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Abstract. This paper presents an application of the game refinement theory to a class of round-
match games. It describes the basic idea of game refinement theory while showing the process of
game design using two-person round-match RoShamBo. It then deals with Saicyugen, a three-person
card game. Since a round-match is the first-level meta game, it can be refined by the same way as
for the board games. Simulation experiments performed show the effectiveness of the idea.

1 Introduction

We have studicd the property of the decision
space in game playing(5][6][8][9]. The decision
space is the minimal scarch space without fore-
casting. It provides the common mcasurces for al-
most all board games. The dynamics of decision
options in the decision space has been investi-
gated and we observed that this dynamics was a
key factor for game entertainment. Then we pro-
posed the measure of the refinement in games(6].

Interesting games arc always uncertain until
the last end of games. Thus the variation in avail-
able options stays constant all over games. Here
the games arc a kind of sccsaw game between
possible results. In contrast, onc player quickly
dominates over the other in uninteresting games.
Here options are likely to be diminishing quickly.
Thercfore, the refined games arc more likely to be
in a sccsaw game.

From the property of scesaw games, we pro-
posed a mecasurc of refincment in game play-
ing. This measurc should reflect some aspects of
the attractivenecss of games. We then compared
a class of board games by mcans of this mca-
surc. We cspecially compare various chess vari-
ants by mcans of this mecasurc and other charac-
teristics[6]. The measure was ‘/TE where B stands
for the average number of possible moves and D
stands for the average game length.

We should notice that the rules and details of
a game should have changed over the long history
of games in most games and the current games arc
the cvolutionary outcomes of a long history from
the original games. For cxample, many variants of
chess-like board games arc known in history and
the modern chess is the descendant of these vari-
ants. Here consider the historical changes of re-
fincment measure in chess variants. Supposc that
a ncw variant is born from the old version of a
gamc. If the old variant is less refined than a new

-102-

variant, such a variant should be replaced by the
new one, because it is less attractive. Therefore,
the game itsclf should be refined in a long history
of a game, and the current game is the cvolution-
ary outcome of the long history of games. The re-
fincment measurce should be expected to increasc
in a long history of a game. Conscquently the his-
tory of games can be viewed as an cvolutionary
optimization of game-refincment factors as well
as complexity.

In this paper we focus on an application of the
mcasure to a class of round-match games. Since
a round-match is a game, the proposed mcasure
would be also a key factor for the attractiveness
of the round-match games. The point is how to
cstimate the number of options and game length
for such games. Scction 1 presents a two-person
round-match game so-called RoShamBo, with ex-
periments and discussion. An appopriate rounds
will be discussed if we focus on the proposed mea-
surc. We-then consider another type of round-
match games Saicyugen (Most Mediocre), played
by three players. It is a meta game with level 0
and 1. Finally, the concluding remarks arc given.

2 Two-Person Round-Match
RoShamBo

RoShamBo (also known as Rock-Paper-Scissors)
is a simple game, but the best strategy can be
quitec complicated when playing against fallible
opponents. The game is played between two play-
crs. On cach turn, the players simultancously
choose onc of "rock”, ”paper”, or "scissors”. If
they choose the same item, the result is a tic; oth-
crwisc rock crushes scissors, paper covers rock, or
scissors cuts paper. A match consists of a serics
of turns (rounds) between the two players.

The game is trivial from a game-theorctic
point of view. The optimal mixed strategy is to



Table 1. Experimental results under the basic rules.

Winning point|| 2 3 4

6 7 8 9 10 | 11

Round to end [{ 3.74 | 6.19 | 8.72 |11.31

13.95(16.61(19.28|21.97|24.70(27.18

VB
o 0.461/0.280(0.200(0.153

0.124/0.104(0.090{0.080{0.070|0.064

[Winning point]] 12 [ 13 | 14

16 | 17 | 18 | 19 | 20

Round to end [[30.21]|32.95{35.72|38.56

41.27|44.09(46.85|49.67|52.48

%E 0.057(0.053(0.048|0.045

0.042]0.039(0.037(0.035(0.033

choosc an action uniformly at random (one-third
probability of cach). This will ensure a break-
cven result in the long run, regardless of how
strong (or how wcak) the opponent is. However,
against predictable opponents, a player can at-
tempt to detect patterns in the opponent’s play,
and cxploit thosc tendencies with an appropriate
counter-strategy(1].

