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Abstract—The study of k-in-a-row games has produced ~ One member of the k-in-a-row games, Connect6,
a number of interesting results, and one of its sub-category proposed by Wu and Huang [11] in 2005, has
g,"””e;tgolfg‘)pcosed in 620h05 hE‘S been ‘l)fdpa(;ticu'ar i”ter?Str-] been of particular interest. Connect6 is essentially
ince , Connect6 has been included as one of t :
major competition in the ICGA Computer Olympiad, and a Connect(19, 19’.6’ 2,1) game. Since 2006’. Con
is gaining more popularity every year. neqt_6 ha_ls been included as one of the_ major com-
In this paper, we briefly review current methods applied Petition in the ICGA Computer Olympiad, and is
in Connect6 and related results. A defensive strategy gaining more popularity every yeatr.
is introduced along with a more strategically sensitive Many artificial intelligence methods applied in
evaluation scheme. Threat-space search is an important connect6 are largely under the influence of the
algorithm applied in Connect6, some techniques for gain- techniques used in solving Go-Moku[3][2], where
ing more efficiency and accuracy will be introduced. The T
integration of the defensive strategy and threat-space threat-space search was proposed an(_j applied. Wu
search will also be investigated. and Huang proposed a Connect6 version of threat-
The combination of the defensive strategy and threat- space search, and generalized it to the family of
space search is proved to be effective, and is able tok-in-a-row games[12][7]. It became the foundation
compete with other top Connect6 programs. The program of today’s Connect6 programs, and much effort has
Kagami, which was implemented with these methods, won been made to increase the speed and accuracy. The

the fourth place in the 14th Computer Olympiads. N
,ndléx E)I'ermsl—Connect6 k_ﬁ:fa_rowy 'FI)'Ihreat-space stage between the start of the game and a winning

Search, Aritificial Intelligence sequence found by threat-space search is where the
evaluation heuristics have more influence. Allis used
|. INTRODUCTION proof number search for this stage in Go-Moku,

Games are ideal domains for exploring the cahile in Connect6 most programs used-search.
pabilities of artificial intelligence (Al), although Connect6 is a relatively new board game, and the
chess has long time been called the Drosophila @évelopment of the evaluation heuristics is still in
Al[9], the research of other games has also providéd infancy, therefore there are still many unknown
fruitful results. territories to explore.

The study of k-in-a-row games has produced We will present a new evaluation scheme which
a number of interesting results [11][4][10][13]is based on the observation of how a stone imposes
and has also introduced new Al techniquats influence on the board, and it also has the
[3][2]. Variants of k-in-a-row games have als@otential to be extended to other k-in-a-row games
been investigated, such as k-in-row games playadd their variants. A defensive strategy will also
on higher-dimensional boards[6][5][1], and thé&e presented, although it is just a simple greedy
Connect(m,n, k, p, q) family of k-in-a-row games, algorithm based on the proposed evaluation scheme
where two players place p stones in each turn onaithout using any kind of search algorithm, it al-
m x n board except for that the first player placeseady can achieve admirable results against some of
g stones for the first move, and the player who getsday’s top Connect6 programs. When the defensive
k consecutive stones of his own first wins[12].  strategy is combined with threat-space search, the



program can compete at the same level of the state-
of-the-art programs. The program Kagami, which

was based on these methods with the addition of
some heuristics such as the null-move heuristic, won

| ] | | | |
the fourth place in the 14th Computer Olympiad. n it n
|
[1. EVALUATION SCHEME T 77:77 0
We will introduce a new evaluation scheme for mu-

| ] | ]
—=-n-a]
Connect6 based on the observation of the influence .,.,.,.,+‘+,.,.,.,.
of a stone on the board. The scheme is argued } mom-. }
to be more strategically sensitive than traditional ™ ™
approaches.

