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private: System::Void buttonl_Click(System::0bject

if (game != 0)
delete game;

game = new Board();

number = 0;

loglist.n_te = O;

PassP = false;

DrawBoard () ;

if (radioButton3->Checked) {
Tactics = RULE;

} else {

Tactics

UCT;

}

if (radioButtonl->Checked) {
PlayerFirstP = true;
who = BLACK;
UserPlayP = true;
return;

} else {
PlayerFirstP = false;

CPoint move = game->ComputerMove(who, Tactics);

game—>add(move.row, move.col,

BLACK) ;

loglist.te[loglist.n_te] = IntToAlphabet(move.col+1);

loglist.te[loglist.n_te++] +=
number++;

DrawBoard () ;

label2->Text= System::Convert
label4->Text= System::Convert

who = WHITE;
UserPlayP = true;
return;
b
b
&35,

move.row+l;

::ToString(game->Calculate (BLACK)) ;
::ToString(game->Calculate (WHITE)) ;

sender, System::EventArgs~

e) {
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private: System::Void buttonl_Click(System::0bject™ sender,

}
DIEHTIZ

void DrawBoard()
{

Graphics™ g = pictureBoxl->CreateGraphics();
Brush”™ brush
Brush™ brush2

Brush™ brush3

gcnew SolidBrush(Color: :Green);
gcnew SolidBrush(Color: :Black);

gcnew SolidBrush(Color::White);
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(Name)  button1_Click [,
Access private

CanOverride False

File
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False
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IsTemplate False
IsVirtual False
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TypeString  Systam::Void
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FormLh* X
“igothello::Form1 [ ¥ button1_Click(System: :0bject ~ sender, System::Eventargs ~ &) 3
' (1 705 T +
4 "'iomello Npragma endresion
o & private? SystenttYoid button! Click(Systent:Object” sender, System:Eventdrgs™ e) {
. EY-RFAL T Ceans = 0}
&1 Assemblynfo.cpp delete gane;
&3 othello.cpp zans = ew Eoard(;
S nunber
S shcom Togt s te = 0;
PPN PassP = falsei
4 [E FormLh DrawBoard();
£ FormLresx V" trad oBut ton3-»Checked) {
Tactics = RULE:
(1] resource.h Teolle
) stdafxh Tact es = uor;
= W-R Ik
i (el if CradioButton! ->Checked) {
Pp- PlayerFirstP = true;
3 appure = BLACK:
S S UserPlayP = truei
1 ReadMe.txt ' E"El“’”‘
PlayerFirstP = falsei
CPoint move = game— >CDmPutErMDvE(whu Tactics);
zane—>addlnove.rov, move.col, BLACK
Tagl 121 Lol 06l 1ol 161 = TALToRIsbabet (nove-col+1):
loglist-telloglist nter] += nove.roms;
m% -
7 - B
# oR(s): | [l @ =
< >
- = &5

System: :EventArgs”

g->FillRectangle(brush, 0, O, pictureBox1->Width, pictureBox1l->Height);

Pen™ pen
W

gcnew Pen(Color: :Black,
pictureBox1->Width / 10;

1);

int

int H = pictureBox1l->Height / 10;
for (int i=0; i<9; i++)

g->DrawLine(pen, (i+1)*W, H, (i+1)*W, 9*H);
for (int i=0; i<9; i++)

g->DrawLine(pen, W,
(int i=0; i<8;

(i+1)*H, 9%W,
i++) {

j<8; j+o) {

if (game->board[i] [jl==

(i+1)*H);

for
for (int j=0;

None)

continue;

Black) {

g->FillEllipse(brush2, (i+1)*W,

if (game->board[i] [j]==
(j+1)*H, W, H);

e) {



}
if (game->board[i] [jl1==White) {
g->FillEllipse(brush3, (i+1)*W, (j+1)*H, W, H);

X
LHBRAD,

othello - Microsoft Visual Studio Academic - Il
:vm,L) BEE) BRW JOIHNER) ELNE) D) F-AM) T-5(A) Y-MI) FAMS) HFIW) ALTH)
S @ ¥ B9 - - S5 | » [Debug ~|{winz2 || @ [set_1_treen C QG B,

2083 13652

< )
“igothello::Form1 ~| 5 button1_Click(System: :0bject ~ sender, System::EventArgs ~ &) -}l button1_Click VCCodeFunctiol ~ L}
23 Va3 ‘ethello’ (1 7037 For T TS0 T T e=B0E 3
4 T’Hotnello 23D (pen, w (w)xH R, (i+118H) 3 e 3
. EY-RTHL 5() ‘(N S —
- ame; utton1_clic
] Assemblylnfo.cpp s >buard[\][1]::Nune) 3 - =
& othello.cpp contin \ccess private &
& stdabe.cpp I# (gane-shoardli 1[j1==Black) { CanOverride False :
i B AvE— TR g->FilIEllipselbrush2, (i+1)%W, (i+1)%H, W, H);3 File d:¥jyohosrc¥otl P
= «
4 [ Formih i Cgane->board[i1()I==Hhite) FullName  othello::Form - Y
5 Form1.resX g->FillEllipselbrush3, (IH)XW Gi+1)#H, W, H): t False g
() resource.h p b False N
(1) stdafich } True
PREES e t

ade False

app.ico

;app o private: Systen::Void button! Click(System::Oiect” sender, System::Eventhrgs” el { Falee
PP if Ceane 1= D) Isshared  False

(oA ShEbEREER delete gane: IsTemplate False

[ ReadMe.bx gane = e Board();

nunber Isvitual  False
ogiet ot = 0: Mustimplerr False
e S?‘)SE Typestring System::Void
if (rad\uﬁuﬂuna >Checked) {
Tactick = RULE;

M -

e s

& e g las=

Crr
< >

-

By

B7 Ry Eo-rEsoor BE

Forml.h[TH1 V] DX 7% 27 Y v 27 U, PictureBoxl 227V v 27 LThS6, THNAT DA R
VDT AD MouseDown 2 X7V ) v o35, fE5h3

private: System::Void pictureBox1l_MouseDown(System::0Object”™ sender,

System: :Windows: :Forms: :MouseEventArgs™ e) {

}
%

private: System::Void pictureBoxl_MouseDown(System::0bject” sender,
System: :Windows: :Forms: :MouseEventArgs™ e) {

vector<CPoint> movelist;

if (!UserPlayP) {
return;
}
game->GenAllMoves (movelist, who);
if (movelist.size() == 0) {
if (PassP) {
int value = game->Calculate2(who);
if (value > 0) {



str = "HRED v
str += value;
str += " fADOKEHTYT, MWW TT R, ";
MessageBox: :Show(str) ;
} else if (value < 0) {
String” str = "I Ea—XD ";

String

str += -value;
str += " fHOBHTY, BHIE-> TR, ";
MessageBox: :Show(str) ;
} else {
String~ str = "BIE I TT, I -EXOEL LD I

MessageBox: :Show(str);

¥
return;
} else {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
if (who == BLACK) {
who = WHITE;
} else {
who = BLACK;
}
goto LOOP;
}
}
int W = pictureBox1->Width / 10;
int H = pictureBoxl->Height / 10;
int X = e—>X;

int Y = e->Y;

if (X <w |1 X>9W || (Y <H || (Y > 9%H))
return;

int row =X/ W - 1;

int col =Y/ H - 1;

if (!game->LegalPointP(row, col, who))
return;

PassP = false;

game->add(row, col, who);

loglist.te[loglist.n_te] = IntToAlphabet(col+l);

loglist.te[loglist.n_te++] += row+l;

number++;

DrawBoard () ;

label2->Text= System::Convert: :ToString(game->Calculate (BLACK));



label4->Text= System::Convert: :ToString(game->Calculate (WHITE));
if (who == BLACK) {

who = WHITE;
} else {
who = BLACK;
}
LOOP:

UserPlayP = false;
movelist.clear();
game->GenAllMoves (movelist, who);
if (movelist.size() > 0) {

PassP = false;

CPoint move = game->ComputerMove(who, Tactics);

String™ str = "=
str += move.row+l;
str += " #fit=";

str += move.col+l;

MessageBox: : Show(str);

game->add (move.row, move.col, who);

loglist.te[loglist.n_te] = IntToAlphabet(col+1);
loglist.te[loglist.n_te++] += row+l;

number++;

DrawBoard () ;

label2->Text= System::Convert::ToString(game->Calculate (BLACK));
label4->Text= System::Convert: :ToString(game->Calculate (WHITE));
if (who == BLACK) {

who = WHITE;
} else {
who = BLACK;

}

movelist.clear();

game->GenAllMoves (movelist, who);

if (movelist.size() == 0) { // PLAYER PASS

loglist.te[loglist.n_te++] = "PS";
number++;
if (who == BLACK) {
who = WHITE;
} else {
who = BLACK;
}



goto LOOP;

} else {
PassP = false;
UserPlayP = true;

return;

}
// COMPUTER PASS
if (PassP) {
int value = game->Calculate2(who);
if (value > 0) {
String” str = "AVEa—XD ";
str += value;
str += " fHOPEHTY, HE->THR, ";
MessageBox: :Show(str) ;
} else if (value < 0) {
String” str = "®HRD ",
str += -value;
str += " fHOPEH T, MNTTR, ";
MessageBox: : Show(str);
} else {
String~ str = "BIE I TYT, I —EXOHEL LD I
MessageBox: :Show(str) ;
¥
return;
} else {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
MessageBox: : Show ("PASS") ;
if (who == BLACK) {

who = WHITE;
} else {
who = BLACK;
}
UserPlayP = true;
return;
}
}
&9 %,
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private: System::Void Forml_Load(System::0bject”
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private: System::Void Forml_Load(System::0Object”
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using namespace std;

typedef enum {Black, White, Nonel} KIND;

typedef enum {BLACK, WHITE, EMPTY} WHO;

typedef enum {RULE, UCT} TACTICS;

typedef enum {NORMAL, MAIN, SUB, HALF} ROTATION;

/* Period parameters */

#define N 624

#define M 397

#define MATRIX_A 0x9908b0dfUL  /* constant vector a */

#define UPPER_MASK 0x80000000UL /* most significant w-r bits */

#define LOWER_MASK Ox7fffffffUL /* least significant r bits */

static unsigned long mt[N]; /* the array for the state vector

static int mti=N+1; /* mti==N+1 means mt[N] is not initialized

/* initializes mt[N] with a seed */

void init_genrand(unsigned long s)

{
mt[0]= s & OxffffffffUL;
for (mti=1; mti<N; mti++) {
mt [mti] =
(1812433253UL * (mt[mti-1] ~ (mt[mti-1] >> 30)) + mti);
/* See Knuth TAOCP Vol2. 3rd Ed. P.106 for multiplier.
/* In the previous versions, MSBs of the seed affect
/* only MSBs of the array mt[].
/* 2002/01/09 modified by Makoto Matsumoto
mt [mti] &= OxffffffffUL;
/* for >32 bit machines */
}
}

/* initialize by an array with array-length */

/* init_key is the array for initializing keys */

/* key_length is its length */

/* slight change for C++, 2004/2/26 */

void init_by_array(unsigned long init_key[], int key_length)
{

10

*/
*/

*/
*/
*/
*/



int i, j, k;
init_genrand(19650218UL) ;
i=1; j=0;
k = (N>key_length ? N : key_length);
for (5 k; k—-) {
mt[i] = (mt[i] ~ ((mt[i-1] ~ (mt[i-1] >> 30)) * 1664525UL))
+ init_key[j]l + j; /* non linear */
mt[i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
it g4+
if (i>=N) { mt[0] = mt[N-1]; i=1; }
if (j>=key_length) j=0;

for (k=N-1; k; k—-) {
mt[i] = (mt[i] -~ ((mt[i-1] ~ (mt[i-1] >> 30)) * 1566083941UL))
- i; /* non linear */
mt[i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
i++;

if (i>=N) { mt[0] = mt[N-1]; i=1; }

mt [0] = 0x80000000UL; /* MSB is 1; assuring non-zero initial array */

/* generates a random number on [0,0xffffffff]-interval */
unsigned long genrand_int32(void)
{

unsigned long y;

static unsigned long mag01[2]={0x0UL, MATRIX_A};

