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Introduction

2 A

o M1 A (extensive games)
o =2RIA Y (sequential move games)
e directed graph
~ game tree
o 1Y 24
e players
e whose turn it is to move
* possible actions
¢ information structures

e payoffs
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Introduction

o A E2|: oic|e} 7fR| 2 4
e OIC| (node, vertex, point): 2JAFEH Al
e decision nodes (initial node EE&= root &t

e terminal nodesO|| payoffs FA|
* 7t (branch, edge): &4 7Hs &
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Introduction

e pstricks®} xelatex
¢ how often

o 220 A E2| 2|7
o SHE3L0Y TR0 | E2| O2)7)|

A (EFostw) istgame: Drawing Game Trees with TikZ 20164 1€ 30



Introduction

AY E2l a217]: = 7FA| Ci et

. 9 el £2 T3
\includegraphics & =2{=0|/|
0f| : Game Theory Explorer

(http://gte.csc.liv.ac.uk/gte/builder/)

e egameps I§7|X| pstricks”/|8t
Osborne(2004b)

e tikz I§7|R|/tikzpicture 24
Chen(2013)
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Introduction

Al : parent-child game

child

Good

parent

Forgive Punish ©.2)

(1,mn (-1,-1)

20N (ZFCHstw) istgame: Drawing Game Trees with TikZ 20164 1€ 30



Introduction

egameps I}7|A| / egame &t

%Bad

parent :

L i Forgivie N Bunish- L 02)

RO (BFofstw) istgame: Drawing Game Trees with TikZ 2016 1€ 30 8/71



Introduction

AY: egameps Tf7|A]

% \usepackage{pstricks,egameps}
\begin{egame} (-150,0) (300,350)

\footnotesize

\renewcommand{\egarrowstyle}{e}

\initialfalse

%\putbranch(150,300) (1,1){150}
%\1ib{child}{$Bad$}{$Good$}[]1[(0,2)]
\putbranch(0,150) (1,1) {1502}
\iib{parent}[1]{$Forgive$}{$Punish$} [(1,1)]1[(-1,-1)]
\end{egame}
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Introduction

parent

Forgive Punish

(1,m -1,-1)
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Introduction

child
. .ACood
parent N
Forgive ."g.Punish O~
.‘*
(1,1 (-1,-1)

istgame: Drawing Game Trees with TikZ 2016 12 302 11/7



Introduction

Ql: tikzpicture

child

Good

Forgive Punish (0,2)

(1,1 (-1,-1)
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Introduction

HY: tikzpicture

\begin{tikzpicture} [>=stealth,font=\footnotesize]
\tikzstyle{level 1}
=[level distance=15mm,sibling distance=30mm]
\node(0) [solid node,label=above:{child}]1{}
child{ node[solid node,label=above left:{parentl}]{}
child{node[label=below:{(1,1)}]1{} edge from
parent [->] node[above left]{$Forgive$}}
child{node[label=below:{(-1,-1)}]1{} edge from
parent [->] node[above right]{$Punish$l}}
edge from parent [->] node[above left]{$Bad$}
}
child{ node[label=below:{(0,2)}]1{}
edge from parent [->] node[above right]{$Good$}
s
\end{tikzpicture}
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Introduction

E2| LR egameps I{7| 4|

%\usepackage{egameps} %% ZFEtst A

\begin{egame} (-150,0) (300,350)

\renewcommand{\egarrowstyle}{e}

\initialfalse

\putbranch(150,300) (1,1){150}
\iib{F{}{}

\putbranch(0,150) (1,1){150}
\iib{HH{}

\end{egame}\hspace*{\fill}
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Introduction

%\usepackage{tikz} %% Zretst A&
\begin{tikzpicturel} [->,>=stealth]
\tikzstyle{level 1}
=[level distance=15mm,sibling distance=30mm]

\node (0) [solid nodel{}
child{ node[solid node]{}

child

child

}
child

\end{tikzpicture}
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Introduction

E2| LR istgame I{7| 4|

%\usepackage{istgame} %% ZFEtet A
\begin{istgamel} [->,>=stealth]
\xdistance{15mm}{30mm}
\istroot (0)

