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Abstract
The 14th Computer Olympiad took place in Pamplona, Spaim fvtay 11-18,
2009. The Fuego program won thex 9 Go competition, and took second place
in 19 x 19 Go. This report provides some analysis of the games playdeubgo
in the competition.

1 Introduction

This was the second Olympiad for Fuego. In its first partitgerg 2008 in Beijing,
Fuego ended up in fourth place in bétkx 9 and19 x 19. This year’'s competition took
place in the beautiful historic Palacio del Contestablé@denter of Pamplona. Komi
was 7.5 and Chinese rules were used in both tournaments.

The Fuego team, software and hardware were as follows: Mdtkzenberger is
the creator of Fuego and its lead programmer. Martin Miléeam leader, program-
mer and opening book author. Broderick Arneson is a program@erry Tesauro and
Richard Segal of IBM Watson Research contributed the bisted memory implemen-
tation.

The software used was the current svn version of Fuego, witheixperimental
additions: First, the distributed memory implementatitioveed the program to run
on a cluster of eight 8-core machines provided by IBM and afeel by Rich Segal.
Second, for thel9 x 19 competition, an experimental version callEdegoEx was
used. This version of Fuego employs knowledge of the clak&o program Explorer
for move pruning in core parts of the UCT tree.

2 9 x 9 Tournament

The9 x 9 competition was played on May 11 - 13. 9 programs took partpdaged a
double round robin. The time limit was 30 minutes per progr&wmplete tournament
results and many game records are givehonp: / / ww. gr appa. univ-1ille3.
fr/icgaltournanment. php?i d=194.

*Technical Report TR 09-09, Version 2. May 2009. Dept. of Catimy Science. University of Alberta.
Canada. All rights reserved.
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Figure 1: Round 1, Fuego - Yogo.

Round 1: Fuego - Yogo 2:0

Figure 1 shows the games of round 1 against Yogo. Yogo is agtwpponent which
took third place in this competition. Last year in Beijingydgo and Yogo had split
their mini-match with one win each. On the left in Figure 1,ggo(White) - Fuego
(Black). Up to White 4 is a common opening. Previously Blaegk &7 was in Fuego’s
book, but it led to a poor winning percentage. Move 5 at G6 wasvamove prepared
for this competition, and it worked perfectly in this gameh¥& replied passively and
Black got an overwhelmingly strong position. 18 is a desp@namove. The white
group 18-24 can be killed, but Fuego plays safe with 25 and wim territory. 35
moves. Black wins by resignation.

On the right in Figure 1, Fuego (White) - Yogo (Black). Up tossin Fuego’s
opening book. 7 is unexpected, usually Black would conné#tite 8 leads to a long
tactical sequence. White 12 is a solid move that leads toyaclese game. White has
a safe half point lead in the end. 28 moves. White wins by negign.

Round 2: Fuego - Bit 2:0

Figure 2 shows the games against the Chinese program Bitheieft, Bit (White) -
Fuego (Black). 37 moves. Black wins by resignation. On tgatriFuego (White) -
Bit (Black). 38 moves. White wins by resignation.

Round 3: Fuego - Fudo Go 2.0

Figure 3 shows the games against Fudo Go. Fudo Go is HidekiKptogram. It
used to run on a set of Sony playstations, but for this tousrdrh used more standard
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Figure 2: Round 2, Fuego - Bit.
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Figure 3: Round 3, Fuego - Fudo Go.



hardware - a cluster of 6 PC.

On the left, Fuego (White) - Fudo Go (Black). Up to move 7, tiperming seems
more promising for White. If White can establish two stableups, it is often difficult
for Black to get enough points to overcome the large 7.5 k&mi.move 8, sliding into
the black corner at F2 would be more natural. The wedge at m@&very surprising
but the result up to 16 is good for White. Move 16 at F2 is a niestrained move.
17 is a desperation measure. With 24, White offers the tdpt figexchange for sure
life in the top left. White 36 is an all-out move. Connectirtg=8 would be easier to
understand but 36 is strongest. 52 moves. White wins bymasmn.

On the right, Fudo Go (White) - Fuego (Black). Fuego got adiffigame. For
move 5, Fuego’s recent book move was D3, but the results wareromising. So
before the tournament | changed back to the older move at B8 rfiakes it a bit
harder for White to invade. After White 6, the extension 7tiesgest resistance for
Black. Capturing with G6 is safer, but may not be enough facRl Up to 14 a
complex fight starts. Black 15 is bad shape. But it is also d kirtesting move. With
16, Fudo Go decided to give way. Black 19 switches back to ¢thees. Black’s play
is a bit inconsistent here. If Black blocked at H3 insteadsraeai would result.

