
Topics from Competitive Game Theory
*坂口 実 (Minoru Sakaguchi)

$5^{\backslash }ome\theta\{her\ell clnf\rho rks$ by the $rout\lambda_{b^{-\ulcorner}}arl$

$l’A\Uparrow\triangleleft$ fu$bravf$ ] $a_{h}d$ . A $\mathfrak{g}_{ofo}\{Ir\cdot\dagger p_{\gamma};gf_{1A}fO|2p_{r},$ $p\gamma_{Q}w_{\ell m_{J}}$

$4re\mathfrak{n}\dagger$ .

$H2- AND3$-PLAYER GAMES OF $S\infty RE$ SHOWDOWN
$–\cdot\sim 1.3\underline{- Ha}.yerG\underline{m}\underline{es}of\underline{S}\underline{cor}\underline{eShow}d\underline{own}\underline{\underline{--}}\underline{--}$. Let $X_{\dot{g}},(\iota-\dot{\lrcorner},l3’J_{\overline{\vee}}l,2)$ be the j-th r.v.
observed by Mayer $i$ . Assume that $f\chi_{\ell j}\cdot J$ are $\underline{i.i.d}$. with $Uco_{J};$) distribution. Each
player $i$ first observes $\chi i,\overline{\sim}u_{il}$ and $ch\infty aes\dot{M}$ . If A(R) is chosen, the $f_{\iota}js$

accepted (rejected and the second r.v $X_{t}\cdot is\iota$ observed). Player $i’ s$ score is
$S_{i}.(X_{l},X_{il})_{\vee}fX_{it}$

We coxsider the
$casa\varphi(X$ il, $k_{\iota-}\rangle$

$t\dagger X_{\iota}l^{-}-X_{\dot{l}}$

$|’5t_{rz}^{4ccepted\prime}o^{e\iota\tau\epsilon ARX_{l\lambda}}$ , $sobser\nu ed$

$f^{(}X_{\dot{\iota}1},X_{iz}]_{\wedge}-X_{i2},$ $x[(x’||\perp lx_{i}*X_{2})$
(Keep-or-Exchange, Risky-Exchange, Showcase-Showdown,CompedngAverage,Jesp)

Mayer who gets the highest score is the winner. Each player wants $H(hewins)*$mx
Also we consider the two versions of the games;

$-\wedge--\cdot\backslash .$ .–Players move aequenuauy, $i\underline{\cdot e.}J$ at first, II at
$\infty ond,md$ III at third. After $I’ s$ move, II and III are informed of $\chi_{\prime},=z$, and $I’ s$

choice of $\phi$. After II’s move, III is inforned of $X_{2J}\underline{\sim}\ andu’ s$ choice of $\sqrt R$.
An players are $\ln oe1\Gamma lgent$, and each player should prepare for that any subsequent
player must employ their optimal stratcgies.
In the present amcle, we use $\ulcorner-$-game, $C=common$. $R\eta uilib\dot{n}um,$ $S\Rightarrow uategy$ ,

$V=value,$ $D=$ draw. Mayers 123 are somebmes written by I,II, $m$, resp.
22. $Solutio\underline{nsto}t\underline{h}eGmes_{-}-\wedge-\cdot-\sim..-\backslash \underline,$ It is shown that games of $\Gamma^{v}ss$ andP& have

the same solution $\Phi ff[3$ )\rangleSome other results are given below $(Ref[1,2,3)$
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$\Phi$ Solution to $\gamma^{(\iota}kE$ (simult.-move): CEQS is “Choose A(R) if his first observ.is $>(<)$

$a^{L_{-\dot{\iota}}}(\ulcorner s\cdot\sim l)=_{\theta}$
’ 0.618, i.e., a unique root in $(\theta, /)$ of the equation $\alpha^{a}+a=|!$

CEQV$=1_{1}$ . In $\Gamma^{(3)}$ KE, the $a^{*}$ the equation and CEQV change to $a_{\overline{\sim}}^{t}$

