}}};

\end{tikzpicture}

\begin{tikzpicture}

\node {root}

[clockwise from=30,sibling angle=30] ///,30
child {node {$30$}} root —— 0
child {node {$0$}} \<:\ —-30
child {node {$-30$}} —60
child {node {$-60$}};

\end{tikzpicture}

20.8 BEF2A{L missing

missing=<true or false> ZXIA true
H E LT missing B missing=true BREZT A, EEHEETLE

\begin{tikzpicture}[level distance=10mm,sibling distance=5mm]

\node {root} [grow=down]
child { node {1} }
child { node {2} } root
child { node {3} } //677 YEF\\
child[missing] { node {4} } 1 2 3 5
child { node {5} }
child { node {6} };

\end{tikzpicture}

20.9 XRFDAZEREZKIEE

BAREKRET edge TARBERT N A IAI M #E &

edge from parent ##i{H draw

6

91
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BRIAE ) T R Z 18]y

edge from parent [<options>]
HIRFH U A LA (W dashed) , draw=none, F€, #k, HEEH

edge from parent path={<path>}
FEFTETURAR R &E

child anchor=<anchor> ##51H border
#E & PTG T R L

parent anchor=<anchor> #/#:fH border

R A8 B R L

I 2T

edge from parent/.style={ }

LS T ACh:TEER ¥
\begin{tikzpicture}
[edge from parent/.style={draw,red,thick}] root
\node {root} /!
child {node {left} edge from parent[dashed]} ,/ \\\
child {node {right} left right
child {node {child}} ///
child {node {child} edge from parent[draw=none]}
¥ child child
\end{tikzpicture}

\begin{tikzpicture}[level distance=156mm, sibling distance=15mm,

edge from parent path=

{(\tikzparentnode.south) .. controls +(0,-1) and +(0,1) root

.. (\tikzchildnode.north)}]

\node {root} /f-/kh—\
child {node {left}} left right

child {node {right} /’_/k‘ﬁ\
child {node {child}}

child child
child {node {child}}
};
\end{tikzpicture}

20.10 JLFRFRE MR FI7 Rk i
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edge from parent fork down
edge from parent fork right
edge from parent fork left

edge from parent fork up

\begin{tikzpicture}

d t
hntadii i child |child
[edge from parent fork down]

child {node {leftl}}

child {node {right} right  left
child[child anchor=north east] {node {child}}
child {node {child}}
root
g
\end{tikzpicture}
21 I

Wt F A2 F E \usetikzlibrary{graphs}

@%még/sxxﬁnﬁﬁﬁﬁ/l\é%/m é}ﬂﬁéﬂﬁzé}ﬂ%/ﬁ\o \graph /p']}é\’ﬂ]‘ u#’qiﬁ node é%;ﬁ\) 4%‘2%/\\\%%%#%/"1@\“
HAT, FESERZEBUHRE. ©F LA EAEA A \node &4 M1 55 5 B9 IR

AT BT 645 2 43 7 4145 2 8 09 2 R AL 09 v

\tikz \graph [nodes=red] { a -> {b, c} -> d };

\tikz \graph { a -> {b,c,d} -> {e -> {£f,g}, h} };

\tikz \graph { a -> {b,c,d} -> {e -> {f,g}, h,g} };
\tikz \graph { a -> {b,c,d} -> {e -> {f,g}, h, m, n} };

a—b—d a—b—e—f a—b—e—f
NS NI NN
c c g c g
N\ \
d—nh d h
\\Nm
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\tikz [new set=my nodes] {

\node [set=my nodes, circle, draw] at (1,1) {A}; e

\node [set=my nodes, rectangle, draw] at (1.5,0) {B};

\node [set=my nodes, diamond, draw] at (1,-1) {C}; X B ﬁ
\node (d) [star, draw] at (3,0) {D};

\graph { X -> (my nodes) -> (d) }; 0

}

21.1 FHT SR R EERXR

BRAB 45 A HE AL 2 Cartesian placement.