White 24 is a good move, utilizing the double threat of F4.dRI27 seemed weak.
If White lives on both sides, it is hard for Black to win. Bla2® surprised me but it
is a good try. White cannot ignore it because of H1. The coatimn of H2 and F3
makes it hard for White to reduce the bottom left. Black 3keboff one side.

After 33, the top left corner is unsettled. White can livelwét points of territory,
while Black can create a seki in sente, or a mannen ko in gdte.nfain question is
how big the black corner in the bottom left will become. | bgk that White 34 is the
losing move, and if White jumped in at D2 it would win. D2 lodtksn but it seems to
work. By blocking with 35 Black gets enough points to win. &4, Black wisely
does not try to start the approach move ko. Making seki heemdgigh. 69 moves.
Black wins by resignation.

Round 5: Fuego - FlexGo 2:0

Fuego had a bye in Round 4. Its round 5 opponent was FlexGaurd-#yshows the
games. On the left of Figure 4, Fuego (White) - FlexGo (Blackhe opening is
unclear. Move 12 seems doubtful. Defending the other groiip W8 or H3 seems
preferable. For 13, jumping in at G8 seems more troublesam&Vhite. 14 is an
interesting defense. If White lives here the game is won.s3blunder and must be
on J6. J4 leaves an approach move ko. The question now beedméser Black can
create enough ko threats. 38, 40 and 42 are very solid. Begignmed without trying
the ko. 42 moves. White wins by resignation.

On the right of Figure 4, FlexGo (White) - Fuego (Black). UpB3pthe same
opening as against Yogo. White 6 is aggressive. White 14 & &t to a difficult fight.
Fuego’s evaluation was pessimistic at 47%. White 16 and 48 atrong combination.
Black 27 is a surprising cut. Black’s aim is to take sente aiag B3 first. | believe
that White 30 should be on E3. With 31, Black gets enoughtteyi51 moves. Black
wins by resignation.
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Round 6: Fuego - MoGo 1:1

Figure 5 shows the games against MoGo. Both programs werefeeted after 5
rounds, so this promised to be an exciting match. Howeveh games were mostly
decided by problems with the opening books.

On the left of Figure 5, MoGo (White) - Fuego (Black). Blacksbdubious, after
White's wedge at move 6 Black is in trouble. | looked at vasidines after the game,
but could not find anything promising for Black. Thereforenboged move 5 to F4,
as we will see in the final playoff game. Move 7: the other adarF7 does not work
well, either. Move 9: this move looks crazy, since it allow$ ¥ to capture the center
stone on E5. However, the “solid” move E4 seems to give Whiteasy win.

Up to 27, Black plays for territory. But there are too many lressses in Black’s
position. 30, 36 and 40 are strong moves.

Black desperately tries to complicate the game with thnosvsuch as 63. At this
point MoGo is running quite short on time. White 68 seems ta bime-trouble move.
However, all lines still seem to win for White by at least Odirgs. Fuego resigns after
move 70.

On the right of Figure 5, Fuego (White) - MoGo (Black). Whités8uego’s last
move in book. White 12 is a tesuji. It makes miai of building@siion in the top
and bottom left corners. Apparently MoGo was in book up to end8! The MoGo
book is a huge automatically built one. | think it has overraiBion entries. However,
MoGo's evaluation on leaving the book was only 47-48%. ArBadmel of the MoGo
team was very unhappy with this.

When Black kept sacrificing stones in the top right, everyexggected a vicious
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Figure 5: Round 6, Fuego - MoGo. Le ato @ at@.

assault on the right side White group. Sure enough, Blaelcket with 21 on B2.
However, the cut with 22 is hard to deal with. After 26 Whitesimpletely safe. 36
moves. White wins by resignation.

Round 7: Fuego - Go Intellect 2:0

Figure 6 shows the games against Go Intellect. On the lefigpfrE 6, Fuego (White) -
Go Intellect (Black). Up to 10, the two white groups look OKhité¢ 16 is strange. G5
would work and capture a big corner. White 18 is a blundercBI2l tries to attack,
but simply capturing on F5 would give a reasonable game. Whibite lives easily
with both groups, Black’s territory is too small. 44 moveshi¥ wins by resignation.