0.691, 2 $a^{q}\overline{-}|-A^{4}\lambda^{1}-a^{3}$ and $S$ resp.
$\theta$ Solution to $\beta hE$ (simult-move).; CEQS is

$Ch\infty seA(R)3a$
if his first observ. is $>(<)$

$a^{\vee}\ovalbox{\tt\small REJECT}.w\underline{i.e},.$ , a unique root in $(0,|)$ of the equation $a_{+}a*4=1$ . $KD$) $=4^{\wedge}\llcorner**\doteqdot$

0.022, $RW_{1}$ ) $=P(W_{2})=_{2}^{\downarrow}(I-P\lfloor D))_{-}^{-}$ 0.489. In $1^{1}\beta ffia^{*}$ the equation and the
other oesult change to $a^{\vee}=0.\infty,$ $2a^{\Gamma}|\sim\theta r^{\underline{\iota}}a^{3},KD$) $=_{g}\perp\alpha^{*l}=$ O.OIO, $KW_{l}$ )

$=\aleph W_{1})=RW9=J\triangleleft[arrow\Phi$)) $=$ 0330.
B Solution to $\Gamma^{\beta}RE$ (seq.-move); $I’ s$ optstr. is‘ChooseA (R) $X_{il}=x_{l}$, if $x_{l}>\epsilon$ ) $*$

where $x_{l}(=$, 0.570$)$ is a unique root in $( \ulcorner 2\sim\int, \int)$ of $\tilde{X}^{4}=2x(/-3\neq)$ II’s opt.str. is

$Ch\infty seA(R)a_{1}=x_{1}$ if $x_{Z}>(<)l^{\chi_{i}}9_{t(x_{l})}fl’\iota^{\neg}sr\triangleleft tp$;
$K\Re\simeq,0.011,0.4\eta.0.512,$ $oe\varphi$.

$(x(\ |\kappa_{l\prime}.\wedge)\mathfrak{l}x_{l}R)_{f}$

where
$y_{0}(x_{l})\equiv(\ulcorner z-|)\ddagger(\iota_{1}\leq\ulcorner z-|)+(\overline{X_{|\chi_{2x_{1}))I(x\rangle_{\ulcorner}}\iota z-|)?}}Wc\emptyset I,f_{\ell’ r}P\Phi\} P\int w_{l})$

$l$ Solution $\iota_{O}\rho^{\mu)}CA$ (seq.-move): $I’ s$ opt. str. is‘Choose $A(R)X$

$x\oint’4S49)$ is a unique root in $(_{zI}^{\perp})$ of
$0/e\triangleleft-*,\Gamma^{l//}\iota nt\gamma_{A}f\rho\{=xifx_{i}\succ(<)\gamma_{l}wkrr\ell$

str. is $Ch\infty seA(R)\zeta_{1}\overline{\sim}*$ if $x_{2}*$ )
$\int_{b_{l}}^{l_{I}}(\iota,)$

.
$(x_{l}|*,A)(’(z|z_{t_{l}}R)$ .

where $J,(\cdot\iota_{I})_{\overline{\simeq}}(\sqrt{a_{\overline{l}}}-\overline{z_{1}})x_{l}\sigma_{11^{iR}}^{\perp}2AWe$ obtain $PW$ ) $=1-RW_{B}$ ) $=$,
0.490.

$\epsilon Sot_{u\{}|0bt_{O}\mu_{K\in(t\eta\sim mc\nu e)’}$. $Tt_{l^{\backslash }}sba\omega|nr^{\ell_{i\ oe}}$ to $wr^{\sim}/t^{\rho}her($ . $\downarrow de$ hurd
$\sim^{Infoma_{r}u.o_{\backslash }n.Tsin.2\sim}b\tau P(\mathcal{N}_{l}.),p(\Psi a),K.w_{3}3.\wedge\cdot-\sim".y.r\backslash \backslash \backslash a_{\gamma}\cdot\cdot*\cdot.\vee\cdot..\sim\lambda_{aye,.r.Gam_{\vee}\dot{s}.We\infty ns\dot{id}ertheboin}^{\fallingdotseq 0,3^{g}30.t.a332\ell \mathcal{O},034\#2/res}f_{ornn\dot{u}onty\mu s}^{\prime n\ell s_{h}iJ1}$ .
under which players decide their choices of $A\int R$ .
I I $Irightarrow l\mathfrak{l}$