The two-person round-match RoShamBo pro-
vides at cach round with three options: win, loss
or tic. The length of the game is the number of the
total rounds played. Below the basic rules for the
cxperiments performed in this paper are shown.

— The winner at cach round gets onc point while
no point for the loser. Otherwise (tic) also no
point.

— If onc’s total winning points rcaches a given
rcgulation point, then the player wins the
game.

To change the characteristics of the game, sev-
cral additional rules will be given based on the
following idca.

— If one wins some consccutive rounds, the
bonus points arc given. The consccutive wins
must not contain a draw round.

The additional rules will make the simple game
more sophisticated while increasing the potential
of changing the outcome.

2.1 Experimental design
We sct the computer experiments as follows.

— The winner obtains onc point.

— Various regulation points (say n) arc to be
cxamined.

— Rounds go on until the winner is determined.

— When onc player meets the additional rule,
he/she obtains . point.

— Each player sclects an action at random.

— The first cxperiment takes 100,000 trials with
the regulation point ranging from 2 to 20,
where the additonal rules are not used.

— In the sccond cxperiment, 100,000 trials arc
performed with n = 10 for cach additional
rule.

Results and discussion (1) We show, in Ta-
ble 1, the results of the first cxperiment. The
game length (i.c., average number of rounds to

cnd, denoted as D) and the mecasure -‘? arc
given. The degree of frecedom (denoted as B)
for cach player in the two-person round-match
RoShamBo is three since it has only three pos-
sibilitics at cach round: win, loss or tic. As 3D@
becomes larger, the influence by the chance to the
outcome of the game increascs. Similarly, as 3D@
becomes smaller, the outcome of the game highly
depends on the skill[7].

As mentioned in the introduction scction, the
modern chess is the descendant of many chess old
variants and must be well-refined. The measure
value (roughly 0.07[6]) for chess may reflect the
well balance between skill and chance. We notice
that the value of ﬁg is 0.07 in Table 1 when the
winning point is 10. We then suspect that the
two-person round-match RoShamBo with win-
ning point 10 may be well-refined at some level.

Results and discussion (2) We cxpect to re-
fine the two-person round-match RoShamBo with
winning point 10 using the additional rules. Thir-
teen additional rules arc used for the next exper-
iment. These. additional rules may change sen-
sitively the game property while increasing or
decreasing the game length. In this experiment,
100,000 trials arc performed for cach additional
rule. We show, in Table 2, the results of the ex-
periment.

We first notice that the addition of special
rules is more delicate than the change of the reg-
ulation point when we compare the two experi-
ments. From Table 2, we assume that five vari-
ants #4 to #8 arc somchow intcresting. The val-
ucs of %E for these variants arc in the range
of [0.071 — 0.080]. It is hard to dctcrmine the
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Table 2. Experimental results under the addinional rules.

# Additional rules Round| ¥E
1|winning two-in-row once 6.02/0.288
2|winning two-in-row twice 14.66(0.118
3|winning three-in-row once 15.48(0.112
4|winning two-in-row three times | 21.67(0.080
5|winning four-in-row three once | 21.78/0.079
6|winning three-in-row twice 23.83/0.073
7|winning five-in-row three once | 23.94/0.072
8|winning six-in-row three once 24.52{0.071
9|winning seven-in-row three once| 24.69/0.070

10|winning four-in-row three twice | 24.69/0.070

11|winning eight-in-row once 24.69(0.070
12|winning three-in-row three time| 24.71{0.070
13|winning nine-in-row once 24.73{0.070

best variant since the cntertaining impact de-
pends highly on the skill of players. If players
strongly prefer the chance factor, then they will
choosc #4 or #5 variant.

We have shown a process of game design.
Starting with the primitive version of the two-
person round-match RoShamBo, the first stage of
the game design determined the regualtion point
that the game may have a rcasonable valuc of %—E—.
The sccond stage was followed by the addition
of the special rules that the game property may
have changed more sensitively. We thus sce that
¥E can be a reasonable indication for gamc cnter-
tainment for the two-person round-match game.