A. Influence of a Stone '

Apart from the first move, two stones are placed
on the board with each move, and these stones
change the development and nature of the previous
position. What does the presence of a new stone
alter? Fig. 1. Influence of a stone

A potential line is a line with a length of 6 on the
board, with no stones or only a single kind of stone
on it. Thus, it is a potential candidate to connethereas the ones that are not included are less
six for one of the players. If there are two kinds ofiirectly related to the stone, and may only retain
stones on the line, then it can be sure that a winnifgme strategic importance.
six will not occur on it. We will regard a line which  Connectivity is another major issue in Connectb,
contains six consecutive stones to win the game gisce if one’'s stones are sparsely spread across
a winning line. the board, the chance of connecting six is low.

A straight forward and tactical point of view islf two stones are close to each other, there are
that a stone played on the board increases the chal@sé points between them for the opponent to cut
of connecting six for one side, or decreases thieir connection. Thus, the relation between two
chance of winning for the opponent. But what is thetones decreases with increasing distance, and this
scale or range of its influence? Instead of viewiniglation is in a sense formed by the influences of the
the board as a collection of points, we regard it ash&0 stones imposing on each other. It is therefore
collection of potential lines. Therefore, the preseng@tural to imply that the influence of a single stone
of a stone increases the probability of a potentidecreases with increasing distance.
line, which contains the stone, to become a winning The influence of a stone should stop when the
line. border or an opponent’s stone is encountered, since

Hence, a stone’s influence area should be the aieaan’t make any connections with any stones
that consists of all the potential lines which contaibeyond them. Therefore, the length of the lines in
the stone. The largest possible area of influencetle statement of the influence area should be refined
made up of four lines (horizontal, vertical, and tw¢o lines with a length of 11 or less, as shown in
diagonals) of length 11, with the stone in the centéigure 2.
as depicted in Figure 1. We will not try to take the points that are not

Other points which are not included in the areia the influence area into consideration, since we
are by no means not important at all. Rather, théglieve that their strategic values may vary for dif-
differ from the included points by meaning. Théerent positions, and a perfect model may not exist.
included points are under more direct influence &ven if it does exist, it may introduce unnecessary
the stone, thus may have more tactical meanirggmplexities.




weightwy is given. The values ofy, decrease with
increasingk. Once the border or a white stone is
encountered at a certaih, the remaining values

it W, Wiy 1, ---, W5 are set tol.
Q . Note that the values on the same line are com-
| n n bined by using multiplication and the four directions

L are combined by using addition. This reflects the
‘ ‘ } fact that connectivity has higher priority over direc-
I*I*I‘I*T*l*l*l tional liberty. Although in some cases, directional
|
| |

liberty may have higher priority, especially in earlier
stage of the game, these cases can be addressed by
applying the degree parameiér

A fundamental relation needs to be preserved:
a half-move which contains occupied stones in its
influence area should not be overpassed by a half-
move which only has empty points in its influence
area. Please see Figure 4 for a depiction. This
concern may be crucial since empty points also have
Fig. 2. The influence area encountering borders or opportenes g weight.

A simple solution would be to let a portion of
the weight of a stone be larger than the value of a
line that contains only empty points. Therefore, the
relation
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e L AL . must be held, wheré < n < 5. w, is the weight

Fig. 3. Evaluation of a half-move . . .
that is equal to the value of the line with only empty

. . oints.
Suppose that the opponent is playing black, thé)nWe decided that the weight of an empty point

;tgegﬁ/\éanluba;lon score for a black stone or a half-mO\E/e: 2, then we use it as a base to determine the

values ofw,. From experiments and experiences,
4 5 5 we determined that = 3, andw; = 2'2, wy, = 2'1,
E:diZ(Hijk Hpjybk)‘ w3:210, U)4:29, w5:28.
J=1 k=1 k=1 The values of degree weights are determined and
E is the evaluation score of the half-move, reflectuned purely from experiments, which ate= 1.0,
ing the influence it hag.is the number of directionsd2 = 1.00000181862, d; = 1.00000363725, dy =
that have no opponent stones, ahds the weighted 1.00000726562. The values are falrly small, due to
value in that respect. The valyecorresponds to thethe exponential figures of the empty point weight
index of directions to be considered, so there aread stone weights, and due to their nature of being
directions (1 horizontal, 1 vertical, and 2 diagonaljnostly adjustments for some positions.
Dja, andp,, , wherel < k < 5, are the states of An example is shown in Figure 5, the evaluation
the points, which correspond to the points marka@lue of triangled marked stone is determined by
in Figure 3 on each respective line.

