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\tikz [grow cyclic,shape=circle,very thick,level distance=13mm,cap=round]

\node {} child [color=\A] foreach \A in {red,green,blue}

{ node {} child [color=\A!50!\B] foreach \B in {red,green,blue}

{ node {} child [color=\A!50!\B!50!\C] foreach \C in {black,gray,white}

{ node {} }
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Für meinen Vater, damit er noch viele schöne TEX-Graphiken erschaffen kann.

Copyright 2006 by Till Tantau

Permission is granted to copy, distribute and/or modify the documentation under the terms of the gnu Free
Documentation License, Version 1.2 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is included in the
section entitled gnu Free Documentation License.

Permission is granted to copy, distribute and/or modify the code of the package under the terms of the gnu

Public License, Version 2 or any later version published by the Free Software Foundation. A copy of the license
is included in the section entitled gnu Public License.

Permission is also granted to distribute and/or modify both the documentation and the code under the conditions
of the LaTeX Project Public License, either version 1.3 of this license or (at your option) any later version. A
copy of the license is included in the section entitled LATEX Project Public License.
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1 000���

pgf ÷�,ùp“pgf”�±n)�“�£�ã��ª(portable graphics format)” (XJ\�¿�{. . . �±�“¤

��(pretty),Ð�(good),k^�(functional)”), ´��¦^Sï/ª��ã÷�.§½Â
�þ�^5±ã�TEX
·-.~X, �è\tikz \draw (0pt,0pt) -- (20pt,6pt);ÑÑ� �è\tikz \fill[orange] (1ex,1ex)

circle (1ex);ÑÑ .
3�½¿Âþ5`,�\¦^pgf,\´3?§±\�ã�,Ò�\¦^TEX ´ÏL?§5¢y\�©���.\

¬¼�¤k”TEX ªü�”�`:,X: °(� �,¦^÷,�,�k����<�J.\Ó��U«
¤k�"

:,X: Í���ÆS­�,�“¤�=¤�(wysiwyg)”,���UÄ
I���m�­?È, 
��è�Øý��
±”Ly”Ñ\¬xÑ�o�f�ã/

1.1 XXXÚÚÚ���(((���

pgf �)�
ØÓ��

XXXÚÚÚ���: ù��é“°Ä”¤��¯�?1
�����Ä�.ùp�°Ä´��
§SX: dvips ½dvipdfm §

��±r.dvi©���Ñ\¿�=z���.ps½´��.pdf©�. (pdftex§S�~�O���°Ä,¦
+§¿Ør��.dvi©���Ñ\.Ø��0¿).z�°ÄÑk§gC�±ã��{,ù�Ò¦<��
�
��£��ã�
uÉ.pgf �XÚ�Ä�Ñ
ù
ØÓ.~X,XÚ·-\pgfsys@lineto{10pt}{10pt}r

�cã{pgfpicture}��c´»ò��(10pt, 10pt). XÚ·-¬=z�ØÓ�\special·-,'�w\3
¦^dvips, dvipdfm�´pdftex5?nù�©�. XÚ����¦�U��¦�$�Ð,Ï�z#O�^·

-,Ò¬O\rpgf £\��#°Ä¥���ó�þ.

����^r,\�UØI���¦^XÚ�.

ÄÄÄ:::���: Ä:��\Jø
�X��·-�Ï\ïá��E,�ã/,�'u��¦^XÚ�5`,§�{ü�
õ. Þ�~f5`:XÚ�vkJø���·-§´Ï���±ÏL�
Ä���l�­�|Ü
¤"�
´§����^r\F"�«{ü��{5Mï���£åè·´ù���¤§
Ø´�^���5�e

�l�­���IX�§. ÏdÄ:�Jø
��\pgfpathcircle·-,§�±�\�)\¤I­���
I.

Ä:�´d��Ø%�¤�,
Ø%´d�
�p�6��|¤,ù
��U±ü¬�/ª�1\,Ó�ù

�Jø
�õAÏ^å�·-(X!:+n,x�.¡),Ïd�Ò*Ð
Ø%�õU.~X,beamer÷�¦^

Ø%,�¿vk¦^¤k�Ä:��N\�.

cccààà���: ��cà(�U¬kØ���)´�X�·-½AÏ�{�|Ü,§4·��\{ü�¦^Ä:�.��¦
^Ä:�¤¡����¯KÒ´ù���·-  ���“�[”.Þ�~f,x��{ü�n�/,�¦^Ä
:�\�U$��¦^5�·-: 1�^´3n�/�1��à:	m©´»,1�^´ò��c´»�1
��à:,1n^´ò��1n�à:,1o^´µ4ù^´»,1Ê:â´ý��xÑù�n�/(�é�
´W¿§).�¦^tikzcà�{,¤k�ù
Ñ®¤��{ü�ametafontª·-:

\draw (0,0) -- (1,0) -- (1,1) -- cycle;

kA�ØÓa.�cà

• TikZ cà´pgf �%@cà.§4\�±¦^pgf �¤kõU,%�~{ü´Æ. §��{·Ü

metafontÚpstricks,�,��)�
·gC��{.ù�càQØ´����oNmetafont�
cà�,�Ø´����oNpstricks�cà�,�,�Ø��o
k�.
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• pgfpict2ec à ¢ y 
 I OLATEX �{picture}� ¸,§ � · - X\line½\vector¦ ^ 
pgf Ä :

�.ù��¿�´7I�,Ï�pict2e.sty�3¢y{picture}�¸L§¥®²��v
Ð
.¦+
Xd,ù�÷���
�{�´�
·���{ü�«�,`²
��cà´XÛ¢y�.

ÏLN�lpstricks �·-�pgf �·-5¢y��pgftrickscà�´�U���. �´·¿vkù�

�,¦+ù���±¢y.Ï��
�53pstricks ¥�±ó��·-,�UØ¬�~ó�, AO´�
�k
ér�PostScriptEâ�pstricks ·-.

����pgf ^r,\�U¬¦^cà��·-�N���Ü�
Ä:��·-.Ñuù��Ï, �ÃþòÄk

)ºcà�¦^,,�´Ä:�,��´XÚ�.

1.2 ���ÙÙÙ§§§ããã///������'''���

pgf �õUØ==Û�u´��TEX �ã/�.�e5,·ÁXé'pgf XÚ�Ù§�÷�, ¿�Ñ��n5
�ú²�'�

1. IO�LATEX�{picture}�¸#N\ïá�
{ü�ã/,�´'��.ù�,Ø´Ï�LATEX ��Oö�

"��£Ú��å��Ï.���,ù�´{picture}�¸�
�Ð��£�5¤GÑ��d,§��£�5
Ly3§�±�¤k���°Ä�Üó�.

2. pstricks÷�®²v
�4\Mï?Û\����ã/,�´§��Øäk�£�5.�­��´,§QØ|

±pdftex�Ø|±Ù§�PostScript�è�	�?Û°Ä.

é'upgf ,pstricksk�\2��|±Ä:.C�c5,^r�z
�þ�é�«¯K�÷�,ù
÷�Ñ
���õ.

TikZ ��{'pstricks��{�\�Ú���,Ï�TikZ ´3“�«¥
8���ª”emu�,
�mu
ö@®épstricks�":
,u9.

�5¿,�
Xö�þ�E|pstricks�±��,épgf �N´��Ø�U�?Ö.cÙ´,pstricks�±¦
^r��PostScript �ó,¦�¼��
Ð¢5�E|'XSé¼êã�£±.

3. xypic´���P��ã÷�.�´,§QJ^qJÆ,Ï�§��{Ú©�w�k:©Û.

4. dratex÷�´�����ã÷�.�'uÙ§÷��)pgf ,§w�AO��,ù�±w¤´§�`:,�,

��±w¤´":.

5. metapost§S�±w¤´pgf �r��O�¬.�´,§´��	Ü§S,ù�´�)¯K��
. �>�±
����ã/,Ó���?È§,ù¤s��m�'¦^pgf 5�õ.�´,¦^metapost¤�5��Ì��
¯K´I\��¹.ù3pgf �¦^¥´�~{üÒU���.

6. éu@
ØF"¦^“?§”��{5xã(ùéTikZ ÚÙ§±þ¤J��÷�Ñ´7I�)�^r5
`,xfig§S´��­��O�¬.®²k��=z§S3muL§¥
,§�±rxfigã=z�TikZ
Úpgf .

1.3 ������¢¢¢^̂̂§§§SSS:���¡¡¡+++nnn

pgf ��¹��AO���pgfpages�f�,§�±^5rA��¡Sü?���¡¥.ù��¢Sþ�±ã
vk���'X, �´§´pgf ��Ü©,Ï�§�þ�¦^
pgf

pgfpagesf�Jø
�
·-�±SüA�“J[�¡”���”Ôn�¡”.Ä�g´´ù��:�TEX O
�“ÑÑ”���¡�, pgfpages¥äù�ÑÑ,�
���´rù��ÑÑ��¡�3�AO�Ýf¥.��,\È
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�
v
õ�“J[�¡”,Òr§�·� �¿Sü3��”Ôn�¡”¥,,�âý��ÑÑ.ù«Å�¦\�±

��3LATEXSÜMï“ü�Ü��”.�©�
I�¦^?ÛÙ§�	Ü§S.
�´,pgfpagesU��Ø�ud.\�±^§5�\��¡�þlogoÚY<,�±r16��¡�<3���¡

þ,�±��¡\þ>µ,��.

1.4 XXXÛÛÛ���ÖÖÖ���ÃÃÃþþþ

ù�ÃþQ)º
pgf XÚq)º
§�¦^�{.SN�SüþoÑ��â“^rlÐ”�ª5|�. N´

²~¦^�·-Úf�òÄk0�,�$�
�c�ò�0�.

XJ\�vkSCpgf ,�kÖXÛSC.Ùg,�Ö�e�§,é\5`�N´�Ð�{.��,\�NF"�è
A�eTikZ �¦^`².��\ØI��Ö'uÄ:��Ù.XJ\��gC���cà½´��rpgf Ú\�
��#�°Ä¥,\�I��Ö'uXÚ��Ü©.

1.5 ¼¼¼������ÏÏÏ

�\¦^pgf ÚTikZ �I��Ï,�^±e�{:

1. �Öù�Ãþ,��\��Ö�\�¯K�U¤3�Ù!

2. XJ�vk)û¯K,ÁX�sourceforge�pgf ÚTikZ mu�ww.(ë��©��IK). �Nk<®²�

w
Cq�¯K�¤õ�Ù¦<¤)û
.

3. 3�þ\¬é�éõ��¼��Ï�Ø�.3@p,\�±¼��Ï,�w�Ø,\\e��L,��.

4. 3�w���Ø,AO´k'SC�bug�w�c,�(@�e,´Äý�´��bug.cÙ´�w�e�

1TEX L§¥�)�.log©�.ù�.log©�¬w«Ñ¤kl�(�8¹e�1\��(©�.A�¤k�
SC¯K3wL.log©��Ñ�±�)û

5. ���ç\�±ÁX�·(�ö)uemail.·Ø0¿Â�email,�´·Â��õ
.��´Ï�Xd, ·Ø�y

¬£E½´U�£E\�e�.XJ\ue��pgf �e��L,\�¯K��¤õ)û�Å¬¬��
(
g,�,�k�·k�m�â¬Ö�ù�e��L¿£�\�¯K)

6. �Ø��>{�·��ú¿,XJ\I�9��Ï,��	ï��û��¬.
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111���ÜÜÜ©©© I

���§§§������HHH
�
U4\¦¯�m©¦^TikZ ,ù�Ãþ±ü��§m©,
Ø´±��\$SC��`²m©. ùü��

§k)º
�XÚ¤kÄ��Ú�
Ñk?��õUAÚ,�¿vk�[�Ðm.ù�Ü©��)
�
¦^�

H, ¦^TikZ Mïã/�±�o��Ú½m©"

\tikz \draw[thick,rounded corners=8pt]

(0,0) -- (0,2) -- (1,3.25) -- (2,2) -- (2,0) -- (0,2) -- (2,2) -- (0,0) -- (2,0);
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2 ���§§§:���KarlÆÆÆ)))������ÌÌÌããã

ù´�pgf ÚTikZ #^r����§.§¿vk�Ñpgf ÚTikZ ��ÜõU`², �´�Ñ
�
\êþÒ
�±^�õU�`².

Karl´��p��êÆÚzÆP�.§²~¦^LATEX �{picture}�¸5ïá�
Æ)¯òL½´�Áò.^
§5�ã�(J�±�É,�´L§%ö�P�.Ó�, �¬k�
¯K,X����Ýk: ,�w�Ø´@o�
�.g,�,¦�Æ)�Ø¬�'%ù
���Ý´Ä°(,¦��´ú�Karl��Á�J
,
Ø¬+@
��x
�kõ¤�. �´Karl�éù�(J�¤�Ø÷¿.

karl��f,�Ø÷¿ù�(J(�,,¦Ø^ë\�Á),¦w�karl F"wwU}Á��#��ã÷�. �k
:�¾�´,ù�÷�kü�¶i:1���pgf.Karle1e5¿SC§.,�¦uy3ù�÷�p�k����
�TikZ ,ù�¶i�L“TikZ ist kein Zeichenprogramm.1”Karluy��Û%�¯�,Ð�TikZ �¶i3`§¿

ØU÷vgC��¦.ÃØXÛ,¦®²¦^gnu �^�éÈ
,“gnu not being Unix”,ÁÁw,�N�k=Å.¦�
�fJ2¦, TikZ �¶i´3w�<�, TikZ Ø´��¦^àI½´Ã��5xã�§S,���,§��´��
xã�ó.

2.1 ¯̄̄KKK���ããã

Karl��3e�g�Æ)¯òL¥��Üã.¦y3�3�Æ)��uÚ{u¼ê.¦�����´ù���

ã(��¥):

x

y

−1 − 1
2

1

−1

− 1
2

1
2

1

α

sinα

cos α

tanα =
sinα

cos α

The angle α is 30◦ in the example
(π/6 in radians). The sine of α, which
is the height of the red line, is

sinα = 1/2.

By the Theorem of Pythagoras we
have cos2 α + sin2 α = 1. Thus the
length of the blue line, which is the
cosine of α, must be

cos α =
√

1− 1/4 = 1
2

√
3.

This shows that tanα, which is the
height of the orange line, is

tanα =
sinα

cos α
= 1/

√
3.

2.2 ���������¸̧̧

TikZ ¥,����ã,3�ã�m©�/�\�w�TEX ½´LATEX \�m©�ã
. 3LATEX ¥,¦^�
¸{tikzpicture},3plain TEX ¥,\¥I^\tikzpicturem©�ã,^\endtikzpicture (å�ã.

2.2.1 LATEX ¥¥¥���������¸̧̧

Karl,��PLATEX ^r,ïáå
¦�©�,Xe:
1��,¿g�TikZ Ø´��xã§S,´aqgnu�48½Â
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\documentclass{article} % say

\usepackage{tikz}

\begin{document}

We are working on

\begin{tikzpicture}

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

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

\end{tikzpicture}.

\end{document}

$1§,�±ÏL�1pdflatex½´�1latex\dvips,$1�(Jwþ�´ù��f:

We are working on .

We are working on

\begin{tikzpicture}

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

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

\end{tikzpicture}.

ª,,vk����ã,�,��·�®²ïá
�I¶.·�®²k
ù
�,�±x�I¶
. Karlâ,k�«

�áa,Ï�¦ú�l¦��@Üã����XQ.
4·�c[�w�eù
�è.Äk,1\tikz.ù���éuÄ:�5`,´��¤¢�“cà”. Ä:�,�Ã

þ�¬k`²,�§k:...“Ä:”,Ïd�éJÆ.ù�càÏLJø�
{ü��{¦¯�C�{üõ
.
3ù��¸¥,k��\draw·-.§��¿g´:“d·-�,©Ò(åc,¤�½�´»ò¬�xÑ” 1�^´

»��½�(-1.5,0) -- (0,1.5),¿g´�“l:(−1.5, 0)�:(0, 1.5)��^��” ùp,:� ���½3��
AÏ��IX¥,d�IX�ü �ÝÐ©�� 1cm.

Karlép,�uyù��¸gÄ��3
v
��m��7ã/.

2.2.2 Plain TEX ¥¥¥���������¸̧̧

Karl�ÓfGerda,�ff|´��êÆP�,�¨Ø´��LATEX ^r,%´��plain TEX ^rÏ�¨ 

Ðu^“P��{”.¨��U^TikZ.¨AT¦^\input tikz.tex, \tikzpicture,\endtikzpicture 
Ø´¦
^\usepackage{tikz},\begin{tikzpicture},\end{tikzpicture}.

Ïd,¨ù�¦^:

%% Plain TeX file

\input tikz.tex

\baselineskip=12pt

\hsize=6.3truein

\vsize=8.7truein

We are working on

\tikzpicture

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

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

\endtikzpicture.

\bye

Gerda� ± ^pdftex½tex\dvips5ü� ù �©�.TikZ ò ¬ g Ä E O ¨ ¦ ^ 
=� ° Ä. X J ¨ �

¦ ^tex\dvipdfm,¨ I � � � � o ´ ? Upgf.cfg©�,� o 3 1 \tikz.tex ½pgf.tex� c �,? \

þ\def\pgfsysdriver{pgfsys-dvipdfm.def}
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2.2.3 ConTEXt¥¥¥���������¸̧̧

Karl� Ò ÒHans¦ ^ConTEXt.Ò �Gerda� �,Hans� � ± ¦ ^TikZ. ¦ A T ¦ ^\usemodule[tikz],
\starttikzpicture, \stoptikzpicture, 
Ø´\usepackage{tikz}, \begin{tikzpicture}, \end{tikzpicture}

¦����~faqXd:

%% ConTeXt file

\usemodule[tikz]

\starttext

We are working on

\starttikzpicture

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

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

\stoptikzpicture.

\stoptext

Hansy3�±^texexec5ü�¦�©�
.

2.3 ���ïïï������

3TikZ 3¤kã/´�Ä��¤ü�´´».�^´»´��ë��X���Ú­�(ùØ�)�Ü�ã
/,�´4·�kÑLE,�Ü©).m©�^´»ÏL�½�IX¥���m© �, ·�^���)Ò�)¥�
:L«ù� �,X(0,0).�¡;��´�X��“´»*¿ö�”. �{ü�~^�´--.§�¡�;�,���
I,§��^´r´»^�^��*¿�ù�#� �. ~X:XJ·��rþ¡�I¶�ü^´»Ü¿¤�^´

»,e¡��èò¬��(J:

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

Karlk�:�¾,Ï�ùpvk¦^{tikzpicture}�¸,���,¦^
��\tikz·-. ù�·-�o�¹k
��ëê(�3�és)ÒS,X:\tikz{\draw (0,0) -- (1.5,0)},ùò¬�� ) ,�o´|¢Ù��

�©Ò�¤kSN, ¿r§��3��{tikzpicture}�¸¥.����Ä��OK,¤k�TikZ xã·-7L�
�\tikz�ëê½ö7L´3{tikzpicture}�¸¥.3$�´,\draw·-�3ù��¸¥�½ÂL, Ïd\-|

���VÇ´é��.