/* magO1l[x] = x * MATRIX_A for x=0,1 */

if (mti >= N) { /* generate N words at one time */
int kk;

if (mti == N+1) /* if init_genrand() has not been called, */
init_genrand(5489UL); /* a default initial seed is used */

for (kk=0;kk<N-M;kk++) {
y = (mt [kk]&UPPER_MASK) | (mt [kk+1]&LOWER_MASK) ;
mt [kk] = mt[kk+M] ~ (y >> 1) "~ magOil[y & Ox1UL];
}
for (;kk<N-1;kk++) {
y = (mt [kk]&UPPER_MASK) | (mt [kk+1]&LOWER_MASK) ;
mt [kk] = mt[kk+(M-N)] =~ (y >> 1) ~ magOll[y & Ox1UL];
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}
y = (mt[N-1]&UPPER_MASK) | (mt [0] &LOWER_MASK) ;
mt [N-1] = mt[M-1] ~ (y >> 1) ~ magO1i[y & 0x1UL];

mti = 0;

y = mt[mti++];

/* Tempering */
y "= (y > 11);
y "= (y << 7) & 0x9d2c5680UL;
y "= (y << 15) & 0xefc60000UL;
y "= (y > 18);

return y;

struct CPoint {
int row, col;
CPoint ) {row=-1; col=-1;%}
CPoint (int r, int c){row=r; col=c;}

};

struct LOG {
string te[100];
int n_te;
LOGO) {n_te = 0;}
};

struct J_Tree {

J_Tree *child;

J_Tree *sibling;

int row;

int col;

J_Tree() {row = -1; col = -1; child = 0; sibling = 0; }

J_Tree(int x, int y) {row = y; col = x; child = 0; sibling = 0; }
};

WHO who;

int number;

bool PlayerFirstP;
bool UserPlayP;
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bool PassP;

LOG loglist;
TACTICS Tactics;
ROTATION direction;

J_Tree *rootBW;

J_Tree *currentBW;

string IntToAlphabet(int n)
{
string S;

switch (n) {
case 1:

S = "a"; break;
case 2:

S = "b"; break;
case 3:

S = "c"; break;
case 4:

S = "d"; break;

case 5:

S = "e"; break;
case 6:

S = "f"; break;
case T:

S = "g"; break;
case 8:

S = "h"; break;
}

return S;

void Set_J_TreeB()
{

J_Tree *p;

string joseki[98] = {
"f5f4e3f6d3e2f2cb5f1c4e6£3c3d7",
"f5f4e3f6d3c5d6cdebc7dT",
"f5f6e6d6c5e3d3gbe2bb",
"£5f6e6d6cbe3d3gbf3b5",
"£5£6e6d6c5e3d3gbd7cT7",
"f5f6e6d6c5e3d3gbd7c6",
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"f5f6e6d6c5e3d3c4c6bs",
"f5f6e6d6c5e3d3c4b5b6",
"f5f6e6d6c5e3e7c7d7c6",
"f5f6e6d6cbe3e7c6f7gh",
"f5f6e6d6c5e3e7£4fT7£8",
"f5f6e6d6cbe3e7c4f4gh",
"f5f6e6d6cbe3e7gbf7£8",
"£5f6e6d6c5f4d7c4c3",
"f5f6e6d6c5f4e7c4d3",
"£5f6e6d6c5f4gbg4d3",
"f5f6e6d6cbf4e3c6d7",
"f5f6e6d6c5f4d3bb5gl",
"f5f6e6d6c4gbcbc5b6bbas",
"f5f6e6d6c4f4c6c5b6c3e3",
"f5f6e6d6cdgdcbfdgbe3d3”,
"£5f6e6d6c6£4d7c8e8c7LT",
"f5f6e6d6c6e3f3c5e7gbgd",
"f5f6e6d6c6e3d3cbcabbd7",
"f5f6e6d6c3f4c6d3e3d2f3",
"f5f6e6d6c3f4c6d3e3£2d7",
"f5f6e6d6c3f4c6e3d7c7gh",
"£5£6e6d6c3f4cb6e3gbgdcT",
"£5£6e6d6c3g4cb6f4e7d7ch",
"f5f6e6d6c3g4c6f4gbe3d3"”,
"£5f6e6d6c3gbc6c5c4bbb6",
"f5f6e6d6c3d3c4f3cbc6d2",
"f5f6e6d6e7gbgbe8c4f3g4",
"f5f6e6d6e7gbgbe8dTL7c6",
"f5f6e6d6e7gbgbe8hb5e3d7",
"f5f6e6d6e7gbgbe8hdglch",
"£5f6e6d6e7gbgbe3c6d7cT",
"f5f6e6d6e7gbgbe3h5£8d8",
"f5f6e6d6e7gbgbf7£8d8",
"f5f6e6d6e7gbcbd7c4f3",
"f5f6e6d6e7gbc5f7cd4el",
"f5f6e6d6e7gbcb5f7f4d3e3",
"£5f6e6d6e7gbcbf7c6f4g6",
"f5f6e6d6e7gbcbf7g6f4e8",
"f5f6e6d6e7gbc5£4c4d7",
"f5f6e6d6e7gbcbc7c6f4",
"f5f6e6d6e7f4gbh6gbfT",
"f5f6e6d6e7f4gbgbch",
"f5f6e6d6e7f4gdgbel",
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"f5f6e6d6e7f4e3d7c4",
"f5f6e6d6e7f4cdcbe3",
"£5£6e6d6e7f4cbd7gh",
"£5f6e6d6e7f4c6f7g6",
"£5£6e6d6e7£7d7gbcbcbeT",
"f5f6e6d6e7£8cbe3",
"f5f6e6d6e7d8cbe3",
"f5f6e6d6e7£3c6f7d7f4e3",
"f5f6e6d6£f7e3d7e7c6ch5",
"£5£6e6d6£7£4d7g6",
"£5£6e6d6f7f4cbc6",
"£5£6e6d6f7f3e7f4e3gb6g5",
"£5£6e6d6d7gbgde7cbe3",
"f5f6e6d6c7c6f7e3f4dT",
"f5d6c3d3c4f4c5b3c2e6¢c6b4bbd2e3",
"£5d6c3d3c4f4cbb3c2e6c6b4bbd2a3",
"£5d6c3d3c4f4cbb3c2e6c6b4bbd2f7",
"£5d6c3d3c4f4cbb3c2e6c6b4bbd2cT",
"£5d6c3d3c4f4c5b3c2b4c6d2e6b5ab",
"£5d6c3d3c4f4cbb3c2e3d2c6b4al3gl”,
"£5d6c3d3c4f4cbb4c6e6a3bbeld"”,
"£5d6c3d3c4f4f6gbe6c5£3bbe3",
"£5d6c3d3c4f4f6gbg6e3h5",
"£5d6c3d3c4f4f6gbc6e3d7",
"£5d6c3d3c4f4f6gbe3£3g6",
"£5d6c3d3c4f4f6gbf3gbhd",
"£5d6c3d3c4f4f6f3e6e7f7cb5b6",
"£5d6c3d3c4f4f6£3e6e7d7g6e8cbcE",
"£5d6c3d3c4f4eb6f6e3cbgbg3bbh6cE"
"£5d6c3d3c4f4ebb3e2e3f3cbb4al3f2",
"£5d6c3d3c4f4e3f6c6cbd7e7eb",
"£5d6c3d3c4f4f3e3c6c5£6e6b6",
"£5d6c3d3c4f4cb6e3d7£6d2cbbd",
"£5d6c3d3c4f4c6c5e3£3b6bb5gl" ,
"£5d6c3d3c4b3c6b6d7e8c2clald",
"£5d6c4d3cbf4e3£3c2f6d47",
"£5d6c4d3e6f4e3£3c6f6g5",
"£5d6c4gbc6cbbb6c3e3b5",
"£5d6c3f4£6d3c6b6c2d2",
"£5d6c3gbcbcbcdbb6f6£4",
"£5d6c5f4e3c6d3f6e6d7g3cl4gh",
"£f5d6c5f4e3c6d3f6e6d7e7c7cl",
"£5d6cb5f4e3c6d3f3e6f7g4c3c2",
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"£5d6c5f4e3c6d3gbf6£3g6c4c3",
"£f5d6c5f4e3c6e6£7d7e8£3£f6",
"£5d6cbf4e3c6e6£6g3c4",
"f5d6c5f4e3d3f3e2c4c3f2b3el",
"£5d6cb5f4e3d3ebgbc4c3d2f6c2",
"£5d6c5f6e6f4c6e7f8c4c3"

};

rootBW = 0;
for(int i=0; i<98; i++) {
string str = josekil[i];
int len = str.length();
p = rootBW;
for (int i=0; i<len/2; i++) {
int col = str[2*i]-’a’;
int row = str[2*i+1]-’17;
if (p == 0) {
rootBW = new J_Tree(col, row);
P = rootBW;
continue;
} else {
if (p—>col == col && p->row == row) {
continue;
}
if (p->child == 0) {
p->child = new J_Tree(col, row);
p = p—>child;
continue;
} else if (p->child->col == col && p->child->row == row) {
p = p~>child;
continue;
} else {
bool flag = false;
p = p~>child;
while (p->sibling != 0) {
if (p->sibling->col == col && p->sibling->row == row) {
p = p—>sibling;
flag = true;

break;
p = p—>sibling;

+
if ('flag) {
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p—>sibling = new J_Tree(col, row);

p = p—>sibling;

#define Max 99999
#define Min -99999
#define uct_max 100
#define max_depth 12
#define MAXUCTLOOP 10000

bool OnePlayOutPassP;

struct UCT_Tree {
double UCB;
double X;
int row;
int col;
WHO who;
int n;
int CN;
UCT_Tree * parent;
UCT_Tree * child;
UCT_Tree * next;
UCT_Tree(){row=-1; col=-1; n=0; CN=0; parent=0; child=0; next=0;}
};

struct Board {
KIND board[8][8];
UCT_Tree *tree;
Board();
void add(int row, int col, WHO who);
int Calculate(WHO who);
int Calculate2(WHO who);
bool LegalPointP(int row, int col, WHO who);
void GenAllMoves(vector<CPoint> &movelist, WHO who);
CPoint ComputerMove (WHO who, TACTICS tactics);
void delete_UCT_Tree(UCT_Tree *tree);
int OnePlayOut(CPoint pt, WHO who, WHO origin);
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double change_UCT_Tree(UCT_Tree *tree, bool PositiveP);
};

Board: :Board ()

{
for (int i=0; i<8; i++)
for (int j=0; j<8; j++)
board[i] [j] = None;
board[3] [3] = White;
board[4] [3] = Black;
board[3] [4] = Black;
board[4] [4] = White;
tree = 0;
}

void Board::add(int row, int col, WHO player)
{

KIND playerPoint, enemyPoint;

bool flag;

int k;

if (player == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;

enemyPoint = Black;

board [row] [col] = playerPoint;

if ((col-1>=0) && (board[row] [col-1]==enemyPoint)) {
flag = false;
for (int i=2; col-i >= 0; i++) {
if (board[row] [col-i]==playerPoint) {
flag = true;

break;
} else if (board[row] [col-i]==None)
break;
}
if (flag) {
k=1;

while (board[row] [col-k]==enemyPoint) {
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board[row] [col-k] = playerPoint;

k++;
}
}
}
if ((col+1<8) && (board[row] [col+l]==enemyPoint)) {
flag = false;
for (int i=2; col+i < 8; i++) {
if (board[row] [col+i]==playerPoint) {
flag = true;
break;
} else if (board[row] [col+i]==None)
break;
}
if (flag) {
k=1;
while (board[row] [col+k]==enemyPoint) {
board[row] [col+k] = playerPoint;
k++;
}
}
}
if ((row-1>=0) && (board[row-1] [col]==enemyPoint)) {
flag = false;
for (int i=2; row-i >= 0; i++) {
if (board[row-i] [col]l==playerPoint) {
flag = true;
break;
} else if (board[row-i] [col]==None)
break;
}
if (flag) {
k=1;
while (board[row-k] [col]l==enemyPoint) {
board[row-k] [col] = playerPoint;
k++;
}
}
}
if ((row+1<8) && (board[row+1] [col]l==enemyPoint)) {
flag = false;

for (int i=2; row+i < 8; i++) {

if (board[row+i] [col]l==playerPoint) {
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flag = true;

break;
} else if (board[row+i] [col]l==None)
break;
}
if (flag) {
k=1;
while (board[row+k] [col]==enemyPoint) {
board[row+k] [col] = playerPoint;
k++;
}
}