On the right of Figure 6, Go Intellect (White) - Fuego (Blaclguego is already
out of book after move 4. Black 9 is a very interesting attaehtnBlack gets a strong
position. With 16, white should probably live in the bottoight. 19 is a cool, solid
answer to the hane. 63 moves. Black wins by resignation.

Round 8: Fuego - Jimmy 2:0

| am unclear about the opponent’s name. The program wagesgfisas Jimmy, which
has been a long time participant in computer Go competitidiewever, on KGS
and in the GTP interface this program appears under the naalé@ilk”. The GTP
engine message reads: “coldmilk version 0.13, This progsatesigned by the student
of Jimmy.” Figure 7 shows the games against this program.

On the left of Figure 7, Fuego (White) - Jimmy (Black). White8ks conservative,
but it seems hard for Black to surround enough area. This daoks like a solid win
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Figure 8: Round 9, Fuego - Erica. Rigl@ at@.

for White throughout. Maybe Black needs to try another opgrit move 5 or 7. 38
moves. White wins by resignation.

On the right of Figure 7, Jimmy (White) - Fuego (Black). Agaiuego is out of
book after White 4. Black 15 is surprising. White ignoresriidBlack captures the
group with 17, but much aji remains. The game becomes vernptmand Black
has several worrisome weaknesses. After 25, it looks ligeBilack position will hold
together. Maybe White can try to wedge at D5 instead of 24.s46blunder. White
can get a ko with C9, A5, E9. Even so, if Black eventually carnieat F8 the ko seems
too indirect for White. 49 is silly but fortunately White amers it. 61 moves. Black
wins by resignation.

Round 9: Fuego - Erica 2:0

Figure 8 shows the games against Erica. On the left of FiguBde&k 7 is the last
book move. The result to 17 feels good for Black. 23 and 25 acglgndgame. With
31 Black has a sure 1.5 point win. 47 moves. Black wins by redign.

On the right of Figure 8, Fuego (White) - Erica (Black). Theesomg is difficult.
For 11, extending at G3 is an alternative. Black 15 seems siofte with 18 - 22
White makes a big enough reduction of this corner. Black 1=2atwWhite H2, Black
F7 would be unclear. 42 moves. White wins by resignation.

Playoff: Fuego - MoGo 2:0

Figure 9 shows the playoff games against MoGo. After 16 gaiMeso and Fuego
were tied with 15 wins 1 loss. The playoff rules were as foBo® games at first. If
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Figure 9: Playoff, Fuego - MoGo. Le at@, @ at..

the score is tied, 2 more games. If the score is still tiedyrscdre drawn for a deciding
fifth game.

Both sides made changes to their opening book. MoGo swittheddifferent
machine-built one. | changed the losing line with Black frima first match in Fuego.

On the left of Figure 9, Playoff Game 1: Fuego (White) - MoGdak). The first
game follows a familiar script. White has two groups, andcBlanust attack. The
moves up to 8 follow the book. Actually, Fuego is pessimistithis opening, but in
my judgment White is hard to kill. At move 10 Arpad alreadydsdiat MoGo would
lose. After White 14, both white groups look safe. For 30,rmwsting at F3 would
simplify the game. White can live. Similarly, 52 should be®f and 54 on J4. Still,
White lives and wins the game. At the end, Black could start@dtep ko with B3,
Al, D1 but cannot hope to win it. 58 moves. White wins by reatgm.

On the right of Figure 9, Playoff Game 2, MoGo (White) - FueB&@¢k). Move 5
is a new try after the loss in round 6 with G5. After 17, the esriooks big visually
but it may not be enough to overcome the komi. | believe thét wiove 18, White is
winning. However, 24 is a simple blunder that throws awayghtaip, the game and
the tournament. E8 instead would be a sure win. White goesdimplications after
this but eventually resigns. 57 moves. Black wins by redigna



3 19 x 19 Tournament

6 programs played a double round robin. Five rounds wereeplayy May 14, and
5 more rounds with colors reversed on May 16. The time limis @ehour per pro-
gram for the first 250 moves, and unspecified with a possilikree’s decision af-
terwards. These rules will be clarified for next year. Corteoteurnament results and
allgamerecordsare givenbmt p: / / www. grappa. uni v-1ille3.fr/icgal

t our nanment . php?i d=193.