2.4 ���ïïï­­­���

Karl�e5����´x���,��w,´�ØÑ��.Ïd·�I��
x­���{. �d,TikZ J
ø
��AO��{,ùp,·�I���½ü�“��:”.Ù�µ�êÆ�{¿Ø²~,§�Ä�g�´:b�
\3x:,¿�1����:´ y.@où^­�Ò¬lxm©,“�� y���”. �Ò´`,­�3x?���¬�

� y.�e5,b�­��ª:�z,¿�1����:´w.@o,¢Sþ,­�3:z?���Ò¬ÏLw,��(å
uz:.

ùp´��~f(��:®²��ß�I5Ñ5
)
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\begin{tikzpicture}

\filldraw [gray] (0,0) circle (2pt)

(1,1) circle (2pt)

(2,1) circle (2pt)

(2,0) circle (2pt);

\draw (0,0) .. controls (1,1) and (2,1) .. (2,0);

\end{tikzpicture}

r´»±“­�”��ª*¿�Ä��{´:.. controls 〈first control point〉 and 〈second control point〉 ..
〈end point〉.\�±��and 〈second control point〉,d�1����:ò�¦^üg.

y3,Karl�±�¦�ã\þ1����
.

\begin{tikzpicture}

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

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

\draw (-1,0) .. controls (-1,0.555) and (-0.555,1) .. (0,1)

.. controls (0.555,1) and (1,0.555) .. (1,0);

\end{tikzpicture}

Karlé(Jé÷¿,�¦uy^ù«�{�½���¢3´k:�Q.3$�´,·��kÙ§��{

2.5 ���ïïï���...

�
x���,�±¦^�ï´»ö�circle.ù�ö��¡;�^�)Ò)å5��»�, ±e�~f`²


¦^�{:(�5¿,c¡�:� �´^5�½�%�)

\tikz \draw (0,0) circle (10pt);

\��±¦^ellipseö�5r\�´»*¿¤��ý�.��ØÓ,\��½ü��»,�m�^and ©m,Ù
¥���L��¶,���L�á¶.

\tikz \draw (0,0) ellipse (20pt and 10pt);

\draw (0,0) circle (1cm); to draw the circle: � x � � ¶ � Y ² Ú ç �,
 ´ ? ¿ � � � ý
�(� �“^ = � ý �”X: ),\� ¦ ^ � I C �,ù ò 3 ± � ) º. ^ B ` � é,ù � � ý � � � è

´:\tikz \draw[rotate=30]

(0,0) ellipse (6pt and 3pt);.
@o,£�Karl�¯Kþ,¦�±�e:

\begin{tikzpicture}

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

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

\draw (0,0) circle (1cm);

\end{tikzpicture}

d�,Karl®²5¿�
ù��'¦�������õ.¦ép,�
)�TikZ kXr���IC�ö�,�
�±�´�� 3�.�´4·�k4§±y3�º��3ùj,ù��±�:�m.
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2.6 ���ïïïÝÝÝ///

·����e��¯Ò´�xÑ�µ��ä�.kéõ«�{�±�)ù��J. ~X,Ù¥�«�{Ò´x
éõ�Ý/.Q,Ý/ùo�~^,�ÒI�;��¦�½Â
���{L�ª: �3�c�´»¥\\Ý/,�±

¦^´»ö�rectangle.ù�ö����;�,���I,ù�Ò3�c�´»¥\\
��Ý/,ö�Îc¡�
:Ú�¡�:Ò´ù�Ý/é��þ�ü�:.�e5, 4·�3ùÜã¥\\ü�Ý/.

\begin{tikzpicture}

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

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

\draw (0,0) circle (1cm);

\draw (0,0) rectangle (0.5,0.5);

\draw (-0.5,-0.5) rectangle (-1,-1);

\end{tikzpicture}

3���/e,ù�{wþ�éØ�,�éuKarl�¯K%^?Ø�.Äk,·�I���æù«Ý/, Ùg,¦�
ãþ��k“�µ4”�>.

ù�Karl��
���grid�´»ö�,Ïd,¦^
��¤��\draw·-Ò{ü�xÑ
o^ç�Úo^
î�.

2.7 ���ïïï���������

grid´»ö��,�c´»O\����.§¬3��Ý/SÜxþ�
�,/¤����. ù�Ý/���º
:Ò´ö�Îc¡�:,,��º:Ò´ö�Î�¡�:.~X,�è\tikz \draw[step=2pt] (0,0)

grid (10pt,10pt);)¤ .5¿�e\draw·-´XÛ¦^���Àëê5�½����oÝ�(�kxstep

Úystep,^5©O�½Ú�).��KarlÆ�
¯,�kéõ aq��/,§�Ñ´¦^ù«�Àëê5�½á5
�.

Karl^
e¡��è.

\begin{tikzpicture}

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

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

\draw (0,0) circle (1cm);

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

\end{tikzpicture}

2w�ú·����@�ã,Karlú�XJ���2��:ÒÐ
.(¦��fw�¦,XJ���Ø~��
{, §�¬©ÑO<�5¿).�
~����,Karlé\draw·-O\
ü�À�5xù����. 1��,¦^ô
Úgray5x��.1�,¦r��oÝü$�very thin.��,¦��
�e·-�¦^^S, ù�,���¬kx
þ,Ù§����±x3���þ.

\begin{tikzpicture}

\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 (1cm);

\end{tikzpicture}
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2.8 \\\\\\���:::ººº���

Karl��±^style=help lines5�OÀ�gray,very thin. º�,´�X�¯k½ÂÐ�À�,§�±^
5|�XÛx��ã.�\`style=help lines \´�“¦^·(½´O<)®²�½Ð�º�5x9Ï�”.�
�Karl�¿,Ò�±xÑ@
���,�Ò´`¦^ôÚblue!50�Ogray,(±�ò¬�[�Ñ),¦�^±e�{:

\tikzstyle help lines=[color=blue!50,very thin]

,�«�O��{´:

\tikzstyle help lines+=[color=blue!50]

ù�¬O\��[color=blue!50]À�.y3help lines�º�Ò�¹
ü�ôÚÀ�
,�¡��¬CXc¡

��.
¦^º�,�±4\�ã/äk�õ�Cz.\�±±Ó���ª{B�UCã��f.
ïá��k¹k�ga�º�,\ÏLUE®k�,«º�5��.¤±,�±ÏLé®k�gridº�{üU

E,Ò�±½Â��#�º�,��Karl’s grid.Karl�ù��:

\tikzstyle Karl’s grid=[style=help lines,color=blue!50]

...

\draw[style=Karl’s grid] (0,0) grid (5,5);

\��±rstyle=�ÑK.ù��{,�TikZ ����§Ø���À�,§Äk¬u�ù�À�´Ø´��º
��¶i.XJ´,Ò¦^ù«º�.¤±Karl��±ù��:

\tikzstyle Karl’s grid=[help lines,color=blue!50]

...

\draw[Karl’s grid] (0,0) grid (5,5);

k
º�,'Xvery thin,�Ù�L�Ñ
§¤���U´º�,\�ÃI2`style=very thin. 
Ù§�
�
º�,�help line,é·5`,(²style=help lineÐ��\g,�
,vkO��Ï,�´aúÐ:.

2.9 ���ãããÀÀÀ���

Karl����kvkÙ§�À��±K�´».¦®²w�color=〈color〉 À��±^5�½��ôÚ.À
�draw=〈color〉���V�Ó,�´§�±^5r�^�ôÚÚW¿(Karl3W¿@���÷/«��,¬¦^
�)�ôÚ�½�ØÓ.

¦uy¦^º�very thin��é[��.Karléd¿Ø¯Û,¦é±e^{�Øa�jÎ)):thinº���
[��, thickº���o��,very thickº���éo��,ultra thick��AOo��,�kultra thin�
�AO[��([��
$©EÇ��<Å½´w«ì�U¬Ã{�~w«). �¦%Ø¡�No���“�

�”oÝ��.wþ�thin´���(�ÀJ.Karlú�k:%%�,�´¦��f)º`:LATEX ¥kü�·-

©O��\thinlines Ú\thicklines,Ù¥\thinlines �Ñ�Ò´“��”oÝ��,°(�5`,§�oÝÒ
´i1“T”,“i”¥ç��oÝ. ÃØXÛ,Karl����3thinÚthick�mkvk“¥m/�”.(¢k��,�
�semithick.

éu�^,��k^�ÀÜ´�±r§�x¤J�½´:�,�d,�±¦^dashed, Údottedü«º
�,©O�� Ú .ü�À�Ñ��¹ÕtÚ;�ü«/ª,©O��loosely dashed, densely dashed,
loosely dotted, Údensely dotted.KarlXJ(¢�~�~I��{,¦��±½Â�E,�J��ª,¦
^dash pattern À�,�´¦��f%j±@�:��~>&�¦^J�,§¬4<©Ñ5¿å.Karl��f(¡:
E,�J��ª´“ <”,Karl�Æ)�Ø¬�'5ù
J��ª.
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2.10 ���ïïïlll///

·�e¡��J:,´�ù��xÑ��l.�d,´»ö�arcÒ�þ^|
,§�±^5x�½ý���Ü

©.arcö�Î�¡7L��k�3�)Ò¥�n��,ùn��^kÒ5©�. c���´�Ý,����´�

».~X:(10:80:10pt)�¿g´“l10Ý�80Ý,�»�10pt��Ü©�”.Karlw,�I�l0◦ �30◦��ãl,�
»AT�é��:,�Vn©�����»Ò�±
.ù���(0:30:3mm).

�¦^l´»ö��,�½�l¬��3�c�½�å©:�?,¤±,4·�k“��”å©:.

\begin{tikzpicture}

\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 (1cm);

\draw (3mm,0mm) arc (0:30:3mm);

\end{tikzpicture}

Karlú�ãý´���
,XJ2ØÆ¬¦^� �{,òéJUYe�
.Ïd,¦O\
��[scale=3]À
�.¦�±rù�À�\3z�\draw·-��,�ù�¬é<s.u´, ¦rÀ�\3
���¸þ,ù��¸¥�
z?Ñ¬A^ù�À�.

\begin{tikzpicture}[scale=3]

\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 (1cm);

\draw (3mm,0mm) arc (0:30:3mm);

\end{tikzpicture}

Ò�c¡·�é��ö�aq,\��±�½“ü�”�»5¼���ý�l.
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\tikz \draw (0,0) arc (0:315:1.75cm and 1cm);

2.11 ààà}}}´́́»»»

�
3ù�Ãþ¥!��m,·��ÐéKarl�ã?1�:à},±4·��8¥°åu“a,�” �Ü

©.3TikZ ¥,à}�~��B.\�±¦^\clip·-5à}�e5¤k�±ãö�. §Ò�\draw,�´§ØxÑ
?ÛÀÜ,
�´¦^�Ñ�´»5à}�e5�¤kã/.

\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 (1cm);

\draw (3mm,0mm) arc (0:30:3mm);

\end{tikzpicture}

\� ± Ó � � ü � ¯:x ´ » Ó � à } § �.�d,� ± ¦ ^\draw· - 2 \ þclipÀ �.(ù Ø ¬ � � �

��� � ã:\� � ± ¦ ^\clip· - 2 \ þdrawÀ �.� ,,ù � Ø ¬ � � � ��� � ã:¯ ¢ þ,\draw�

´\path[draw]���{�,\clip�´\path[clip] ���{�,�,\��±¦^\path[draw,clip]).ù´
��~f.

\begin{tikzpicture}[scale=3]

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

\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 (1cm);

\draw (3mm,0mm) arc (0:30:3mm);

\end{tikzpicture}

2.12 ���ïïï���ÔÔÔ���ÚÚÚ���uuu­­­���

¦+Karl^Ø�,�¦�´p,�uykn�´»ö�parabola , sin Úcos�±©OxÑ�Ô�,�uÚ{u

­�.éparabola´»ö�5`,�c:7L u�Ô�þ, ö�Î��;��:��3�Ô�þ.g��ee¡�
~f.

\tikz \draw (0,0) rectangle (1,1) (0,0) parabola (1,1);

��±rº:�3,?:

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

sinÚcosö�´3�c´»¥\þ«m[0, π/2]þ��uÚ{u­�, ö�Îc¡��c:Ò´­��å:,�
¡�:Ò´ª:.ùpkü�~f:
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A sine curve. A sine \tikz \draw[x=1ex,y=1ex] (0,0) sin (1.57,1); curve.

\tikz \draw[x=1.57ex,y=1ex] (0,0) sin (1,1) cos (2,0) sin (3,-1) cos (4,0)

(0,1) cos (1,0) sin (2,-1) cos (3,0) sin (4,1);

2.13 WWW¿¿¿ÚÚÚ±±±ããã

£�ãþ,Karly3��r@��^�ÉÚW¿.Ïd,¦v
^\draw·-,
´¦^
\fill ·-,wwKarl�
�:

\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 (1cm);

\fill[green!20!white] (0,0) -- (3mm,0mm) arc (0:30:3mm) -- (0,0);

\end{tikzpicture}

ô Úgreen!20!white¿ g ´20% É80% x � · Ü.ù « ô Ú L � ª ´ # N �,Ï�pgf ¦ ^ � ´Uwe
Kern�xcolor÷�,k'ôÚL�ª����ë�d÷��©�.

XJKarlØ3´»���¦^--(0,0)¦�´»“µ4”,@o¬u)�o¯Q? 3ù«�¹e,´»¬gÄ��

µ4,¤±§´�±�Ñ�.¯¢þ,±e¡��ª�¬�Ð
:

\fill[green!20!white] (0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

--cycle¬r1��:Ú���:1w�ë�å5,¦��c�´»µ4å5(¢Sþ´�cÜ©��c´»)
we¡�~f,N¬�eÙ¥�ØÓ�?:

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

\draw (0,0) -- (1,0) -- (1,1) -- (0,0);

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

\useasboundingbox (0,1.5); % make bounding box higher

\end{tikzpicture}

\��±ÏL¦^\filldraw·-�g5��¤W¿Úx´»ü�¯. ù^·-Äkx´»,,�W¿§.ùw
þ�^?Ø��,�´\�±^§�W¿Ü©Ú)xÜ©�½ØÓ�ôÚ.§��ëê`²Xe:

\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 (1cm);

\filldraw[fill=green!20!white, draw=green!50!black]

(0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

\end{tikzpicture}

2.14 ÒÒÒKKK

Karl3g�3vk�U�±ÏLÒK��{4@��C��\°{Q,¦^�«ôÚ¦�kìC�J,
Ø´
�^�«ôÚ�W¿§.�d,�±¦^\shade Ú\shadedraw, cö^5�ÒK,�ö�±±x�Ó��þÒK.
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\tikz \shade (0,0) rectangle (2,1) (3,0.5) circle (.5cm);

%@�ÒK´l��x�ìC.��½ØÓ�ôÚ,\�±¦^À�:

\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}

éKarl5`,e¡¬'�Ü·:

\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 (1cm);

\shadedraw[left color=gray,right color=green, draw=green!50!black]

(0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

\end{tikzpicture}

�´,¦h²�@�,ÒKÏL¬©Ñ5¿å
Ø¬�ã��5?ÛÐ?.

2.15 ���½½½���III

Karly3�xþ�uÚ{u­�.¦y3®²���±^color=À�5�½¦����ôÚ
. �´k�oÐ
��{�½�Ií?

kÐA«�{5�½�I.�{ü��{´ù�`(10pt,2cm),§�¿g´x¶��10pt, y¶��2cm.\��
±�Ñü ,�¤(1,2),§�¿g´“x¶�þ���,Y ¶�þ�ü�”.ùü��þ%@��Ý©O�1cm.
�
�½4�I¥�:,¦^(30:1cm)/ª,§�¿g´��30Ý4»1cm.�
��“�±þ(cos 30◦, sin 30◦)�

:”,ù«/ªw�AOk^.
\�±3���Ic¡���+Ò½´ü�,X+(1cm,0cm) , ++(0cm,2cm). §��¿g´ØÓ�:cö´

�“l�½� ��m£Ä1cm”,�ö´�“l�c� ��þ£Ä2cm, ¿rd:��#��½:.”.~X:·��
^Xe�{xÑ�u

\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 (1cm);

\filldraw[fill=green!20,draw=green!50!black]

(0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

\draw[red,very thick] (30:1cm) -- +(0,-0.5);

\end{tikzpicture}

Karl3ùp^�
sin 30◦ = 1/2ù��£:,�¦�~ú%¦�Æ)�´Ä��, u´�é��«Ð��{5
�½“l(30:1cm):�x¶�Rv”.¯¢þk��AO�L�ª, (30:1cm |- 0,0),�±4Karl�¤ù�¯.��
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�,(〈p〉 |- 〈q〉) �¿g´“Lp:��^ç���Lq:��^Y²���:.
e¡,·�m©�{u�2.�«�{´^(30:1cm |- 0,0) -- (0,0),,�«�{´3e¡:·�l�u��

(åm“UY”�e�.

\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 (1cm);

\filldraw[fill=green!20,draw=green!50!black] (0,0) -- (3mm,0mm) arc

(0:30:3mm) -- cycle;

\draw[red,very thick] (30:1cm) -- +(0,-0.5);

\draw[blue,very thick] (30:1cm) ++(0,-0.5) -- (0,0);

\end{tikzpicture}

5¿�e,3:(30:1cm)�:+(0,-0.5)�mvk--,�[�`,ù^´»�¿g�U)º�: “Äk,:(30:1cm)w
�·�r)£Ä�(cos 30◦, 1/2).,�,q�½
,���I,u´·r)£Ä�@p,�¥m¿ØxÑ?ÛÀÜ.ù
�#�:´þ��:�e£Ä
��ü ,Ïd§��I´(cos 30◦, 0).��,·r)£Ä��:,�´ù�g�x
:ÀÜ(Ï�kö�Î++)”.

2N¬�e+�++�ØÓ�?,w�ee¡�~f:

\begin{tikzpicture}

\def\rectanglepath{-- ++(1cm,0cm) -- ++(0cm,1cm) -- ++(-1cm,0cm) -- cycle}

\draw (0,0) \rectanglepath;

\draw (1.5,0) \rectanglepath;

\end{tikzpicture}

ÏLé',·�wÑ,�¦^��+Ò�,�I´ØÓ�.

\begin{tikzpicture}

\def\rectanglepath{-- +(1cm,0cm) -- +(1cm,1cm) -- +(0cm,1cm) -- cycle}

\draw (0,0) \rectanglepath;

\draw (1.5,0) \rectanglepath;

\end{tikzpicture}

g,�,±þùd�è(Ø+´¦^ü��´V�+)Ñ�±����ß�°{,�ù�:

\tikz \draw (0,0) rectangle +(1,1) (1.5,0) rectangle +(1,1);

Karl�������tanα,¦^4�IÚ�IC���{Ð�'�Ju¢y. Ïd,¦I�,�«�½�I�
�{:Karl�±�½�����:��,��I. ���l(1, 0):Ñu,§�ª:�´ü^���:,ùü^�©O

´:l(1, 0);��þ��Úl�:Ñu²L(30:1cm)��.L�ªXe:

\draw[very thick,orange] (1,0) -- (intersection of 1,0--1,1 and 0,0--30:1cm);

�e5,���Ñü�~f,`²XÛ¦^�é �.5¿ùp��IC�À�(ò3±�)º), Ï~3I�^
�£ �,§'�é �^?��.