means that I $ch\infty sesX_{\prime},=x,IIch\infty ses|\ \int=qandewh$ player infoms
of his observed value to his $op\mu nenL$

$I^{torightarrow l/}$ means that I observes $*,$ $=\eta$ , II observes $X_{2/}=x_{2}$ and 1 infoms his $x$,
to II,and II doesn $t$ inform his $x_{2}$ to I.
lt is clear tbat 1 $[0-O|$ is the information type discussed in Section 2.
Some results are given as follows $(Ref[4)$ .

$\iota$ Solution $tor^{\hslash J}RE$ under I $l\vdash//$ : In state $x_{)}-x_{a}$ there exists a unique
saddle point at R-A, R-R, A-R, if $x_{l}\vee x_{a}\vee(\ulcorner_{1-1})=x_{2}\ulcorner_{l-\int}X|$ , resp.
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We obtain $KD$) $=_{4:}^{1(\ulcorner z-1)^{\uparrow}\overline{-}}0.\infty 7,P(W\iota)=P(W2)=\perp a(1-p(D))$ $=0496$

9 Solution to $r^{l}kE$ under I
$\mathfrak{l}^{0}-ll$

’ I‘ $s$ opt. str. is Choose A (R) $X_{l/}=x$’
if $x_{\downarrow}>(<)3\ovalbox{\tt\small REJECT}$opt.str.instate $\wedge^{-}\dot{q}s$ given by

$Condi\dot{u}on$ II’s opt. Choice
$t_{1}CA^{t}$ $A(R),$ $fx_{4}>(<)*$

$\theta\backslash \cdot z_{i}e*_{A}$

$A$

$\ovalbox{\tt\small REJECT} x_{\mathfrak{l}}\rangle a^{\vee}\vee x_{l}R$

We obtain $aw_{l}$ ) $=t-KW_{\ell}$) $=_{3}^{A}+_{\#}=0*ptt$.
$\underline{4.2- H}a\underline{me}\underline{o}\underline{f}\underline{C}\underline{on}_{\vee-...R\prime}u\underline{e\triangleleft}r\underline{- Sto}’..\cdot$ Mayer $i$ observes $(Xi_{l},\forall_{i\iota^{\iota}},\cdot\cdot X_{\ell\dot{h}})$,
sequentially one-by-one, and facing each $X_{i_{J}}\cdot ch\infty sesCont\int Stop$. If Stop is chosen
$X_{sj}$ is accepted by player $i$ and his play ends. If Cont. is chosen, $x_{\dot{v}}$

. is rejected and
the next $X’\subseteq,j^{p}!$ is observed and the game continues. Assume that $\{X\acute{\cdot}\}are$ i.i.d. with

$t\circ|]$ distribuhon. Score is

$s_{i}(x_{i\mathfrak{l}},$

$\ldots,$
$x_{\iota n}$ ) $=f^{\chi_{J}}\chi_{i_{\dot{f}^{k\mathfrak{l}}}}\iota l\backslash yl^{\backslash }tf_{\chi_{i^{1_{p}}}y_{ilj}\chi_{\grave{J}}}^{s\rho d.\kappa_{l}}\epsilon_{0},$$\cdot\cdot$ .