We hereby give a remark on the property of
a gamc which has the three outcomes: win, loss
and draw.

Remark 1. Two-person round-match is a game
where the degree of the freedom is three.

Note that Checkers is a game for which the
average number of possible moves is nearly three.

2.2 Round-match RoShamBo and Chess
compared

The round-match is a level-0 meta game which
has some rounds at which a game is played. The
gamc to play at cach round is the two-person
RoShamBo in the previous experiments. How-
cver, we recognize that the measure @ will be
applicd to any kind of games if the degree of free-
dom (possiblitics for players) and playing time
(gamc length) can be defined.

Consider the round-match for chess champi-
onship between the world champion and a chal-
lenger. The question ariscs: “how many rounds
arc sufficiently to decide the new champion?”
We observe that the two-person round-match
RoShamBo provides at cach round with three op-
tions: win, loss or tic. To enhance the game, it is
good to play the 10-point match, namecly roughly
24 round-match game. In a chess match, there are
also three possibilitics at cach round: win, loss or
draw.

The indication (well balance between skill
and chancc) suggests that about 24 round-match
would be rcasonable. Indeed, 24 round-match sys-
tem has been used in chess[3]. We claim that this
is not by chance, but the cvolutionary sclection
of the long history of round-match games.

3 Most Mediocre

Most Mediocre (Saicyugen in Japancsc) is a de-
ceptively simple game modified from Mediocre
invented by Douglas Hofstadter[2). In Mediocre,
cach player sclects a number. The player who sc-
lects the middlemost number is the winner and
gets a scorc. This is known as level 0 mediocrity.
A level 1 game of mediocrity involves playing N
games of level 0 mediocrity. Then, the winner is
the person with the middlemost number of level
0 wins.

However, in Most Mediocre cach player sc-
lects a card (i.c., a number) from his/her hand,
while playing N games of level 0 and M games
of level 1. Below we show the standard rules of
Most Mediocre.

— 52 cards used without joker.
— There arc three players. 17 (say X) cards arc
~ dcealt to cach.
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Table 3. Saicyugen variants.

#| X|a]~N]Options|Rounds| Y2
117 3| 5 10 15[0.07
2 (17| 3| 3 13 270.13
3|9 3l3 5 27(0.08
4|10 3| 3 6 27/0.09

— At cach turn, one sclects a card (i.c., number)
from his/her hand. The player who sclects the
middlemost number is the winner and gets a
score that is the number on the card.

— There arc supcriority based on suit of card.
Therefore, we have only the winner at cach
turn.

— The winner’s card will be faced up, otherwise
faced down.

— A level 1 game involves playing 5 (say M)
rounds of level 0 mediocrity. The winner is
the person with the middlemost number of
level O wins.

— A level 2 game involves playing 3 (say N)
rounds of level 1 mediocrity. Then, the fi-
nal winner is the person with the middlemost
number of level 1 wins.

There are four Seicyugen variants with dif-
ferent value X, Af and N. We show, in Table 3,
the variants and our calculation on the options B
and game length D for cach variant. In the stan-
dard Saicyugen, at the first round cach player has
scventeen options, sixtcen options at the second
round, and so on. Therefore, the average number
of actions for cach playcr is 10. The game length
is given by 3 x 5 x 3 = 45.

According to the GPCC c-mail discussions,
#4 variant is known to be most interesting while
#2 variant is boring[4]. The values of @ for
three variants (#1, #3 and #4) arc in the range
of [0.07 — 0.09]. The indication suggests that #1
variant will be more interesting than #4 variant
as the skill of players increases.

4 Concluding Remarks

The future works will consider the general case
where multiple players (more than 3) participate
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the competition. In the tournament, a game at
cach round is played by two players or two tcams
with limited number of rounds. Usually, such a
tournament is organized while using Swiss Systcm
or its modificd pairing system. We then have to
cstimate the potential options at cach round, and
will know sufficient rounds in the sense of the at-
tractivencess of multi-player round-match games.
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