2Èö5:�{u­�
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\begin{tikzpicture}[scale=0.5]

\draw (0,0) -- (90:1cm) arc (90:360:1cm) arc (0:30:1cm) -- cycle;

\draw (60:5pt) -- +(30:1cm) arc (30:90:1cm) -- cycle;

\draw (3,0) +(0:1cm) -- +(72:1cm) -- +(144:1cm) -- +(216:1cm) --

+(288:1cm) -- cycle;

\end{tikzpicture}

2.16 OOO\\\���ÞÞÞ

Karly3F"3�I¶�º:	\þ�Þ.¦@Òuy3�
ã,$�´,
�Æ,�þ�ã, �²~¿K�

Þ,�V´Ï�¦��±ã§S�Ø���Ïj.Karlú��ÞAT3�I¶�¦Þ,¦��f�L«Ó¿.�¦�
Æ)%Ø'%�o�Þ.

¯¢L²,\þ�Þ´�~�{B:karl�x�I¶�·-Ñ\þ
->À�:

\begin{tikzpicture}[scale=3]

\clip (-0.1,-0.2) rectangle (1.1,1.51);

\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 (1cm);

\filldraw[fill=green!20,draw=green!50!black] (0,0) -- (3mm,0mm) arc

(0:30:3mm) -- cycle;

\draw[red,very thick] (30:1cm) -- +(0,-0.5);

\draw[blue,very thick] (30:1cm) ++(0,-0.5) -- (0,0);

\draw[orange,very thick] (1,0) -- (intersection of 1,0--1,1 and 0,0--30:1cm);

\end{tikzpicture}

XJKarl¦^À�<- 
�->,�Þò¬��3´»�å©?. 
<->K¬r´»�üàÑ\þ�Þ.
�,,�\þ�Þ�´»¬k¤��,
�?Û´»Ñ�\þ�Þ.��Ä�OK,\�U��^“m�”��\þ

�Þ.~X,\Ø�±���Ý/½´�/\�Þ.(\�±}Á�e,�·ØU�y¬u)�o¯�,Ø+´3�c

���,�´3±����)�´,\�±�­�½´©�õ�«m�´»\�Þ,Xe¡�~f¤Ð«�:

\begin{tikzpicture}

\draw [<->] (0,0) arc (180:30:10pt);

\draw [<->] (1,0) -- (1.5cm,10pt) -- (2cm,0pt) -- (2.5cm,10pt);

\end{tikzpicture}

Karlc[�w
�úTikZ x3�I¶à:?��Þ,r§���:Ð�´ù��f .�fwþ�k:¡

Ù,¯¢þ,§Ò´TEX �IO�Þ,²~^3/X: f : A → B.
KarléU�ù��Þ,AO´,§Ø��Ü©÷�Jø��Þ@��ÑwoF. �´,¦(&,k��ÿ¦�N¬

I�Ù§a.��
�Þ.�d,Karl�±`>=〈right arrow tip kind〉,ùp〈right arrow tip kind〉^5�½�Þ�a
..~X:XJKarl`>=stealth,@o¦Ò´3w�TikZ ¦I�“stealth-fightera.3”��Þ:

\begin{tikzpicture}[>=stealth]

\draw [->] (0,0) arc (180:30:10pt);

\draw [<<-,very thick] (1,0) -- (1.5cm,10pt) -- (2cm,0pt) -- (2.5cm,10pt);

\end{tikzpicture}

Karl�3¦¾ù����k�¯��¶i��Þ´Äý�7I,d�¦��fw�¦, �^�powerpoint¥�

¦^
�Ó�¶i,ù¦�Karl���S½
e5.¦Ó��
�û½,�3,��ÿ4Æ)�5?Ø�eù�¯.
3aqÔÌÅ,Ï
�¶
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Ø
stealth�	,�kéõÙ§ý½ÂÐ��Þ�øKarl5]À, ë�Ù!??.�?�Ú,¦XJI���#�
�Þ�{,��±gC½Â.

2.17 `̀̀���

Karl®²w��þ��±��XÛ�)´»�ã/ö�.~~,¦I�r,�<À�\�¤k�ã/ö�.~
X,Karl�N��xn^o�,�´qØ�VÏ~��{��¤.

XJKarl�r,��ã/À�\���ã,¦��{ü�rÀ�ëêD4�\tikz·-½´{tikzpicture}�
¸(Gerda�À�ëêD4�\tikzpicture,HansÀ�ëêD4�\starttikzpicture).�´,XJKarl��r

ã / À � A ^ � Ù ¥ � � | · - 
 Ø ´ � � ã,¦ Ò � r ù 
 · - � 3 � �{scope}� ¸ ¥,(Gerda¦
^\scopeÚ\endscope, Hans¦^\startscopeÚ\stopscope).ù��¸rù
ã/À���gC���ë

ê, ¿rù
ëêA^�Ù�¸`��S�z�·-,
é�¸`��	Kvk?ÛK�.
ùpk��~f:

\begin{tikzpicture}[ultra thick]

\draw (0,0) -- (0,1);

\begin{scope}[thin]

\draw (1,0) -- (1,1);

\draw (2,0) -- (2,1);

\end{scope}

\draw (3,0) -- (3,1);

\end{tikzpicture}

`��k��k��õ�:éà}«�¤��?ÛUCÑ�3�c���`�¥. ù�,XJ\3��`��
,?¦^\clip·-,@oÙ(J´,\clip·-��^����`��(å.du�vkÙ§��{5“��”à}

«�,§k�Ò¬�þ^|
.
Karl@®²x,���·-(X\draw)\þëê,§��A^�ù�·-þ.�k��¹wþ��wE,.Äk,\

3·-(X\draw)þ�ëê¿�ý�´·-�ëê,§�¢Sþ´“´»�ëê”,�±�3´»�?¿?.Ïd,Ø

\draw[thin] (0,0) -- (1,0);, \��±ù��:\draw (0,0) [thin] -- (1,0);½\draw (0,0) --

(1,0) [thin]; ¦ � � � J Ñ � �.ù w þ � k : Û %,Ï�c ¡ � ~ f ¥,Ð � A T ´ k x Ñ l(0, 0)
�(1, 0)�,“,�”thin À�âm©�^u§.ÃØXÛ,�Ü©�ã/À�==�^u��´».¯¢þ,XJ
\3��´»þÓ�(¶thin Úthick,@o�¡��À�ò¬“�Ñ”.

�Ö�±þSN,Karl5¿�==“�Ü©”ã/À��^u��´».¢Sþ,¤k��IC�À�¿��^u
��´»,§���^u“´»þ;�§��”. ·�ù¬�ò��[�
)�e§.¦+Xd,Mï�^´»L§¥

�Ñ�¤kÀ�,Ñ�·^u�^´».

2.18 ���IIICCC���

�\�½���IX:(1cm,1cm),@où��I�3�¡þ��o/�?�
(½ �, TikZ,TEX,Úpdf ½
´PostScriptÑé�½�,���IA^
�«�IC�,±B�±(½:�ªò�3�¡��o �þ.

TikZ Jø
¯õ�À�¦\U
3pgf �SÜ�IXÚ¥gd�?1�IC�. ~X,xshiftÀ�#N\r

�e5¤k�:£Ä��êþ.

\tikz \draw (0,0) -- (0,0.5) [xshift=2pt] (0,0) -- (0,0.5);

5¿�,\�±“3´»¥”�U�IC�,ùé­�,Ï�pdf ½PostScript�Ø|±ù�õU. �Ï´,pgf �

@£§gC�C�Ý
.
ùpk����E,:�~f:
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\begin{tikzpicture}[even odd rule,rounded corners=2pt,x=10pt,y=10pt]

\filldraw[fill=examplefill] (0,0) rectangle (1,1)

[xshift=5pt,yshift=5pt] (0,0) rectangle (1,1)

[rotate=30] (-1,-1) rectangle (2,2);

\end{tikzpicture}

�k^��IC�´²£ö�:xshiftÚyshift.shiftõU´²£����½�:, /ª´shift={(1,0)}½
shift={+(0,0)}()Ò´7I�,ù�âU4TEX Ø�rÏÒ�¤´©�Î).rotateõU´^5^=���Ý(�
k��rotate around, õU´7X,��½�:^=).scaleõU´±���ê?1 �.xscale,yscale�

éx¶½y¶��?1 �(xscale=-1éA´��=).xslant ÚyslantõU´��. XJù
Ú·ùp�vkJ
��¤k�IC��Ø
\¦^�{,cmÀ�ò#N\¦^?¿����IC�Ý
.^B`�é,Karl�Æ),�
v���o´C�Ý
.

2.19 ­­­EEE: ForÌÌÌ���

Karl�e��8I´3�I¶þ\þ�
��IP:,©O3−1, −1/2, 1/2, Ú1.XJ�±¦^Ì�Ò�Ð

,cÙ´\I�3z�ØÓ� ��Ó��¯���ÿ.k�«���÷��±��.LATEX �kaq�SÜ

·-, pstricks �kr��\mulitdo·-.¤kù
Ñ�±�pgf ÚTikZ �3�å¦^, XJ\éÙG§��
{,gd�¦^j.�´pgf �´Ú\
,��·-,��\foreach, ·�¤±Ú\§,´Ï�·®²PØ�Ù§÷
��¦^�{
.\foreach½Â3pgffor÷�¥, \��±Õáupgf ¦^§.TikZ gÄ��¹§.

3��/ªe,\foreach¦^é{ü:

x = 1, x = 2, x = 3, \foreach \x in {1,2,3} {$x =\x$, }

Ä���{L�ª�\foreach 〈variable〉 in {〈list of values〉} 〈commands〉.3〈commands〉¥,〈variable〉¬
� D þ Ø Ó � �. X J〈commands〉v k ± s ) Ò m Þ,@o � � e � � © Ò � c � ¤ k · - Ñ ¬ � �
¤〈commands〉.

Karl,�3ê¶þIP:,¦�Xeù��:

\begin{tikzpicture}[scale=3]

\clip (-0.1,-0.2) rectangle (1.1,1.51);

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

\filldraw[fill=green!20,draw=green!50!black] (0,0) -- (3mm,0mm) arc

(0:30:3mm) -- cycle;

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

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

\draw (0,0) circle (1cm);

\foreach \x in {-1cm,-0.5cm,1cm}

\draw (\x,-1pt) -- (\x,1pt);

\foreach \y in {-1cm,-0.5cm,0.5cm,1cm}

\draw (-1pt,\y) -- (1pt,\y);

\end{tikzpicture}

¯¢þ,kéõ«�{ïáIP:.~X:Karl�±r\draw ...;��3s)Òp. ¦��±ù�¦^:

\foreach \x in {-1,-0.5,1}

\draw[xshift=\x cm] (0pt,-1pt) -- (0pt,1pt);

KarléÐÛ�«�E,��/,~Xk20�:�IP,TNo�.wþ��[��r¤k�:Ñ�\foreachI�

���8Ü¥,¢3k:-<��. ¯¢þ,��±3\foreach¥¦^...L�ª,§�±^5S��þ�ê�(�
´,ù
�7L´Ãþj�¢ê).^±e�~f`²:
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\tikz \foreach \x in {1,...,10}

\draw (\x,0) circle (0.4cm);

XJ\3...�c�þ
ü�ê,@o\foreachÒ¬±§����Ú�:

\tikz \foreach \x in {-1,-0.5,...,1}

\draw (\x cm,-1pt) -- (\x cm,1pt);

·��±i@Ì�2¢yÐ
��J:

1,1

1,2

1,3

1,4

1,5

2,1

2,2

2,3

2,4

2,5

3,1

3,2

3,3

3,4

3,5

4,1

4,2

4,3

4,4

4,5

5,1

5,2

5,3

5,4

5,5

7,1

7,2

7,3

7,4

7,5

8,1

8,2

8,3

8,4

8,5

9,1

9,2

9,3

9,4

9,5

10,1

10,2

10,3

10,4

10,5

11,1

11,2

11,3

11,4

11,5

12,1

12,2

12,3

12,4

12,5

\begin{tikzpicture}

\foreach \x in {1,2,...,5,7,8,...,12}

\foreach \y in {1,...,5}

{

\draw (\x,\y) +(-.5,-.5) rectangle ++(.5,.5);

\draw (\x,\y) node{\x,\y};

}

\end{tikzpicture}

\foreach��±k�\E|5�¦^,���Ñ��\�g�
.

2.20 VVV\\\©©©iii

�d,Karléù�ã/®²�~�÷¿
.�´,�­��Ü©,�vk©iI\.
TikZ Jø
���©{ü
kr��XÚ��\3ã/��½ �?V\©i9Ù	µ, �öÑwE,.Ä

��g�Xe:�TikZ 3Mï´»�L§¥,��§3´»¥�,?��'�inode,§Ò¬k�Ö!:`².'�

inode�¡~~�k�
À�,,�´�
�3s)Ò¥�©i.ù
©i��3��ÊÏ�TEX Ýf¥(XJ!
:`²���3���I�¡,¢Sþ�²~´ù��,@oTikZ ÏL�Ð�: å$��±r“Åi�<©�”4

�3ù
Ýf¥)¿r§��3�c �?, =���½� �(�â¤��À�,k�U¬¤£�:).�´,�k�
´»���xÑ/ W¿/ÒK/à}/O��o,��,¤k�!:â¬�xþ.

Text at node 1

Text at node 2
\begin{tikzpicture}

\draw (0,0) rectangle (2,2);

\draw (0.5,0.5) node [fill=examplefill]

{Text at \verb!node 1!}

-- (1.5,1.5) node {Text at \verb!node 2!};

\end{tikzpicture}

4verbatim text
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w,,KarlØ�==r!:“�3”�½� �þ,
´F"�3ù� ���>½m>. �d,z�I�\ã�

¥�!:Ñ�“C�”þA�e:.~Xµnorthe: u	/þ>��¥m§south u.Ü§north easte:
 umþ�.�\�ÑÀ�anchor=north §@oùo�e:Ò¬��3�c �§Ï
!:`²¥�©i��
3�c ��e�. Karl^ù«�{�Ñ¦�IP:µ

−1 −0.5 1

−1

−0.5

0.5

1

\begin{tikzpicture}[scale=3]

\clip (-0.6,-0.2) rectangle (0.6,1.51);

\draw[step=.5cm,style=help lines] (-1.4,-1.4) grid (1.4,1.4);

\filldraw[fill=green!20,draw=green!50!black]

(0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

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

\draw (0,0) circle (1cm);

\foreach \x in {-1,-0.5,1}

\draw (\x cm,1pt) -- (\x cm,-1pt) node[anchor=north] {$\x$};

\foreach \y in {-1,-0.5,0.5,1}

\draw (1pt,\y cm) -- (-1pt,\y cm) node[anchor=east] {$\y$};

\end{tikzpicture}

éþ�®²
{*
.Karly3�±ÏL¦^ù
e:5���õ�©i��
. �´§Karl3�§�r!
:�3��:�e�,%�^���e:,ùk:��úØÎ. Ñuù��Ï,��±¦^���below�À�,¦
��^�anchor=north��. aq�,above right�anchor=south east��.,	,below k���À�º�ë

ê. XJ�Ñ,@o	µò¬�	��e²£ëê�½�ål.Ïd,below=1pt�^5r©iI\�3��:�e

�,¿�	��e²£1pt.
Karléù
IP:Ø´�©÷¿.¦F"w�1/2 ½´ 1

2
Ø´0.5,�Ïk�, Ù�´�±�±uTEX ÚTikZ
��{��,Ù�´k
 �,X1/3 ½πn¤�,��À^“êÆz”�IP,
Ø´“êÆz”�IP.,��¡,¦
�Æ)U�0.5�L1/2 ,Ï�¦�Ï~ÑØU�©ê.

Karly3¡���¯K\foreach�é¥, �\xE,���¤0.5,Ï�TikZ Ø¬��\frac{1}{2}��´
�o �.,��¡,ü�Ñ5�©i(´I��¤\frac{1}{2}. �
)ûù�¯K,\foreach�Ñ
��
AO�L�ª:Ø2¦^��Cþ\x
,Karly3�±�½ü�(½´�õ)�Cþ,ù
Cþ�^��©�m
5,X\x / \xtext.,�,\foreachS�8Ü¥������¤〈first〉/〈second〉�/ª.3zgS�¥,\xò�D�

�〈first〉, \xtextò�D��〈second〉.XJ〈second〉vk�Ñ,@o〈first〉ò¬2g�¦^. ù�,'uIP�#�

èXe:

−1 − 1
2

1

−1

− 1
2

1
2

1

\begin{tikzpicture}[scale=3]

\clip (-0.6,-0.2) rectangle (0.6,1.51);

\draw[step=.5cm,style=help lines] (-1.4,-1.4) grid (1.4,1.4);

\filldraw[fill=green!20,draw=green!50!black]

(0,0) -- (3mm,0mm) arc (0:30:3mm) -- cycle;

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

\draw (0,0) circle (1cm);

\foreach \x/\xtext in {-1, -0.5/-\frac{1}{2}, 1}

\draw (\x cm,1pt) -- (\x cm,-1pt) node[anchor=north] {$\xtext$};

\foreach \y/\ytext in {-1, -0.5/-\frac{1}{2}, 0.5/\frac{1}{2}, 1}

\draw (1pt,\y cm) -- (-1pt,\y cm) node[anchor=east] {$\ytext$};

\end{tikzpicture}

Karléù�(J�~÷¿
,�´¦��f�Ñù�v���{:�¡����Ú�Z6
ùA�êi,ü$


§���Ö5.Karléd'Ø�'%(¦�Æ)���Ø¬5¿�),�´¦��fj±(¡k�«{´�)û�
{:KarlI�O\��[fill=white]À�,^xÚ5W¿©�µ��µ.
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Karle¡���¯Ò´�V\I\X:sinα.�d,¦F"rI\Ò3“��¥m” ���ù�8�,ØU2� 

~��rI\node {$\sin\alpha$}���3´»���¡(ù�¬rãþ�©iI\�3��"à),
´�r

§��\3--��I��m.%@��/e,ù�Ò¬rI\�3��¥m,�´��±pos=À�5N�§. Ó�

�,�À�near start Únear end��±^5N�I\� �.

sinα

cos α

tanα =
sinα

cos α

−1 − 1
2

1

−1

− 1
2

1
2

1

\begin{tikzpicture}[scale=3]

\clip (-2,-0.2) rectangle (2,0.8);

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

\filldraw[fill=green!20,draw=green!50!black] (0,0) -- (3mm,0mm) arc

(0:30:3mm) -- cycle;

\draw[->] (-1.5,0) -- (1.5,0) coordinate (x axis);

\draw[->] (0,-1.5) -- (0,1.5) coordinate (y axis);

\draw (0,0) circle (1cm);

\draw[very thick,red]

(30:1cm) -- node[left=1pt,fill=white] {$\sin \alpha$} (30:1cm |- x axis);

\draw[very thick,blue]

(30:1cm |- x axis) -- node[below=2pt,fill=white] {$\cos \alpha$} (0,0);