$a;preJe_{\iota}f_{e}J_{ond;h_{\mathfrak{l}’}d\chi,1^{+l}}\backslash \backslash$

Consider the situation where player $i$ has $n-1$ decision thresholds $(|>)a_{j/}\rangle$
$a_{t2}\rangle$ $,\sim\rangle$

$tnrightarrow l$

$(>0)$ , so thaz 1 $ch\infty ses$ Stop (Cont. ) if $Xi_{\acute{j}}\rangle$ $(<)a_{tj}\cdot$ . Hayer who gets the higher
score than his opponent is the winner. Each player aims $b$ (he wins)-, $\max$ .

$l$ Solution when $n=3(Ref\mathcal{B}$}: The common optimal thresholds are$(b_{l}^{0\prime}b_{a}^{0}$) $=(0.\eta\not\in 3$,
$0_{\ell}\emptyset)when(b_{I}^{0},$ $b_{l}^{t)}$ ) is a unique root in $(0_{p}|)^{2}$ of

1 $b_{1}^{a_{l}}+(+b_{2}-\mathfrak{l}=0\dot{b}^{2}+b_{2}-(b_{1}^{-I}-[+b_{1})=0$

$p(W,)_{-}arrow ww_{\iota)\approx_{2}}\perp$ .
$\underline{5.}$Remark There are many open problems of interest around the $topic-$games

of score showdown. Three among them are given below.
(1). Let $(\kappa_{j}, \forall_{j}i),$ $L^{\backslash }-\dashv,-|L$ are i.i.$d$. with joint p.d.$f$.

$\}(X_{j}1)=|+Y(|-2X)(\downarrow-l$ $\forall(\iota_{8})\epsilon Co_{J}1J_{*}^{L}$

with [ $y|\leqq I_{d}$ In the game $p^{(}*E$ (simult-move), the scooe is

$\sigma\dot{(}\chi_{1|_{\grave{t}I\prime}X_{i’2},Y_{i2})}=\{(X_{\iota^{\backslash }l},Y_{iI})(x_{iz},Y_{i\iota})$

’
$;+(X_{\mathfrak{t}1}\backslash ,Y_{it})$ is $[rpA\subset cepfdj^{ected}$
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Define that $(x, y)$ is higher than [lower than, internediate to) ( $x’y2$, if $(x, y)$.
$\geq[<$ $othe\iota wise]$ (St $y’$). Player with score $(x, y)$ gets 1 [$-1,0J$, Solve this
zero-suun game.

$t2\overline{)}$. Sequential-mov$e$ games $\beta 3$)
$.\rho B$ And $\Gamma^{(3)}cAr\ell ma_{I^{\wedge}’ 1}\mathfrak{u}\cap s_{0\prime}l\nu e4$ .

(3). $;-P^{\rho_{a}}\forall^{Zr}7^{are\zeta}t\Lambda ndervar^{j}ousi\mathfrak{n}f_{0}rr_{V1}t\prime on\{y\gamma?s$ are $of_{l^{\wedge}\wedge}*g\gamma est_{\wedge}$

$\underline{\Gamma}^{t3)}kB\underline{|^{\neg\beta)}},\underline{R\mathbb{E}a\cap d}\ulcorner^{(3)}CA-\backslash .\underline{\prime}$ , tmdfr $I^{l\downarrow 1-I\downarrow I-\downarrow ll}$ , $I^{[ro-ll0-|lI}$ ,
I(( $\triangleright 0l\vdash la|\underline{etc.}$ remain unsolved. The last one I $ll0-0llarrow l^{\rho}l$ , for example, means
that each player observes his own $X_{0l}=x^{\backslash },$ and,in addition, I knows $x_{a!}$ , II
knows $x_{St}$ and III knows $x_{tl}$ .

$RmRffloeS$
$[’123]$ MSakaguchi, $SCMJ,\underline{\mathfrak{U}}2\mathfrak{M}\rangle$, $411- 421;\mathcal{Q}(2\infty 5),335- 344,;g(\mathfrak{M}5),$ $145-$

$151$ , resp.
[4.5] , Game Th. Appl. $\underline{1\alpha}2\infty 5$). 14&1\omega ; To appear in $u(2M)$, resp.