\istb

\istb

\endist
\istroot (1) (0-1)

\istb

\istb

\endist
\end{istgame}
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Introduction

egameps — tikz — istgame

o AU 2AMXI0||A| [egameps |/} | tikzpicture | ECt HE| ST}

e tikzpicturel| E2| 7|59l 4MZto| S = Z0|C}.

o

o HASHZD}: pstricksE 7|BIOZ Gt egameps

o A=, pstricks?| xelatex ZI}YU A|7F

—_

e O[A| tikz Bh= _._E:I St7| 2 St

+ of[stgame o7t

® pstricks ~» egameps
® tikz ~~ istgame
« 230 20 AYS 22}
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Introduction

\begin{istgamel} [->,>=stealth]
\xdistance{15mm}{30mm}
\istroot (0)

\istb

\istb

\endist
\istroot (1) (0-1)

\istb

\istb

\endist
\istroot(2) (1-1)

\istb

\istb

\endist
\end{istgame}
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Introduction

Ql: tikzpicture

\begin{tikzpicturel}[->,>=stealth]
\tikzstyle{level 1}
=[level distance=15mm,sibling distance=30mm]
\node (0) [solid node]{}
child{
child{
child
child
}
child
}
child

\end{tikzpicture}
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Introduction

From tikzpicture to istgame

[ ]
rE Mo

e label 0|7|& ZtEHSHA|

e owners, action labels, payoffs

¢ information sets
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Introduction

istgame I} 7| A

child

Good

parent

0,2
Forgive 0.2)

(1,1) (=1,-1)
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Introduction

istgame: structure only

\begin{istgame}
\xdistance{15mm}{30mm}
\istroot (0)

\istb

\istb

\endist
\istroot (1) (0-1)

\istb

\istb

\endist
\end{istgame}
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Introduction

istgame: full code

\begin{istgame} [font=\footnotesize]

\xdistance{15mm}{30mm}

\istroot(0){child}
\istb{Bad}[al]
\istb{Good}[ar]{(0,2)}
\endist

\istroot (1) (0-1)<135>{parent}
\istb{Forgive}[all{(1,1)}
\istb{Punish}[ar]{(-1,-1)}
\endist

\end{istgame}
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Introduction

tikzpicture

\begin{tikzpicture} [font=\footnotesize]
\tikzstyle{level 1}
=[level distance=15mm,sibling distance=30mm]
\node(0) [solid node,label=above:{child}]1{}
child{ node[solid node,label=above left:{parentl}]{}
child{node[label=below:{(1,1)}]{}
edge from parent nodel[above left]{$Forgive$}}
child{node[label=below:{(-1,-1)}]1{}
edge from parent nodelabove right]{$Punish$}}
edge from parent node[above left]{$Bad$}
}
child{ node[label=below:{(0,2)}]1{}
edge from parent nodel[above right]{$Good$}
s
\end{tikzpicture}
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Introduction

135 /4 9
2 9 1 9
2 9 2 8 1 8
2 7
3 7
4 /I\\7
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\begin{istgame} [font=\tiny]

\xdistance{20mm}{7mm}

\istroot(0) \istb \istb \istb \istb \istb
\istb{\dots} \istb \istb \istb{9}[r] \endist

\foreach \x in {1,...,4}

{\xActionLabel(0) (0-\x){\x}[11}

\xdistance{10mm}{3mm}

\istroot(al) (0-1) \istb{2}[1] \istb \istb \istb
\istb \istb \istb \istb{9}[r] \endist

\istroot(a7) (0-7) \istb{1}[1] \istb \istb \istb
\istb \istb \istb \istb{9}[r] \endist

\xdistance{10mm}{2mm}

\istroot (A) (a1-3) \istb{2}[1] \istb \istb \istb
\istb \istb \istb{9}[r] \endist

\istroot(B) (a1-8) \istb{2}[1] \istb \istb \istb
\istb \istb \istb{8}[r] \endist

\istroot(C) (a7-8) \istb{1}[1] \istb \istb \istb
\istb \istb \istb{8}[r] \endist

\istroot (Bx) (B-7) \istb{2}[1] \istb \istb \istb
\istb \istb{7}[r] \endist

\istroot (By) (Bx-1) \istb{3}[1] \istb \istb \istb
\istb{7}[r] \endist

\istroot(Bz) (By-1) \istb{4}[1] \istb \istb
\istb{7}[r] \endist

\xPayoff (Bz-4){\vdots}

\xPayoff (Bz-4){\cdots} [xshift=10pt,right]