}

if (((row-1>=0)&&(col-1>=0)) && (board[row-1] [col-1]==enemyPoint)) {
flag = false;
for (int i=2; (row-i>=0)&&(col-i>=0); i++) {

if (board[row-i] [col-i]==playerPoint) {

flag = true;
break;
} else if (board[row-i] [col-i]==None)
break;
}
if (flag) {
k=1;
while (board[row-k] [col-k]==enemyPoint) {
board [row-k] [col-k] = playerPoint;
k++;
}
}
}
if (((row-1>=0)&&(col+1<8)) && (board[row-1] [col+l]==enemyPoint)) {
flag = false;

for (int i=2; (row-i>=0)&&(col+i<8); i++) {

if (board[row-i] [col+i]==playerPoint) {

flag = true;
break;
} else if (board[row-i] [col+i]==None)
break;
¥
if (flag) {
k =1;

while (board[row-k] [col+k]==enemyPoint) {
board[row-k] [col+k] = playerPoint;
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k++;

}
}
}
if (((row+1<8)&&(col-1>=0)) && (board[row+1] [col-1]==enemyPoint)) {
flag = false;
for (int i=2; (row+i<8)&&(col-i>=0); i++) {
if (board[row+i] [col-i]==playerPoint) {
flag = true;
break;
} else if (board[row+i] [col-i]==None)
break;
}
if (flag) {
k=1;
while (board[row+k] [col-k]==enemyPoint) {
board[row+k] [col-k] = playerPoint;
k++;
}
}
}

if (((row+1<8)&&(col+1<8)) && (board[row+1] [col+l]==enemyPoint)) {
flag = false;
for (int i=2; (row+i<8)&&(col+i<8); i++) {
if (board[row+i] [col+i]==playerPoint) {
flag = true;
break;

} else if (board[row+i] [col+i]==None)

break;
3
if (flag) {
k=1;
while (board[row+k] [col+k]==enemyPoint) {
board [row+k] [col+k] = playerPoint;
k++;
}
}
X
if (((row-1>=0)&&(col+1<8)) && (board[row-1] [col+l]==enemyPoint)) {
flag = false;

for (int i=2; (row-i>=0)&&(col+i<8); i++) {
if (board[row-i] [col+i]==playerPoint) {
flag = true;

21



break;

} else if (board[row-i] [col+i]==None)

break;
}
if (flag) {
k=1;
while (board[row-k] [col+k]==enemyPoint) {
board [row-k] [col+k] = playerPoint;
k++;
}
}

int Board::Calculate(WHO who)
{
KIND playerPoint, enemyPoint;

if (who == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;
enemyPoint = Black;
}
int Pnum=0;
for (int row=0; row<8; row++)
for (int col=0; co0l<8; col++) {
if (board[row] [col] == playerPoint)
Pnum ++;
¥

return Pnum;
int Board::Calculate2(WHO who)
KIND playerPoint, enemyPoint;
if (who == BLACK) {
playerPoint = Black;
enemyPoint = White;

} else {
playerPoint = White;
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enemyPoint = Black;
¥
int Pnum=0, Enum=0;
for (int row=0; row<8; row++)
for (int col=0; co0l<8; col++) {
if (board[row] [col] == playerPoint)
Pnum++;
else if (board[row] [col] == enemyPoint)
Enum++;
}

return Pnum-Enum;

bool Board::LegalPointP(int row, int col, WHO player)
{

bool flag;

KIND playerPoint, enemyPoint;

if (board[row] [col] !'= Nomne)
return false;

if (player == BLACK) {
playerPoint = Black;
enemyPoint = White;

} else {
playerPoint = White;

enemyPoint = Black;

}
if ((col-1>=0) && (board[row] [col-1]==enemyPoint)) {
flag = false;
for (int i=2; col-i >= 0; i++) {
if (board[row] [col-i]==playerPoint) {
flag = true;
break;
} else if (board[row] [col-i]==None)
break;
}
if (flag)
return true;
}
if ((col+1<8) && (board[row] [col+1]==enemyPoint)) {
flag = false;

for (int i=2; col+i < 8; i++) {

if (board[row] [col+i]==playerPoint) {
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flag = true;

break;
} else if (board[row] [col+i]==None)
break;
¥
if (flag)
return true;
}
if ((row-1>=0) && (board[row-1] [col]l==enemyPoint)) {
flag = false;
for (int i=2; row-i >= 0; i++) {
if (board[row-i] [col]l==playerPoint) {
flag = true;
break;
} else if (board[row-i] [col]==None)
break;
¥
if (flag) {
return true;
¥
¥

if ((row+1<8) && (board[row+1] [col]l==enemyPoint)) {
flag = false;
for (int i=2; row+i < 8; i++) {

if (board[row+i] [col]==playerPoint) {

flag = true;
break;
} else if (board[row+i] [col]l==None)
break;
3
if (flag)
return true;
}
if (((row-1>=0)&&(col-1>=0)) && (board[row-1] [col-1]==enemyPoint)) {
flag = false;

for (int i=2; (row-i>=0)&&(col-i>=0); i++) {
if (board[row-i] [col-i]==playerPoint) {

flag = true;
break;
} else if (board[row-i] [col-i]==None)
break;
}
if (flag) {
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return true;

¥
}
if (((row-1>=0)&&(col+1<8)) && (board[row-1] [col+l]==enemyPoint)) {
flag = false;
for (int i=2; (row-i>=0)&&(col+i<8); i++) {
if (board[row-i] [col+i]==playerPoint) {
flag = true;
break;
} else if (board[row-i] [col+i]==None)
break;
}
if (flag)
return true;
}
if (((row+1<8)&&(col-1>=0)) && (board[row+1] [col-1]==enemyPoint)) {
flag = false;
for (int i=2; (row+i<8)&&(col-i>=0); i++) {
if (board[row+i] [col-i]==playerPoint) {
flag = true;
break;
} else if (board[row+i] [col-i]==None)
break;
¥
if (flag)
return true;
}
if (((row+1<8)&&(col+1<8)) && (board[row+1] [col+l]==enemyPoint)) {
flag = false;
for (int i=2; (row+i<8)&&(col+i<8); i++) {
if (board[row+i] [col+i]==playerPoint) {
flag = true;
break;
} else if (board[row+i] [col+i]==None)
break;
}
if (flag)
return true;
¥
if (((row-1>=0)&&(col+1<8)) && (board[row-1] [col+1l]==enemyPoint)) {
flag = false;

for (int i=2; (row-i>=0)&&(col+i<8); i++) {

if (board[row-i] [col+i]==playerPoint) {
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flag = true;

break;
} else if (board[row-i] [col+i]==None)
break;
¥
if (flag)

return true;

3

return false;

void Board: :GenAllMoves(vector<CPoint> &movelist, WHO who)
{
for (int row=0; row<8; row++)
for (int col=0; col<8; col++)
if (LegalPointP(row, col, who))

movelist.push_back(CPoint(row, col));

void Board::delete_UCT_Tree(UCT_Tree *tree)

{
UCT_Tree *p;
while (tree !'= 0) {
p = tree;
tree = tree->next;
if (p->child !'= 0)
delete_UCT_Tree(p->child);
delete p;
}
}

int Board::0OnePlayOut(CPoint pt, WHO who, WHO origin)

vector<CPoint> movelist;
CPoint move;

int result;

add(pt.row, pt.col, who);
OnePlayOutPassP = false;

GG: if (who == BLACK) {

who = WHITE;
} else {
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who = BLACK;
¥
movelist.clear();
GenAllMoves (movelist, who);
if (movelist.size() == 0) {
if (OnePlayOutPassP) {
result = Calculate2(origin);
if (result > 0)
result = 1;
else if (result < 0)
result = -1;

return result;

} else {
OnePlayOutPassP = true;
goto GG;

b

int ind = genrand_int32() % movelist.size();

move = movelist[ind];

result = OnePlayOut(move, who, origin);

return result;

CPoint Board::ComputerMove (WHO who, TACTICS tactics)
{

vector<CPoint> movelist;

CPoint move;

char s[10];

int col, row;

if (tactics == RULE) {
GenAllMoves (movelist, who);
if (movelist.size() == 0)
return move;
return movelist[0];
} else if (tactics == UCT) {
if (who == BLACK && number == 0) {
move.row = 4;
move.col = 5; // 5

currentBW = rootBW;
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direction = NORMAL;
return move;

}

if (who == WHITE && number == 1) {
currentBW = rootBW;
strcpy(s, loglist.tel[loglist.n_te-1].c_str());

s[0] - ’a’;

s[1] - 1;

if (col == 5 && row == 4) {
direction = NORMAL;

} else if (col == 4 && row == 5) {
direction = MAIN;

} else if (col == 3 && row == 2) {
direction = SUB;

} else if (col == 2 && row == 3) {
direction = HALF;

col

row

strcpy(s, loglist.tel[loglist.n_te-1].c_str());
col = s[0] - ’a’;
row = s[1] - 1;
if (direction == MAIN) {
int junk = col;
col = row;
row = junk;
} else if (direction == SUB) {
int junk = col;
col =7 - row;
row = 7 - junk;
} else if (direction == HALF) {
col =7 - col;

row = 7 - row;

if (currentBW != 0 &% currentBW->child != 0) { // EHFIH
if (currentBW->col == col && currentBW->row == row) {
currentBW = currentBW->child;
if (currentBW !'= 0) {
int count = 1;
J_Tree *p = currentBW;
while (p->sibling != 0) {

count++;
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}

int

p = p~>sibling;

index = genrand_int32() % count;

index++;

if (index == 1) {

if (direction == NORMAL) {

move.row = currentBW->row;

move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 7-currentBW->col;
move.col = 7-currentBW->row;

} else if (direction == HALF) {
move.row = 7-currentBW->row;
move.col = 7-currentBW->col;

}

return move;

} else {

} else {

p = currentBW;

int cnt = 1;

while (cnt < index) {

p = p—>sibling;
cnt++;

}

currentBW = p;

if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 7-currentBW->col;
move.col = 7-currentBW->row;

} else if (direction == HALF) {
move.row = 7-currentBW->row;
move.col = 7-currentBW->col;

}

return move;
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currentBW = 0;
}
} else if (currentBW->child->col == col && currentBW->child->row == row) {
currentBW = currentBW->child;
if (currentBW->child !'= 0) {
currentBW = currentBW->child;

int count = 1;

J_Tree *p = currentBW;
while (p->sibling != 0) {
count++;
p = p—>sibling;
}
int index = genrand_int32() % count;
index++;
if (index == 1) {
if (direction == NORMAL) {

move.row = currentBW->row;

move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 7-currentBW->col;
move.col = 7-currentBW->row;

} else if (direction == HALF) {
move.row = 7-currentBW->row;
move.col = 7-currentBW->col;

}

return move;