\draw[very thick,orange] (1,0) -- node [right=1pt,fill=white]

{$\displaystyle \tan \alpha \color{black}=

\frac{{\color{red}\sin \alpha}}{\color{blue}\cos \alpha}$}

(intersection of 0,0--30:1cm and 1,0--1,1) coordinate (t);

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

\foreach \x/\xtext in {-1, -0.5/-\frac{1}{2}, 1}

\draw (\x cm,1pt) -- (\x cm,-1pt) node[anchor=north,fill=white] {$\xtext$};

\foreach \y/\ytext in {-1, -0.5/-\frac{1}{2}, 0.5/\frac{1}{2}, 1}

\draw (1pt,\y cm) -- (-1pt,\y cm) node[anchor=east,fill=white] {$\ytext$};

\end{tikzpicture}

\��±rI\�3­�þ,¿�ÏLV\À�sloped4¦�^=±4¦������Ý�¬Ü. ùpk��
~f.

near start midway
very near end

\begin{tikzpicture}

\draw (0,0) .. controls (6,1) and (9,1) ..

node[near start,sloped,above] {near start}

node {midway}

node[very near end,sloped,below] {very near end} (12,0);

\end{tikzpicture}

����e��ã/\þ©i`²ù�¯
.Ì��(J´�ré���ã©iI\�3��°Ýk��/
�þ,ÏdÜ·�ä1´7I�.3$�´,Karl�±¦^À�text width=6cm 5���"��J.��,����
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èXe:

29



\begin{tikzpicture}[scale=3,cap=round]

% Local definitions

\def\costhirty{0.8660256}

% Colors

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

\colorlet{sincolor}{red}

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

\colorlet{coscolor}{blue}

% Styles

\tikzstyle{axes}=[]

\tikzstyle{important line}=[very thick]

\tikzstyle{information text}=[rounded corners,fill=red!10,inner sep=1ex]

% The graphic

\draw[style=help lines,step=0.5cm] (-1.4,-1.4) grid (1.4,1.4);

\draw (0,0) circle (1cm);

\begin{scope}[style=axes]

\draw[->] (-1.5,0) -- (1.5,0) node[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] (0pt,1pt) -- (0pt,-1pt) node[below,fill=white] {$\xtext$};

\foreach \y/\ytext in {-1, -.5/-\frac{1}{2}, .5/\frac{1}{2}, 1}

\draw[yshift=\y cm] (1pt,0pt) -- (-1pt,0pt) node[left,fill=white] {$\ytext$};

\end{scope}

\filldraw[fill=green!20,draw=anglecolor] (0,0) -- (3mm,0pt) arc(0:30:3mm);

\draw (15:2mm) node[anglecolor] {$\alpha$};

\draw[style=important line,sincolor]

(30:1cm) -- node[left=1pt,fill=white] {$\sin \alpha$} (30:1cm |- x axis);

\draw[style=important line,coscolor]

(30:1cm |- x axis) -- node[below=2pt,fill=white] {$\cos \alpha$} (0,0);

\draw[style=important line,tancolor] (1,0) -- node[right=1pt,fill=white] {

$\displaystyle \tan \alpha \color{black}=

\frac{{\color{sincolor}\sin \alpha}}{\color{coscolor}\cos \alpha}$}

(intersection of 0,0--30:1cm and 1,0--1,1) coordinate (t);

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

\draw[xshift=1.85cm]

node[right,text width=6cm,style=information text]

{

The {\color{anglecolor} angle $\alpha$} is $30^\circ$ in the

example ($\pi/6$ in radians). The {\color{sincolor}sine of

$\alpha$}, which is the height of the red line, is

\[

{\color{sincolor} \sin \alpha} = 1/2.

\]

By the Theorem of Pythagoras ...

};

\end{tikzpicture}
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3 ���§§§:Hagen���������Pretri netããã

31���§¥,·�ò�&¢�eTikZ Úpgf �(:Å�.
Hagen²U7L����'uPretri net5�üù,ù´¦�U�©ÙXÚ/ª. HagenL��õ´^ç�55

�¤ù�¯,
�O<Ï~�Ø¬�é. �´ùgØ1
,��¡´Ï�¦�f¯��C��
°{���¡Ã
�
,,��¡¦�Ó¯�F"¦U^��±ã§S5��ù�Petri nets.¦�Æ�����Ç�¦í�TikZ
,Hagenû½�ÁÁ.

3.1 ¯̄̄KKKLLLããã

3üù¥,Hagen�Mï��«¿ã5Ð«��k �NÈ6��ä´XÛ���Ø¹NÈ��ä5�[�.�
�¥,ã/AT´ù�:

s ≤ 3

2

2

s s̄

2

2

replacement of
the capacity
by two places

3.2 ïïïááá���¸̧̧

�ïù�ã,Hagen��c¡�§p�Karl��,k1\TikZ .�ùg,¦�I�1\�
Ù§�¥�,ù

´KarlØI��.ù
¥��¹�
�	�½Â,'X`���¹e^Ø���
�Þ,�\�¦^§���½�

²(�(²1\ù
�.HagenI�1\n�¥:�Þ¥,^53ã/¥¦^AÏ��Þ;“�.¥”,^53´»¥m

¦^�.�;�µ¥,^5£±ã�ü�Ì�Ü©�ü�Ý/�µ.

3.2.1 LATEX ¥¥¥ïïïááá���¸̧̧

3LATEX ¥,¦^:

\documentclass{article} % say

\usepackage{tikz}

\usetikzlibrary{arrows,snakes,backgrounds}

\begin{document}

\begin{tikzpicture}

\draw (0,0) -- (1,1);

\end{tikzpicture}

\end{document}

5“Petri Nets” 
g1962cCarl A. Petri�Æ¬Ø©.aq�äã/,qäkêÆnØ�ï�óä
6Pretri net�â�,�±Ø7n¬
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3.2.2 Plain TEX ¥¥¥ïïïááá���¸̧̧

3plain TEX¥,¦^:

%% Plain TeX file

\input tikz.tex

\usetikzlibrary{arrows,snakes,backgrounds}

\baselineskip=12pt

\hsize=6.3truein

\vsize=8.7truein

\tikzpicture

\draw (0,0) -- (1,1);

\endtikzpicture

\bye

3.2.3 ConTEXt ¥¥¥ïïïááá���¸̧̧

3ConTEX ¥,¦^:

%% ConTeXt file

\usemodule[tikz]

\usetikzlibrary[arrows,snakes,backgrounds]

\starttext

\starttikzpicture

\draw (0,0) -- (1,1);

\stoptikzpicture

\startext

3.3 (((:::{{{000

�Kþ,·�®²��TXÛMïHagen¤��ã
(Ø
�U¬^���/�,·�±�¬`�);·�kx�

�f�Ú��Ý/,,�\þ�þ��Ú�Ý/,��\þ�
�Þ.
�´,ù«�{kéõ�6àµÄk§·�±�XJéã��Uò¬C�éJ.~X,XJ·��3Petri nets¥

\þ�õ� �£ù
�3Petri nets�¥��� �¤,@o¤k��IÑI�­#O��H.1�,ù�Petri
netsã���èòØ@o´Ö,\w���´�æqÏq���IÚ·-�·3�å,
wØ�Petri net���g

�(�.
3$�´,TikZ Jø
�«r��Å�,�±;�ù«¯��u),@Ò´(:.·�®²ÆSL
(:�¦

^,3c¡·�^(:�Karl�ã\þI\.3ù��§pò¬w�(:�äk��r��õU.
��(:Ò´��ã���Ü©.�Má��(:,\���Ñ�� �,3@p(:9Ù	µò¬�å�M

ï.���kcircle.	µ�(:ò�x¤���,���krectangle.	µ�(:ò�x¤��Ý/,��.�
�(:��±�¹�
©i,KarlQ²^¦5w«©i.��,��(:�±�§��¶i±B�¡�±Ú^§.

3Hagen�ã¥,·��¦^(:5MáPetri netã� �ÚLÞ7(�´ �,Ý/´LÞ).·�km©�Petri
netã�ý�þ�Ìã.3ù�þ�Ìã¥kn� �Úü�LÞ.^ØXxn��ü�Ý/,·�^n��

kcircle	µ�(:Úü��krectangle	µ�(:.
7�´â�
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\begin{tikzpicture}

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

( 0,1) node [shape=circle,draw] {}

( 0,0) node [shape=circle,draw] {}

( 1,1) node [shape=rectangle,draw] {}

(-1,1) node [shape=rectangle,draw] {};

\end{tikzpicture}

HagenuyùØ�����ã,�´��´��ûÐ�åÚ
.
·�c[�w�e�è.��ã��¹�^´».XJ�Ñnodeö��{,Ð�éù^´»�o�vk�:ùp

�k��A��Iü3ùp,¥m�o�vk.¢Sþ,Ò�éù^´»Ä
:Ã�,'X`´x^���,?½´
x^­��,?, \path·-é�ª�´»�Ø¬�?Ûö�.Ïd§¤k� {�½Ñ3node·-¥.

3c¡��§¥·���,��node·-ò¬3�c�I?O\�
©�.ù�,Ê�(:Ò���3ØÓ
� �þ
.3þ¡��è¥,vk\\?Û©i(Ï�^
���)Ò{}).���o·��´w�ÀÜ
?�Y

´nodeö�¥�drawÀ�:§xÑ
��“©��	µ”.
Ïd,�è(0,2) node [shape=circle,draw] {}�¿gÒ´:“3Ì´»¥,£Ä�:(0,2).,�,6�¥�

éÌ´»�£±
kMï(:.ù�(:��f´��circle�7X����©�.ù��k�drawÑ,�´
vk�W¿½´O�§^.����(:�¤
,§¬���e5��Ì´»�¤,,�â¬�xÑ”,��e

5(0,1) node [shape=circle,draw] {},§��^´:“£Ä�:(0,1)UY£±Ì´»,,��3ù� �?M

ï��(:.ù�(:´��,�k3Ì´»�¤�â¬�w«.”Xdù�e�.

3.4 ¦¦¦^̂̂AtLLL���ªªª������(((:::

Hageny3��
nodeö�´XÛ3´»¥O\(:�,�´wþ�^\pathö�5Mï´»w��Ø
h

²,¦^
�þõ{�£ ö�,
ù��==´�
��(:.¦ép,�
)��k�
�\n5���(:
��{.

Äk,nodeö�#N¦^Xe/ªat (〈coordinate〉),§�±��r(:�3I��/�,
£;
c¡J��
5K,=(:��3§;�X��I?.Hageny3�±�e:

\begin{tikzpicture}

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

node at ( 0,1) [shape=circle,draw] {}

node at ( 0,0) [shape=circle,draw] {}

node at ( 1,1) [shape=rectangle,draw] {}

node at (-1,1) [shape=rectangle,draw] {};

\end{tikzpicture}

y3Hagen����´�^�´»,�´��ù^´»Ø2¹k�
Û%�£ ö�
.wþ�ùp�kUõ

�{/:\node·-´\path node·-�{�/ª,ÏdHagen�±�¤:

\begin{tikzpicture}

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

\node at ( 0,1) [circle,draw] {};

\node at ( 0,0) [circle,draw] {};

\node at ( 1,1) [rectangle,draw] {};

\node at (-1,1) [rectangle,draw] {};

\end{tikzpicture}

'�uc�«L�ª5`,Hagen�U�ù«.5¿�Hagen�Ñ
shape=,ù´Ï�TikZ #N\3Ø�u· 

��¹e,�Ñshape=,Ó���/�·^ucolor=.
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3.5 ¦¦¦^̂̂ººº���

aú�k:#Û,Hagen}ÁX4(:�¤��:.3���ã¥,�ÚÝ/Ñ��ØÓ�ôÚW¿þ§�è

�µ

\begin{tikzpicture}[thick]

\node at ( 0,2) [circle,draw=blue!50,fill=blue!20] {};

\node at ( 0,1) [circle,draw=blue!50,fill=blue!20] {};

\node at ( 0,0) [circle,draw=blue!50,fill=blue!20] {};

\node at ( 1,1) [rectangle,draw=black!50,fill=black!20] {};

\node at (-1,1) [rectangle,draw=black!50,fill=black!20] {};

\end{tikzpicture}

ù�ã/C�¤�
§�Ó��èCÎ
"n�¥§·�F"·���èUD4ù��&E“ùpkn� 
���LÞ-.§
Ø´^�õ�·-54ùp½@p�W¿ôÚ"
�
)ûù�JK§Hagen¦^
º�"¦©O� �ÚLÞ½Â
ØÓ�º�µ

\tikzstyle{place}=[circle,draw=blue!50,fill=blue!20,thick]

\tikzstyle{transition}=[rectangle,draw=black!50,fill=black!20,thick]

\begin{tikzpicture}

\node at ( 0,2) [place] {};

\node at ( 0,1) [place] {};

\node at ( 0,0) [place] {};

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

\node at (-1,1) [transition] {};

\end{tikzpicture}

3.6 (((:::������

3Hagenm©·¶Úë�ù
(:ùc§4·�k(½�e(:´ÄÑ®´§��ª��f
"Ø´§§�

��
"¯¢þ§Hagen�ØÏ§���o�¬kùo��º�§.¾p¡�¹�©�´��B"�Ï´TikZ
gÄ3©�±�O\�
�m.ù��m����±^inner sepÀ�5�½.Ïd,�
O\(:�º�,Hagen�
±ù��:

\tikzstyle{place}=[circle,draw=blue!50,fill=blue!20,thick]

\tikzstyle{transition}=[rectangle,draw=black!50,fill=black!20,thick]

\begin{tikzpicture}[inner sep=2mm]

\node at ( 0,2) [place] {};

\node at ( 0,1) [place] {};

\node at ( 0,0) [place] {};

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

\node at (-1,1) [transition] {};

\end{tikzpicture}

�´,ù(¢Ø´��·����J��Ð�{.�Ð�O��{´¦^minimum sizeÀ�.ù�À�#
NHagen�½ù�(:���º�.XJù�(:(¢I�C���±NB���©�,§��±C�,�´XJ©
�´��,@o§���Ò´minimum size.ù�À���±^5(��X��¹ØÓ©�SN�(:�±k�

�Ú����º�. À�minimum height Úminimum width#N\üÕ��½(:���pÝÚ��°Ý.
Ïd,HagenI���´�(:Jø��minimum size.S�å�,¦Ó��½
inner sep=0pt.ùÒ�y
(

:ò(¢?uminimum size
Ø´,	�«�¹,=:\�½
��é����º�,
ù���º����¹X

ÚgÄO\��mº�.
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\tikzstyle{place}=[circle,draw=blue!50,fill=blue!20,thick,

inner sep=0pt,minimum size=6mm]

\tikzstyle{transition}=[rectangle,draw=black!50,fill=black!20,thick,

inner sep=0pt,minimum size=4mm]

\begin{tikzpicture}

\node at ( 0,2) [place] {};

\node at ( 0,1) [place] {};

\node at ( 0,0) [place] {};

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

\node at (-1,1) [transition] {};

\end{tikzpicture}

3.7 ···¶¶¶(((:::

Hagen�e��8I´^�Þr(:ë�å5.ùwþ�´��5Ã�¯�,Ï�ù
�ÞØAT´l(:�
¥mÑ5�,
´l§�>��,?,,	,Hagen��~�Ø�¿Ãó�O�ù
:� �.

3$�´,pgf ò¬�O�Ðù��.�´,Äk¦��ù
(:·¶±B·�3�¡�±Ú^§�.
kü«�{5·¶��(:.1�«´^name=À�.1�«�{´nodeö�Î��)lp�þ\F"�¶

i.Hagenú�1�«�{k:Û%,�´¦òé¯UC¦��{.

% ... setup styles

\begin{tikzpicture}

\node (waiting 1) at ( 0,2) [place] {};

\node (critical 1) at ( 0,1) [place] {};

\node (semaphore) at ( 0,0) [place] {};

\node (leave critical) at ( 1,1) [transition] {};

\node (enter critical) at (-1,1) [transition] {};

\end{tikzpicture}

Hagenp,�uyù
¶iU�Ï�Ð�n)�è.(:�¶i´?¿�,�´ØAT�)ÏÒ,éÒ,)l,k
ÒÚ�
Ù§�AÏiÎ. �´,�±�)ey�ÚëiÎ.

(:ö���{L�ª�~�(¹,·¶(:,at½ ,Ù§��
À�,ù
Ñvk�½�^S.¯¢þ\$�

�±3nodeÚ��©��s)Ò�m�õ�À�¬,4¦�æÈ3�å.\��±r§�?¿�­ü,�Ne¡�
'�Ø�:

\begin{tikzpicture}

\node[place] (waiting 1) at ( 0,2) {};

\node[place] (critical 1) at ( 0,1) {};

\node[place] (semaphore) at ( 0,0) {};

\node[transition] (leave critical) at ( 1,1) {};

\node[transition] (enter critical) at (-1,1) {};

\end{tikzpicture}

3.8 ¦¦¦^̂̂���ééé   ���������(((:::

¦+HagenE,F"r(:ëþ,�´¦ÄkF")û,	��¯K:(:���.¦+¦ OatL�ª,�3ù
�A~¥,¦F"±,�(:“�éuÙ§(:”��é �5��§�.Ïd,HagenF",Ø+waiting 1(:3�
o �,critical 1(:©ªAT3waiting 1(:�e�.kØÓ��{�±��,�´3Hagen�¢~¥�Ð�
�{´¦^below ofÀ�.
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\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\end{tikzpicture}

below of�Ù§aq�À�´ù�5(½ ��:§r(:�3\�½�,���þål�node distance�
�/�.node distance´�ü�(:¥%�ål
Ø´>��ål.

¦+±þ��è��k��)����J,�´Hagen�±rùã�è�¦�Ó¯�w,¦�ÃIw�ãÒ�

��V´�o�f�
.