\end{istgame}

istgame: Drawing Game Trees with TikZ

20164 1€ 30
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istgame




istgame

istgame I{7|A|

* \usepackage{istgame}
* expl3, xparse, tikzE 2=

e \usetikzlibrary{calc,shapes}

. ZMTHSH |2 T2E vHEsto] £ 2
\begin{istgame}
e xdistance
e jistroot - istb - endist

e jistroot - istb - endist

\end{istgame}
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istgame

%% \usepackage{istgame}
\begin{istgame}
\xdistance{15mm}{30mm}
\istroot (0)

\istb

\istb

\endist
\end{istgame}

QlY (BFCHE) istgame: Drawing Game Trees with TikZ

20164 1€ 30

31/71



istgame

\xdistance[<level>]{<level dist>}{<sibling dist>}

(0)

level

distance

sibling distance
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istgame

Syntax:
\istroot [grow] (coor) (coor) [node style]<angle>{owner}

+level distance..sibling distance+

Options:
[grow] % Y5k <default: south>
(coor) % =& O|5: mandatory
(coor) % =B 2|%| <default: (0,0)>
[node style]l % =& 22 <default: decision node>
<angle> % owner O|Z 2|Z| <default: above>
{owner} % owner O|2

+level dist..sibling dist+ 7 <defaults: 15mm,15mm>
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istgame

Syntax:
\istb<grow,dist>[line style]{action}[pos]{payoff} [pos]

Options:
<grow,dist> Y grow=south(default), 70 branch &gt
% level distance=15mm, sibling distance=15mm
% missing (branch QtHO|A|, child RtEH 0 OHE))
[line style] % ->, thick, red, dotted...

{action} % action O] (math mode)
[pos] % R

{payoff} % 24 (payoffs) (math mode)
[pos] % fR]
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istgame

child

Good

parent
(0,2)

fForgive Punish

(1,1) (=1,-1)

Next: &2 =4

- subgame
AUl M-S /Tt line style

20164 1€ 30
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istgame

subgame and line styles

parent

Forgive “ - Punish

(1,1) (~1,-1)
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istgame

subgame and line styles

\begin{istgame} [font=\footnotesize]

\xdistance{15mm}{30mm}

%\istroot (0){child}

% \istb{Bad}[al]

% \istb{Good}[ar]{(0,2)}

% \endist

\istroot (1) (0,0)<135>{parent} 7, subgame at (0,0)

%\istroot (1) (0-1)<135>{parent} % original
\istb[ultra thick,blue]{Forgive}[all{(1,1)} 7 line
\istb[dotted]{Punish}[ar]{(-1,-1)} % line
\endist

\end{istgame}
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istgame

information sets

(4,2) (1,1)(3,2) (0,3)
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istgame

information sets; \xInfoSet

\begin{istgame}
\xdistance{15mm}{30mm}
\istroot[-135] (0) [initial node]<0>{1} 7 grow
\istb{A}[al{(2,2)}[1] \istb{D}[r] \endist
\istroot (1) (0-2)<left>{1}
\istb{L}[all \istb{R} [ar] \endist
\xInfoset (1-1) (1-2){2} % information set
\xdistance{10mm}{20mm} % distances changed

\istroot(2) (1-1)

\istb{\ell}[a1]1{(4,2)} \istb{r}[ar]{(1,1)} \endist
\istroot(3) (1-2)

\istb{\ell}[al]{(3,2)} \istb{r}[ar]{(0,3)} \endist
\end{istgame}
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istgame

supplement macros: basics

\xInfoset[line style] (from) (to){owner} [pos,opt]

% \xInfoset[dashed,red] (0-1) (0-2){p2}[above,blue]
\xInfosetOwner (from-coor) (to-coor){owner} [pos,opt]
% \xInfosetOwner (0-1) (0-2){p2}[ar]
\xActionLabel (from-coor) (to-coor){action} [pos,opt]
% \xActionLabel(0) (0-1){\ell}[below,red] % math
\x0Owner (coor) {owner} [pos,node opt]