} else {

p = currentBW;

int cnt=1;

while (cnt < index) {

p = p—>sibling;
cnt++;

}

currentBW = p;

if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {

move.row currentBW->col;

move.col = currentBW->row;
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} else if (direction == SUB) {
move.row = 7-currentBW->col;
move.col = 7-currentBW->row;

} else if (direction == HALF) {
move.row = 7-currentBW->row;

move.col = 7-currentBW->col;

}
return move;
}
} else {
currentBW = 0;
}
} else {

currentBW = currentBW->child->sibling;
while (currentBW != 0) {
if (currentBW->col == col && currentBW->row == row)
if (currentBW->child != 0) {
currentBW = currentBW->child;
1;
J_Tree *p = currentBW;
while (p->sibling != 0) {

int count

count++;
p = p—>sibling;
}
int index = genrand_int32() % count;
index++;
if (index == 1) {
if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 7-currentBW->col;
move.col = 7-currentBW->row;

} else if (direction == HALF) {
move.row = 7-currentBW->row;
move.col = 7-currentBW->col;

}

return move;

} else {

p = currentBW;
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int cnt = 1;
while (cnt < index) {
p = p—>sibling;
cnt++;
}
currentBW = p;
if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;
} else if (direction == MAIN) {

move.row = currentBW->col;

move.col = currentBW->row;
} else if (direction == SUB) {

move.row = 7-currentBW->col;

move.col = 7-currentBW->row;
} else if (direction == HALF) {
move.row = 7-currentBW->row;
move.col = 7-currentBW->col;
}
return move;
}
} else {
currentBW = 0;

break;

3

currentBW = currentBW->sibling;

UCT_Tree *pp, *maxpp;
WHO currentWho = who;

if (tree != 0) {
delete_UCT_Tree(tree);

tree = 0;

movelist.clear();
GenAllMoves (movelist, who);
if (movelist.size() == 0)

return move;
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if (movelist.size() == 1) {
return movelist[0];
}
for (int i=0; i<movelist.size(); i++) {
pp = new UCT_Tree();
pp—>row = movelist[i].row;
pp—>col = movelist[i].col;
pp—>who = who;

pp—>UCB = 500.0 + genrand_int32() % 20;
pp->X = 0.0;

pp—->n = 0;

pp—>CN = O;

pp—>parent = 0;
pp—>child = 0O;
pp—>next = tree;
tree = pp;

}

double MaxUCB;

int depth;

for (int k=0; k<MAXUCTLOOP; k++) {
Board oldboard;
for (int i=0; i<8; i++)
for (int j=0; j<8; j++)
oldboard.board[i] [j] = board[i][j];
pp = tree;
depth = 0;
LOOPA MaxUCB = pp->UCB;
pp—>CN++;
maxpp = pp;
depth++;
pp = pp->next;
while (pp != 0) {
if (currentWho == pp->who) {
if (pp->UCB > MaxUCB) {
MaxUCB = pp->UCB;
maxpp = Pp;
}
} else {
if (pp->UCB < MaxUCB) {
MaxUCB = pp->UCB;

maxpp = PP;
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}
pp—>CN++;
PP = pp—>next;
}
if (maxpp->child != 0) {
add (maxpp->row, maxpp->col, maxpp->who) ;
maxpp->n++;
pp = maxpp->child;
goto LOOPA;
} else { // maxpp->child ==
maxpp->n++;
if (depth < max_depth && maxpp->n > uct_max) {
/LT EES
if (maxpp->who == BLACK)
who = WHITE;
else
who = BLACK;
add (maxpp->row, maxpp->col, maxpp->who) ;
movelist.clear();
GenAllMoves (movelist, who);
if (movelist.size() == 0) { // leaf or PASS
// leaf?
int count = O;
for (int i=0; i<8; i++) {
for (int j=0; j<8; j++) {
if (board[i] [j] == Nomne) {

count++;
}
}
}
if (count > 0) {
goto HHH;
}

int result Calculate2(currentWho) ;
if (result > 0)
result = 1;
else if (result < 0)
result = -1;
// UCB DFEHr & pp->X DEIE
maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);
if (maxpp->parent == 0) {
pp = tree;
} else {
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pp = maxpp->parent;

pp

pp—>child;
}
while (pp !'= 0) {
if (pp->n > 0) {
if (currentWho == pp->who) {
pp—>UCB = pp->X+sqrt(2.0*log((double)pp->CN)/(pp—>n));
} else {
pp—>UCB = pp->X-sqrt(2.0*log((double)pp->CN)/(pp->n));

}
pp = pp->next;
}
// BLD pp->UCB & pp—>X DEIE
UCT_Tree *gq = maxpp->parent;
while (qq != 0) {
qq—>X = (qq->X*(qq->n-1)+result)/(qq->n);
if (qq->parent == 0) {

Pp = tree;

} else {
pp = qq->parent;
PP = pp—>child;

}
while (pp '= 0) {
if (currentWho == pp->who) {
if (pp—>n > 0)
pp—>UCB = pp—>X+sqrt(2.0*1log((double)pp->CN)/(pp->n));
} else {
if (pp—>n > 0)
pp—>UCB = pp->X-sqrt(2.0%x1log((double)pp->CN)/(pp->n));
}
PP = pp—>next;

}

qq = qq->parent;
}
for (int i=0; i<8; i++)

for (int j=0; j<8; j++)

board[i] [j] = oldboard.board[i] [j];
continue;
} else { // non leaf

for (int i=0; i<movelist.size(); i++) {

pp = new UCT_Tree();

pp—>row = movelist[i].row;
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pp—>col = movelist[i].col;
pp->who = (maxpp->who==BLACK) ?WHITE:BLACK;
if (currentWho == pp->who) {

pp—>UCB = 500.0 + genrand_int32() % 20;
} else {

pp—>UCB = -500.0 + genrand_int32() % 20;

}

pp—>X = 0.0;
pp—>n = 0;
pp—>CN = 1;

pp->parent = maxpp;
pp—>child = 0;
pp—>next = maxpp->child;
maxpp->child = pp;
X
pp = maxpp->child;
MaxUCB = pp->UCB;
maxpp = PP;
PP = pp—>next;
while (pp !'= 0) {
if (currentWho == pp->who) {
if (pp->UCB > MaxUCB) {
MaxUCB = pp->UCB;
maxpp = Pp;
}
} else {
if (pp->UCB < MaxUCB) {
MaxUCB = pp—>UCB;

maxpp = pp;
}
}
PP = pp—>next;
}
CPoint C;

C.row = maxpp—>row;
C.col = maxpp—>col;
OnePlayOutPassP = false;
int result = OnePlayOut(C, maxpp->who, currentWho);
// UCB & pp—>X DEIE
maxpp->n++;
maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);
if (maxpp->parent == 0) {
pp = tree;
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} else {

pp
pp

maxpp->parent;
pp->child;

}
while (pp '= 0) {
if (pp->n > 0) {
if (currentWho == pp->who) {
pp->UCB = pp->X+sqrt (2.0%log((double)pp->CN)/ (pp—>n));
} else {
pp->UCB = pp->X-sqrt(2.0*log((double)pp->CN)/(pp->n));

}
PP = pp->next;
}
// D pp->UCB & pp->X DIEIE
UCT_Tree *qq = maxpp->parent;
while (qq != 0) {
qq—>X = (qgq->X*(qgq->n-1)+result)/(qq->n);
if (qq->parent == 0) {

pPp = tree;

} else {
Pp = qgq—>parent;
pPp = pp->child;

}
while (pp !'= 0) {
if (currentWho == pp->who) {
if (pp~>n > 0)
pp—>UCB = pp—>X+sqrt(2.0*log((double)pp—>CN)/(pp->n));
} else {
if (pp—>n > 0)
pp—>UCB = pp—>X-sqrt(2.0*1log((double)pp->CN)/(pp->n));
}
Pp = pp—>next;
}
qq = qq->parent;
}
for (int i=0; i<8; i++)
for (int j=0; j<8; j++)
board[il [j] = oldboard.board[il [j];
continue;
}
} else {
/7 FUWTEIES R maxpp->child == 0
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// maxpp->N && maxpp—>n (FHP L TW5
HHH: CPoint C;

C.row = maxpp->row;

C.col = maxpp->col;

OnePlayOutPassP = false;

int result = OnePlayOut(C, maxpp->who, currentWho);
// UCB & pp->X DEIE
maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);

if (maxpp->parent == 0) {

Pp = tree;
} else {
pp = maxpp->parent;

}

PP = pp->child;

while (pp !'= 0) {

}

if (pp—>n > 0) {
if (currentWho == pp->who) {
pp->UCB = pp->X+sqrt (2.0*log((double)pp->CN)/(pp->n));
} else {
pp—>UCB

pp—>X-sqrt(2.0*log((double) pp->CN)/(pp->n));

}
PP = pp—>next;

// BLD pp->UCB & pp->X DEIE
UCT_Tree *qgq = maxpp->parent;
while (qq != 0) {

qq->X = (qq->X*(qg->n-1)+result)/(qq->n);
if (qq->parent == 0) {

pPp = tree;

} else {
pp = qgq->parent;
PP = pp—>child;

}
while (pp != 0) {
if (currentWho == pp->who) {
if (pp—>n > 0)
pp->UCB = pp->X+sqrt (2.0%log((double)pp->CN)/ (pp—>n));
} else {
if (pp->n > 0)
pp—>UCB = pp->X-sqrt(2.0xlog((double)pp—>CN)/(pp—>n));
}
PP = pp->next;
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}
qq = qg->parent;
}
for (int i=0; i<8; i++)
for (int j=0; j<8; j++)
board[i] [j] = oldboard.board[i] [j];

continue;

pp = tree;
int maxN = pp->n;
maxpp = PPpP;
PP = pp—>next;
while (pp !'= 0) {
if (maxN < pp->n) {
maxN = pp->n;

maxpp = pp;
}
pPp = pp—>next;
}
CPoint C;

C.row = maxpp->row;
C.col = maxpp->col;

move = C;

delete_UCT_Tree(tree);

tree = 0;

return move;

Board *game;

LITBIAL,
H47Y 5.
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L othello (E47%) - Microsoft Visual Studio Academic -a
THIMF) BEE) FR(V) JOSTINP) EAF(B) FIwH(D) F-AM) T-9(A) Y-IUT) FAMS) D4UFIW) ALT(H)
P S H R % R0 -85 b [pebug Win32 | (% [set_)_TreeB JIEREE RS-
[ EZ2|0PEeaapdir vaalo=(=[6% 43
i 70t Al ¥ W 2o ks g
- 2 Form - = _ _ @«
= ‘ & | EE& -I 4 button1_Click(System::Object ~ sender, System: :EventArgs * &) |
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4 Tothello
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G Assen
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64 stdafx
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|| ReadMe.t 8
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o Formi1 - o HIEH
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™ UCT

Va2 —XDNEERLTHI1C3tax b 50, HlZIE

if (((row-1>=0)&&(col+1<8)) && (board[row-1] [col+1]==enemyPoint)) {
flag = false;
for (int i=2; (row-i>=0)&&(col+i<8); i++) {

if (board[row-i] [col+i]==playerPoint) {
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flag = true;

break;
} else if (board[row-i] [col+i]==None)
break;
}
if (flag) {
k=1;
while (board[row-k] [col+k]==enemyPoint) {
board[row-k] [col+k] = playerPoint;
k++;
}
}

}

D if XT ((row-1>=0)&&(col+1<8)) DHENBHER WL 512 board[1[] #VE& FbHKE
LTHEL &2,

for (int i=0; i<8; i++)
for (int j=0; j<8; j++)
board[i] [j] = oldboard.board[i] [j];

ZEEIZEIT T 7202 board[1[1 & —RItDELFI TIX7% < =Xt DELFNIZ U, memepy() B
BEfoT—RIZA¥—F5h, bODORIZIFENVTH D T, BRIZX - THDS L TNIED
MEIZIRNT T,