The values op,,, andp,, are determined in an
. 1Ak IOk . E=dyx[(exex1x1x1xexwyxXwsXexX
orderly decreasing fashion from near to far, i.e. frof — @ * [(€ € Wa 10 €)

Pj.ar 10 pjq; and fromp;,, to p;,.. If the pointis an F(eEXEXEXEXEXEXEXEXEX€)
empty point, the value is given, and if the point
is occupied by a black stone, then a corresponding +(e X e X e X eX eX € X €X€XEXE)

B. The Evaluation Scheme
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Fig. 4. Evaluation of the triangle position in the bottom sldobe
higher than that in the top.
HEeXEXEXEXEXEXEXEXEXE
= 1.00000363725 x [((1 x 1 x 1 x 2 x 2)

x (2 x 21 x 210 x 2 x 2)) + 210 4 210 4 210,
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Fig. 5. Example of evaluation

values are the product of 10 empty point weights
that is2'°. The value determined by the horizontal
direction is thus(1 x 1 x 1 x 2 x 2) x (2 x 2" x
210 % 2 x 2).

C. Comparison to Current Evaluation Techniques

The evaluation schemes used in many programs
are mostly pattern-based, for different configura-
tions of stones on a line, a score is assigned[7] [8].
Then the scores of the four directions are combined
(mostly by addition) to make up the evaluation
score.

For example, if black places a stone at the triangle
positions in the patterns A, B, and C in Figure 6,
the patterns they create are all usually classified as
a Live4 pattern, and its main characteristic is that
white needs two stones to defend the threat. Hence,
the half-moves at the triangle positions have the
same value in most of current program’s evalua-
tions.

But with our proposed evaluation scheme, the
three half-moves have different scores. Pattern A
has the highest score, pattern B is the next, and

There is one opponent stone in the horizontal dirggattern C is the lowest. If the half-moves have been
tion, thus the degree parametgris applied. Apart played, they would create the same amount of threat.
from the horizontal direction, there are no stones But due to the different number of empty points

the vertical and diagonal directions, therefore thean the examined directions, the evaluation values



chance that the opponent can make an attack. Of
course, if the opponent’s purpose is to defend, we

may waste some stones on unnecessary defense if
0 /00 we follow this strategy. But then again, our purpose
is to make a solid defense, thus the waste of stones
is tolerable.

So we only consider the half-moves (or points)
that are in theb x 5 square with the last two stones
that the opponent played in the center as candidate
half-moves. Therefore, at most 48 points or half-
moves are considered. Figure 7 shows a position
with white to move, and candidate half-moves are
marked by filled squares.
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Fig. 6. Comparison of different evaluation scheme

vary since empty points also have a weight. And
this reflects the fact that although they have the
same tactical meaning (threats), they are distinct in
strategic context, namely liberty or space.
Therefore, the proposed evaluation scheme is
much more delicate, and may distinguish the strate-
gic importance of the same pattern. It is more strate-
gically sensitive than the traditional approaches, but
retains the same tactical sensitivity at the same time.
The new scheme is also easy to be adapted
to other k-in-a-row games, while the traditional
methods may need more game-specific heuristics.

Fig. 7. Candidate half-moves (white to move)

lll. A D EFENSIVE STRATEGY FOR CONNECTS The defensive strategy consists of two phases.

We will introduce our defensive startegy whiclFirst, it generates a half-move list and sorts the
utilizes the evaluation scheme presented in the pentries according to the values which are given
vious section, and present our experimental resulis. the evaluation scheme proposed earlier. Then it
plays the half-move with the highest value, and do
the same for the second half-move.