W tEh (PEFNEXREILLRN) M LhELHRE, SNEAAEHRTE (logical width,
BUH R R A AR BN R AT ) FrB 3R E (logical depth, 5 F/R AARE I LATE AR B) TAE 8 AL AR
wzEbEAE (RELITRNEA) B logical width f7 logical depth #f+Z 0, A —4% logical
width fm 1, T —4# logical depth fr 1.

circular placement H#i #LN|

LR EFEG, LIEEH n HFEEER C, ik o H5%H,m Z3EAEH; R RN E,90°+ma®
HFEEHE (0+ma:t)(t>0), 5H C, X TE Cun> MWE Chp 8 logical width = n—1,
logical depth & mo XAHS T UG & (90 : t) A AWIE A A E —FrAR AR Ao AnRZ A H AR X 2%
(4 )& X group polar shift=(angle:radius)), BRIA a =60,

R HE AT AL AR B A, R AL E Y R e X R EfE Cartesian placement #i AN T logical
AARK (i,j) BB A circular placement HA AN T & Cutr), ZHEHLTMAE (4,7)o

\begin{tikzpicture}[ray/.style={gray!50}]

\draw [ray](-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);

\draw [ray,rotate=60](-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);
\draw [ray,rotate=-60](-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);
\draw [red] (0,0)nodel[red]{$(0,0)$} circle [radius=1];

\draw [red] (0,0) circle [radius=2];

\draw [red] (0,0) circle [radius=3];

\graph [math nodes,circular placement,nodes=green,edge=green] {
al->a2->a3->a4->a.lb;
b1->b2->b3->b4->b5;
c1l->c2->c3->c4d->c.b;

d1->d2->d3->d4 ->d_5;

el >e 2 ->e 3 ->e 4 ->e_b5;
f1->f2->f3->f4->f5;

3

\end{tikzpicture}



21.2 graph HJIEIN
21.2.1 &R S FBRTIEIR

nodes=<options>

edges=<options> % T edge=<options>

edge node=<node specification>

edge label=<text>

edge label'=<text>

edge quotes=<options>

edge quotes center &T edge quotes to anchor=center
edge quotes mid o edge quotes to anchor=mid
-> [<options>]

—- [<options>]

<~ [<options>]

<-> [<options>]

-1- [<options>] f & %

as=<text> W ABFHXFHE
\tikz \graph { a [as=$x$] -- b [as=$y_5%$] -> c [red, as={a--b}] }; T — Ys 5 a—b

empty nodes # SR &L, FEF

\tikz \graph [empty nodes, nodes={circle, draw}] { a -> {b, c} };

math nodes WHFHHFHEX LT
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\tikz \graph [math nodes, nodes={circle, draw}] { a_1 -> {b~2, c_3"n} };

multi AFHAF Zﬂ@ 5’%’%
Simple /T%—Wj/l\%/»\z.]ﬂ/ /T\ £

\tikz \graph [multi] { % "multi" is not really necessary here
a ->[bend left, red] b;

a ->[bend right, blue] b;

+;

()

21.2.2 ZAHmES. #XEDR

no placement B FIiEEE BmEER,

\tikz \graph [no placement]

{ r\
alat={(0:0)}] -> blat={(1,0)}] —> clyshift=1cm];
};

chain shift=<(a:r)>

KE <(a:r)> AR LR ERNETHZ T, Al logical width 7 logical depth & X4 & :I—_ﬁ‘T
BEERNE R Ppw,ps) FHE P, Bi%XE QO,pg) (Bl Q 5§ P ATRHR—KFEE, HEREH
n P'Q=r-PQ, A MALPQP =a°,
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\begin{tikzpicture}

\draw [gray!25](0,-3)grid(4,2);
\graph [nodes=red,edge=red]{
a->b ->c;

/

d -> e -> {m,n}; /
e——>
m
n/
h

f->g ->h; a~—b—e

Py

\graph [chain shift=(30:2)] { d—e—
a->b ->c; \\\
d -> e -> {m,n}; g
f -> g -> h; £
ks

\end{tikzpicture}

group shift=<(a:r)>

RE <(a:r)> SHAEM AT EXANEHZ T, A logical width F7 logical depth & X% & AR,
BEFERNE R Ppw,ps) FHE P, BEE Qpu,0) (B Q § P ATH -%#HL L, HERx L),
N PQ=r-PQ, HHMALPPQ=a

\begin{tikzpicture}

\draw [gray!25](0,-3)grid(8,0);
\graph [nodes=red,edge=red]{
a->b ->c; a—sb—c
d > e > {m,n};

f->g —>h; d—e—dm—>e—m

¥ \ \\\\\\\\\\$
\graph [ group shift=(-30:2)] { e n
a->b ->c;

d > e —> {m,n};

f -> g -> h;