3.9 ���(((:::\\\þþþIII\\\

3w�HagenXÛë�ù
(:�c§4·�k3(:�e¡\þ�A�NÈ“s ≤ 3”.�d,kü«�{:

1. Hagen�±3semaphore(:�northe:þ�O\��#�(:.

s ≤ 3

\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\node [red,above] at (semaphore.north) {$s\le 3$};

\end{tikzpicture}

ù´��~^��{,
�§“[��1”

2. Hagen�±¦^AO�labelÀ�.ù´��(:�À�,§�±¦�,��(:\3�kdÀ�(:�>

þ. �{´ù��:�·�ïásemaphore(:�, ·�F"U
LyÑ,���kNÈ�(:3§�þ

�.�d,·�¦^À�label=above:$s\le 3$.ù�À��±)º�:·����(: usemaphore(:
�þ�,ù�(:AT�“s ≤ 3.” Ø
above·���±¦^below left��,§�A�3kÒ½´��ê
i(X60)�c¡.

s ≤ 3

\begin{tikzpicture}

\node[place] (waiting) {};

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

\node[place] (semaphore) [below of=critical,

label=above:$s\le3$] {};

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\end{tikzpicture}

��±�Ñõ�labelÀ�,ùò¬xÑõ�I\.

my circle

60◦

−90◦

\tikz

\node [circle,draw,label=60:$60^\circ$,label=below:$-90^\circ$] {my circle};
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Hagenéù�labelÀ�Ø��÷¿,Ï�ù�I\¿Ø´ùÚ�.�
��ù�8�,kü�ÀJ:1�,¦
�±­#½Âevery label�º�.1�,¦�±�I\(:O\À�.ù
À��;�3label=��,Ï
d��label=[red]above:$s\le3$. �´,ùk´¿Øs�,Ï�TEX ¬@�](å
��semaphore(:
�ö�S�.¤±,HagenØ�ØO\��s)Ò�¤label={[red]above:$s\le3$}.ùwþ�k:Î,¤
±Hagenû½­#½Âevery label�º�.

s ≤ 3

\begin{tikzpicture}

\tikzstyle{every label}=[red]

\node[place] (waiting) {};

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

\node[place] (semaphore) [below of=critical,

label=above:$s\le3$] {};

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\end{tikzpicture}

3.10 ëëë���(((:::

y3´�ÿTë�(:
.4·�kl{ü�m©,=lenter critical�critical��^��. ·�F"ù
^�lenter critical�mým©,(åucritical��ý.�d,·��±¦^(:�e:. z�(:Ñ½Â


 uÙ>�½´ÙS��X��e:.~X,centere: u(:�¥%,weste: u(:��>,��. �¼�
��(:��I,·��±ù�5Ú^:(:¶���:,2\þe:�¶¡:

\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\draw [->] (critical.west) -- (enter critical.east);

\end{tikzpicture}

e¡4·�5?nlwaiting �enter critical�­�.·��¦^­�Úcontrols5¢y§.

\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\draw [->] (enter critical.east) -- (critical.west);

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

.. (enter critical.north);

\end{tikzpicture}

Hagen²x
XÛV\¤k�>
,�´��L§wþ�k:�Q
"yCÏ.
�,�è4<�\J±n)ã
/�(�
Ø´�\��ß´Ã.

Ïd,4·��ù
>5U?�è.Äk,Hagen�±Ø^e:.
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\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\draw [->] (enter critical) -- (critical);

\draw [->] (waiting) .. controls +(left:8mm) and +(up:8mm)

.. (enter critical);

\end{tikzpicture}

Hagenéud�èU
�(w«ú�k:�É..¾,TikZ ´No��lenter critical �critical��¢
SþAT´l§��>.m©�Q.���TikZ ����(:¶����“�I” �,§ò¬“h²�”ÀJù�(
:�·��e:.TikZ ¬�â\e�Ú�1ÄÀJ(:>�þ���e:,ë��e���I½´��:.°(�
5Kk:E,,�´§ÀJ�:A�o´�(�—-Ò�Ø�(,Hagen�´k�{�±Ãó�½�.

Hagen�±r­�ö�2{z�:.�±ÏL¦^��AÏ�´»ö�5��8�:toö�.ù�ö��kéõ
À�(\$��±gC½Â�
#�À�).k�éÀ�Hagen�U¬^�þ:in Úout.ù
À�^5�½�Ý,�^
­�±ù��Ýlm½´��Ñu:½´8I:�I.evkù
À�,K¬xÑ�^��:

\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\draw [->] (enter critical) to (critical);

\draw [->] (waiting) to [out=180,in=90] (enter critical);

\end{tikzpicture}

toö���k��À�,§$��·ÜuHagen�¯K:bend rightÀ�.ù�À��´�½�Ý,�´ù��
Ý==�½
­��mý�­��Ý:

\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {};

\draw [->] (enter critical) to (critical);

\draw [->] (waiting) to [bend right=45] (enter critical);

\draw [->] (enter critical) to [bend right=45] (semaphore);

\end{tikzpicture}

´�ÿHagen5
),�«�½>���{
:¦^edge´»ö�.ù�ö��to�~�q,�´k��é��
ØÓ: �(:��,>�´^edgeö�5�)�,�§Ø´Ì´»��Ü©,
´��â�\þ�.ùwþ�¿Ø­

�,�´%¬�)¤��(J. ~X,z�>�Ñ�±k§gC��Þ,gC�ôÚ��,
�¤k�>��±��
3Ó�^´»¥.ùò#NHagenr�è�¤:
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\begin{tikzpicture}

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {};

\node[transition] (enter critical) [left of=critical] {}

edge [->] (critical)

edge [<-,bend left=45] (waiting)

edge [->,bend right=45] (semaphore);

\end{tikzpicture}

z��edge¬Mï�^#�´»,ù^´»´dto�¤,§ë�
(:enter critical�(:�edge·-.
���)´�Ú\ü�º�pre Úpost,
��^bend angle=45À�5�½�­�Ý.

% Styles place and transition as before

\tikzstyle{pre}=[<-,shorten <=1pt,>=stealth’,semithick]

\tikzstyle{post}=[->,shorten >=1pt,>=stealth’,semithick]

\begin{tikzpicture}[bend angle=45]

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {}

edge [pre] (critical)

edge [post,bend right] (waiting)

edge [pre, bend left] (semaphore);

\node[transition] (enter critical) [left of=critical] {}

edge [post] (critical)

edge [pre, bend left] (waiting)

edge [post,bend right] (semaphore);

\end{tikzpicture}

3.11 ������OOO\\\III\\\

Hagene¡�����¯Ò´�3l�?\þ��“2”.�d,¦�±¦^TikZ �(:gÄ��Å�:ÏLO\

À�auto, TikZ ò¬r(:gÄS�,§�¬��3��½´­��>þ
Ø¬�3Ùþ.O\swapÀ�ò¬r

(:�3'u�º¡é¡�/�. ù´�����~f:

0◦

120◦

240◦

1
1’

22’
3

3’

\begin{tikzpicture}[auto,bend right]

\node (a) at (0:1) {$0^\circ$};

\node (b) at (120:1) {$120^\circ$};

\node (c) at (240:1) {$240^\circ$};

\draw (a) to node {1} node [swap] {1’} (b)

(b) to node {2} node [swap] {2’} (c)

(c) to node {3} node [swap] {3’} (a);

\end{tikzpicture}

u)
�o?(:��3toö��SÜ!�\ù��
,@o(:ò¬��3toö�Mï­�½���¥m.
autoÀ�,�Ò¬u)�^,§r(:�3��½´­��>þ
Ø¬�3Ùþ.3ù�~f¥,·�$�´z

�toö��Ñ
ü�(:.
éHagen5`toö��Ø@o7L,Ï�ü�“2”I\�U{ü�“Ãó”��.�´,3���k�þ>��E

,�ã/¥gÄS�Å��´�����4Ñ.
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2
% Styles as before

\begin{tikzpicture}[bend angle=45]

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {}

edge [pre] (critical)

edge [post,bend right] node[auto,swap] {2} (waiting)

edge [pre, bend left] (semaphore);

\node[transition] (enter critical) [left of=critical] {}

edge [post] (critical)

edge [pre, bend left] (waiting)

edge [post,bend right] (semaphore);

\end{tikzpicture}

3.12 VVV\\\���...���ÚÚÚõõõ111©©©���

ÏL(:Å�,Hageny3�±�
´Þ�Mïü�Petri netsã.�´¦éXÛ3�ã¥Mï�.�¿Ø��

Ù.
�d,¦�±¦^��snake.�.�ù¤±ù��§,´Ï��Ü©Ä���.�wþ�(¢'���.�´k


­E��ª��±w¤�.�,X��ÅG½´ç¸G½´Ù§�
�\E,�/G.
�xÑ�.�,Hagen�I��´»\þsnake=snakeÀ�.ùò¬��´»þ�¤k���C¤�.�.�,

��±�3´»�,�Ü©¦^�.�,�ùpHagen^Øþ.

\begin{tikzpicture}

\draw [->,snake=snake] (0,0) -- (2,0);

\end{tikzpicture}

Ð�,�@wþ�Ø�éÞ.¯KÑ3�.��"à���þ�Ò´�Þ.3$�´,k��À��±;�§u
). Ó�,�.��±��,ù�±¦^�õ�À�5��.

\begin{tikzpicture}

\draw [->,snake=snake,

segment amplitude=.4mm,

segment length=2mm,

line after snake=1mm] (0,0) -- (3,0);

\end{tikzpicture}

y3HagenI�3�.�þ�O\©�
.ùwþ�Ík]Ô5�,Ï�ù´��õ1©�. �ü�ù
©
�,HagenI��½©��°ÝÓ��½ù
©��Ø¥ü�.

replacement of
the capacity
by two places

\begin{tikzpicture}

\draw [->,snake=snake,

segment amplitude=.4mm,

segment length=2mm,

line after snake=1mm] (0,0) -- (3,0)

node [above,text width=3cm,text centered,midway]

{

replacement of the \textcolor{red}{capacity} by

\textcolor{red}{two places}

};

\end{tikzpicture}
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3.13 ¦¦¦^̂̂���:���µµµÝÝÝ///

Hagen��V\�µÝ/.ùk:5Ã:HagenF"3x�Petri netsã��2xÑù
Ý/.�Ï´:�kPetri
netsã�Ñ��âU�B��½Ý/�º:�I.XJHagenkxÑù�Ý/,@o¦7L���Petri netsã�°
(º�–
ù´Ø�U�.

)û��{´¦^�.���µ¥�1\,HagenÒ�±r¦�ã�,Ü©�3��{pgfonlayer}�¸¥. ,

�ùÜ©ãÒ¤�T�¸ëê�½����Ü©.�{tikzpicture} �¸(å,ù
�ò¬l�µ�m©,de

þ�����Áþ�.

2
% Styles as before

\begin{tikzpicture}[bend angle=45]

\node[place] (waiting) {};

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

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

\node[transition] (leave critical) [right of=critical] {}

edge [pre] (critical)

edge [post,bend right] node[auto,swap] {2} (waiting)

edge [pre, bend left] (semaphore);

\node[transition] (enter critical) [left of=critical] {}

edge [post] (critical)

edge [pre, bend left] (waiting)

edge [post,bend right] (semaphore);

\begin{pgfonlayer}{background}

\filldraw [fill=black!30,draw=red]

(semaphore.south -| enter critical.west)

rectangle (waiting.north -| leave critical.east);

\end{pgfonlayer}

\end{tikzpicture}

3.14 ������������èèè

Hageny3ªu�¤
¤k�¯�.�ØL¦¿Ø��@®k��¥^5xÑPetri netsã!ù�¥Ä�þ´J
ø
�Hagen ¤�¤¯���Ó�½Â.~X,§½Â
��placeº�,�Hagen��{éaq.N����è,¦
^¥5{z�:Hagen��è�,Xe.

Äk,HagenI����º�½Â,�´¦EI��½ �ÚLÞ8 �ôÚ

\tikzstyle{every place}= [minimum size=6mm,thick,draw=blue!75,fill=blue!20]

\tikzstyle{every transition}=[thick,draw=black!75,fill=black!20]

\tikzstyle{red place}= [place,draw=red!75,fill=red!20]

\tikzstyle{every label}= [red]

\begin{tikzpicture}[node distance=1.3cm,>=stealth’,bend angle=45,auto]

y3ù��ã��è�:
8Petri netsâ�,�©�places and transitions
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s ≤ 3

2

2

\node [place,tokens=1] (w1) {};

\node [place] (c1) [below of=w1] {};

\node [place] (s) [below of=c1,label=above:$s\le 3$] {};

\node [place] (c2) [below of=s] {};

\node [place,tokens=1] (w2) [below of=c2] {};

\node [transition] (e1) [left of=c1] {}

edge [pre,bend left] (w1)

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] (l1) [right of=c1] {}

edge [pre] (c1)

edge [pre,bend left] (s)

edge [post,bend right] node[swap] {2} (w1);

\node [transition] (l2) [right of=c2] {}

edge [pre] (c2)

edge [pre,bend right] (s)

edge [post,bend left] node {2} (w2);

s s̄

2

2

\begin{scope}[xshift=6cm]

\node [place,tokens=1] (w1’) {};

\node [place] (c1’) [below of=w1’] {};

\node [red place] (s1’) [below of=c1’,xshift=-5mm]

[label=left:$s$] {};

\node [red place,tokens=3] (s2’) [below of=c1’,xshift=5mm]

[label=right:$\bar s$] {};

\node [place] (c2’) [below of=s1’,xshift=5mm] {};

\node [place,tokens=1] (w2’) [below of=c2’] {};

\node [transition] (e1’) [left of=c1’] {}

edge [pre,bend left] (w1’)

edge [post] (s1’)

edge [pre] (s2’)

edge [post] (c1’);

\node [transition] (e2’) [left of=c2’] {}

edge [pre,bend right] (w2’)

edge [post] (s1’)

edge [pre] (s2’)

edge [post] (c2’);

\node [transition] (l1’) [right of=c1’] {}

edge [pre] (c1’)

edge [pre] (s1’)

edge [post] (s2’)

edge [post,bend right] node[swap] {2} (w1’);

\node [transition] (l2’) [right of=c2’] {}

edge [pre] (c2’)

edge [pre] (s1’)

edge [post] (s2’)

edge [post,bend left] node {2} (w2’);

\end{scope}

�µ��/���èXe:

42



\draw [-to,thick,snake=snake,segment amplitude=.4mm,segment length=2mm,line after snake=1mm]

([xshift=5mm]s -| l1) -- ([xshift=-5mm]s1’ -| e1’)

node [above=1mm,midway,text width=3cm,text centered]

{replacement of the \textcolor{red}{capacity} by \textcolor{red}{two places}};

\begin{pgfonlayer}{background}

\filldraw [line width=4mm,join=round,black!10]

(w1.north -| l1.east) rectangle (w2.south -| e1.west)

(w1’.north -| l1’.east) rectangle (w2’.south -| e1’.west);

\end{pgfonlayer}

\end{tikzpicture}
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4 ���ããã���HHH

ù�Ù�pgf ½TikZÃ',XÛMïÆâ5��¡,Ø©ÚÖ7¥ã/,�Ù�Ñ
�
����K.
ù��H�(a5guØÓ�/�.Ù¥�Ü©·@�´“~£”,,�
K´·��<²�o((
Ø´�< 

Ð),�k�
5guÙ§Ö�(ØÐ¿g,ë�©z�vk�¤)¥k'ã/�OÚü��SN. Ù¥�·(a�õ
�´Edward Tufte������Ö.·¿���7ÓÖ¥¤`���,ÃØN�,¦Ö¥�éõ*:Ñ´ék`Ñ
å�,·ò3e¡��H¥2gJ9ù
*:.

�k<r���H�3\�¡c�,\�¯gC�1��¯�ù´:·ý��U§`��í?ù´��­��¯
K,Ï��kéÐ�ndØ��Åù
�H.

• ���¦^�H�<,¦¤¡é�8IØ�\��.~X,�����H�Uù��“^ùÚ5L«rN”.ù�
�HK��,�@�:3\^çxÚ�<�@o^ùÚäk����J,â¬krN��^.

�H�~~¡é�½��/.XJ\Øáuù«�/,@oU�Hþ`��,K6õ|�.

• ü�¥�Ä��5K´:“?Û5KÑ�±��»,�\�2���\�3�»5K”.ù^5KÓ��·^u
ã/. �é{`,�Ä��5K´:“ü�¥\��¬���Ø´:é\¤��¯�Ã�”.

�\®²v

)ù^5K,�\�@��k�»5Kâ¬��\���J,@o,Ø�gþ,��»ù�5K
j.

¤±,3\�æB½ØæBù��H�c,k¯�egC:

1. ù��Hý�·Ü·��/í?

2. XJ\Uì�H¤`�����{��,@o\¼��Ð?´Äõu@
6àQ?ù
6à�5´�±^�

H¥��{5;�u)�.

4.1 OOOyyy���ããã¤¤¤III���������mmm

�\�Mï��k�þã¡�Ø©,@oMï§�¤�s¤��mK´��Ø��À�Ï�.3Mïã/þo
��s¤õ��mQ?

�����5K,@�3ã¡þs¤��mAT�Mï���Ý©���m�N��.~X,·�Ø©�,1��
úv·z�I�������.�5,·ò¬s¤z���o��5��.ù�,·I�^����5Mï��ã/
�111������úúúããã.2e5,·¬s¤,��ü���,���¤���ã/.

3éõ�Ñ�Ô,$��
Ð�,�¥,�öÚ?öé²wÝ\
�þ�m3©i��þ,�´Ð��s
Ê©
¨5Mï¤k�ã/. ã/  ´Ï�“¯�â��”â�O\\©Ù,
k�ã/==�´�ö�@
ÚO^�

¤�(J���¶4�ã.
��
§S(X: gnuplot)�Ñ�ã/,Ù%@�ÑÑ¬�é<s.
Mï��Bu�ÏÖön)©Ù�,·ÜÌ�,&E´L�ã/´��qJ
P��L§.

• rã/�¤\�Ø©���ú¬.§���s¤�©iÓ���mÚ°å.

• Ø��F�,Mïã/nAs¤'�©��õ��m,Ï�<�o´�5¿ã¡,
�o´kw�ã¡.

• �MïÚ����ã/GÑv
��m,��A��e�Ó©�¤s��m��.

• ¹kp�8&E�Jã,�UI��õ��m.

• {ü�ãI�é���m,�´\�UØ¬�3\�Ø©¥����“�~{ü”�ã; Ò�\�Ø¬3\�
Ø©¥�����Óº��“é{ü�©i”��.
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4.2 MMMïïïããã///���666§§§

�\���(�E)©Ù,\�Ð�Ì±e��ª:\k
¤J½�{I�4<��.Ø©��{��´k|��

��N�Ó+.,�, �ÑØÓ�Ù!±BMï1��úv.ù�úv,�¬���?¾,²~´õg���,��
��Ø©¤/.��Ð�,�Ø©,��AT´Ðv¥vk�é{´vk�?UL�.

Mï��ã/�Ì�Ó��ª:

• (½ã/��D4�o.éd�k�2�@£,Ò´`,û½“ù�ã/�w�Öö�´�o?”

• ïá��“Ó+”,Ò´`,��oÑ�ã/�o“	/”,§��¹ã/�'����.Ï~, ¦^Y)½´g)

´¬�é�a�.

• Ö¿þ�õ�[!,5Mï1��úã.

• ?¾ã/,��Ø©�ó.

4.3 rrrããã///���©©©ÙÙÙÌÌÌNNNéééXXXååå555

ã/�±��©�¥�ØÓ/�.�±r§��31m,Ò´`�3“©��´m”,��±r§�üÕ��. d
u�<ö(<�)F"�¡���“÷÷”�(Q{*q²L),üÕ���ã/~~¬�§�¤'é�ÌKSNål
$�. LATEX ÚTEX �~~ÑuEâ�¡��Ï,�yù«“2Ä/ª”.

XJ@´��1Sã/,@o§½õ½���À�gÄë��c©�,Ï�aúþ·�%@o´±Ù±��©
i5£±ù�ã/�. Ó�,�c©��Ï~´^5)ºã/´'u�oÐ«�o�.