We will make an assumption that the opponent The overview of the proposed strategy is given
has a purpose with every moves. If the opponentis Figure 8. Note that it is only a simple greedy
intention is to make some abstract connections teethod based on the proposed evaluation, and no
other stones to produce an attacking pattern, siarch technique of any kind is applied.
would be best to cut off these connections as soon )
as possible. That is by “following” the opponent®- Experimental Results
move to wherever he goes, and cut off poten-To test how effective our defensive strategy is,
tially dangerous connections, one can minimize thee use it to play against two famous Connect6

A. The Defensive Strategy



ilar computation power in order to avoid the unfair
competition. Our program was run on a machine
with AMD64 3000+ and 1GB RAM under Ubuntu
Linux 9.04, kernel version 2.26.1. The opponent
programs were run on a machine with Intel Core2
Duo 1.66GHz and 1 GB RAM under Windows XP

] Professional Service Pack 2. Ten games are played

Generate the half-move list

l

[ Play the best half-move from the list

with each program. Our program plays black in
the first 5 games and plays white in the last 5
games. The results are listed in Table | and Il. In the
tables, D, W, and L, means we draw, win and lose,
respectively. Game length is the number of moves
that are played. Although there are still empty points
available on the board, we declare the game drawn
around move 120, since the space left on the board
is insufficient for either side to get a six.

l

Generate the half-move list again

l

TABLE |
RESULTS OF OUR DEFENSIVE STRATEGY AGAINSNCTU6
Play the best half-move from the list (LEVEL3)
Game 1 2 3 4 5 6 7 8 9 10
Result D D D D D D D D D D
] ) Game Length 121 120 119 124 120 120 123 121 120 123
Fig. 8. Flowchart of a defensive strategy
) TABLE I
programs: RESULTS OF OUR DEFENSIVE STRATEGY AGAINSK6

« NCTUG6: NCTUG6 is a program developed by
the Internet Application Laboratory led by Pro-—sere rz s 4 5 8 7 8 9 10
fessor I-Chen Wu at the National Chiao TungGame length 31 121 123 131 47 18 118 128 120 34
University. It won a gold medal in the 11th

Computer Olympiad and another gold medal we can see that our program can draw perfectly
in the 13th Computer Olympiad. The versioggainst NCTU6 (level3). Our program can draw
we did our experiments on is the 2006 publis0% of the games against X6 in its full power
release version 1.0, with playing strength set {githout using any kind of search, showing that our
level 3 (the maximum strength is level 5).  defensive strategy is very effective. However, it still

« X6: X6 was developed by Shih-Yuan LioUoses 40% of the games, so there is still room for
and Professor Shi-Jim Yen at the Artificiafyrther improvement.

Intelligence Lab. of the National Dong Hwa
University. It won a silver medal in the 11th V. COMBINING WITH THREAT-SPACE SEARCH
Computer Olympiad and a gold medal in the |In order to complement the weakness of the
12th Computer Olympiad. Experiments argroposed defensive startegy, threat-space search is
conducted with version 1.4.0f, with playingapplied as a verifier to check whether the decided
strength set to 9 (Kill-Defend Search depth wagefensive move is valid. If not, alternative moves,
set to 11, and 100 seconds to timeout) such as the second best move and so on, are tried
To get the best performance possible of eacimtil an effective move is found or a certain number
program, we thought it would be better to rumf alternative moves is reached. This combination
the programs on their original, native environments proved to be able to effectively improve the
However, the machines used are basically with siperformance of the defensive strategy.




A. Threat-space Search @)b) (b)@)

Threat-space search was first proposed by _ ;

. . . . Fig. 10. Conservative defense
Allis[2], and it was used as an evaluation function
accompanying proof number search to solve Go-

Moku. The main idea of threat-space search
similar to that of quiescence search, in which on§

forlc;‘]ecé:(r)nnonvee;Gareif e;(te?;eedr ar;g ixglorrr]e:\)e whiciﬁfmem combined with its respective defensive
’ player piay noves can be combined into a single pre-defined
threatens a connect six on the next move, then t Sttern

move is called a threat move. For example, in Figure . .
... However, by applying conservative defense, the
9, the black player played the 2 stones marked wit S .
) . . efense side is presumed to play all possible de-
a, and is threatening to win on the next move b, .
nses at the same time, and thus more than two

playingb, by, by bs, Or bs by. Therefore, the move Isstgnes could be placed on each move. In Figure 10,