$\underline{1.}$Each Player has his Prioritv. Player I, II, and III observe $r,x_{Z’},\cdots,x_{\hslash}$ with i.i.$d$. $U_{\zeta 01]}$

distribution sequentially one-by-one. They have their previously given $p\dot{n}0\dot{n}\dot{O}es\langle\hslash,h, P_{3}\rangle$.
Facing $\S^{:}each$ player chooses $R/A$ , independently of his rivals.
If only one player $ch\infty sesA$ , he gets Xjwith his priority, dropping out from the game

thereafter, and the remaining two players continue their two-player game with the
“revised” priorities. If two players choose $A$ , one player selected according to the
“revised” priorities gets $Xj$ drops out from the game thereafter, and the remaining two
players continue their 2-player game with the “revised” priorities. ff the choices are A-A-
A player $i$ gets $X_{j}’$ with prob. p:. dropping out from the game, and the remaining two
players continue their 2-player game with the revised“ priorities. rf the choices are R-R-
$R$ then $X_{J}’$ is rejected, the next $X_{l^{:}}*|is$ observed and the subsequent 3-player game
continues. Each player aims to maximize the ENV he can get ( $N$ in ENV means net, $2ie\wedge\cdot$

$no- obsen^{r}ation$-cost and no-discounting).

Let $W_{b}\overline{(}V_{\eta}$) be CEQV, for 3-player (2-player) equaIpriority game. Then the Opt. Eq. $s$

$(W_{\mathfrak{n}} w_{\wedge}. W_{\mathfrak{n}})=E[eq,$ $vaI$. $wx$ ) $]$
$(\mathfrak{n}z,$ $l$

$W_{0}=\nabla_{\delta}\overline{-}0$ )
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The cases where player’s aim is $Pr$. (he gets a r.v. better than $opponent$ )$arrow\max$. are
solved in ${\rm Re}\phi|_{j}\iota$), In the 2-player No-Information case, for example, let $\iota\psi$

Define $\epsilon tate(i,y)$

’

to mean that (1) boih players remain in the game, and (2) players
currently &e the r.v. $Y_{i}=y$. Let $V(i,y)$ be the value of the game in state $(i,y)$ , for the
$n problem$. Note that $n$ is flxed throughout, players should choose A-A in state $(n,y)$ and
hence draw of the $nme$ cannot occur.

Then $t$ he Opt. Eq. in state (i,y) $\dagger 5$

’

R A

V ( $(b’)=\nu_{\dot{\mathfrak{U}}}$ I. $f_{A}^{R}[9^{(i}t$
)

$\mu_{i*t}(p-F)|[\iota^{\wedge},\partial^{Ci},f)+\overline{P}]$

$[<<\sim\dot{t}\backslash \mathfrak{n}-| \psi[r, \mathfrak{y}\rangle=p\epsilon\zeta f_{J/} ]$

$w \vdash p_{Y<}\mu\iota’r^{1^{\wedge}}-((+I)^{\dashv}\sum_{-I}^{*\cdot 1}((*\int, )’)_{\uparrow}\}’\cdot\alpha nd$

$7ti,$ }) $=r_{n}\gamma.t\iota^{\backslash }-\hslash\}_{)\alpha sa}b\uparrow 0\ell uC\nu \mathfrak{n}\mathfrak{n}kf$ . $\prime n;\dagger\ (i, f)\}$

$=f_{-i} T_{\sim}|(I_{t^{\overline{\backslash }}+\int}^{-})--t\oint)(J)=(i’)_{f}(7))_{f}$
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$\pi_{\prec fo}u_{\Gamma_{10}n}\downarrow$ : $0\forall,$ ; $t’,.|As\dagger\alpha l\zeta\hat{\iota},$ $J$
)$i\vee$

$R-R,$ $Rrightarrow|\star$ $h-\ltimes,$ $\iota\wedge\{0<(i))<\overline{\mu_{it_{f}}}-<z\frac{1}{z}<f^{(}\int J)<|$
$y\varphi yp$,