1

\end{tikzpicture}

f—8&—h f—8&—h

grow up=<distance> ZKA 1, I b B IFIX B AL R B 0 E BB
grow down=<distance> ZXIA 1

grow left=<distance> ZXA 1

grow right=<distance> ZXA 1

branch up=<distance> ZKi\ 1, & X [H LIk EAHLPH & 00 # % J8] BE
branch down=<distance> ZXA 1

branch left=<distance> ZXiA 1

branch right=<distance> Zki\ 1
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grow up sep=<distance> BRI\ lem, [ -{# /&% BARALH & 0ok 719 iE

grow down sep=<distance> ZRIA lem

grow left sep=<distance> ZRkiA lem

grow right sep=<distance> ZXJA lem

branch up sep=<distance> ZX1A lem

branch down sep=<distance> ZkiA lem

branch left sep=<distance> ZkiA lem

branch righ sept=<distance> ZkiA lem

circular placement BEMHeA, HA AN, Warx

chain polar shift=(angle:radius) A1 (0:1), fEcircular placementW:ﬁiﬁk
group polar shift=(angle:radius) ##i1f(45:0), ZEcircular placement |4 &
clockwise=number ¥ number %45 B 1% H 4 HEA7T, #Ecircular placement A XK
counterclockwise=number ¥ number AM%F &% Bt 4T HEA, fEcircular placement A K
radius=<dimension> #/#1E 1cm, FEMHAMAHF4/4E, Ecircular placement |4 2%
level AI—FHEMEREAN—F, REEWHEKX

level 1/.style={ } WEH 1 EFR

level 2/.style={ } W&EH 2 EHR

level 3/.style={ } W&EH 3 EHRX

FETHEB T+ grow f branch &4 W E 4

\tikz \graph [grow down=7mm] { a -> b -> {c, d, el}};
\tikz \graph [branch right=7mm, grow down=7mm] { a -> b -> {c, d, el}};

e

DR <4—O< T <P
04T 4w

o

chain polar shift=(a:r)

xE <(a'r)> S AAT, ABETAE circular placement A HM. BRERWLE R P(i,j) F
#E P, REZ O (4 OP=i+1), WHEMA LPOP =i-a°, P'O=(r-i)pt+ lcmo MK TH

\begin{tikzpicture}[ray/.style={gray!503}]

\draw [ray] (-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);

\draw [ray,rotate=60](-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);
\draw [ray,rotate=-60](-3.5,0) -- (3.5,0) (0,-3.5)--(0,3.5);
\draw [red] (0,0)node[red]{$(0,0)$} circle [radius=1];

\draw [dashed,red] (0,0) circle [radius=1cm+20pt];

\draw [dashed,red] (0,0) circle [radius=1cm+40pt];
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\draw [dashed,red] (0,0) circle [radius=1cm+60pt];
\draw [dashed,red] (0,0) circle [radius=1cm+80pt];
\graph [math nodes,circular placement,chain polar shift=(30:20) ,nodes=blue,edge=blue] {
a_l->a?2->a3->a4 ->alb;
b1->b2->b3->b4->b_5;
c1l->c2->c3->c_4 ->c_b;
d1->d2->d3->d4 ->d_5;

el ->e2->e3->e 4 ->e]b;
f1->f2->f3->f4->f5;

g_1llyellow];

};

\end{tikzpicture}

group polar shift=(a:r)

RKE <(a:r)> SMEMEAR, RETMAE circular placement T4 HZ. % &E circular placement
HAANFH o =a. BHEREREGEE P(i,j) FHE P, RARZ O (k OP =i+1), NAMA
/POP' =i-a°, PO=(r j)pt+lcm. WETH

\begin{tikzpicture}[ray/.style={gray!50}]

\draw [ray] (-4,0) -- (4,0) (0,-4)--(0,4);

\draw [ray,rotate=60](-4,0) -- (4,0) (0,-4)--(0,4);
\draw [ray,rotate=-60](-4,0) -- (4,0) (0,-4)--(0,4);
\draw [red] (0,0)nodel[red]{$(0,0)$} circle [radius=1];
\draw [dashed,red] (0,0) circle [radius=1cm+20pt];
\draw [dashed,red] (0,0) circle [radius=1cm+40pt];
\draw [dashed,red] (0,0) circle [radius=1cm+60pt];
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\draw [dashed,red] (0,0) circle [radius=1cm+80pt];