:tgirr?:tt trr?g\:ﬁ;e?[d;[]heenrvtvki]:eor?g(\)/\:}ﬁrll(t)sh:?htg dgfeiﬂe white’s conservative defense plays four stones.
9 ’ 9 mIeherefore, the set of solutions found by the threat-

space search that applied conservative defense can
o0 QPG s b+ only be a subset of the set of true solutions, since
o o the extra defense stones can cause an early search
Fig. 9. Example of threat move failure

There are different types of threats which are In some variations, the forcing series consists of
mainly classified by the number of stones needd@ class of two threats mixed with the class of one
for the defender to resolve the threat. Hence a sindf¢at. But we only consider the series that contains
threat is a threat that the defender can resolvetWo or more threats for the sake of simplicity. Hence
by using one stone, and two threats requires tif@¢ move generation procedure only generates the
stones. Since a player can only place two stones B9Ves that can create two or more threats.

a single move, the defender cannot defend againsf* pattern table is applied in our implementation
three or more threats. In some positions, one cg@hthreat-space search in order to save computing
play a series of threats that leads to three or mdt@e. Each entry in the table contains a key and
threats) and thus win the game. Threat-space Sem number of threats. The defensive moves are not
is a search algorithm that only explores threat movéaved in the table, and are computed during run-
with the goal of finding such a series. If such a seriéigne. All possible configurations of stones on a line
is found, one can claim victory. of length 11 are pre-processed, and the numbers of

Although the branching factor is significanthyjthreats of these patterns are stored.
lower than the usual uniform search, it is still unde- Full hashing is used, the hash function maps each
sirable to explore every possible defensive movegnfiguration into a base-3 number ranging from
Therefore, a way to simplify and lower the comto 3'' — 1 acting as a hash key. The weights of the
plexity of threat-space search is not to consider tgerresponding positions on the line are shown in
defensive moves separately, but to consider them Gigure 11.

nce for every threat pattern, all possible defensive
oves are played at the same time, therefore a

at the once.

Conservative defense is to play all defensive S P
moves at the same time. An example is shown i 3031323 303030 8T 30 30l |
Figure 10. The black stones form a Live4 pattern, Fig. 11. Positional weights of hash function

and it only needs two stones to defend from the

threat, a combination of stone a and stone b, or twolf a point is empty, its value i9. If a point has

stone b. a white stone, its value i3, and if a point has
Conservative defense effectively transforms black stone, its value i8. The point value is

threat-space search into a single agent searotultiplied by its respective positional weight and



then all weighted values are summed up to gedll be wrongly interpreted as a move that creates

the hash key. Borders are treated as the opponetws threats if we only simply add up the numbers

stones. of threats. Pattern B is another example, which the
pattern will be interpreted as a four threats.

A simple scheme may resolve the problem:

1) If both stones are not on the same line, simply
add the two numbers of threats up.
2) If both stones are on the same line, and there
Fig. 12. Example of hash key are opposing stones between them, add the
two numbers of threats together.
An example is given in Figure 12. The positional 3) If both stones are on the same line, but
weights are given above the pattern, and the respec- Wwithout opposing stones between them, then

|
|
2-2-0-0-1-0-0-0

tive weights of the stones or empty point are shown a) take only half of their threat sum into
below. Hence the hash key is calculated as follows: account, if their distance is less than or
B 0 3 4 7 equal to 6.
HashKey =2x3"+2x 3 +2x 3 +1x3". b) subtract one from the sum of their
The pattern table is applied to retrieve the number threats, if their distance is between 7 and
of threats a stone can create in one direction. Since 11, inclusive. , _ _
two stones are played in a single move, possible c) take the sum of their threats, if their
errors may occur when the two stones are placed distance is 12 or more.