% \xActiionLabel (0) (0-1){p1}[al]

\xPayoff (coor){payoff}[pos,node opt]

% \xPayoff (0-1){\pi,\xi}[al] 9% math mode

\xDot (coor) [node style,node opt]{owner}

% \xActiionLabel(0) [box node,red]{child}

\.

abbreviations for [pos]: [a] [b] [1] [r] [al] [ar] [bl] [br]
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istgame

node styles

% predefined
\tikzstyle{null nodel}=[white,
fill=vwhite, inner sep=0Opt,outer sep=0pt]
\tikzstyle{hollow node}=[circle,
draw,fill=white,inner sep=.95,outer sep=0pt]
\tikzstyle{solid node}=[circle,
draw,fill=black,inner sep=.85,outer sep=0pt]
\tikzstyle{rectangle node}=[rectangle,
draw,fill=white,inner sep=2,outer sep=0pt]
\tikzstyle{ellipse node}=[ellipse,

draw,fill=white,inner sep=2,outer sep=0pt]
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istgame

node styles

\tikzstyle{initial node}=[hollow node] 7 initial
\tikzstyle{decision node}=[solid node] 7, decision
\tikzstyle{terminal node}=[solid node] 7, terminal
\tikzstyle{chance node}=[hollow node] 7, chance node
\tikzstyle{square node}=[rectangle nodel
\tikzstyle{box node}=[rectangle nodel
\tikzstyle{oval node}=[ellipse nodel

L R5HH, A2 node styles 2HE=H EIC}
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istgame

root

\istb*

(0(75) \\\‘EE-!

\istroot(1la) (0-2) [oval node,green]
\istb<grow=-15,level distance=50mm>[dashed]

\endist
RO (BFofstw) istgame: Drawing Game Trees with TikZ 2016 1€ 30 43 /71



istgame

\begin{istgame} [scale=1.5,font=\footnotesize]
\xdistance{15mm}{15mm}

\istroot(0) [box nodel{root} % box node
\istb[ultra thick,opacity=.5,red] % opacity
\istb
\istb<missing> % missing

\istb*{\text{\cmd{istb*}}}[ar] \endist 7 \istbx*
\istroot (1) (0-2) [oval node]+10mm. .20mm+ % dist
\istb{\pi}[all{(\alpha,\beta)} [below,red]
\istb[->]{A} \endist
\istroot(la) (0-2) [oval node,green] 7, UO|Z W2 J1Z|
\istb<grow=-15,level distance=50mm>[dashed]\endist

\xDot (0-1) [oval node,bluel{ H&R|} % \xDot
\xDot (1a-1) [box node,bluel{ &} % \xDot
\end{istgame}
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istgame: extended issues

AY: \istgrowdirection{south} : default

(0,2)

(1,1) (-1,-1)
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istgame: extended issues

HY: \setistgrowdirection

\begin{istgame} [font=\footnotesize]
%\setistgrowdirection{east} %% default: south
\xdistance{15mm}{30mm}
\istroot (0)

\istb

\istb{}{(0,2)}

\endist
\istroot (1) (0-1)

\istb{}(1,1)3

\istb{}{(-1,-1}

\endist
\end{istgame}
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istgame: extended issues
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istgame: extended issues

AY: \setistgrowdirection{90}

(=1,-1) (1,1)
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istgame: extended issues

centipede game: growing down

RO (BFofstw) istgame: Drawing Game Trees with TikZ 2016 1€ 30 50/ 71



istgame: extended issues

centipede game: growing down

\begin{istgame} [scale=1.2]

%\setistgrowdirection{south east} 7% default: south
\xdistance{10mm}{20mm}
\istroot(0) [initial node]{1} % initial node