ØÓ�´,��üÕ���ã/,^±)º`²Ù�©�Kk�U´c¡\®²Ö�L�,½½´\ÿ�Ö��.
Ñuù��Ï,\3MïüÕ��ã/�,AT�Ì±e��:

• üÕ��ã/ATk��IK,$L4¦��±“Øóg²”

Þ�~f,b���ã/Ð«
��¯�üS�{�ØÓ�ã.@oã/�IK�åèATIþ“ù�ã/Ð
«
¯�üS�{�ØÓ�ã,SN�xyz�”,
ØU�Iþ“¯�üS�{”

• ��Ð�IKAT�¦þO\&Eþ.Þ�~f,\�±`:“ù�ã/Ð«
¯�üS�{�ØÓ�ã,SN

�xyz�.31�^�þ,À¥Ì�5,ùò��. . . ”�,,ù�&E��±3Ì©�¥�Ñ,�´r§�3ã/
�IK¥¬¦ã/�59�ó�\�ß.Ø�³ù��Ê1IK.(\�?6�U'�ëuù«�/.@o\
�±�Äë£�)

• 3\�©�¥Ú^ù�ã/,X“��'u¯�üS´XÛ’�1’�~f,�ã 2.1 1xyz �”

• �þ�'uº�Úü��ÖïÆ\Ø�¦^ �,XØ��¤“Fig. 2.1”
´��“Figure 2.1.”9

Ø¦^ ��Ì�Ø:3u”éÒ�­�
,ØUL¤3 �þ”.¦�ù�@�µ��éÒ¬¦Öö@�é
f3“Fig”�¡Ò(å
. 4<�3“k¿£�£�”�â¬@£�ù�éf¿vký�(å.

|±¦^ ��Ø:�Ñu:´,§�!��m.

�<w5,·éü�Ø:Ø��Ä,Ï���¡,vk?Ûyâw« �~ú
Öö��Ö�Ý;,��¡,r
¤k�“Figure” �¤“Fig.”3õê©�¥¿ØU!�=ù´�Ü�.

�<Ò´;�¦^ �.
9Èö5:¥©vkù�¯K
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4.4 ããã///���©©©iii���������555

<�3�ã��ÿ�´����5“�Ø”(P4:�O¥��Ø  Ò´Ã��Ly)�UÒ´ã/�SN�©
Ù�ÌKØ�é.

�ö¦^õ«ØÓ�§S5�gC�Ø©�ã,ù«y�éÊÏ.���ö�U¦^gnuplot5��¼êã,½
´¦^xfig 5±�ãL,��U¬Ú\d,��Ü��ö^Ø�¶§S±��,�.epsã/.Ï~�/e,¤k�
ù
ã�U¬¦^ØÓ��o, ØÓ�iN,ØÓ�º�.,	,Ú\ã/��ö��
¦�� ���“¤��º
�”,²~¬¦^�[height=5cm]ù«a.�À�.

XJ3�©Ù¥�¦^Ó���{,@oz�!�IKò¬�¤ØÓ�iNØÓ�º�,3,
Ù¥¤k�½
nÑ�\þey�,3,
Ù§�¬��<¤��,
3,,
Ù¬��<�ùÚ.,	,z����>å�Ø��.

XJ��©Ù�¤ù��f,ÖöÚ?6�ò¬J±=É,�´éuã/,¦�%Ø�Ø=É�e.
�¦�ã/�©����,j±±e�K:

• Ø� �ã/.

�Ò´`,�\^��	Ü§S5�ã��ÿ,@¦þr§�)¤�“�Ð�º�”.

• 3ã/ÚÌN©Ù¥¦^�Ó�iN.

• 3ã/ÚÌN©Ù¥¦^�Ó��o.

ÊÏ©���o´i1T¥ç��°Ý.éu TEX 5`,Ï~´0.4 pt.�´,k
,�Ø¬�É�o�u0.5 pt
�ã�.

• �¦^ôÚ�,é3©iÚã/¥¦^���ôÚ�è.~X,XJb�ùÚ´^5J2Öö©�¥­�SN

�{,@o3ã/¥­�SN��^ùÚ�I5.XJ7Ú�^5L«(�Ü�X�IKÚÙ¶,@o\�ã
/¥�(�Ü���^7Ú.

�´,ã/��±¦^��Ü�Ü6�SiôÚ�è.~X,Ø+\Ün�¦^�oôÚ,Ööo´ù�@

�“ÉÚ�L‘È4,c?,Ð’, ùÚo´�L‘´�,´w,1Ä”’

�¦^ØÓ��ã§S�¦þ��±Ù��5.Ñuù��Ï,\AT�Ä�e©ª¦^Ó���ã§S.

4.5 ããã������III\\\

A�¤k�ã/Ñ�¹I\,I\Ù¢Ò´éã/�,�Ü©?1`²�©i.���I\��ÿ,�Å±e�
�H:

• ��I\��ÿ�Ì��5�K.�¹±eü��¡:Äk,�ÌN©Ù�±��,�Ò´`I\�¦^�ÌN
©Ù���iN. 1�,I\�m����,�Ò´`,XJ\�,��I\æ^
,«�ª,Ù§¤k�I\

��æ^�Ó��ª.

• Ø
�é©�Úã/¦^�Ó�iN�	,\�A�¦^�Ó�IP{.~X,XJ\3©Ù¥^1/2,@
o3ã/�I\¥��¦^1/2,
Ø´“0.5”.πÒ´π,
Ø´“3.141”.��, e−iπÒ´“e−iπ”, Ø´“−1”, Ø

+“-1”�¯

• I\7L�ß.§�Ø1�ä<Ün���,��ØU�Ù§�½´©�¤ñX,ù�Ó�·^uI\�¡�
�Ú©�.

• I\AT“3Ù ”.Ø+´Äkv
��m,I\o´��3§�¤�I£?�>þ.�3,
7���ÿ,O
\�^lI\�¤I«Ô�(���)�.AT;�==Ú^	Üã«�)º`²,ù�,Öö7L481lã
/ÚÙ)º�m5£a�.

• �Ä^���ôÚ5\þ”Ø­�”�I\,~X�Ú.ùò¬�:8¥3ã/þ.
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4.6 ¼¼¼êêêããã���ÚÚÚãããLLL

�~���«ã/�ª,�ùÒ´¼êã�
,cÙ3�E©Ù¥.�«ã�«a�õ,�):{ü��ã�,ëê
�§ã�,n�ã�,\GãL��.

Ø3�´,ã��±�¯¤±��Jufÿ.,
§SXgnuplot½Excel�%@�½~~�d
�ÉIJ.Ï
�ùa§S�±�~�B�MïØÐ�ã�. �\�Mï��¼êã��,\�¯�1��¯K´:

• kv
õ�:5Mïã�í?

XJ�Y´“(¢vk”,@Ò^¦^L�.
��;.�/´,�\�^��^Gã5Ð«
Nêâ, @ovk7�¦^ã�ùpk��ý¢�~f:,�

?Ø¬�(å�,��üùö�Ù¦ë�ö�u�".�50�ë�ö¥,k30�W�
�"L�.�â�"L,k3¶

ë�ö@�?Ø¬“éÐ”,9¶@�“Ð”,10¶“��”,8¶“<s”,vk<@�´“é<s”
rù
êâ®o3�å���{ü��{Ò´¦^e¡�L�:

Rating given Participants (out of 50)
who gave this rating

Percentage

“very good” 3 6%
“good” 9 18%
“ok” 10 20%
“bad” 8 16%
“very bad” 0 0%

none 20 40%

ù üùö��{´^��3D ^ã5¦��\äNz,Xe:

0

20

40

60

80

100

ve
ry

go
od

go
od ok ba
d

ve
ry

ba
d

3d,L�Ú“ã�”äk�Øõ�º�.XJ\Äk��{´“ã�'L�¤�”,@o�\ÄuL�½´Äuã
�5£�±eA�¯K:

1. o�kõ��ë�ö?

2. kõ��ë�öW�
�"L?

3. W��"L�ë�ö�'~?

4. õ�ë�Ñ@�“éÐ”?

5. À¥“éÐ”�ë�öÓoê�'~?
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6. À¥“<s”½´“�~<s”�ë�ö�Loë�ö�o©��í?

7. W�
�"L�ë�ö¥ÀJ“éÐ”�'~

é¢Ã,ã�ØU4·�£�Ù¥?Û��¯K.L���£�
¤k¯K,Ø
����. ¢Sþ,ù�ã��
&E�8ÝA��".ù�L�äkpÝ�&E�8Ý,¦+¯¢þ§^
��¬�x�m5Ð«Øõ�êâ.

e¡�Ñ
3D^Gã´Ñf¾�A�¯:

• ��ã�¿÷
�<��µ�^.

• �>�êâ¹ÂØ�;�V´z©',�k�U´ë�ö�äNê8.

• e¡�I\´^=L�,ØB�Ö.

(3·w�L���ý¢���¡¥,ù�©iæ^
z�i110¦6�$©EÇ,�imå�Øé,¯¢þE
¤
ù�^=L�©i��Ã{�Ö)

• n���J±ã�O\
E,Ý%vkO\&Eþ.

• n���½¦�éÎ^�pÝéJ�ÿ.w�e“<s”Î^.ù�Î^¤�L�ê�´õu20�´�u20?
ãþw5,Î^�cà320ù^��e�,Î^��à(§�Öê)%3��þ�.

• �©�ù
Î^©O�L=
êiA�Ø�U.ù�,ù
Î^ÒÎÃ7��ùõ
ù���&E,=: §�

´�Lã�o�.

• ù
Î^�pÝùÚ´õ�?´100% �´60%?

• “é<s”¤�Î^�L�´0�´1?

• ��où
Î^�´7Ú?

\�N¬�F¡,3ù�~f¥°(�êiéuã�5`¿Ø­�.­��¯�´ù��“ÕE”,=@�“�~
Ð”Ú“Ð”¤Ó�'~�'@�“<s”Ú“�~<s”¤Ó'~�. �´,�D4ù�ÕE�±^�é{��`Ñ
5,½ö´^��¦&ED4��ß���ã:

Ratings given by
50 participants

“ok”: 10 (20%)

none: 20 (40%)

“very good”: 3 (6%)

“good”: 9 (18%) “bad”: 8 (16%)

“very bad”: 0 (0%)

þ¡�ã�@�L�äk�Øõ�&E�8Ý(���Ó�º�,Ð«
�Ó�êâ).,	,<��±��“w
Ñ” “�~Ð”Ú“Ð”¤Ó�'~�'“<s”¤Ó'~�.<���±��“wÑ”vkW��"L�<�ê8, ¦

�¿vk��À,ù3�"L�W�¥�~ÊH.
ãL�~¿Ø´��Ð��{.4·�w��~f,ù´·é2005c6�4Ò�5Die Zeit6¥���\Gã�­

x.
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Kohle ist am wichtigsten
Energiemix bei der deutschen Stromerzeugung 2004

Gesamte Netto-Stromerzeugung in Prozent, in Milliarden Kilowattstunden (Mrd. kWh)

9,4%

27,8%

25,6%22,3%

10,4%

Regenerative (53,7 kWh)/davon Wind 4,4% (25,0 kWh)

Kernenergie

(158,4 kWh)

Braunkohle (146,0 kWh)Steinkohle (127,1 kWh)

Erdgas (59,2 kWh)

Mineralölprodukte (9,2 kWh) 1,6%

Sonstige (16,5 kWh) 2,9%

ù�ã�^
TikZ5­x,�´wþ�Ú���Øõ.
1�úwþ�,ù�ã�wþ�“¤�
Lk&E”,�´�kéõ�/�Ø¦X<¿:

• ù�ãL´n��.�´Ù.«¿vkO\“&E��”,§��õ´©Ñ
5¿å.

• 3��3�\GãL¥,�'�º�����Û­
. ~X,dã¥L²“Braunkohle”��ÚÜ©¡È'L

²“Kernenergie”�ÉÚÜ©¡È��¦+¯¢þBraunkohle �z©'�'Kernenergie 5��

• 3D� ý ¦ � ¡ È « � � � / � \ < s.“Regenerative”« � � '“Erdgas”« � � � 
.“Wind”« � �

'“Mineralölprodukte”«���:,¦+Wind �z©'�VkMineralölproduktez©'�n��

3����~f¥,º��ØÓ==k�Ü©�Ï8Ñu�ý.�©ã/��Oö(�)�¦“Wind”�¡C�
��,�Ä�ý��Ï��,��.(é'�e“Wind” Ú“Regenerative”)

• l§�IK��,ù�ãL´�w�·�200c�I�­��U
´u.·���Ñ@
õ{��¾<�3�
��¤�5�Z6,I��ã�mâUt²x§�L²�¿g.

��U
�u�©�¤ü��¡:��´“Steinkohle”,,��´“Braunkohle”(ü«ØÓ�a�u).�\r§

è\å5,\¬uyù�\Gã�òC���u¤Óâ.

L«ü�u�ü¬«�vk?ÛÀúþ�éX.���,¦^
ü«ØÓ�ôÚ,I\���3
ã�ü>.Ï
Lé', “Regenerative”Ú“Wind”%�~;��ë3�å.

• d ã � ô Ú ¦ ^ �Ã? Û Ü 6 � ó.�� o ØU� ^ É Ú?2 )U
 ^ � 7 Ú,“Ù §U
”^ 7
Ú.
“Braunkohle”(i¡¿g�kÚu) ^
�Þ�ÚÓ�“Steinkohle”(i¡¿g��Þu)^
kÚ,��

´�ö��[m
�
�.

• ô Ú � � � « � ´“Erdgas”.ù � « � X d â Ñ Ì � ´ Ï�¦ ^ 
 � � � ô Ú.� ´,3 ù � ã L

¥,“Erdgas”¢Sþ�:�Ø­�.

Edward Tufterþ¡ùaã¡�“ãL-Ã”.
ùpk�
ïÆ�±�Ï\;��)ãL-Ã.

• Ø�¦^3�\Gã.§�´ <.

• �Ä^��L�5�O\Gã.

• Ø��Å�Ï^ôÚ;�^ôÚ5Ú�Öö�5¿å,^§�é¯�©a.

• Ø�^�µãY,X²1���ÒK½é��,U^ôÚ.&EãL¥��µãY´ <.
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4.7 888¥¥¥���©©©ÑÑÑ555¿¿¿ååå

<Ñ��\�OÖ����`,¿�mÙ¥�,��,\¬uyd�´�~.vk�o¬©ÑÖö�Ö��5¿

å,vk�IK,vkçNi,vk�¡�x.¯¢þ,Ò��ö�rN�o,¦¬¦^�Ni. ù«iN¬�Ù¦©

��{�·Ü3�å—-���¡´Ä�¹�NiÙål�Cz\��©EØÑ5,�´XJ´��çNi,\�

úÒ¬wÑ5.�`�¤±^ù«�ªü�,´Ï���Ì±e��ª:;�©Ñ5¿åÐ�ü�(X�
`D�,
�)Ò´\Ø¬5¿��ü�.ü��?ÖÒ´4<5Öù
©i,�Ò´`, 4Öö¦�UØ¤å�“áÂ”©Ù�
&Eþ.é�`5`,ÖöÏL�1�1��Ö5¼�ÙSN,Ò�¦�f,�<`�¯��.ù«�/e,�¡þZ
6ú«¯�
²­�?11m×£�?Û¯Ñ¬O\�Ö�JÝ. y3,<Ñ\�U��±r½��,w�eÙ¥

�,��.\¬uy,�¡þkéõ¯�“u)X”. iN±ØÓ���Ñy,¿Sü3ØÓ�/�,©��3dÄ�
�¥�~~´©ã��. ù
rÔ±ù«�ªü�´Ñu��Ì,�«�ª:Ú�5¿å. ÖöØ¬�Ö�`��

�Ö��,�.·�Ø¬�Å1�Ö��,�,��/,·�±�IKÚá�Á�5�ä·�´Ä���Ö,�©

Ù.ù«ü��?ÖÒ´kr·��5¿åÚ��ù
Á�Ú�IKþ. ��·�e½û%�Ö��©Ù,·�ò

J±2=Éù«5¿å©Ñ,ùTT´©Ù�ÌNÜ©±�`��ª�ü���Ï. ùü��K“;�©Ñ5¿

å”Ú“Ú�5¿å”�·^uã/.�\��O��ã/�,\ATGØ��“©Ñú¥”�ÀÜ.Ó�,\ATÏL¦
^iN/ôÚ/�^°Ý,5p�w«ØÓ�Ü©,�ÁXÈ4��ÏÖö“wßã/”.

e¡´��Ø���L,�Ñ
¬©ÑÖö5¿å��
¯.

• pé'Ý�o´k�Vú¤P¹.~X,�Äe¡ü���:

¦+Uì�~��Ö^S¬kw��>���,���U´kw�m>�:xçé'�'�xé'r�. ,

	,m>���¥�kÙ§�“/�”O\
oN�é'Ý.

�����a(����´9Ï�)Ï~ØAT�áÚÖö�5¿å,Ïd�r§�ü�¤��µ¤$é'

Ý. Ó�,��tÑ�����'���Ý�����Ø¬©Ñ5¿å.

• J�¥¹k�þ�çxé'�:.J�½´:��U¬�~�©Ñ5¿å,Ïd���¹eAT;�¦^.

Ø�±ØÓ�J��ª^5«©¼êã�¥�­�.\tÑ
ã/þ�ù
êâ:,
�<ú¿Øò�u“±

J���ª5«©¯Ô”. <ú�ò�u±ôÚ�ØÓ5«©¯Ô.

• ¿÷��!Y²�ç��½:��W¿�µ~~´©Ñ5¿�,
�Ï~Ø¬���J.

• �µã¡½ÒK©Ñ5¿,
�A�Ø¬O\ã/�?Û­�&E.

• �O��}�xéN´r\�5¿ålêâþ=£r.
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111���ÜÜÜ©©© II

SSSCCCÚÚÚ������

ù�Ü©)º
XÛSCXÚ.���¹e,k<®²�\SCÐ
,ù�\�±ÑLùÜ©;�´XJvkSC
Ð,½öXJ\Ò´@�KISC��î[º�{,Ò��ÖdÜ©.

qastart

qb

qd

qc

qe

0,1,L

1,1,R

1,1,L

0,1,L

0,1,L

1,0,R
1,1,R

0,1,R

1,0,R

\begin{tikzpicture}[->,>=stealth’,shorten >=1pt,auto,node distance=2.8cm,semithick]

\tikzstyle{every state}=[fill=red,draw=none,text=white]

\node[initial,state] (A) {$q_a$};

\node[state] (B) [above right of=A] {$q_b$};

\node[state] (D) [below right of=A] {$q_d$};

\node[state] (C) [below right of=B] {$q_c$};

\node[state] (E) [below of=D] {$q_e$};

\path (A) edge node {0,1,L} (B)

edge node {1,1,R} (C)

(B) edge [loop above] node {1,1,L} (B)

edge node {0,1,L} (C)

(C) edge node {0,1,L} (D)

edge [bend left] node {1,0,R} (E)

(D) edge [loop below] node {1,1,R} (D)

edge node {0,1,R} (A)

(E) edge [bend left] node {1,0,R} (A);

\end{tikzpicture}
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5 SSSCCC

�â\�XÚÚ\��¦,kØÓ�SC�ª,\�N�I�SCÙ§�÷�,e¡¬J�. 3SC�c,\�N
��w�e÷�©u�N�y,�Ù! 6.