on a single line, for they both may “contribute” If both stones are not on the same line or there
to the same threat pattern. Thus the threat may & opposing stones between them, the threats they
erroneously counted twice. create are independent, hence the sum of their
threats are the threats created by this full move.
The correctness of the sum of threats will only be
affected if it will lead to a wrong interpretation of
one threat and two threats. If the sum of the threats
is greater than or equal to 3, like pattern B in Figure
13, it won't matter if it is wrong, since this kind
of threat will win the game. Therefore, we only
need to deal with the patterns which the sum of
the threats is 2, because if it is wrongly computed
as a two threats, and in reality it is a single threat,
the opponent actually won’t be forced to move in
defense, and thus it may mislead the search.
0000 L bl g Patterns A, B, and C in Figure 14 are examples
of the above 3 cases (a), (b), and (c). Suppose the
move consists of the stones a and b. In pattern A,
the distance between a and b is 2, which is less
than 6, and from the pattern table, both of them
have two threats. By the correction scheme, only
half of their threat sum is set to be the pattern’s
Fig. 13. Errors when two stones align threat number, that is 2. For pattern B, the distance
between a and b is 9, which is between 7 and 11,
An example is pattern A in Figure 13, for theand from the table we can get that both of them
stones a and b they both retrieve a threat coware single threat, thus the sum of threats is 2. By
of 1, therefore a move consists of stones a andth® correction scheme, we need to subtract 1 from
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A Select a defensive move by the Defensive Strategy

Opponent have a winning threat ?
(By threat-space search)

o

The # of defensive moves
exceeds a threshold?

The last defensive
Yes |moveis set to the
defensive strategy
move.

%
:

Select another defensive move

~
7

Have a Winning Attack?
(By threat-space search)

Yes No

Fig. 14. Example patterns for the correction scheme

| Play the offensive move Play the defensive move

the sum, and thus the pattern’s threat number is 1Fig- 15. Defensive strategy combined with threat-spacechea
Finally, the distance between a and b in pattern C

is 12, and their individual numbers of threats are 2,

making the threat sum 4. By the correction schenf@n defend the opponent’s threat or the number of
the threat sum is the pattern’s threat number, whigifernative moves exceeds a threshold value. If no

is 4. effective defensive move can be found, then the last
defensive move is set to be the move decided by the
B. Combining with the Defensive Strategy defensive strategy.

There is still a certain percentage of the positions Finally an offensive threat-space search is to be
that the static defensive strategy proposed in tRarried out. If there is a winning move, then the
previous section will fail. No matter how fine thevinning move is played, else the defensive move
parameters are tuned, due to inaccuracies in ffgPlayed. Note that we still don't attempt to create
model or any other reason, these kinds of positioA8Y attacking opportunities or winning threats.
may always exist. The only situation to attack is that a winning se-

Another drawback of only applying the defensivguence is found by the threat-space search, whereas
strategy is that, unless the opponent blunders badiigtory is sure to come. The threat-space search
one can never win a game, even though there m#pstly acts as a verifier to make up for the weakness
exist a winning move. of the static defensive strategy.

Therefore, to address these problems, the combi-The defensive moves are ordered in decreasing
nation of the defensive strategy and a threat-spaweler according to the scores given by the evaluation
search is proposed as a solution. Please see Figitieeme given in the previous section, and at most
15 for a depiction. 50 defensive moves are considered.

A defensive move is always derived according Of course this is not an optimal arrangement of
to the defensive strategy, and it is verified by ththe two modules, since it would be better to do
threat-space search. If the verification fails, and thiee winning-attack search first. But before start-
opponent has an immediate threat to win, anothieg the search for a winning attack sequence, a
defensive move is chosen and verified again untildheck is needed to be performed first to make sure



that the opponent doesn’'t have a winning threatll defensive search is 50. The alternative defensive
in the current position. This essentially splits theove list is sorted according to the evaluation

defensive part of the architecture into two partscore given by the evaluation scheme presented
with the attacking module in the middle, and thugreviously. In the result entry, D, W, and L, means

produces some complications. Since our purposews draw, win and lose, respectively.