$\uparrow\ltimes\iota_{\theta|}’ n\mathfrak{n}|-gpt^{r}at4a\circ\nu p\nu a_{4}d’$ $\mu_{\eta}\uparrow \mathfrak{l}^{\backslash \ell_{rRa}^{-}d_{\dot{k}}}’ S$

$\mu_{\iota}=\vee(I\int)$ . We $\circ\triangleright 1ain$

$R$ (I $\omega^{\wedge}\backslash \wedge 5)_{-}-\prime 0,\zeta\eta\zeta_{J}p,6\int q$ $+o^{f}F=^{3/\phi},$ $|,$ $resl^{p}$.

$3.C_{\backslash }\underline{om\dot{m}},te_{\backslash }\underline{e’ s}\backslash --$Selection I and II observe $(X_{J},Y_{j}\cdot)j=1,$ $r\cdot-,n$ , i.i.d.with $U_{Ctl]}$

$X\emptyset_{\downarrow I}9^{ist\dot{n}bution}$ sequentially one-by-one, and each player chooses $\nu$A. $X_{J}\cdot(Y/)$ is $I’ s$

(II’s) evaluation ofj-th applicant’s ability (Ref.[9}. The $W^{t}$. Eq. is

$R$
$A$

$(\eta_{n}\psi_{\eta})--\in k^{d_{M_{n}(\vee Y)]}}\cdot,$ $M_{n}(x,y)=RA(_{\rho x+\check{P}^{u_{n\vee 1},py+\overline{p}v_{n-1}}}u_{n-1},v_{n-\iota}pu_{n-1}+\overline{p}xx,pyv_{n-1}+\overline{p}y)$

The solution is: In state $(X_{j}\underline{-}x, Y_{j}\sim)$ ,
$I\cdot\prime 4wo\iota es$ A ( $|\backslash t$

$|\backslash$ } $\prime 1\geq(<)u_{nd,}1\hslash\Lambda \mathfrak{e}r^{0}\{\cdot b$ ,

I $\lambda_{09};es$ A $(p)^{1},$ $\backslash |f8\geq(<)\prime V_{b- 1}$
$|\sim hAe\gamma,$ $tX$ ,

$\omega Aer^{p}$

$\mathcal{U}_{n}\approx_{2}^{1}ft\triangleleft 1$ $f_{\wedge}=in$ me $\omega’ hp_{\vee \mathfrak{p}_{A\wedge}darightarrow 1\Gamma}^{\backslash }$

$|i\backslash$ A $l \int n_{f^{u}}$
} $4^{\gamma}{}_{\nu b}P$ in

Convergence is quick:
—————-

$u_{\int o}=0.65\triangleleft a,$
$0.b9l1,0.\eta_{530},0.\mathfrak{g}_{b\mathfrak{l}I}$ $f_{\theta^{\gamma}}P=\theta,S,$ $0,$ $i,$ $0.ff\downarrow tl\cdot t5\rho$

$V_{I0}=0.bS\eta_{l},$ $o.b331,$ $o.y\eta\int$ $\sqrt[1]{}z$ , $\underline{\iota^{\prime\triangleright}}i.4_{-}$

$\mathfrak{u}_{\Phi}=$
$z[;$ , $0.\ell f*b,$ $0.\uparrow lf3$, $|$ , $\underline{\iota^{\prime t_{A}}|}$ .