���¹e,÷�®²SC3\�XÚ¥
.g,�,\Ò��Ø7�ú%SC�L§
,\�±ÑL�Ù±e�
Ü©.

5.1 ÷÷÷���ÚÚÚ°°°ÄÄÄ���������

�©�´pgf ÷�1.10 ����Ü©.�
U
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6 NNN���yyyÚÚÚ������

6.1 ^̂̂===���NNN���yyy?

pgf ÷��ØÓÜ©3ØÓ�N�yeu1:

1. d÷���è´V­N�y.ùò¿�X�\¦^pgf ÷��gCû½A^=�N�y.ùpkü�ÀJ:

(a) \�±¦^gnu Public License, version 2.

(b) \�±¦^LATEX Project Public License, version 1.3c.

2. d÷��©��´V­N�y.Ó�,\�±l±eüö¥?�Ù�:

(a) \�±¦^gnu Free Documentation License, version 1.2.

(b) \�±¦^LATEX Project Public License, version 1.3c.

“d÷��©�”´�pgf÷�¥docf8¹e�¤k©�.�[�©��L�±3©�doc/generic/pgf/licenses/manifest-documentation.txt

¥é�.Ù§8¹e�¤k©�Ñ´“d÷���è”��Ü©.�[�©��L�±3©�doc/generic/pgf/licenses/manifest-code.txt¥

é�.
�!�e5ò�Ñù
N�y.±e�©�´��¤k�,�õ[!�wdoc/generic/pgf/licenses8¹e

�X©�©�.
�Ãþ¥�¦^�«~ã¡(Brave gnu World�logo),´lBrave gnu WorldÌ�þ¼�,Ù��(²X

e:“Copyright (C) 1999, 2000, 2001, 2002, 2003, 2004 Georg C. F. Greve. Permission is granted to make and
distribute verbatim copies of this transcript as long as the copyright and this permission notice appear.”

6.2 The GNU Public License, Version 2

6.2.1 Preamble

The licenses for most software are designed to take away your freedom to share and change it. By contrast,
the gnu General Public License is intended to guarantee your freedom to share and change free software—to
make sure the software is free for all its users. This General Public License applies to most of the Free Software
Foundation’s software and to any other program whose authors commit to using it. (Some other Free Software
Foundation software is covered by the gnu Library General Public License instead.) You can apply it to your
programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are
designed to make sure that you have the freedom to distribute copies of free software (and charge for this service
if you wish), that you receive source code or can get it if you want it, that you can change the software or use
pieces of it in new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to ask you
to surrender the rights. These restrictions translate to certain responsibilities for you if you distribute copies of
the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must give the
recipients all the rights that you have. You must make sure that they, too, receive or can get the source code.
And you must show them these terms so they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this license which gives
you legal permission to copy, distribute and/or modify the software.

Also, for each author’s protection and ours, we want to make certain that everyone understands that there
is no warranty for this free software. If the software is modified by someone else and passed on, we want its
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recipients to know that what they have is not the original, so that any problems introduced by others will not
reflect on the original authors’ reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the danger that
redistributors of a free program will individually obtain patent licenses, in effect making the program proprietary.
To prevent this, we have made it clear that any patent must be licensed for everyone’s free use or not licensed
at all.

The precise terms and conditions for copying, distribution and modification follow.

6.2.2 Terms and Conditions For Copying, Distribution and Modification

0. This License applies to any program or other work which contains a notice placed by the copyright holder
saying it may be distributed under the terms of this General Public License. The “Program”, below,
refers to any such program or work, and a “work based on the Program” means either the Program or
any derivative work under copyright law: that is to say, a work containing the Program or a portion of it,
either verbatim or with modifications and/or translated into another language. (Hereinafter, translation
is included without limitation in the term “modification”.) Each licensee is addressed as “you”.

Activities other than copying, distribution and modification are not covered by this License; they are
outside its scope. The act of running the Program is not restricted, and the output from the Program is
covered only if its contents constitute a work based on the Program (independent of having been made by
running the Program). Whether that is true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program’s source code as you receive it, in any medium,
provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice
and disclaimer of warranty; keep intact all the notices that refer to this License and to the absence of any
warranty; and give any other recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer warranty
protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion of it, thus forming a work based on the
Program, and copy and distribute such modifications or work under the terms of Section 1 above, provided
that you also meet all of these conditions:

(a) You must cause the modified files to carry prominent notices stating that you changed the files and
the date of any change.

(b) You must cause any work that you distribute or publish, that in whole or in part contains or is derived
from the Program or any part thereof, to be licensed as a whole at no charge to all third parties under
the terms of this License.

(c) If the modified program normally reads commands interactively when run, you must cause it, when
started running for such interactive use in the most ordinary way, to print or display an announcement
including an appropriate copyright notice and a notice that there is no warranty (or else, saying that
you provide a warranty) and that users may redistribute the program under these conditions, and
telling the user how to view a copy of this License. (Exception: if the Program itself is interactive
but does not normally print such an announcement, your work based on the Program is not required
to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that work are not
derived from the Program, and can be reasonably considered independent and separate works in themselves,
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then this License, and its terms, do not apply to those sections when you distribute them as separate works.
But when you distribute the same sections as part of a whole which is a work based on the Program, the
distribution of the whole must be on the terms of this License, whose permissions for other licensees extend
to the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by
you; rather, the intent is to exercise the right to control the distribution of derivative or collective works
based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a
work based on the Program) on a volume of a storage or distribution medium does not bring the other
work under the scope of this License.

3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code or
executable form under the terms of Sections 1 and 2 above provided that you also do one of the following:

(a) Accompany it with the complete corresponding machine-readable source code, which must be dis-
tributed under the terms of Sections 1 and 2 above on a medium customarily used for software
interchange; or,

(b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge
no more than your cost of physically performing source distribution, a complete machine-readable
copy of the corresponding source code, to be distributed under the terms of Sections 1 and 2 above
on a medium customarily used for software interchange; or,

(c) Accompany it with the information you received as to the offer to distribute corresponding source
code. (This alternative is allowed only for noncommercial distribution and only if you received the
program in object code or executable form with such an offer, in accord with Subsubsection b above.)

The source code for a work means the preferred form of the work for making modifications to it. For
an executable work, complete source code means all the source code for all modules it contains, plus any
associated interface definition files, plus the scripts used to control compilation and installation of the
executable. However, as a special exception, the source code distributed need not include anything that is
normally distributed (in either source or binary form) with the major components (compiler, kernel, and
so on) of the operating system on which the executable runs, unless that component itself accompanies
the executable.

If distribution of executable or object code is made by offering access to copy from a designated place,
then offering equivalent access to copy the source code from the same place counts as distribution of the
source code, even though third parties are not compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly provided under this
License. Any attempt otherwise to copy, modify, sublicense or distribute the Program is void, and will
automatically terminate your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long as such parties remain
in full compliance.

5. You are not required to accept this License, since you have not signed it. However, nothing else grants
you permission to modify or distribute the Program or its derivative works. These actions are prohibited
by law if you do not accept this License. Therefore, by modifying or distributing the Program (or any
work based on the Program), you indicate your acceptance of this License to do so, and all its terms and
conditions for copying, distributing or modifying the Program or works based on it.
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6. Each time you redistribute the Program (or any work based on the Program), the recipient automatically
receives a license from the original licensor to copy, distribute or modify the Program subject to these
terms and conditions. You may not impose any further restrictions on the recipients’ exercise of the rights
granted herein. You are not responsible for enforcing compliance by third parties to this License.

7. If, as a consequence of a court judgment or allegation of patent infringement or for any other reason (not
limited to patent issues), conditions are imposed on you (whether by court order, agreement or otherwise)
that contradict the conditions of this License, they do not excuse you from the conditions of this License.
If you cannot distribute so as to satisfy simultaneously your obligations under this License and any other
pertinent obligations, then as a consequence you may not distribute the Program at all. For example, if a
patent license would not permit royalty-free redistribution of the Program by all those who receive copies
directly or indirectly through you, then the only way you could satisfy both it and this License would be
to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular circumstance, the balance
of the section is intended to apply and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property right claims
or to contest validity of any such claims; this section has the sole purpose of protecting the integrity of
the free software distribution system, which is implemented by public license practices. Many people have
made generous contributions to the wide range of software distributed through that system in reliance
on consistent application of that system; it is up to the author/donor to decide if he or she is willing to
distribute software through any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest of this
License.

8. If the distribution and/or use of the Program is restricted in certain countries either by patents or by
copyrighted interfaces, the original copyright holder who places the Program under this License may add
an explicit geographical distribution limitation excluding those countries, so that distribution is permitted
only in or among countries not thus excluded. In such case, this License incorporates the limitation as if
written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions of the General Public License from
time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of
this License which applies to it and “any later version”, you have the option of following the terms and
conditions either of that version or of any later version published by the Free Software Foundation. If the
Program does not specify a version number of this License, you may choose any version ever published by
the Free Software Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose distribution conditions are
different, write to the author to ask for permission. For software which is copyrighted by the Free Software
Foundation, write to the Free Software Foundation; we sometimes make exceptions for this. Our decision
will be guided by the two goals of preserving the free status of all derivatives of our free software and of
promoting the sharing and reuse of software generally.
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6.2.3 No Warranty

10. Because the program is licensed free of charge, there is no warranty for the program, to the extent permitted
by applicable law. Except when otherwise stated in writing the copyright holders and/or other parties
provide the program “as is” without warranty of any kind, either expressed or implied, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The entire risk
as to the quality and performance of the program is with you. Should the program prove defective, you
assume the cost of all necessary servicing, repair or correction.

11. In no event unless required by applicable law or agreed to in writing will any copyright holder, or any other
party who may modify and/or redistribute the program as permitted above, be liable to you for damages,
including any general, special, incidental or consequential damages arising out of the use or inability to
use the program (including but not limited to loss of data or data being rendered inaccurate or losses
sustained by you or third parties or a failure of the program to operate with any other programs), even if
such holder or other party has been advised of the possibility of such damages.

6.3 The LATEX Project Public License, Version 1.3c 2006-05-20

6.3.1 Preamble

The LATEX Project Public License (lppl) is the primary license under which the the LATEX kernel and the
base LATEX packages are distributed.

You may use this license for any work of which you hold the copyright and which you wish to distribute.
This license may be particularly suitable if your work is TEX-related (such as a LATEX package), but it is written
in such a way that you can use it even if your work is unrelated to TEX.

The section ‘wheter and how to distribute works under this license’, below, gives instructions,
examples, and recommendations for authors who are considering distributing their works under this license.

This license gives conditions under which a work may be distributed and modified, as well as conditions
under which modified versions of that work may be distributed.

We, the LATEX3 Project, believe that the conditions below give you the freedom to make and distribute
modified versions of your work that conform with whatever technical specifications you wish while maintaining
the availability, integrity, and reliability of that work. If you do not see how to achieve your goal while meeting
these conditions, then read the document ‘cfgguide.tex’ and ‘modguide.tex’ in the base LATEX distribution
for suggestions.

6.3.2 Definitions

In this license document the following terms are used:

Work Any work being distributed under this License.

Derived Work Any work that under any applicable law is derived from the Work.

Modification Any procedure that produces a Derived Work under any applicable law – for example, the
production of a file containing an original file associated with the Work or a significant portion of such a
file, either verbatim or with modifications and/or translated into another language.

Modify To apply any procedure that produces a Derived Work under any applicable law.
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Distribution Making copies of the Work available from one person to another, in whole or in part. Distribution
includes (but is not limited to) making any electronic components of the Work accessible by file transfer
protocols such as ftp or http or by shared file systems such as Sun’s Network File System (nfs).

Compiled Work A version of the Work that has been processed into a form where it is directly usable on a
computer system. This processing may include using installation facilities provided by the Work, trans-
formations of the Work, copying of components of the Work, or other activities. Note that modification
of any installation facilities provided by the Work constitutes modification of the Work.

Current Maintainer A person or persons nominated as such within the Work. If there is no such explicit
nomination then it is the ‘Copyright Holder’ under any applicable law.

Base Interpreter A program or process that is normally needed for running or interpreting a part or the whole
of the Work.

A Base Interpreter may depend on external components but these are not considered part of the Base
Interpreter provided that each external component clearly identifies itself whenever it is used interactively.
Unless explicitly specified when applying the license to the Work, the only applicable Base Interpreter is
a ‘LATEX-Format’ or in the case of files belonging to the ‘LATEX-format’ a program implementing the ‘TEX
language’.

6.3.3 Conditions on Distribution and Modification

1. Activities other than distribution and/or modification of the Work are not covered by this license; they
are outside its scope. In particular, the act of running the Work is not restricted and no requirements are
made concerning any offers of support for the Work.

2. You may distribute a complete, unmodified copy of the Work as you received it. Distribution of only part
of the Work is considered modification of the Work, and no right to distribute such a Derived Work may
be assumed under the terms of this clause.

3. You may distribute a Compiled Work that has been generated from a complete, unmodified copy of the
Work as distributed under Clause 2 above, as long as that Compiled Work is distributed in such a way
that the recipients may install the Compiled Work on their system exactly as it would have been installed
if they generated a Compiled Work directly from the Work.

4. If you are the Current Maintainer of the Work, you may, without restriction, modify the Work, thus creating
a Derived Work. You may also distribute the Derived Work without restriction, including Compiled Works
generated from the Derived Work. Derived Works distributed in this manner by the Current Maintainer
are considered to be updated versions of the Work.

5. If you are not the Current Maintainer of the Work, you may modify your copy of the Work, thus creating
a Derived Work based on the Work, and compile this Derived Work, thus creating a Compiled Work based
on the Derived Work.

6. If you are not the Current Maintainer of the Work, you may distribute a Derived Work provided the
following conditions are met for every component of the Work unless that component clearly states in the
copyright notice that it is exempt from that condition. Only the Current Maintainer is allowed to add
such statements of exemption to a component of the Work.
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(a) If a component of this Derived Work can be a direct replacement for a component of the Work when
that component is used with the Base Interpreter, then, wherever this component of the Work identi-
fies itself to the user when used interactively with that Base Interpreter, the replacement component of
this Derived Work clearly and unambiguously identifies itself as a modified version of this component
to the user when used interactively with that Base Interpreter.

(b) Every component of the Derived Work contains prominent notices detailing the nature of the changes
to that component, or a prominent reference to another file that is distributed as part of the Derived
Work and that contains a complete and accurate log of the changes.

(c) No information in the Derived Work implies that any persons, including (but not limited to) the
authors of the original version of the Work, provide any support, including (but not limited to) the
reporting and handling of errors, to recipients of the Derived Work unless those persons have stated
explicitly that they do provide such support for the Derived Work.

(d) You distribute at least one of the following with the Derived Work:

i. A complete, unmodified copy of the Work; if your distribution of a modified component is made by
offering access to copy the modified component from a designated place, then offering equivalent
access to copy the Work from the same or some similar place meets this condition, even though
third parties are not compelled to copy the Work along with the modified component;

ii. Information that is sufficient to obtain a complete, unmodified copy of the Work.

7. If you are not the Current Maintainer of the Work, you may distribute a Compiled Work generated from
a Derived Work, as long as the Derived Work is distributed to all recipients of the Compiled Work, and
as long as the conditions of Clause 6, above, are met with regard to the Derived Work.

8. The conditions above are not intended to prohibit, and hence do not apply to, the modification, by any
method, of any component so that it becomes identical to an updated version of that component of the
Work as it is distributed by the Current Maintainer under Clause 4, above.

9. Distribution of the Work or any Derived Work in an alternative format, where the Work or that Derived
Work (in whole or in part) is then produced by applying some process to that format, does not relax or
nullify any sections of this license as they pertain to the results of applying that process.

10. (a) A Derived Work may be distributed under a different license provided that license itself honors the
conditions listed in Clause 6 above, in regard to the Work, though it does not have to honor the rest
of the conditions in this license.

(b) If a Derived Work is distributed under a different license, that Derived Work must provide sufficient
documentation as part of itself to allow each recipient of that Derived Work to honor the restrictions
in Clause 6 above, concerning changes from the Work.

11. This license places no restrictions on works that are unrelated to the Work, nor does this license place any
restrictions on aggregating such works with the Work by any means.

12. Nothing in this license is intended to, or may be used to, prevent complete compliance by all parties with
all applicable laws.
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6.3.4 No Warranty

There is no warranty for the Work. Except when otherwise stated in writing, the Copyright Holder provides
the Work ‘as is’, without warranty of any kind, either expressed or implied, including, but not limited to, the
implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the quality and
performance of the Work is with you. Should the Work prove defective, you assume the cost of all necessary
servicing, repair, or correction.

In no event unless required by applicable law or agreed to in writing will The Copyright Holder, or any
author named in the components of the Work, or any other party who may distribute and/or modify the Work
as permitted above, be liable to you for damages, including any general, special, incidental or consequential
damages arising out of any use of the Work or out of inability to use the Work (including, but not limited to,
loss of data, data being rendered inaccurate, or losses sustained by anyone as a result of any failure of the Work
to operate with any other programs), even if the Copyright Holder or said author or said other party has been
advised of the possibility of such damages.

6.3.5 Maintenance of The Work

The Work has the status ‘author-maintained’ if the Copyright Holder explicitly and prominently states near
the primary copyright notice in the Work that the Work can only be maintained by the Copyright Holder or
simply that it is ‘author-maintained’.

The Work has the status ‘maintained’ if there is a Current Maintainer who has indicated in the Work that
they are willing to receive error reports for the Work (for example, by supplying a valid e-mail address). It is
not required for the Current Maintainer to acknowledge or act upon these error reports.

The Work changes from status ‘maintained’ to ‘unmaintained’ if there is no Current Maintainer, or the person
stated to be Current Maintainer of the work cannot be reached through the indicated means of communication
for a period of six months, and there are no other significant signs of active maintenance.

You can become the Current Maintainer of the Work by agreement with any existing Current Maintainer to
take over this role.

If the Work is unmaintained, you can become the Current Maintainer of the Work through the following
steps:

1. Make a reasonable attempt to trace the Current Maintainer (and the Copyright Holder, if the two differ)
through the means of an Internet or similar search.

2. If this search is successful, then enquire whether the Work is still maintained.

(a) If it is being maintained, then ask the Current Maintainer to update their communication data within
one month.

(b) If the search is unsuccessful or no action to resume active maintenance is taken by the Current
Maintainer, then announce within the pertinent community your intention to take over maintenance.
(If the Work is a LATEX work, this could be done, for example, by posting to comp.text.tex.)

3. (a) If the Current Maintainer is reachable and agrees to pass maintenance of the Work to you, then this
takes effect immediately upon announcement.

(b) If the Current Maintainer is not reachable and the Copyright Holder agrees that maintenance of the
Work be passed to you, then this takes effect immediately upon announcement.
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4. If you make an ‘intention announcement’ as described in 2b above and after three months your intention
is challenged neither by the Current Maintainer nor by the Copyright Holder nor by other people, then
you may arrange for the Work to be changed so as to name you as the (new) Current Maintainer.

5. If the previously unreachable Current Maintainer becomes reachable once more within three months of a
change completed under the terms of 3b or 4, then that Current Maintainer must become or remain the
Current Maintainer upon request provided they then update their communication data within one month.