\istb{}{(2,0)}[b] \istb{}[a]l \endist
\istroot (1) (0-2){2}

\istb{}{(1,3)}[b] \istb{}[a] \endist
\istroot(2) (1-2){1}

\istb{}{(4,2)}[b] \istb{}[a]l \endist
\istroot(3) (2-2){2}

\istb{}{(3,5)}[b] \istb{}[al{(4,4)} \endist
\end{istgame}

20N (ZFCHstw) istgame: Drawing Game Trees with TikZ 2016 18 30
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istgame: extended issues

centipede game: \setistgrowdirection{south east}

(4,4)

(2,0) (1,3) (4,2) (3,5)
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istgame: extended issues

Good

Forgive

(1,1) (=1,-1)

default node style: oval node
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istgame: extended issues

\begin{istgame} [font=\footnotesize]
\xdistance{15mm}{30mm}
\istroot*(0){child} % starred version
\istb{Bad}[al]
\istb{Good}[ar]{(0,2)}
\endist
\istroot*(1) (0-1)<135>{parent} 7, starred version
\istb{Forgive}[all{(1,1)}
\istb{Punish}[ar]{(-1,-1)}
\endist
\end{istgame}
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istgame: extended issues

information sets: \xInfoSet*
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istgame: extended issues

ultimatum bargaining: \istcntm*

x, T —x 0,0
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istgame: extended issues

ultimatum bargaining: \istcntm

\begin{istgame} [scale=2]
%\istcntm* (ctm) [thick,red]q{.5}+8mm. . 24mm+ % (.5)
\istcntm(ctm) [green] +8mm. . 24mm+ % (black!25)
\istroot(0) (ctm) {I}+8mm. . 8mm+
\istb{x}[r]
\istb<missing>
\endist
\xdistance{10mm}{18mm}
\istroot (1) (0-1)<[label distance=-3pt]120>{II}
\istb{Y}[all{x,1-x}
\istb{N}[ar]{0, 0}
\endist
\end{istgame}

20N (ZFCHstw) istgame: Drawing Game Trees with TikZ 2016 18 30



istgame: extended issues

ultimatum bargaining: \istcntm

x, T —x 0,0
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istgame: extended issues

miscellaneous macros: experimental

\ShowTerminalNodes [node stylel

e \ShowTerminalNodes ... default: solid node
e Ol: \ShowTerminalNodes [box node]

\HideTerminalNodes
e \setistactionlabelshift{x-shift}{y-shift}
e for abbreviations [a], [b], [1], and [r]

\setistactionlabelposition{x-shift}{y-shift}
e for abbreviations [al], [ar], [bl], and [br]

For more details, texdoc istgame.
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Some examples




Some examples

Osborne, IGT 336.1

ri T—t+rs,S+r(1—¢t) (O —=-6OV+r1+rv T—t+rs,S+r(1—-10)

Keep

Parent
Squawk S k
e Chance 1—p K
Offspring " Offspring
ungr Not h
Quiet &y othungry Quiet
Parent
Keep
r1 1+r5,54+r V4+r,1+rv T1T+r5,54+r

ol (ZFCi&tw) istgame: Drawing Game Trees with TikZ 2016 1€ 30 61/71



Some examples

Osborne, IGT 337.1

p1 — E—cy+py —cpy,2H —pr — pl!
Buy

Refrain

p1—E—cp,H—py

Refrain

H|m —E£,0
Chance C
: p1—E—ci+ps—c, 2L —py —ph
L
L|1T—m Buy

Refrain

Refrain p1 —E—c,L—p

—E,0
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Further Issues




Further Issues

branches: GAMBIT
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Further Issues

branches: £917| - BF2k4~(2016), Frank

&3] D u]3: —100
A= 281 -100
i :
Im Ly
A E mj2: 50
A 48 : 100
OJ"‘E+
A
22l o—

7o o
S /\]i -5

eE o Lk i

WAps}A] ——8—

o

g RS

waeix G IR
2%:0

ot} il
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Further Issues

\istroot*: ZHA|(2016)

SAdd| FX|

13 2 9
10 2% 30

istgame:



Further Issues

\xInfoSet*: Myerson (1991)
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Further Issues

\xInfoSet with options

—7,7 2,-2 2.,-2 —7.7 —7.7 2,-2 2,-2 —7.,7

\xInfoset [out=10,in=170] (0-1) (0-3)
\xInfoset [out=10,in=170] (0-2) (0-4)
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