ZTHEDIX i3 & i5 L7 O CPU BEED /8 I b TWb DT,

for (int k=0; k<MAXUCTLOOP; k++) {

D ETIVF ALy MIZTHIEEEAAKNSIETTT A, Windows 74 —L7 TV — 3
YORNVFALVY RIS T IV IOy RERE 1SS ONKRETIHEFIZHELNTT,

R Lo 7OJZLARTEYTHAINOEDEROME % TICi85]
IC7O72IVJLELED. i, RRCHE =ER—8 - ILTE
ZOvEa—9HE TryTFAHILOEDOEMREEEK] HITHR
201 2F11H 2800H WO AEIHERESNFLE, F1
OF UCT CTEXRI27O07ZALICHDEINAFE->7-TOTF A
HBEBETDIFONLETEARNZT7O/SLLYBRETEELLPT VA
WTY, BOTPY>2>THTLEZY, AEOEFFOHHN DL, &
BHEOMYPTWVWOT, BAEYTFHIAETHERCADER
TE>THELEDPEFLAIFETCIE AN >72TY, FADMFE->TWL
ZEADBEURZRONE LI HHY EFHA, BERAHNIEED THEY
BLTLEIWL,

SRIVFALY RERY NI =20 707 I VRO LSI1ZHD £9, Windows 7 A —A4L7T
TV —vavTlEA58 35Ty IRELOTETIRa YA T T r—varvk LT
fEY 9,
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#include
#include
#include
#include
#include

#include

#include

/% TWs2
#pragma

<iostream>
<stdio.h>
<WinSock2.h>
<WS2tcpip.h>
<io.h>

<Windows.h>

<vector>

_32.1ib] 77 AN )V IT B x/
comment (1lib, "Ws2_32.1ib")

using namespace std;

typedef
typedef
typedef
typedef

/* Perio
#define
#define
#define
#define
#define

static unsigned long mt[N]; /* the array for the state vector

enum {Black, White, None, Wall} KIND;

enum {BLACK, WHITE, EMPTY} WHO;
enum {RULE, UCT} TACTICS;

enum {NORMAL, MAIN, SUB, HALF} ROTATION;

d parameters */
N 624
M 397

MATRIX_A 0x9908b0dfUL  /* constant vector a */
UPPER_MASK 0x80000000UL /* most significant w-r bits */
LOWER_MASK Ox7fffffffUL /* least significant r bits */

*/

static int mti=N+1; /* mti==N+1 means mt[N] is not initialized */

/* initi
void ini
{

mt [0

for

(1812433253UL * (mt[mti-1] ~ (mt[mti-1] >> 30)) + mti);
/* See Knuth TAOCP Vol2. 3rd Ed. P.106 for multiplier.

/* In the previous versions, MSBs of the seed affect

alizes mt[N] with a seed */

t_genrand(unsigned long s)
1= s & OxffffffffUL;

(mti=1; mti<N; mti++) {
mt [mti] =

/* only MSBs of the array mt[].

/* 2002/01/09 modified by Makoto Matsumoto

mt [mti] &= OxffffffffUL;
/* for >32 bit machines */
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/*
/%
/*
/*

initialize by an array with array-length */
init_key is the array for initializing keys */
key_length is its length */

slight change for C++, 2004/2/26 */

void init_by_array(unsigned long init_key[], int key_length)

{

/%

int i, j, k;
init_genrand(19650218UL) ;
i=1; j=0;
k = (N>key_length ? N : key_length);
for (5 k; k—-) {
mt[i] = (mt[i] ~ ((mt[i-1] ~ (mt[i-1] >> 30)) * 1664525UL))
+ init_key[j] + j; /* non linear */
mt[i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
i++; 4+
if (i>=N) { mt[0] = mt[N-1]; i=1; }
if (j>=key_length) j=0;

for (k=N-1; k; k--) {
mt[i] = (mt[i] -~ ((mt[i-1] =~ (mt[i-1] >> 30)) * 1566083941UL))
- i; /* non linear */
mt [i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
i+

if (i>=N) { mt[0] = mt[N-1]; i=1; }

mt [0] = 0x80000000UL; /* MSB is 1; assuring non-zero initial array */

generates a random number on [0,0xffffffff]l-interval */

unsigned long genrand_int32(void)

{

unsigned long y;
static unsigned long mag01[2]={0x0UL, MATRIX_A};
/* mag01[x] = x * MATRIX_A for x=0,1 */

if (mti >= N) { /* generate N words at one time */
int kk;

if (mti == N+1) /* if init_genrand() has not been called, */
init_genrand(5489UL); /* a default initial seed is used */
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y =

for (kk=0;kk<N-M;kk++) {
y = (mt[kk]&UPPER_MASK) | (mt [kk+1]&LOWER_MASK) ;
mt [kk] = mt[kk+M] ~ (y >> 1) ~ magOil[y & 0x1UL];

for (;kk<N-1;kk++) {
y = (mt [kk]&UPPER_MASK) | (mt [kk+1]&LOWER_MASK) ;
mt [kk] = mt[kk+(M-N)] ~ (y >> 1) ~ magOi[y & 0x1UL];
}
y = (mt[N-1]&UPPER_MASK) | (mt [0] &LOWER_MASK) ;
mt [N-1] = mt[M-1] = (y >> 1) ~ magOil[y & Ox1UL];

mti = 0;

mt [mti++];

/* Tempering */

y "=y >»> 11);

y "= (y << 7) & 0x9d2c5680UL;
y "= (y << 15) & 0xefc60000UL;
y "= (y > 18);

return y;

struct CPoint {

int

CPoi

CPoi
};

row, col;
nt O {row=-1; col=-1;%}

nt(int r, int c){row=r; col=c;}

struct LOG {

stri

int

LOG(
};

ng te[100];
n_te;
) {n_te = 0;}

struct J_Tree {
J_Tree *child;

J_Tree *sibling;

int

int

row;

col;
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J_Tree() {row = -1; col = -1; child = 0; sibling = 0; }
J_Tree(int x, int y) {row = y; col = x; child = 0; sibling = 0; }
};

WHO who;

int number;

bool PlayerFirstP;
bool UserPlayP;
bool PassP;

LOG loglist;
TACTICS Tactics;
ROTATION direction;
J_Tree *rootBW;

J_Tree *currentBW;

string IntToAlphabet(int n)

{

string S;
switch (n) {
case 1:

S = "a"; break;
case 2:

S = "b"; break;
case 3:

S = "c"; break;
case 4:

S = "d"; break;
case 5:

S = "e"; break;
case 6:

S = "f"; break;
case T:

S = "g"; break;
case 8:

S = "h"; break;
}
return S;

}

void Set_J_TreeB()
{
J_Tree *p;
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string joseki[98] = {
"f5f4e3f6d3e2f2c5f1c4e6£3c3d7",
"f5f4e3f6d3cbd6cdebc7d7",
"f5f6e6d6c5e3d3g5e2bs",
"£5£6e6d6c5e3d3g5£3b5",
"£5£6e6d6c5e3d3g5d7cT",
"f5£6e6d6cbe3d3gbd7c6",
"f5f6e6d6c5e3d3c4c6bs",
"f£5f6e6d6c5e3d3c4bbb6",
"f5f6e6d6cbe3e7c7d7c6",
"£5f6e6d6cbe3e7c6f7gh",
"f5f6e6d6cb5e3e7f4fT7£8",
"£5f6e6d6cbe3e7cd4flgh",
"f5f6e6d6cbe3e7gbf7£8",
"f5f6e6d6cb5f4d7c4c3",
"£5f6e6d6c5f4e7c4d3",
"£5£6e6d6c5f4g5gdd3",
"f5f6e6d6cbf4e3c6dT",
"f5f6e6d6c5f4d3bbgd",
"£5f6e6d6c4gbc6c5bbbbat",
"£5f6e6d6c4f4c6c5bb6c3e3",
"£5f6e6d6c4glcbfighbe3d3",
"£5f6e6d6c6£4d7c8e8c7LT",
"£5f6e6d6c6e3f3cbe7gbgd",
"£5£6e6d6c6e3d3c5c4b5d7",
"f5f6e6d6c3f4c6d3e3d2f3",
"f5f6e6d6c3f4c6d3e3f2d7",
"£5f6e6d6c3f4c6e3d7c7gh",
"f5f6e6d6c3f4c6e3gbgdcT",
"f5f6e6d6c3g4c6f4e7d7ch",
"f5f6e6d6c3g4c6f4gbel3d3",
"£5£6e6d6c3gbc6c5c4b5b6",
"f5f6e6d6c3d3c4f3cbc6d2",
"f5f6e6d6e7gbgbe8c4f3gd",
"f5f6e6d6e7gbg6e8d7£f7c6",
"f5f6e6d6e7gbg6e8hbe3d7",
"f5f6e6d6e7gbgbe8hdgdch",
"f5f6e6d6e7gbgbe3c6d7cT",
"f5f6e6d6e7gbg6e3h5£8d8",
"£5f6e6d6e7gbg6£7£8d8",
"f5f6e6d6e7gbcbd7c4£3",
"£5£6e6d6e7gbcbf7c4e3",
"£5f6e6d6e7gbc5f7£f4d3e3",
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"f5f6e6d6e7gbcbf7c6f4g6",
"£5£6e6d6e7gbcbf7g6f4e8",
"f5f6e6d6e7gbcbf4c4dT",
"f5f6e6d6e7gbcbc7c6f4",
"f5£6e6d6e7f4gbh6gbf7",
"f5£6e6d6e7f4gbgbch",
"f5f6e6d6e7f4glghbel",
"f5f6e6d6e7f4e3d7c4",
"f5f6e6d6e7f4cl4cbe3",
"f5£6e6d6e7f4cbd7gh",
"f5f6e6d6e7f4c6f7g6",
"£5£6e6d6e7£7d7gbcbc6eT",
"f5f6e6d6e7£8cbe3",
"f5f6e6d6e7d8cbe3",
"£5£6e6d6e7f3c6£7d7f4e3",
"f5f6e6d6f7e3d7e7c6ch",
"£5£6e6d6£7£4d7g6",
"f5f6e6d6f7f4cbc6",
"£5£6e6d6£f7f3e7f4e3gbg5",
"£5£6e6d6d7gbgde7cbe3",
"f5f6e6d6c7c6f7e3£4d47",
"f5d6c3d3c4f4c5b3c2e6c6bdbbd2e3",
"£5d6c3d3c4f4cbb3c2e6c6b4db5d2a3",
"£5d6c3d3c4f4cbb3c2e6c6b4bbd2f7",
"£5d6c3d3c4f4c5b3c2e6c6b4bbd2cT",
"£5d6c3d3c4f4cbb3c2b4c6d2e6b5a5",
"£5d6c3d3c4f4cbb3c2e3d2c6b4a3gl3”,
"£5d6c3d3c4f4cbb4c6e6a3bbe3d"”,
"£5d6c3d3c4f4f6gbeb6cbf3b5e3",
"£5d6c3d3c4f4f6gbg6e3h5",
"£5d6c3d3c4f4£6gbc6e3d7",
"£5d6c3d3c4f4f6gbe3£3g6",
"£5d6c3d3c4f4£6g5£3g6hd",
"£5d6c3d3c4f4f6£3e6e7£7c5b6",
"£5d6c3d3c4f4f6£3eb6e7d7g6e8cbch",
"£5d6c3d3c4f4eb6f6e3cbgbg3b6h6ch"”,
"f5d6c3d3c4f4ebb3e2e3f3cbb4al3f2",
"£f5d6c3d3c4f4e3f6c6cbd7e7eb",
"£5d6c3d3c4f4f3e3c6c5f6e6b6",
"£5d6c3d3c4f4c6e3d7£6d2cE5b4",
"£5d6c3d3c4f4cb6c5e3f3b6bbgd",
"£f5d6c3d3c4b3c6b6d7e8c2clal3",
"£5d6c4d3cbf4e3£3c2f647",
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"f5d6c4d3e6f4e3f3c6f6gh",
"£5d6c4gbc6cbb6c3e3bb",
"£5d6c3f4£6d3c6b6c2d2",
"£5d6c3gbc6cbcdbb6f6£4",
"f£5d6cbf4e3c6d3f6e6d7g3c4gh",
"£5d6cbf4e3c6d3f6e6d7e7c7cd",
"£5d6c5f4e3c6d3f3e6f7g4c3c2",
"£5d6c5f4e3c6d3gbf6f3g6c4c3”,
"f£5d6cbf4e3c6e6£7d7e8f3£6",
"f£5d6cbf4e3cb6e6f6g3c4",
"£5d6c5f4e3d3f3e2c4c3£2b3el",
"£5d6c5f4e3d3ebgbc4c3d2f6c2",
"£5d6cbf6e6f4c6e7£8c4c3"