A change in the Current Maintainer does not, of itself, alter the fact that the Work is distributed under the
lppl license.

If you become the Current Maintainer of the Work, you should immediately provide, within the Work, a
prominent and unambiguous statement of your status as Current Maintainer. You should also announce your
new status to the same pertinent community as in 2b above.

6.3.6 Whether and How to Distribute Works under This License

This section contains important instructions, examples, and recommendations for authors who are considering
distributing their works under this license. These authors are addressed as ‘you’ in this section.

6.3.7 Choosing This License or Another License

If for any part of your work you want or need to use distribution conditions that differ significantly from
those in this license, then do not refer to this license anywhere in your work but, instead, distribute your work
under a different license. You may use the text of this license as a model for your own license, but your license
should not refer to the lppl or otherwise give the impression that your work is distributed under the lppl.

The document ‘modguide.tex’ in the base LATEX distribution explains the motivation behind the conditions
of this license. It explains, for example, why distributing LATEX under the gnu General Public License (gpl)
was considered inappropriate. Even if your work is unrelated to LATEX, the discussion in ‘modguide.tex’ may
still be relevant, and authors intending to distribute their works under any license are encouraged to read it.

6.3.8 A Recommendation on Modification Without Distribution

It is wise never to modify a component of the Work, even for your own personal use, without also meeting
the above conditions for distributing the modified component. While you might intend that such modifications
will never be distributed, often this will happen by accident – you may forget that you have modified that
component; or it may not occur to you when allowing others to access the modified version that you are thus
distributing it and violating the conditions of this license in ways that could have legal implications and, worse,
cause problems for the community. It is therefore usually in your best interest to keep your copy of the Work
identical with the public one. Many works provide ways to control the behavior of that work without altering
any of its licensed components.

6.3.9 How to Use This License

To use this license, place in each of the components of your work both an explicit copyright notice including
your name and the year the work was authored and/or last substantially modified. Include also a statement
that the distribution and/or modification of that component is constrained by the conditions in this license.

Here is an example of such a notice and statement:

%% pig.dtx
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%% Copyright 2005 M. Y. Name

%

% This work may be distributed and/or modified under the

% conditions of the LaTeX Project Public License, either version 1.3

% of this license or (at your option) any later version.

% The latest version of this license is in

% http://www.latex-project.org/lppl.txt

% and version 1.3 or later is part of all distributions of LaTeX

% version 2005/12/01 or later.

%

% This work has the LPPL maintenance status ‘maintained’.

%

% The Current Maintainer of this work is M. Y. Name.

%

% This work consists of the files pig.dtx and pig.ins

% and the derived file pig.sty.

Given such a notice and statement in a file, the conditions given in this license document would apply,
with the ‘Work’ referring to the three files ‘pig.dtx’, ‘pig.ins’, and ‘pig.sty’ (the last being generated from
‘pig.dtx’ using ‘pig.ins’), the ‘Base Interpreter’ referring to any ‘LATEX-Format’, and both ‘Copyright Holder’
and ‘Current Maintainer’ referring to the person ‘M. Y. Name’.

If you do not want the Maintenance section of lppl to apply to your Work, change ‘maintained’ above into
‘author-maintained’. However, we recommend that you use ‘maintained’ as the Maintenance section was added
in order to ensure that your Work remains useful to the community even when you can no longer maintain and
support it yourself.

6.3.10 Derived Works That Are Not Replacements

Several clauses of the lppl specify means to provide reliability and stability for the user community. They
therefore concern themselves with the case that a Derived Work is intended to be used as a (compatible or
incompatible) replacement of the original Work. If this is not the case (e.g., if a few lines of code are reused for
a completely different task), then clauses 6b and 6d shall not apply.

6.3.11 Important Recommendations

Defining What Constitutes the Work The lppl requires that distributions of the Work contain all the
files of the Work. It is therefore important that you provide a way for the licensee to determine which files
constitute the Work. This could, for example, be achieved by explicitly listing all the files of the Work near the
copyright notice of each file or by using a line such as:

% This work consists of all files listed in manifest.txt.

in that place. In the absence of an unequivocal list it might be impossible for the licensee to determine what is
considered by you to comprise the Work and, in such a case, the licensee would be entitled to make reasonable
conjectures as to which files comprise the Work.
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6.4 GNU Free Documentation License, Version 1.2, November 2002

6.4.1 Preamble

The purpose of this License is to make a manual, textbook, or other functional and useful document “free”
in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without
modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and
publisher a way to get credit for their work, while not being considered responsible for modifications made by
others.

This License is a kind of “copyleft”, which means that derivative works of the document must themselves be
free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for
free software.

We have designed this License in order to use it for manuals for free software, because free software needs
free documentation: a free program should come with manuals providing the same freedoms that the software
does. But this License is not limited to software manuals; it can be used for any textual work, regardless of
subject matter or whether it is published as a printed book. We recommend this License principally for works
whose purpose is instruction or reference.

6.4.2 Applicability and definitions

This License applies to any manual or other work, in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-
wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The
“Document”, below, refers to any such manual or work. Any member of the public is a licensee, and is
addressed as “you”. You accept the license if you copy, modify or distribute the work in a way requiring
permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion of it, either
copied verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that deals ex-
clusively with the relationship of the publishers or authors of the Document to the Document’s overall subject
(or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the
Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The
relationship could be a matter of historical connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being those of
Invariant Sections, in the notice that says that the Document is released under this License. If a section does
not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document
may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are
none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at
most 5 words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, represented in a format whose
specification is available to the general public, that is suitable for revising the document straightforwardly with
generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely
available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety
of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose
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markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers
is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that
is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input
format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple
HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include
PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by propri-
etary word processors, SGML or XML for which the DTD and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes
only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages as are needed
to hold, legibly, the material this License requires to appear in the title page. For works in formats which do
not have any title page as such, “Title Page” means the text near the most prominent appearance of the work’s
title, preceding the beginning of the body of the text.

A section “Entitled XYZ” means a named subunit of the Document whose title either is precisely XYZ or
contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a
specific section name mentioned below, such as “Acknowledgements”, “Dedications”, “Endorsements”,
or “History”.) To “Preserve the Title” of such a section when you modify the Document means that it
remains a section “Entitled XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies
to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but
only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void
and has no effect on the meaning of this License.

6.4.3 Verbatim Copying

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided
that this License, the copyright notices, and the license notice saying this License applies to the Document are
reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not
use technical measures to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies
you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

6.4.4 Copying in Quantity

If you publish printed copies (or copies in media that commonly have printed covers) of the Document,
numbering more than 100, and the Document’s license notice requires Cover Texts, you must enclose the copies
in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-
Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these
copies. The front cover must present the full title with all words of the title equally prominent and visible. You
may add other material on the covers in addition. Copying with changes limited to the covers, as long as they
preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other
respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as
many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.
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If you publish or distribute Opaque copies of the Document numbering more than 100, you must either
include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque
copy a computer-network location from which the general network-using public has access to download using
public-standard network protocols a complete Transparent copy of the Document, free of added material. If you
use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least
one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that
edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing
any large number of copies, to give them a chance to provide you with an updated version of the Document.

6.4.5 Modifications

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3
above, provided that you release the Modified Version under precisely this License, with the Modified Version
filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever
possesses a copy of it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those
of previous versions (which should, if there were any, be listed in the History section of the Document).
You may use the same title as a previous version if the original publisher of that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the
modifications in the Modified Version, together with at least five of the principal authors of the Document
(all of its principal authors, if it has fewer than five), unless they release you from this requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

F. Include, immediately after the copyright notices, a license notice giving the public permission to use the
Modified Version under the terms of this License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the
Document’s license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating at least the
title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no
section Entitled “History” in the Document, create one stating the title, year, authors, and publisher of
the Document as given on its Title Page, then add an item describing the Modified Version as stated in
the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the
Document, and likewise the network locations given in the Document for previous versions it was based
on. These may be placed in the “History” section. You may omit a network location for a work that was
published at least four years before the Document itself, or if the original publisher of the version it refers
to gives permission.
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K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the section, and
preserve in the section all the substance and tone of each of the contributor acknowledgements and/or
dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section
numbers or the equivalent are not considered part of the section titles.

M. Delete any section Entitled “Endorsements”. Such a section may not be included in the Modified Version.

N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title with any Invariant
Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections
and contain no material copied from the Document, you may at your option designate some or all of these
sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version’s license
notice. These titles must be distinct from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorsements of your
Modified Version by various parties–for example, statements of peer review or that the text has been approved
by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a
Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover
Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the
Document already includes a cover text for the same cover, previously added by you or by arrangement made
by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on
explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names
for publicity for or to assert or imply endorsement of any Modified Version.

6.4.6 Combining Documents

You may combine the Document with other documents released under this License, under the terms defined
in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections
of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in
its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections
may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different
contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the
original author or publisher of that section if known, or else a unique number. Make the same adjustment to
the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original documents,
forming one section Entitled “History”; likewise combine any sections Entitled “Acknowledgements”, and any
sections Entitled “Dedications”. You must delete all sections Entitled “Endorsements”.

6.4.7 Collection of Documents

You may make a collection consisting of the Document and other documents released under this License,
and replace the individual copies of this License in the various documents with a single copy that is included in
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the collection, provided that you follow the rules of this License for verbatim copying of each of the documents
in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License,
provided you insert a copy of this License into the extracted document, and follow this License in all other
respects regarding verbatim copying of that document.

6.4.8 Aggregating with independent Works

A compilation of the Document or its derivatives with other separate and independent documents or works,
in or on a volume of a storage or distribution medium, is called an “aggregate” if the copyright resulting from
the compilation is not used to limit the legal rights of the compilation’s users beyond what the individual works
permit. When the Document is included in an aggregate, this License does not apply to the other works in the
aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document
is less than one half of the entire aggregate, the Document’s Cover Texts may be placed on covers that bracket
the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form.
Otherwise they must appear on printed covers that bracket the whole aggregate.

6.4.9 Translation

Translation is considered a kind of modification, so you may distribute translations of the Document under
the terms of section 4. Replacing Invariant Sections with translations requires special permission from their
copyright holders, but you may include translations of some or all Invariant Sections in addition to the original
versions of these Invariant Sections. You may include a translation of this License, and all the license notices
in the Document, and any Warranty Disclaimers, provided that you also include the original English version of
this License and the original versions of those notices and disclaimers. In case of a disagreement between the
translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the requirement
(section 4) to Preserve its Title (section 1) will typically require changing the actual title.

6.4.10 Termination

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this
License. Any other attempt to copy, modify, sublicense or distribute the Document is void, and will automatically
terminate your rights under this License. However, parties who have received copies, or rights, from you under
this License will not have their licenses terminated so long as such parties remain in full compliance.

6.4.11 Future Revisions of this License

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License
from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to
address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a
particular numbered version of this License “or any later version” applies to it, you have the option of following
the terms and conditions either of that specified version or of any later version that has been published (not as
a draft) by the Free Software Foundation. If the Document does not specify a version number of this License,
you may choose any version ever published (not as a draft) by the Free Software Foundation.
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6.4.12 Addendum: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put
the following copyright and license notices just after the title page:

Copyright c©year your name. Permission is granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documentation License, Version 1.2 or any later version
published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included in the section entitled “GNU Free Documentation
License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with . . . Texts.” line
with this:

with the Invariant Sections being list their titles, with the Front-Cover Texts being list, and
with the Back-Cover Texts being list.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two
alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in
parallel under your choice of free software license, such as the GNU General Public License, to permit their use
in free software.
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-,@��Ð;�´ùcÞA�¤k�.dvi©�Ñ�¹�þ�AÏ·-.Ïd,w�TEX\O�¦^�´=��§S
´�~k7��.

Ø3�´,vk“IO”��{5w�TEX ù�¯.éuLATEX �ª5`,3Ùgraphics÷�¥k��4ÙE
,�Å�,pgf Òi\uù«Å��¥.éuÙ§�ª,�ù«i\¿Ø<¤��,\kÒ7���w�pgf

\O�¦^=��§S.��¤ù�¯3¦^pgf�c,\�±­#½Â÷\pgfsysdriver¿D�Ù·��
�.XJ\O�¦^dvips §S,\rù�÷��D±pgfsys-dvips.def; XJ\¦^pdftex ½pdflatex,\
D±pgfsys-pdftex.def;��.e¡,·�5?ØéØÓ�§S�|±��'[!.

7.2.2 ���))) PDF ÑÑÑÑÑÑ

pgf |±n�§S5�)pdf ÑÑ(pdf ¿g´“�£�©��ª”,�Adobe úiu²):dvipdfm, pdftex,
Úvtex. pdflatex§S�pdftex§S´���:§�¦^ØÓ�Ñ\�ª,�´ÑÑ�ª%����.

File pgfsys-pdftex.def

ù´¦^pdfTEX �°Ä©�,�Ò´`,§�kpdftex ½pdflatex·-.§Ú^pgfsys-common-pdf.def.

ù�°Äk“��”�õU.�Ò´`,?Ûpgf “���±��”�ó�,^§Ñ�±¢y.

File pgfsys-dvipdfm.def

ù´¦^(la)tex\dvipdfm�°Ä©�.§Ú^pgfsys-common-pdf.def.

ù�°Ä|±�Ü©pgf �õU,�´�k�
��:
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1. LATEX�ª¥,§¦^graphicx5�\ã¡,
�Ø|±ñX.

2. 3plain TEX ¥,§Ø|±�\ã¡

3. éremembering of pictures10 (inter-picture connections),\I�¦^pdftex��C��¿±DVI-mode
$1.

File pgfsys-vtex.def

ù´¦^û�vtex§S�°Ä©�.¦+§�)pdfÑÑ,�´§E,Ú^pgfsys-common-postscript.def©

�. 5¿�vtex§S�±Ó��)Postscript ÚpdfÑÑ,ù�6u§�·-1ëê.�´,Ø+\´��
)Postscript �´pdfÑÑ,Ø�éù�°Ä�?Û�UÄ.

ù�°Ä|±�Ü©�pgf �õU,Ø
±e�
��:

1. LATEX�ª¥,§¦^graphicx5�\ã¡,
�Ø|±ñX.

2. 3plain TEX ¥,§Ø|±�\ã¡

3. ÒK�J���¢y,�ÑÑ�J�dvips�¢y�Ó.

4. Ø|±Øß²5

5. Ø|±remembering of pictures (inter-picture connections)

�,��±ÏL±e�{5�)��.pdf©�:k�)��PostScript©�(Xe),�¦^��PostScript-to-
pdf =�§S,Xps2pdf ½the Acrobat Distiller.

7.2.3 ���)))PostScriptÑÑÑÑÑÑ

File pgfsys-dvips.def

This is a driver file for use with (la)tex followed by dvips. It includes pgfsys-common-postscript.def.

This driver also supports most of pgf’s features, except for the following restrictions: ù´¦^(la)tex\dvips�
°Ä©�,§Ú^pgfsys-common-postscript.def.

ù�°Ä�|±�Ü©pgf �õU,Ø
±e�
��:

1. LATEX�ª¥,§¦^graphicx5�\ã¡,
�Ø|±ñX.

2. 3plain TEX ¥,§Ø|±�\ã¡

3. ÒK�J���¢y,�ÑÑ�JØXæ^,�°Ä
)�.pdf

4. Øß²5�k3�#���GhostScriptÓ3��ÿâ¬ó�.

5. éremembering of pictures (inter-picture connections),\I�¦^pdftex��C��¿±DVI-mode
$1.

File pgfsys-textures.def

ù´¦^textures§S�°Ä©�.§Ú^pgfsys-common-postscript.def.

ù�°Ä�dvips°Ääk���Ó���.

\��±¦^vtex§S�Üpgfsys-vtex.def5)¤PostscriptÑÑ.
10Ø�XÛÈ
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7.2.4 ���)))HTML / SVG ÑÑÑÑÑÑ

tex4ht§Sr.dvi©�=z�.html©�.html�ªØU±ã,
svg�ª�±. ¦^±e°Ä,\�±�

¦pgf�\©�¥�z�pgf ã��)��svg-ã¡

File pgfsys-tex4ht.def

ù´¦^tex4ht§S�°Ä©�.§Ú^pgfsys-common-svg.def.

�¦^ù�°Ä�,\AT5¿±e���:

1. LATEX�ª¥,§¦^graphicx5�\ã¡,
�Ø|±ñX.

2. 3plain TEX ¥,§Ø|±�\ã¡

3. Ø|±remembering of pictures (inter-picture connections)

4. épgfpictureã¥�©�|±Ø
Ð.�Ï´svg5��8é©�|±ÑØÐ,
��Ø�U�(�“.

£”html. ¤k�ù
¯Kò5�U¬)û,�´y8�kü«©��~w«:1�,Ø�kêÆ�ª,A
ÏÎÒ½Ù§�
AOÀÜ�{ü©�. 1�,�~{ü���¹þIÚeI�êÆ©�.¦+Xd,C
þ�´ØU�~�w«��N,
�Ï~�¹e,©iwþ��éÎ.

5. XJ\¦^
�¹?ÛAÏ�ÀÜ,=ù{üX$\alpha$,Ñ�U¤Kã/,Ï�text4ht¿ØoU�~
�)¤k��xml�è. Ïd,2`�H,3ã/¥j±¦^�~{ü�(:,ØÐ¿g.

6. Ø�Ù§�ÑÑ�ª,ùpã/�	±Ýf,“(¢¬?}”ã¡.

°ÄÄ�þ´Xeó�:���{pgfpicture}m©�,¬N^·��\special ·-5��tex4ht,¿ÑÑ�
����\jobname-xxx.svg �©�,ùpxxx´��êi,§¬�Xã¡�O\
O\.,�,��ã/�(
å,z��(XÚ�)�ã/·-Ñïá��AO·-, §�r·��svgi¡©i�\�ÑÑ©�¥.°(�
[!k
E,,Ï�PostScript/pdf �svg �±ã�.Ú?n�.Ø���Ó;�´§�®²“v
�C”,pgf

�±��Ù8�
.

7.2.5 ���)))���{{{������£££���DVIÑÑÑÑÑÑ

File pgfsys-dvi.def

This is a driver file that can be used with any output driver, except for tex4ht.

The driver will produce perfectly portable .dvi files by composing all pictures entirely of black rectangles,
the basic and only graphic shape supported by the TEX core. Even straight, but slanted lines are tricky to
get right in this model (they need to be composed of lots of little squares).

Naturally, very little is possible with this driver. In fact, so little is possible that it is easier to list what is
possible:

ù�°Ä©��±øtex4ht�	�?Û°Ä¦^.

ù�°Ä�±�)�{��£�.dvi©�,§��^TEX Ø%|±���Ä��	/–çÝ/5�¤ã/, $
��)��.�´��3ù«�ªe��(w«I�:���(§�I�d�þ����/|¤).

g,�,ù�°Ä�õU�~��.¯¢þ,õU��·��±��Ñ§U��o:

• ©�Ýf�±±Ï~��ª��.

• ��Ú­��±xþ(íK).XJ§�Ø´Y²½ç��,§��d¤zþZ��Ý/|Ü
¤.

• |±ØÓo[��

• |±�IC�
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