$\wedge_{\underline{V_{\phi\overline{\wedge}}\underline{2(3,}0.\zeta\backslash \mathfrak{g}\S,o.\pi\eta q,1\prime_{Z\nu}\underline{ib_{1}A}}}------$

Various interesting open problems arise. $\mathfrak{Q}1fX_{j}$ $(Yj )$ is the ability of management

(foreign language), then $Xj$ and Yjare not independent. �$\Gamma he$ case where players aim

ENV of (Xj $|Y_{j}\geq a$ ) $arrow\max,$ ( $Ref.[11$}, $O33$-player game where $(X_{j,}YZ^{:})$ is

observed.
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$\mapsto\Xi_{\alpha\wedge\cdot\backslash }\dashv {}^{\grave{t}}f^{k_{\sim}\vdash 1q\wedge d\sim k\underline{/},\underline{|_{6}|_{\{f^{\gamma}}}}-,\wedge\cdot-\sim\backslash \wedge’-\cdot\sim\sim\wedge.-1^{\backslash }-s$.
We first consider a simple n-round poker. Each of two players I and II receives a hand

$x$ and $y$ , respectively, in $[0,1]$ , according to a uniform distribution,. and chooses one of
two alternatives Reject or Accept. If choice-pair is R-R, the game proceeds to the next
round and both players are dealt new hands $x$ and $y$. If the choice-pair is A-A showdown
occurs and the game ends with $I’ s$ reward $sgn(x-y)$ . If players choose different choices, then
arbitration comes in, and forces them to take the same choices as $I’ s(IIs)$ with probability $p$

$(p)$ . This zero-sum game is played in n-rounds, and player I(II) aims to maximize(minimize)
the expected reward to I.

Let $\phi_{n}(x)(\psi_{\hslash}(y))$ be the probability that player I (II) chooses A on the hand $x(y)$ . Also

let $v_{n}$ be the value (for I) of the n-round game. Then we have

$v_{n}= \max\min E_{\epsilon.y}[(\overline{\phi}_{n}(x),\phi_{n}(x))M_{n}(x,y)(\overline{\psi}_{n}(y),\psi_{n}(y))^{T}]$

$\phi_{\hslash}(\cdot)\psi_{\mathfrak{n}}(\cdot)$

where
R $A$

$M_{n}(x,y)=_{A}^{R}(_{psgn(x-y)+pv_{n-1}}v_{n-1}$ $\check{p}sgn(x-y)+\mu_{n-1})$
$\epsilon gn(x-y)$

The solution is
$\varphi_{(\{)\underline{-}I(x>a_{\hslash}1}^{*}\hslash$

’

$t_{\hslash}^{\nu_{t}}t$ ) $=r(\iota>a_{\hslash}\wedge$), $V_{D}-\downarrow-I$

where {$a_{h}\backslash is$ determined by $a_{\hslash f1}--fl_{\hslash}+\perp_{1}([p\overline{a}_{o}^{l}-Fq_{n}^{t})(n>,/, a,\approx_{2}^{L})$ ,

We obtain $\triangleleft n^{\uparrow\phi\wedge}a-\ulcorner r/\langle\Gamma_{F}*\Gamma\overline{r}$), $\tau r_{\eta}\phi 24_{\Phi-1}--(\ulcorner p-\overline{/F})\chi\Gamma\mu+\sqrt{F})$.
The bilateral-move version, when $p=\nearrow^{1}2$. has an interesting solution. $Ixtw_{\hslash}$ be

the value of the n-stage game. V $<$ $0$, since I must move first and inevitably gives

$ARSomeinfor_{f_{1h}^{ationab.thihand.Wef_{1}n_{I}dtht}\prime}whereg-\iota^{m_{f_{\sim}-1)0.nnumber}}W^{-}e^{t}l\dagger\oint^{\frac{\wedge\prime}{k,}}dr’;a^{e}gse_{4:\propto rr^{\nu A_{fn1^{\circ-}l}}}ou_{0.618,tho1denbicti.arrow\frac{}{4}}stme_{A\cdot nn^{\uparrow\wp-p\epsilon_{l}}}a_{\%.w,}\iota w=rightarrow(\prime 8)(,.\cdot \mathfrak{g}.-\wedge--\underline{.\prime\theta_{P}||4.}l^{\vee}$

$\nu_{n^{-\forall|}}^{\prime-0},\tau^{\eta}\geq r(R\ell f.[to])$

$3-\psi y^{[\Gamma}1\star_{\backslash }\phi-\{\star\rho mt-_{1}^{-}\searrow SP^{\theta}\kappa er,$

$\triangleright\iota n\omega\sigma_{1}’n\mu_{e\sim m\acute{\psi}}$yi $t\gamma r\mu A$

$a’\backslash A\omega irkbAe\geq 0_{f}\iota^{-}1kk_{\phi ab\}r)}t\ell rz_{l’}f\backslash \eta\triangleright P^{\ell n}\nabla^{ro}wm$ .