};

rootBW = 0;
for(int i=0; i<98; i++) {
string str = josekil[i];
int len = str.lengthQ);
p = rootBW;
for (int i=0; i<len/2; i++) {
int col = str[2*i]-’a’+1;
int row = str[2*i+1]-’1’+1;
if (p == 0) {

rootBW = new J_Tree(col, row);

p = rootBW;
continue;
} else {

if (p->col == col && p->row == row) {
continue;

}

if (p->child == 0) {
p—>child = new J_Tree(col, row);
p = p~>child;
continue;

} else if (p->child->col == col && p->child->row == row) {
p = p~>child;
continue;

} else {
bool flag = false;
p = p~>child;
while (p->sibling != 0) {

if (p->sibling->col == col && p->sibling->row == row) {
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p = p—>sibling;
flag = true;

break;

p = p—>sibling;

}

if ('flag) {
p—>sibling = new J_Tree(col, row);
p = p—>sibling;

}

#define Max 99999
#define Min -99999
#define uct_max 100
#define max_depth 12
#define MAXUCTLOOP 100000
#define THREAD_NUM 8

bool OnePlayOutPassP;

struct UCT_Tree {
double UCB;
double X;
int row;
int col;
WHO who;
int n;
int CN;
UCT_Tree * parent;
UCT_Tree * child;
UCT_Tree * next;
UCT_Tree(){row=-1; col=-1; n=0; CN=0; parent=0; child=0; next=0;}
};

struct Board {
KIND board[160];
UCT_Tree x*tree;
Board();
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};

void add(int row, int col, WHO who);

int Calculate(WHO who);

int Calculate2(WHO who);

bool LegalPointP(int row, int col, WHO who);

void GenAllMoves(vector<CPoint> &movelist, WHO who);
CPoint ComputerMove (WHO who, TACTICS tactics);

void delete_UCT_Tree(UCT_Tree *tree);

int OnePlayOut(CPoint pt, WHO who, WHO origin);
double change_UCT_Tree(UCT_Tree *tree, bool PositiveP);
void showBoard();

CPoint HumanMove (WHO who) ;

CPoint Board: :HumanMove (WHO who)

{

CPoint move;

int row, col;

do {

cout << "col row : ";

cin >> col >> row;

if (col == -1)

return move;

} while (!LegalPointP(row, col, who));
move.row = row;
move.col = col;

return move;

string IntToDisp(int n)

{

string str;

switch (n) {
case O:

str = "O"; break;
case 1:

str = "1"; break;
case 2:

str = "2"; break;
case 3:

str = "3"; break;

case 4:
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str = "4"; break;

case 5:

str = "5"; break;
case 6:

str = "6"; break;
case T:

str = "7"; break;
case 8:

str = "8"; break;
}

return str;

void Board::showBoard()

{
for (int col=0; col<9; col++)
if (col == 0)
cout << " "
else
cout << IntToDisp(col).c_str();
cout << "\n";
for (int row=1; row <9; row++) {
cout << IntToDisp(row).c_str();
for (int col=1; co0l<9; col++) {
if (board[16*row+col]==Black)
cout << "@";
else if (board[16*row+col]==White)
cout << "O";
else
cout << " ",
¥
cout << "\n";
}
}

Board: :Board ()

{

for (int i=0; i<160; i++)
board[i] = None;
for (int k=0; k<10; k+=9)
for (int i=0; i<10; i++)
board[16*k+i] = Wall;
for (int k=0; k<10; k+=9)
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for (int i=0; i<10; i++)
board[16*xi+k] = Wall;
board[4*16+4] = White;

board[4*16+5] = Black;
board[5*16+4] = Black;
board [6*16+5] = White;
tree = 0;

void Board::add(int row, int col, WHO player)
{

KIND playerPoint, enemyPoint;

bool flag;

int k;

if (player == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;
enemyPoint = Black;
}
board[16*row+col] = playerPoint;
if (board[16*row+col-1]==enemyPoint) {
flag = false;
for (int i=2; col-i > 0; i++) {

if (board[16*row+col-i]==playerPoint) {

flag = true;
break;
} else if (board[16*row+col-i]==None)
break;
¥
if (flag) {
k=1;
while (board[16*row+col-k]==enemyPoint)
board[16*row+col-k] = playerPoint;
k++;
}
¥

}
if (board[16*row+col+l]==enemyPoint) {
flag = false;

for (int i=2; col+i < 9; i++) {
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if (board[16*row+col+i]==playerPoint) {
flag = true;
break;

} else if (board[16*row+col+i]==None)

break;
}
if (flag) {
k=1;
while (board[16*row+col+k]==enemyPoint) {
board[16*row+col+k] = playerPoint;
k++;
}
}

}
if (board[16#(row-1)+col]==enemyPoint) {
flag = false;
for (int i=2; row-i > 0; i++) {
if (board[16#*(row-i)+col]==playerPoint) {
flag = true;

break;
} else if (board[16*(row-i)+col]==None)
break;
}
if (flag) {
k=1;
while (board[16#(row-k)+col]==enemyPoint) {
board [16* (row-k)+col] = playerPoint;
k++;
}
}

}
if (board[16*(row+1)+col]==enemyPoint) {
flag = false;
for (int i=2; row+i < 9; i++) {
if (board[16#*(row+i)+col]==playerPoint) {
flag = true;

break;
} else if (board[16*(row+i)+col]==None)
break;
}
if (flag) {
k=1;

while (board[16*(row+k)+col]==enemyPoint) {
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board[16*(row+k)+col] = playerPoint;

k++;

’

}
if (board[16*(row-1)+col-1]==enemyPoint) {
flag = false;
for (int i=2; (row-i>0)&&(col-i>0); i++) {
if (board[16#*(row-i)+col-i]==playerPoint) {

flag = true;
break;
} else if (board[16*(row-i)+col-i]==None)
break;
}
if (flag) {
k=1;
while (board[16*(row-k)+col-k]==enemyPoint) {
board[16* (row-k)+col-k] = playerPoint;
k++;
}
}

}

if (board[16#*(row-1)+col+1]==enemyPoint) {
flag = false;
for (int i=2; (row-i>0)&&(col+i<9); i++) {

if (board[16#*(row-i)+col+i]==playerPoint) {

flag = true;
break;
} else if (board[16+*(row-i)+col+i]==None)
break;
}
if (flag) {
k=1;
while (board[16#(row-k)+col+k]==enemyPoint) {
board[16* (row-k)+col+k] = playerPoint;
k++;
}
}

}
if (board[16*(row+1)+col-1]==enemyPoint) {
flag = false;
for (int i=2; (row+i<9)&&(col-i>0); i++) {
if (board[16#*(row+i)+col-i]==playerPoint) {
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flag = true;

break;
} else if (board[16#*(row+i)+col-i]==None)
break;
}
if (flag) {
k=1;
while (board[16*(row+k)+col-k]==enemyPoint) {
board[16* (row+k)+col-k] = playerPoint;
k++;
}
}

}
if (board[16*(row+1)+col+1]==enemyPoint) {
flag = false;
for (int i=2; (row+i<9)&&(col+i<9); i++) {
if (board[16#*(row+i)+col+i]==playerPoint) {

flag = true;
break;
} else if (board[16*(row+i)+col+i]==None)
break;
}
if (flag) {
k=1;
while (board[16*(row+k)+col+k]==enemyPoint) {
board [16*(row+k)+col+k] = playerPoint;
k++;
}
}

}
if (board[16#*(row-1)+col+l]==enemyPoint) {
flag = false;
for (int i=2; (row-i>0)&&(col+i<9); i++) {
if (board[16#*(row-i)+col+i]==playerPoint) {

flag = true;
break;
} else if (board[16*(row-i)+col+i]==None)
break;
¥
if (flag) {
k =1;

while (board[16*(row-k)+col+k]==enemyPoint) {
board[16* (row-k)+col+k] = playerPoint;
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k++;

int Board::Calculate(WHO who)
{
KIND playerPoint, enemyPoint;

if (who == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;
enemyPoint = Black;
}
int Pnum=0;
for (int row=1; row<9; row++)
for (int col=1; co0l<9; col++) {
if (board[16*row+col] == playerPoint)
Pnum ++;
}

return Pnum;

int Board::Calculate2(WHO who)

KIND playerPoint, enemyPoint;

if (who == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;
enemyPoint = Black;
}
int Pnum=0, Enum=0;
for (int row=1; row<9; row++)
for (int col=1; col<9; col++) {
if (board[16*row+col] == playerPoint)
Pnum++;

else if (board[16*row+col] == enemyPoint)
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Enum++;
¥

return Pnum-Enum;

bool Board::LegalPointP(int row, int col, WHO player)
{

bool flag;

KIND playerPoint, enemyPoint;

if (board[16*row+col] != None)
return false;
if (player == BLACK) {
playerPoint = Black;
enemyPoint = White;
} else {
playerPoint = White;
enemyPoint = Black;
}
if (board[16*row+col-1]==enemyPoint) {
flag = false;
for (int i=2; col-i > 0; i++) {
if (board[16*row+col-i]==playerPoint) {
flag = true;
break;
} else if (board[16*row+col-i]==None)
break;
}
if (flag)
return true;
}
if (board[16*row+col+l]==enemyPoint) {
flag = false;
for (int i=2; col+i < 9; i++) {

if (board[16*row+col+i]==playerPoint) {

flag = true;
break;
} else if (board[16*row+col+i]==None)
break;
}
if (flag)

return true;
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if (board[16*(row-1)+col]==enemyPoint) {
flag = false;
for (int i=2; row-i > 0; i++) {

if (board[16#*(row-i)+col]==playerPoint) {

flag = true;
break;
} else if (board[16*(row-i)+col]==None)
break;
}
if (flag) {
return true;
}

}

if (board[16*(row+1)+col]l==enemyPoint) {
flag = false;
for (int i=2; row+i < 9; i++) {

if (board[16#*(row+i)+col]==playerPoint) {

flag = true;
break;
} else if (board[16*(row+i)+col]==None)
break;
}
if (flag)

return true;
}
if (board[16#*(row-1)+col-1]==enemyPoint) {
flag = false;
for (int i=2; (row-i>0)&&(col-i>0); i++) {
if (board[16#*(row-i)+col-i]==playerPoint) {

flag = true;
break;
} else if (board[16*(row-i)+col-i]==None)
break;
}
if (flag) {
return true;
}
}
if (board[16#*(row-1)+col+l]==enemyPoint) {
flag = false;

for (int i=2; (row-i>0)&&(col+i<9); i++) {
if (board[16#*(row-i)+col+i]==playerPoint) {
flag = true;
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break;
} else if (board[16*(row-i)+col+i]l==None)
break;
}
if (flag)
return true;
}
if (board[16*(row+1)+col-1]==enemyPoint) {
flag = false;
for (int i=2; (row+i<9)&&(col-i>0); i++) {
if (board[16#(row+i)+col-i]==playerPoint)

flag = true;
break;
} else if (board[16*(row+i)+col-i]==None)
break;
}
if (flag)
return true;
}
if (board[16*(row+1)+col+l]==enemyPoint) {
flag = false;
for (int i=2; (row+i<9)&&(col+i<9); i++) {
if (board[16*(row+i)+col+i]==playerPoint)
flag = true;
break;
} else if (board[16*(row+i)+col+i]==None)
break;
¥
if (flag)
return true;
¥

if (board[16*(row-1)+col+l]==enemyPoint) {
flag = false;
for (int i=2; (row-i>0)&&(col+i<9); i++) {
if (board[16#*(row-i)+col+i]==playerPoint)
flag = true;
break;
} else if (board[16*(row-i)+col+i]==None)
break;
}
if (flag)

return true;
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return false;

void Board::GenAllMoves(vector<CPoint> &movelist, WHO who)
{
for (int row=1; row<9; row++)
for (int col=1; col<9; col++)
if (LegalPointP(row, col, who))

movelist.push_back(CPoint (row, col));

void Board::delete_UCT_Tree(UCT_Tree *tree)