Round 1: Fuego (White) - Fudo Go (Black) 1.0

The game is shown in Figure 10. Fuego often plays the one poimp of 12. 16
is an important junction point. 40 would be safer at N2. 43asdjand takes away
White's eye space. White fights very aggressively in Blaskbere of influence. 51
is a surprising tenuki and seems to give White the upper hatitki fighting. 69 is a
tactical mistake, since 70 captures the key stones. Whieldear advantage from
this point.

Round 2: Fuego (White) - Zen (Black) 0:1

The game is shown in Figure 11. In the early opening, Whitesdoeterritory, but the
exchange after move 24 reverses the position, with Whiténgeinfluence and Black
taking profit. 32 lacks substance. Up to 45 again White buiifisence but gives Black
lots of profit. 60 and 68 are slow. 72 loses points. 88 - 92 iscadmanbination. White
can connect at S17. 95 is big. 102 is terrible. After the seqed¢o 113 the game is
hopeless for White. In this game, Zen was clearly the stropgggram.

Round 3: Fuego (Black) - Go Intellect (White) 1:0

The game is shown in Figure 12. White gets into trouble in thigoln left corner. Up
to 77, many white stones die. White cuts with 78 to find a chabeeBlack captures
the key stones with 89 and has a big lead.

Round 4: Fuego (Black) - GoKnot (White) 1:0

GoKnot is Jacques Basaldua’s program. It plays a beaupehimg, but is still incom-
plete, so it has trouble in the later parts of the game. Theegamnshown in Figure
13.

Round 4: Zen (White) - MoGo (Black) 0:1

This round 4 game against MoGo, shown in Figure 14, is Zerigloss in the tourna-
ment. The game looks favorable for White, but things stagdavrong in the top left
corner and in the center fight. Still, White’s early resigois surprising.



Round 5: Fuego (Black) - MoGo (White) 1:0

The game is shown in Figure 15. The exchange in the top lefhse2K for both.
As against Zen, Fuego gives up territory in the next fight amttlb influence. MoGo
invades the bottom with 48 but goes wrong in the continuatiar 50, just extending
at K3 would be fine. The resulting fight is good for Black. Botiva low number of
liberties but Black 67 works well. After 81, another complfigit starts. Just extending
at G6 would be simpler. 91 is the first of three failures by Futgsimply capture at
E1l. 91 makes the cut of 92 possible. 97 is the second miss. MY&hBlack should
save the three center stones. White’s capture with 106 islligignores E1 yet again.
Black gives up a large territory in exchange for an uncletcat Up to 128, Black
isolates some white stones at the bottom but White beconte=nasly strong in the
top center. At this stage the game seems favorable for Wha®.is bizarre. 137 tries
to cut. Up to 150, the stage is set for the decisive fight. Whitkances are better but
MoGo is starting to run short on time, while Fuego still hagro80 minutes left. 156
is the first bad move by Mogo in this fight. Attacking from thghti or e.g. pushing
on H16 seem better. 162 starts a huge ko fight. White wins itheibottom changes
hands with Black’s ko threat on J1. Furthermore, Black nstaéine option of living in
the top right corner. The game is very complex but probabtiebéor black from this
point. more complex fighting breaks out in the bottom righitee Black manages to
live in sente and switch to the huge attacking move C6. Themimg fights do not
change the result of this exciting game. With this win by Fyege top three programs
Zen, MoGo and Fuego were tied for the lead after the first déi, four wins one loss
each.

Round 6: Fuego (Black) - Fudo Go (White) 1:0

The game is shown in Figure 16. The sequence in the bottois leéirrying for Black.
White gets a strong position. The cut at 19 seems to be anlayefor 25, E9 seems
to be the only move. But White should not play out the looseléad Up to 47, the
result is unbelievably good for Black. 61 and 63 should jusintain the ladder on K5.
64 is better on D6. 87 is trying too hard. White 100 is a blundghite loses either
G15 or J16 in a ladder.

Round 7: Fuego (Black) - Zen (White) 0:1

The game is shown in Figure 17. For 37, M2 may be better. FON239s safe. 47 is
bizarre. R5 would be normal. 51 does not work. Black’s loghis corner is huge. 57
is a move Fuego loves, but its position is too cramped heresh6&ld probably cut at
F14. 67 is an overplay and should connect on H15. For 81, Kt8riglarge. White
answer to the cut on G6 is odd. Up to 117, Black gets a largidsrthere. For 123,
L12 is natural. 127 should either continue in the lower riginttome back to L12. 135
is very bad. 145 is risky, S15 is a safe move here. 149, 151 @hafe bizarre. For
153, R11 is safer. The sequence up to 182 is very big and givete\tthe lead. 193 is
a blunder, White could now kill with H19. 194 is also a blundgtill, getting a seki is



enough for White to win. 207 loses more points. The remaifilegk moves have no
meaning. A tough game but in the end a clear win for Zen.
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167 moves. Black wins by resignation.
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Figure 13: Round 4, GoKnot (White) - Fuego (Blac at, @ at. 155

moves. Black wins by resignation.
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252 moves. White wins by resignation.