$-4_{\vee}arrow A^{S_{\alpha\cdots.\sim\sim\wedge m-m’}}\cdot\cdot\cdot$

$\ln$ the three-player two-choice $ga\varphi es$ there

often appear Odd-Man and Even-Men. What is the reasonable partition among players

ofeachXj ?

Let $v_{\eta}(w_{b})$ be CEQV of n-stage Odd-Man-Wins $(Odd-Man\vee Out)$ . Then the payoff

\Re nices $M_{\tau\iota}(X)are$
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$\tau\geq \mathfrak{l},$ $v_{16}=^{L}$ ,

$\tau\geq|’\iota t_{\iota^{=}6\prime}^{L}$

{ $\sigma r$ Od $A- Man-W_{i};_{1f},$ $0dd-\mathfrak{w}_{n\sim \mathcal{O}u*},$
$re\sigma \mathfrak{p}$.

Each player must think about : (1) He wants to become the odd-man (an even-man), $uk_{\mathfrak{n}}$

the game is Odd-Man-Wins (Odd-Man-Out), especially when he faces a very large $x_{\acute{l}}$, and
(2) Since $Xj$ is a random variable, he can expect a larger one may come up in the future.

It is shown that (Ref.[6]), $v_{h}\uparrow v_{*}\overline{\wedge}$ 0.205 and $w_{\mathfrak{n}}\downarrow$ $w=.0.1ffl\sim$. So.mulU-stage

play yields each player a merit of size $V_{s_{i}^{rightarrow\ddagger l,037}}^{\perp}\underline{\underline,}$ and a demerit of size $\perp_{-M_{\Phi}}\delta$

$rightarrow\sim 0.0bb+$.
The extension to the many-player two-choice simple-majority games is an interesting

open problem.

The case where the odd-man has priority $p$, and the even-men has priority $-\sqrt{2}$ is
solved in Ref.[$7J$. When $p=\dot{\gamma}_{3}$ , CEQV $=A3\mu_{\alpha}$ , where $\{\mu_{\hslash}\}$ is the Moser’s
sequence. When $p=0(1)$, the game reduces to Odd-Man-Out (Odd-Man-Wins),

$[1 t, \cdots 7]$ SCMJ 53(2001) $257arrow 268,125- 134,\underline{X}(2002)$ $457- 473,317- 325,\underline{\mathfrak{U}}2\infty 3$ )

ISS-189, $\underline{\mathfrak{R}}(2004),$ $315- 325$, 403410..
[8,9,10] GTA$\underline{7}(2001)156- 169$, $rightarrow 8(2002)9\theta 1oe$ , $9(2\mathfrak{W})141- 149\wedge\cdot$

[11] Bruss and Lecam (edt),Lecture Notes 35 (2000), Inst, Math. $\mathfrak{W}t,111arrow 125$ .
In some of these, names of co-author(s) are omitted.

$*9\sim 2b\star r_{\grave{\iota}Aov|t^{\alpha oka,T_{\theta\gamma 0\mathfrak{n}r1\backslash \alpha}}},$ $0srka,$ $\mathfrak{N}\triangleright 0\triangleright\sigma 2,7ap\triangleleft h_{l}-$

$f\cdot ax:+S\mathfrak{l}-\zetaarrow(i\zeta\zeta- 23/4g_{\sim ma|fl\}\wedge Ot4}:mv\sigma\oplus kcct.z4\uparrow.re$. $l^{p}$
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