\graph [math nodes,circular placement,nodes=green,edge=green,
group polar shift=(30:20)] {

a_l ->a 2 -> a_3;

b_1 ->b_2 -> b_3;

c1->c 2 ->c_3;

d1->d.2 ->d_3;

};

\end{tikzpicture}

4 ~
P N
- g N
- - =~ N
L7 -7 ~ o N
P L N
, P N N
/ s === \\ \
’ s PR ~ o \
/ 4 P Vi S \
~ \
“ / - N
/ / 4 N N N
- A=~ \
/ 7z ~ -~ N \
// / ’ OF N \ \ \
/ / { .7 N > \ !
/ ! , \ \ \ \

\ \ \ / / / !
\ \\ \ S e / / /
\ \ < _= ’ / /

\ N ~ - _ - z / /
\ \ N -r 7
X \ N - 4 4
~ - / /
A\ \ ~ -
~ -~ 7 7
\ N - _ - .
N ~ -—-- P ’
~
N\ s 4
N S/~ _X s
N S - 7
N ~ - _ - .
~ == -
~ -
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radius

\tikz \graph [circular placement, radius=bmm] { a, b, c, d };

\tikz \graph [circular placement, radius=lcm] { a, b, c, d };

level 7
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\tikz \graph [

branch down=5mm,

level 1/.style={nodes=red},

level 2/.style={nodes=green!50!black},
level 3/.style={nodes=blue}]

{ a—b
a > { \\$c444>d
b, \e<">f
c > { g
d, h
]
e —> {f’g}’
h
},
J
+
};

22 i IRA E R

22.1 FAik—: H pgfgraphicnamed #%
#Em TS B

1. #85Kik & \pgfrealjobname{<name>}, H ¥ <name> REEFHEHBEHNELEEIE . tex XHH

AR (XA HER AR AR B 00 R A X A& 7)o Blin, 4B X4 FR 2 survey.tex, AP AT UE T
\pgfrealjobname{survey}.

2. PFESIAN AR R KA F o4 \beginpgfgraphicnamed{<file name prefix>}
#1 \endpgfgraphicnamed Z [ FAN 64 2 o] R #EH — {tikzpicture } # {pgfpicture}
T, HRERBEN—N T T2+ nl, AEWERRIREET R+

\beginpgfgraphicnamed{<file name prefix>}, & X FFHy i 0y B X tF 4 , 4 PRl £ B H 0b
SREG R TAEN tex XHWAR—Z, TRAEMFT. A, WRESTREET
\pgfrealjobname{surveyl,

A2V DA% B A 4

\beginpgfgraphicnamed{survey-f1} =&

\beginpgfgraphicnamed{survey-£2}.

3. HMU I tex XM, EWAATHN tex XHHEX K, EAT
bash> latex ——Jobname=survey—f1 survey.tex

bash> dvips survey-f1l
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HE| LN survey-fl.ps By ps HAWEK. WRizfT
bash> pdflatex --jobname=survey-fl survey.tex

HE| LN survey-f1.pdf B pdf #% B EF .

2, BHTUTHE
\documentclass{article}
\usepackage{graphics}
\usepackage{tikz}
\pgfrealjobname{survey} % & X X4 & survey.tex
\begin{document}
T EZAE :
\beginpgfgraphicnamed{survey-f1} % E X & —NMELW LK, EBEL XL K — &K
\begin{tikzpicture}
\fill (0,0) circle (10pt);
\end{tikzpicture}
\endpgfgraphicnamed
A ER, BEANER:
\beginpgfgraphicnamed{survey-£2}
\begin{tikzpicture}
\fill (0,0) rectangle (10pt,10pt);
\end{tikzpicture}
\endpgfgraphicnamed
\end{document}

PATE 1R B X survey.tex, &JEHE®AITH#H N survey.tex XHFFAT# Xk, W TiE4T pdflatex
PR EBAT

bash> pdflatex --jobname=survey-fl survey.tex

% 2| EF survey-f1; IE47

bash> pdflatex --jobname=survey-f2 survey.tex

F2| AR survey-f2.

Rlxfe s X452l POF BAH A A, T4 ER. T — 07 kst A 4] &L

22.2 AHiEZ: HH external I2FFE
PR 127 & \usetikzlibrary{externall}. X MEFE B ¥ B 7 Xt Tikz EF (&
HEMHATEE), TOWE T UG E PDF AW EW.