Round 8: Fuego (White) - Go Intellect (Black) 1:0

The game is shown in Figure 18. 34 should probably be at S15toUfl White
becomes extremely thick, but Black takes territory. Foraiari on P19 is the obvious
move. 61 is equivalent to a pass. With 64, defending the sl would be easier to
understand. 67 is big, but White tries to go for a huge ceiiters the wrong atari and
must be on R4. 79 is painful for White. Black gets itself intouble in the top left.
Up to 98 White gets a huge profit here. Now White is better. B, P5, is too deep.
White dies in gote here and lets black make eyes in the topTafs makes the game
close again. But then Black ignores the threat of 170, so &\Whiihs. From move 205,
the huge block of black stones in the middle remains unsktitgil 263 accidentally
saves them. 267 is suicidal and makes them unsettled agéaer. Y8, Black ran out
of time, but it had passed the 250 move mark. Since White hagedead of over 10
points even if Black’s block lives, Black's operator resigh

Round 9: Fuego (White) - GoK not (Black) 1:0

The game is shown in Figure 19.

Round 9: MoGo (White) - Zen (Black) 0:1

The game that decided the championship, shown in Figuret2@ad actually played
last, after the end of round 10. The game was favorable for #oG@he middle game,
but again MoGo ran short on time, and got outplayed in the fiffet move 170.

Round 10: Fuego (White) - MoGo (Black) 1:0

The last game for Fuego is shown in Figure 21. For this gameidMswitched to
the Huygens supercomputéit t p: / / huygens. super conmput er. nl /. MoGo
used 20 nodes with 32 cores each, for 640 cores in total. VRitis wrong, joseki
is R4. Up to 27, Black’s profit seems superior to White’s inflce. For 38, the only
shape is ko at S13. 64 looks like a strong attack but 69 is veogdg White gets no
compensation for the loss of the bottom left. With 75 and 78 Black’s turn to go
wrong. 75 on S7 and 79 on S8 were better. Up to 86 the blackstmeecut off. White
should answer 105. The fight at the bottom ends with blackucamyf five stones and
White solidifying its position. White 135 and 137 are extedybig. The game is good
for White now. 162 moves. White wins by resignation.

Appendix: Fuego Technical Details

The program version was svn version 869 and 871. The onlgrdifices in 871 are

some changes to ti¥ex 9 opening book. The default settings were used, except for the

following. Please see the Fuego documentation for exgtamat

go_param debug_to_comrent 1
go_param aut o_save (fil enane)



go_sentinel _file (fil ename)

uct _param search max_nodes 150000000
uct _param pl ayer reuse_subtree 1

uct _param pl ayer ponder 1

go_rul es kgs

sg_paramtinme_node rea

uct _param search nunber _t hreads 8
uct _param search lock _free 1

uct _paramsearch virtual _loss 1

uct _param search nunber_pl ayouts 2

The mostinteresting of those is probablyt _par am sear ch nunber _pl ayouts 2.
It was used only 08 x 9. The benefit of doing two playouts per leaf is to reduce mem-
ory contention, since fewer tree updates are performednformal tests before the
competition, this was slightly better than the default o @tayout.

In addition to the standard Fuego settings above, there mere settings for con-
trolling the experimental code in FuegoEx and the MPI paliaktion.

Revision History

Version 1 Published May 25, 2009

Version 2 Published May 28, 2009. Fixed typos and Figure numberinglefidefer-
ences to Figures fd9 x 19 games.
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Figure 18: Round 8, Fuego (White) - Go Intellect (Bla at@, @ at@,

@ at@. 278 moves. White wins by resignation.
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Figure 19: Round 9, Fuego (White) - GoKnot (Black). 82 mov#ghite wins by

resignation.
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Figure 20: Round 9, MoGo (White) - Zen (Black@ at , @ at @

@ate, @.at@, @at

Black wins by resignation.
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Figure 21: Round 10, Fuego (White) - MoGo (Bla at@. 162 moves. White

wins by resignation.