{
UCT_Tree *p;
while (tree != 0) {
p = tree;
tree = tree->next;
if (p->child !'= 0)
delete_UCT_Tree(p->child);
delete p;
}
}

struct thread_arg {
Board game;
WHO who;

I

int cand[160];
HANDLE Mutex;

int Board::0OnePlayOut(CPoint pt, WHO who, WHO origin)
{

vector<CPoint> movelist;

CPoint move;

int result;

add(pt.row, pt.col, who);
bool OnePlayOutPassP = false;

GG: if (who == BLACK) {

who = WHITE;
} else {
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who = BLACK;
¥
movelist.clear();
GenAllMoves (movelist, who);
if (movelist.size() == 0) {
if (OnePlayOutPassP) {
result = Calculate2(origin);
if (result > 0)
result = 1;
else if (result < 0)
result = -1;

return result;

} else {
OnePlayOutPassP = true;
goto GG;

b

}

int ind = genrand_int32() % movelist.size();
move = movelist[ind];

result = OnePlayOut(move, who, origin);

return result;

void thread_func(void *arg)
{
thread_arg *targ = (thread_arg *)arg;
Board mygame = targ->game;
WHO who = targ->who;
vector<CPoint> movelist;
UCT_Tree *pp, *maxpp;
WHO currentWho = who;

mygame.tree = 0;

movelist.clear();
mygame . GenAl1lMoves (movelist, who);
for (int i=0; i<movelist.size(); i++) {

pp = new UCT_Tree();

pp—>row = movelist[i].row;

pp—>col = movelist[i].col;

pp—>who = who;

pp—>UCB = 500.0 + genrand_int32() % 20;
pp—>X = 0.0;

pp—>n = 0;
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pp—>CN = 0;
pp—->parent = 0;
pp->child = 0;
pp—>next = mygame.tree;
mygame.tree = pp;
3
double MaxUCB;
int depth;
for (int k=0; k<MAXUCTLOOP; k++) {
Board oldboard;
memcpy (oldboard.board, mygame.board, 160*sizeof (KIND));
pPp = mygame.tree;
depth = O;
LOOPA: MaxUCB = pp->UCB;
pp—>CN++;
maxpp = Ppp;
depth++;
Pp = pp—>next;
while (pp !'= 0) {
if (currentWho == pp->who) {
if (pp->UCB > MaxUCB) {
MaxUCB = pp—>UCB;
maxpp = PP;
X
} else {
if (pp->UCB < MaxUCB) {
MaxUCB = pp->UCB;

maxpp = PP;

}
pp—>CN++;
PP = pp—>next;
}
if (maxpp->child != 0) {
mygame . add (maxpp->row, maxpp->col, maxpp->who);
maxpp->n++;
pp = maxpp->child;
goto LOOPA;
} else { // maxpp->child ==
maxpp-—>n++;
if (depth < max_depth && maxpp->n > uct_max) {
/] LT EES
if (maxpp->who == BLACK)
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who WHITE;

who BLACK;

mygame . add (maxpp->row, maxpp->col, maxpp->who);

movelist.clear();

mygame . GenAl1lMoves (movelist, who);
if (movelist.size() == 0) { // leaf or PASS

// leaf?
int count = 0;
for (int i=1; i<9; i++) {
for (int j=1; j<9; j++) {
if (mygame.board[16*i+j] == None) {

count++;
}
}
}
if (count > 0) {
goto HHH;
}

int result = mygame.Calculate2(currentWho);
if (result > 0)

1

else if (result < 0)

result

result = -1;
// UCB DFEH & pp->X DIEIE
maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);
if (maxpp->parent == 0) {

pp = mygame.tree;

} else {
Pp = maxpp->parent;
Pp = pp—>child;

b

while (pp != 0) {
if (pp->n > 0) {
if (currentWho == pp->who) {
pp—>UCB = pp—->X+sqrt (2.0xlog((double)pp->CN)/(pp—>n));
} else {
pp—>UCB = pp—>X-sqrt(2.0%log((double)pp->CN)/ (pp->n));

}

PP = pp—>next;
}
// D pp->UCB & pp->X DIEIE
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UCT_Tree *qq = maxpp->parent;

while (qq != 0) {
qq—>X = (qgq->X*(qq->n-1)+result)/(qq->n);
if (qq->parent == 0) {

pPp = mygame.tree;
} else {

PP = qgq->parent;

pPp = pp->child;

}
while (pp '= 0) {
if (currentWho == pp->who) {
if (pp—>n > 0)
pp~>UCB = pp—>X+sqrt(2.0*log((double)pp—>CN)/(pp—>n));
} else {
if (pp—>n > 0)
pp—>UCB = pp—>X-sqrt(2.0*1log((double)pp->CN)/(pp—>n));
}
Pp = pp—>next;
}
qq = gq->parent;
}
memcpy (mygame . board, oldboard.board, 160*sizeof (KIND));
continue;
} else { // non leaf
for (int i=0; i<movelist.size(); i++) {

pp = new UCT_Tree();

pp—>row = movelist[i].row;
pp—>col = movelist[i].col;
pp—>who = (maxpp->who==BLACK)?WHITE:BLACK;
if (currentWho == pp->who) {
pp—>UCB = 500.0 + genrand_int32() % 20;
} else {
pp->UCB

-500.0 + genrand_int32() % 20;
3
pp—>X = 0.0;

pp—>n = 0;
pp—>CN = 1;

pp->parent = maxpp;
pp—>child = 0O;
pp—>next = maxpp->child;
maxpp->child = pp;

X

pp = maxpp->child;
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MaxUCB = pp->UCB;
maxpp = PP;
PP = pp—>next;
while (pp !'= 0) {
if (currentWho == pp->who) {
if (pp->UCB > MaxUCB) {
MaxUCB = pp->UCB;
maxpp = pp;
}
} else {
if (pp->UCB < MaxUCB) {
MaxUCB = pp->UCB;

maxpp = PP;
}
}
PP = pp—>next;
}
CPoint C;

C.row = maxpp->row;

C.col = maxpp—->col;

OnePlayOutPassP = false;

int result = mygame.OnePlayOut(C, maxpp->who, currentWho) ;
// UCB & pp—>X DIEIE

maxpp->nt+;

maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);

if (maxpp->parent == 0) {

pp = mygame.tree;

} else {
Pp = maxpp->parent;
PP = pp—>child;

}
while (pp != 0) {
if (pp->n > 0) {
if (currentWho == pp->who) {
pp—>UCB = pp->X+sqrt(2.0*log((double)pp->CN)/(pp->n));
} else {
pp->UCB = pp->X-sqrt(2.0*log((double)pp->CN)/(pp->n));

b

pp = pp->next;
X
// BD pp->UCB & pp->X DIEIE
UCT_Tree *qq = maxpp->parent;
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while (qq !'= 0) {
qq->X = (qq->X*(qgq->n-1)+result)/(qq->n);
if (qq->parent == 0) {

pp = mygame.tree;

} else {
pp = qgq->parent;
PP = pp—>child;
3

while (pp !'= 0) {
if (currentWho == pp->who) {
if (pp—>n > 0)
pp—>UCB = pp—>X+sqrt(2.0*1log((double)pp->CN)/(pp->n));
} else {
if (pp—>n > 0)
pp—>UCB = pp—->X-sqrt(2.0x1log((double)pp->CN)/(pp—>n));

}
pp = pp->next;
}
qq = qq->parent;
}
memcpy (mygame .board, oldboard.board, 160*sizeof (KIND));
continue;
¥
} else {

/7 FUWTHEIES 22\ maxpp->child ==
// maxpp->N && maxpp->n ZIEXP L TW5
HHH: CPoint C;
C.row = maxpp->row;
C.col = maxpp—>col;
OnePlayOutPassP = false;
int result = mygame.OnePlayOut(C, maxpp->who, currentWho);
// UCB & pp->X DEIE
maxpp->X = (maxpp->X*(maxpp->n-1)+result)/(maxpp->n);
if (maxpp->parent == 0) {

pp = mygame.tree;

} else {
Pp = maxpp->parent;
pp = pp->child;

}
while (pp !'= 0) {
if (pp->n > 0) {
if (currentWho == pp->who) {
pp—>UCB = pp—>X+sqrt (2.0*log((double)pp->CN)/(pp—>n));
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}

} else {
pp—>UCB = pp->X-sqrt(2.0*log((double)pp—>CN)/(pp—>n));

}
pp = pp->next;
}
// BD pp->UCB & pp->X DIEIE
UCT_Tree *qg = maxpp->parent;
while (qq != 0) {
qq->X = (qq->X*(qq->n-1)+result)/(qq->n);
if (gqgq->parent == 0) {

pp = mygame.tree;

} else {
PP = qg->parent;
PP = pp—>child;
}

while (pp != 0) {
if (currentWho == pp->who) {
if (pp—>n > 0)
pp—>UCB = pp->X+sqrt(2.0*log((double)pp->CN)/(pp->n));
} else {
if (pp—>n > 0)
pp—>UCB = pp—>X-sqrt(2.0%log((double)pp->CN)/ (pp->n));
}
Pp = pp—>next;
}
qq = gq->parent;
}
memcpy (mygame .board, oldboard.board, 160*sizeof (KIND));

continue;

WaitForSingleObject (Mutex, 0);

PP = mygame.tree;
while (pp != 0) {

}

int index = 16 * pp->row + pp->col;
cand[index] += pp->n;

PP = pp->next;

ReleaseMutex (Mutex) ;

mygame .delete_UCT_Tree (mygame.tree) ;

mygame.tree = 0;
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CPoint Board::ComputerMove (WHO who, TACTICS tactics)
{

vector<CPoint> movelist;

CPoint move;

char s[10];

int col, row;

if (tactics == RULE) {
GenAllMoves (movelist, who);
if (movelist.size() == 0)
return move;
return movelist[0];
} else if (tactics == UCT) {
if (who == BLACK && number == 0) {
move.row = 5;
move.col = 6; // £f5
currentBW = rootBW;
NORMAL;

direction
return move;
}
if (who == WHITE && number == 1) {
currentBW = rootBW;
strcpy(s, loglist.tel[loglist.n_te-1].c_str());
col = s[0] - ’a’ + 1;
row = s[1];
if (col == 6 && row == 5) {
direction = NORMAL;
} else if (col == 5 && row == 6) {
direction = MAIN;
} else if (col == 4 && row == 3) {
direction = SUB;
} else if (col == 3 && row == 4) {
direction = HALF;

}
strcpy(s, loglist.te[loglist.n_te-1].c_str());
col = s[0] - ’a’ + 1;
row = s[1];
if (direction == MAIN) {
int junk = col;

col = row;
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row

= junk;

} else if (direction == SUB) {

int
col

row

col

junk = col;

