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ABSTRACT

Chinese Dark Chess programs have become more and more powerful for several
years. When a program plays the game, it chooses among the normal moves and the

revealing moves. If it chooses a revealing move, it should calculate its expectations.

Program finds a good move by evaluating the values of each pieces and by
searching. Sometimes it makes special arrangements to deal with some problems on
the board. In order to reveal a piece correctly, we did some adjustments besides

calculating expectations in this thesis.

There is usually more space in the endgame, thus there are more moves for each
side to play and the search space will become larger. If an endgame database exists,
the program can find the results directly from the endgame database and then it can
improve the efficiency in the endgame. In this study, we made an endgame database
for the boards with at most five pieces containing zero or one dark piece. This makes

our program more competitive in the endgame.

Our program has won the bronze medal of TCGA 2014. We hope that readers can

find some benefits from the methods described in this thesis.

Keywords: Computer Games, Chinese Dark Chess, Imperfect Information Games
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B 3-8 Minimax 3% % 5 i i)

4y

Bl 3-9 & Minimax 3% ;% & ;2 crm %645 [10] -

function minimax (node, depth, maximizingPlayer)
if depth = 0 or node is a terminal node
return the heuristic value of node
if maximizingPlayer
bestValue := -e°
for each child of node
val := minimax(child, depth - 1, FALSE)
bestValue := max (bestValue, val)
return bestValue
else
bestValue := +e°
for each child of node
val := minimax(child, depth - 1, TRUE)
bestValue := min(bestValue, wval)

return bestValue

Bl 3-9 Minimax 3% jF & 2 e 545

Minimax ;i 5 i ¥ 11 % f8 405 0K & B g 3O Bh o J0F en s Bl
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M 3-10 Alpha-beta Pruning ;# & 2 s+ [11]
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4r@) 3-10 > & * A58 25 Max &8 5 @ {12 & 8 5 Min &85 o 2§ 2L
- B SR AIF gAY FET{ AT 2 DB SE > BT BEFALT AT
ST B IS EE LATH  NiEfra B0 ieA BEL AT £ Kp
L Efr SEBI S - B3 8 FFLRPFI S - BF v BEL 6
I p e AL EAATIE > RELRNLHy A € EREE T F
L ATHF AT Alpha-cut o 2 (2 & B E = B EBES BRE A
Alpha-cut - Min & 8L IR p ¢ ehiE | >t a & ¢ % 2 Alpha-cut ; » Max & 2L IR
poeoehid <3t SR €% 4 Beta-cut -

B 3-11 = Alpha-beta Pruning ;& & i+ s #2456 [10] -
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function alphabeta (node, depth, o, B, maximizingPlayer)
if depth = 0 or node is a terminal node
return the heuristic value of node
if maximizingPlayer
for each child of node
a := max (o, alphabeta(child, depth - 1, o, B, FALSE))
if B £ «
break (* B cut-off *)
return o
else
for each child of node
B := min (B, alphabeta(child, depth - 1, o, B, TRUE))
if B £ «
break (* o cut-off *)

return (

® 3-11 Alpha-beta Pruning i# & i e 45
Nega-max #% ;7 & ;2% 2% k@ i Minimax ;%% /2 » 1975 &4 Knuth fr
Moore # #1[12] - Nega-max st & L & 8 20 fic » @42 jede— B f B -

B 3-12 % Nega-max 3% ;i & i rm $245[10] -

function negamax (node, depth, color)
if depth = 0 or node is a terminal node
return color * the heuristic value of node
bestValue := -«
foreach child of node
val := -negamax(child, depth - 1, -color)
bestValue := max( bestValue, val )

return bestValue

W1 3-12  Nega-max o3 /i & i ek 3248

s &% 73 Alpha-beta Pruning = Nega-max % & <% > % Nega-max with

-~
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Alpha-beta Pruning 3% ;7 & ;2 - B 3-13 5 & ¥ Heé £k & g FRAE[10] -

function negamax (node, depth, o, B, color)
if depth = 0 or node is a terminal node
return color * the heuristic value of node
bestValue := -«

childNodes := GenerateMoves (node)

childNodes := OrderMoves (childNodes)

foreach child in childNodes

val := -negamax(child, depth - 1, -B, -o, -color)
bestValue := max( bestValue, val )
o := max( o, val )
if o 2 B
break

return bestValue

@ 3-13 Nega-max with Alpha-beta Pruning #% & & ;2 e #5245
dod X RF TR B R adbFE O RAF e A L R O] B T o g
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% 5-1 TCGA2014 ' F 5 %
TCGA 2014 Chinese Dark Chess Tournament
Program Game | Game Il | Game lll [ Game IV | GameV | Game VI

No. Scores| SOS | Rank
Name Opp. | Res. | Opp. [ Res. | Opp. | Res. [ Opp. | Res. | Opp. | Res. | Opp. | Res.

1 Yahari 2 (20 3 |10 7 |20 6 |15 9 |20 8 |20] 105 - 1
2 | Rainbow 1 00| 4 |10 5 |0O05] 10 (05 8 |00 9 [00] 20 - 10
3 |DarkKnight| 4 | 2.0 1 10| 9 |20 7 1.0 6 [20] 10 | 1.0 9.0 - 2
4 Homere 3 (00] 2 |10 10 |05 5 |20 7 |00 6 [00] 35 - 9
5 Flipper 6 [05] 9 |05 2 15 4 |00| 10 |10 7 10| 45 - 8

6 | TuxedoCat| 5 [15| 7 |05 8 15 1 |05 3 [00| 4 |20 6.0 | 405 4

7 | Observer 8 15 6 15 1 0.0 3 1.0 4 2.0 5 1.0 7.0 - 3

8 | SGTDark 7 (05] 10 20| 6 JO5 9 |10 2 |20 1 [00| 6.0 | 370 6

9 Diablo 10 |15 5 |15 3 (00| 8 |10 1 JOO] 2 |20] 60 | 375 5

10 | Darkness 9 |05 8 |00 4 15 2 15 5 1.0 3 10| 55 - 7
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