to experiment the validity of the proposed strategy,

and to verify the performance enhancement when TABLE I

s . . . RESULTS OF OUR DEFENSIVE STRATEGY COMBINED WITH

it is combined with a threat-space search, we will THREAT-SPACE SEARCH AGAINSTX6

avoid such complications and stick with this simple

architecture shown in Figure 15. Game 1
Result D
0
1

3 4 5 6 7 8 9 10
D b D b D D D D
o 1 0 0 o0 1 2 O
19 123 121 119 123 124 126 124 120

C. Experimental Results Re-Search
Game Length

Using the ideas mentioned in this section, we
developed a program to play against the following
two programs: TABLE IV
. X6 The program was deve|0ped by Shlh' RESULTS OF OUR DEFENSIVE STRATEGY COMBINED WITH
Yuan Liou and Professor Shi-Jim Yen. It was THREAT-SPACE SEARCH AGAINSTMEINSTEIN
introduced in the previous section. ExperimentS$ame 1 6 7 8
are conducted with version 1.4.0f, with playing Resul:] deoth Vg . A L6 W6 W5 W5 L . W5
; earch dep
strength set to 9 (Kill-Defend Segrch depth Wasauiescence 1 1.0 0 1 1 0 0 1 1
set to 11, and 100 seconds to timeout) cutoff ime 70 70 70 70 70 70 70 70 80 80
« MeinStein: The program was written by Theo Re-Search 3 1.6 1 1 2 2 3 1 3
van der Storm. Mr. van der Storm passed?@melength 52 14 51 S8 16 63 81 54 16 54
away in January 2009, and it was subsequently
maintained by Jan Krabbenbos. It won a silver It can be observed that our program can now
medal in the 12th Computer Olympiad, an@erfectly draw against X6. In Table IlI, only three
another in the 14th Computer Olympiad. AftePUt of ten games needs to do a re-search. -
the 14th Computer Olympiad, the source code In Table 1V, the search depth row specifies the
was released to the public domain in memory3-search depth, the quiescence specifies the depth
of Mr. van der Storm. The program was writte®f quiscience search, and the measure of cutoff
in Java, and incorporated techniques such B is in seconds of MeinStein. Our program won
aﬁ_search and quiescence search. 60% of the games, while MeinStein Only won 40%,
Same reason as the previous experiment, we $/pwing that our program is slightly superior. Note
the programs on its native enviroment. Our prograffjat almost every game needs a re-search.
was run on a machine with AMD64 3000+ and Therefore, from these two experiments, it can be
1GB of RAM under Ubuntu Linux 9.04. kernelS€eN that our defensive strategy can be effectively
version 2.26.1. The opponent programs were run §Ahanced by combining with threat-space search,
a machine with Intel Core2 Duo 1.66GHz and 1 gBnd this combination is able to compete with today’s
RAM under Windows XP Professional Service PadiP Programs.
2. Ten games were played with X6, 5 with black
and 5 with white. Ten games were played against
MeinStein also, but against five different settings, The Computer Olympiad is a multi-game event,
with both colors against each setting. and all the participants are computer programs. The
The results are listed in Table Il and 1V, wher®lympiad was proposed by David Levy, and he also
the Re-search entry is the number of defensieeganised the first Olympiad in London in 1989.
moves in the game that fail to defend and nedfbnnect6 became a tournament item in 2006. The
to do another full defensive search. The maximufth Computer Olympiad was held in Pamplona,
number of alternative defensive moves tried by tHgpain, May 2009. In the Connect6 tournament each
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program must complete its moves for one game @mce Council, Taiwan, R.O.C.
30 minutes.
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The proposed evaluation scheme is much more
strategically sensitive compared to traditional eval-
uation methods, therefore is able to classify the
value of a move into more detailed hierarchies. It
is also general enough to extend to other k-in-a-
row games. The defensive strategy based on the new
evaluation scheme uses only a greedy algorithm, and
can achieve admirable results against formidable
opponents. Combining the defensive strategy with
threat-space search can effectively complement its
weakness, and is able to compete with today’s top
Connect6 programs.
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