KR T E DL \begin{tikzpicture} FF#4, PA \end{tikzpicture} %K, T4 E 3h X L IRH
AW EREN, FTU—NRERFREH —PE.
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ERERRE
\usepackage{tikz}

\usetikzlibrary{external}

\tikzexternalize

\tikzexternalize M T ¥ EMH 6.

B

\documentclass{article}
%h EXH, AH main.tex
\usepackage{tikz}
\usetikzlibrary{external}
\tikzexternalize % #7&
\begin{document}
\begin{tikzpicture}
\node {root}
child {node {left}}
child {node {right}
child {node {child}}
child {node {child}}
};
\end{tikzpicture}
A simple image is \tikz \fill (0,0) circle(5pt);.
\end{document}

Bx—BREHENR, HHFL KA nain, 24 & main.tex X (BH ET A A AMET, EREAE K
T .tex XM, BT WABES G0 A AR TR.). REESAITHN main.tex XHFATE XK, E4T

pdflatex -shell-escape main

1% 5| 4 A7 & main-figureO f1 main-figurel # PDF 4% R By B X tF. B X0 4 1 X Bk
AN <real file name>-figure_<number>, %5 <number> J 0 F#i.

22.3 KENHEZ. BFZHIEIR

\tikzexternalize[<optional arguments>]{<main job name>}

WE N, KRAES T XK. <nain job name> EHEI .tex XL Ko

\tikzexternalrealjob{ X ¥4}
RARAEFERE, (ERFRK) TRZERTXEXH4.

\pgfactual jobname{ }
fH \tikzexternalize J&, (HE<RFK) A Z&TUE Lt 8y A4 RN EEH 2
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prefix={<file name prefix>}
fEA \tikzexternalize MWLM, #IG1E empty, W& EH X4 Ko

\tikzsetexternalprefix{<file name prefix>}

A% {tikzpicture} FIFL ML Fa4 \tikz Z®], & X 'C/J5HFTA fir o B0 X4 R el %
1l 4m

\tikzsetexternalprefix{figures/}

DA g i i B9 B P A AR ET R figures/o

\tikzsetnextfilename{<file name>}

BRET-BEPHER, MRS E BT NE LA

¥

\documentclass{article}
% EXH, ZHA main.tex
\usepackage{tikz}
\usetikzlibrary{external}
\tikzexternalize [prefix=figures/] % W& % B Xtk 4 Inal 4 figures/
\begin{document}
\tikzsetnextfilename{trees} % *E T —HEAHM WL KN trees
\begin{tikzpicture} % I 4 R EH 4 WK E figures/trees.pdf
\node {root}
child {node {leftl}}
child {node {right}

child {node {child}}

child {node {child}}

s
\end{tikzpicture}
\tikzsetnextfilename{simple} % W& T —EHW 4N simple
A simple image is \tikz \fill (0,0) circle(5pt);. % ZE W4 # & Z figures/simple.pdf
\begin{tikzpicture} % %I % 4 RH B W4 42 figures/main-figureO.pdf
\draw[help lines] (0,0) grid (5,5);
\end{tikzpicture}
\end{document}

figure name={<name>}

T’Eﬁ \tikzexternalize Q’ﬂﬁlﬁ, i}%ﬁﬁ@éi/ﬁ%ﬁﬁﬁ@ﬁ}iﬁé"]%%o

\tikzsetfigurename{<name>}
BB LA EW TR B X84 R, ©F R4

\tikzset{external/figure name={<name>}}
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MNAFW AR TR NIt REREBY XM RS, FiaHTIN 0 e BB 4R A L E
% B\ 05T - R

¥

\documentclass{article}
%h EXH, £ A main.tex
\usepackage{tikz}
\usetikzlibrary{external}
\tikzexternalize % &
\begin{document}
\begin{tikzpicture} % I 4 & 8y K 4 # 4 Z main-figureO.pdf
\node {root}
child {node {left}}
child {node {right}

child {node {child}}

child {node {child}}

};
\end{tikzpicture}
{
\tikzsetfigurename{subset_}
A simple image is \tikz \fill (0,0) circle(5pt);. % ZEW & H¥Z subset_0.pdf’
\begin{tikzpicture} % XI5k it B4 ¥ subset_1.pdf
\draw[help lines] (0,0) grid (5,5);
\end{tikzpicture}
} % AR subset_ EMAK, FEAAREKRMNARFRLESH T
\begin{tikzpicture} % I & K EH 4 & main-figurel.pdf
\draw (0,0) -- (5,5);
\end{tikzpicture}
\end{document}
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