=9 - row;
= 9 - junk;
} else if (direction == HALF) {
=9 - col;
=9 - row;

row

}

if (currentBW != 0 && currentBW->child != 0) { // ©aA%=#ET

if (currentBW->col == col && currentBW->row == row) {

currentBW = currentBW->child;
if (currentBW != 0) {
int count = 1;
J_Tree *p = currentBW;
while (p->sibling != 0) {
count++;
p = p—>sibling;
}
int index = genrand_int32() % count;
index++;
if (index == 1) {
if (direction == NORMAL) {

move.row = currentBW->row;

move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 9-currentBW->col;
move.col = 9-currentBW->row;

} else if (direction == HALF) {
move.row = 9-currentBW->row;
move.col = 9-currentBW->col;

}

return move;

} else {

p = currentBW;

int cnt = 1;

while (cnt < index) {

p = p—>sibling;

cnt++;

70



currentBW = p;
if (direction == NORMAL) {

move.row = currentBW->row;

move.col = currentBW->col;
} else if (direction == MAIN) {

move.row = currentBW->col;

move.col = currentBW->row;
} else if (direction == SUB) {

move.row = 9-currentBW->col;

move.col = 9-currentBW->row;
} else if (direction == HALF) {
move.row = 9-currentBW->row;

move.col = 9-currentBW->col;

}
return move;
}
} else {
currentBW = 0;
}
} else if (currentBW->child->col == col && currentBW->child->row == row) {

currentBW = currentBW->child;
if (currentBW->child !'= 0) {
currentBW = currentBW->child;

int count = 1;

J_Tree *p = currentBW;
while (p->sibling != 0) {
count++;
p = p—>sibling;
}
int index = genrand_int32() Y% count;
index++;
if (index == 1) {

if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 9-currentBW->col;
move.col = 9-currentBW->row;

} else if (direction == HALF) {

move.row = 9-currentBW->row;
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move.col = 9-currentBW->col;
}
return move;
} else {
p = currentBW;
int cnt=1;
while (cnt < index) {
p = p—>sibling;
cnt++;
}
currentBW = p;
if (direction == NORMAL) {

move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 9-currentBW->col;
move.col = 9-currentBW->row;

} else if (direction == HALF) {
move.row = 9-currentBW->row;

move.col = 9-currentBW->col;

}
return move;
}
} else {
currentBW = 0;
}
} else {

currentBW = currentBW->child->sibling;
while (currentBW != 0) {
if (currentBW->col == col && currentBW->row == row)
if (currentBW->child '= 0) {
currentBW = currentBW->child;
1
J_Tree *p = currentBW;

while (p->sibling != 0) {

int count

count++;
p = p~>sibling;
}
int index = genrand_int32() % count;

index++;
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if (

} el

index == 1) {

if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 9-currentBW->col;
move.col = 9-currentBW->row;

} else if (direction == HALF) {
move.row = 9-currentBW->row;
move.col = 9-currentBW->col;

}

return move;

se {

p = currentBW;

int cnt = 1;

while (cnt < index) {

p = p—>sibling;
cnt++;

}

currentBW = p;

if (direction == NORMAL) {
move.row = currentBW->row;
move.col = currentBW->col;

} else if (direction == MAIN) {
move.row = currentBW->col;
move.col = currentBW->row;

} else if (direction == SUB) {
move.row = 9-currentBW->col;
move.col = 9-currentBW->row;

} else if (direction == HALF) {
move.row = 9-currentBW->row;

move.col = 9-currentBW->col;

}
return move;
}
} else {
currentBW = 0;
break;
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currentBW = currentBW->sibling;

}
// EVFHNOETTFEHT
movelist.clear();
GenAllMoves (movelist, who);
if (movelist.size() == 0)
return move;
if (movelist.size() == 1)
return movelist[0];
/] ALy ROFHE
for (int k=0; k<160; k++)
cand[k] = 0;
HANDLE handle[THREAD_NUM] ;
thread_arg targ[THREAD_NUM] ;
Mutex = CreateMutex(NULL, TRUE, NULL);
for (int i=0; i<THREAD_NUM; i++) {
for (int k=0; k<160; k++)
targli] .game.board[k] = KIND(boardl[k]);
targ[i] .game.tree = 0;
targ[i] .who = who;
handle[i] = CreateThread (NULL, O, (LPTHREAD_START_ROUTINE)thread_func,
(void *)&targl[il, O, NULL);
}
WaitForMultipleObjects (THREAD_NUM, handle, TRUE, INFINITE);
int candidate = O;
int maxvalue = 0;
for (int k=0; k<160; k++)
if (cand[k] > maxvalue) {
maxvalue = candl[k];
candidate = k;
}
move.row = candidate / 16;
move.col = candidate % 16;
CloseHandle (Mutex) ;

return move;

Board *game;

int main(int argc, char *argv[])
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char c;

vector<CPoint> movelist;

CPoint move;

WSADATA wsaData;

SOCKET sock, fd, ret;

struct sockaddr_in local, addr;
struct sockaddr_in client;

int isExit = O;

/* Winsock Z#J#t$ % */

WSAStartup (MAKEWORD(2, 0), &wsaData);
/x Ty FEEKT S x/

sock = socket(PF_INET, SOCK_STREAM, 0);

if (sock == -1)
return 0; /* KRBMULZDOTKT =/

cout << "HF 2=y or n ";

cin >> c;

if (c == ’y’) {
PlayerFirstP = true;
PassP = false;
who = BLACK;
/* B E2ITO 72D, NT Y RT B x/
memset (&local, 0, sizeof(local));
local.sin_family = PF_INET;
local.sin_port = htons(50000) ;
local.sin_addr.s_addr = htonl (INADDR_ANY);
} else {
PlayerFirstP = false;
PassP = false;
who = WHITE;
/* FERLAEDRE */
memset (&addr, 0, sizeof(addr));
addr.sin_family = PF_INET;
addr.sin_port = htons(50000) ;
addr.sin_addr.s_addr = inet_addr("127.0.0.1");
¥
game = new Board();
Set_J_TreeB();

number = 0;
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if (PlayerFirstP) {
/x H—=x—fl] *x/
if (bind(sock, (const struct sockaddr *)&local, sizeof(local)) == 0) {
/x AV RNTE=DT, ERfGb */
if (listen(sock, 10) == 0) {
socklen_t len = sizeof(client);
fd = accept(sock, (struct sockaddr *)&client, &len);
char buf [256];
if (£d < 0) {
/x T —FE x/
isExit = 1;
} else {
/x 54TV RDODERDH =D THET S */
int buflen;
/x T4 TV NMIAYR—=V%RED x/
strcpy_s(buf, sizeof(buf), "START\n");
send(fd, buf, strlen(buf), 0);
/% 72547 oD ASIREEL */
buflen = recv(fd, buf, strlen(buf), 0);
/* XFFIE UTH|S 7281 NULL SXF %GBT */
buf [ buflen] = 0;
/% ATIENTCFHNID T0K] 725 0K*/
if (strcmp(buf, "O0K") == 0) {
printf ("Received: %s\n", buf);
} else {
/x TN DE E1F, KT x/

isExit = 1;

}

/x 2747V NeDEREHUS */

closesocket (fd) ;

/x B H 21T O N —T x/

while (!isExit) {
socklen_t len = sizeof(client);
fd = accept(sock, (struct sockaddr *)&client, &len);
if (fd < 0) {

/¥ T —FHE x/
isExit = 1;
} else {

/¥ 04TV EDRSDERDEH /=D THIET S */
/* FERXEETS =/
who = BLACK;
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movelist.clear();
game->GenAllMoves (movelist, who);
if (movelist.size() == 0) {
if (PassP) {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
[ PIAT YV RIAYE—V%ED */
move.row = move.col = 0;
sprintf (buf, "%d %d\n", move.row, move.col);
send(fd, buf, strlen(buf), 0);
printf("@ A PS\n");
game->showBoard () ;
closesocket (£fd) ;
break;
} else {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
/¥ DI AT YV MIAYE—VURFED */
move.row = move.col = 0;
sprintf (buf, "%d %d\n", move.row, move.col);
send(fd, buf, strlen(buf), 0);
printf(". B PS buf=%s\n", buf);
game->showBoard () ;
}
} else {
move = game->ComputerMove (who, UCT);
game->add (move.row, move.col, who);
loglist.te[loglist.n_te] = IntToAlphabet(move.col);
loglist.te[loglist.n_te++] += move.row;
number++;
/x 24TV MIAYRE=V%RED x/
sprintf (buf, "%d %d\n", move.row, move.col);
send(fd, buf, strlen(buf), 0);
printf ("@ 1: #it=%d #i=Y%d buf=Y%s\n", move.row, move.col, buf);
game->showBoard () ;
PassP = false;
¥
/* Fe2fEds +/
/¥ 27A4T VRIS DANFEL */
int buflen = recv(fd, buf, strlen(buf)-1, 0);;
if ( buflen > 0) {
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/% SUEHIE UTH D 7201 NULL XF % BN1 */
buf [buflen] = ’\0’;
who = WHITE;
movelist.clear();
game->GenAllMoves (movelist, who);
if (movelist.size() == 0) {
/% AJISNILFE TPS) 725 0K/

sscanf (buf, "%d %d", &move.row, &move.col);

if (move.row == 0 && move.col == 0) {
if (PassP) {
loglist.te[loglist.n_te++] = "PS";
number++;

printf("O C PS\n");
game->showBoard () ;
break;

} else {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
printf("O D PS buf=Ys\n", buf);

game->showBoard () ;

}
} else {
sscanf (buf, "%d %d", &move.row, &move.col);
game->add (move.row, move.col, who);
loglist.te[loglist.n_te] = IntToAlphabet (move.col);
loglist.te[loglist.n_te++] += move.row;
number++;
printf("O 2: #it=%d #i=%d buf=%s\n", move.row, move.col, buf);
game->showBoard () ;

PassP = false;

}
/x 24TV N DEEEHU S +/
closesocket (fd) ;

}
/x Vi NEEAUS x/
closesocket (sock) ;

} else {
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/x 25472 M =/
/* BT B */

ret = connect(sock, (const struct sockaddr *)&addr, sizeof(addr));

if (ret == 0) {
char str[256];

int len;

/¥ BT EZDT, AvE—VEZITWE */
len = recv(sock, str, sizeof(str) - 1, 0);
if (len > 0) {
/* XFFHE U THWZWOTNULL XFE LY b */
str[len] = 0;
/¥ ZAG LT A E—U%HN */
printf ("%s", str);
strcpy(str, "OK");
/x EIET D */

send(sock, str, strlen(str), 0);

}
/x Vv hEAUS */

closesocket (sock) ;

while (true) {
/x Ty b EERT S */
sock = socket (PF_INET, SOCK_STREAM, 0);
/* HERLACDFE */
memset (&addr, 0, sizeof(addr));
addr.sin_family = PF_INET;
addr.sin_port = htons(50000) ;
addr.sin_addr.s_addr = inet_addr("127.0.0.1");

/% B—N—THHi T B */

ret = connect(sock, (const struct sockaddr *)&addr, sizeof(addr));

if (ret == 0) {

char str[256];

/¥ BRTERDT, Avke—U%ZITENS */

int len = recv(sock, str, sizeof(str) - 1, 0);

if (len > 0) {
/% XFFE UTHNZ\WOTNILL XFE LY b */
str[len] = 0;
who = BLACK;
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movelist.clear();
game->GenAllMoves (movelist, who);
if (movelist.size() == 0) {
sscanf (str, "%d %d", &move.row, &move.col);
if (move.row == 0 && move.col == 0) {
if (PassP) {
loglist.te[loglist.n_te++] = "PS";
number++;
/x VT v hEEUS */
printf ("@ E PS");
game—->showBoard () ;
closesocket (sock) ;
break;
}
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
printf("@ F PS str=$s\n", str);
game->showBoard () ;
¥
} else {
sscanf (str, "%d %d", &move.row, &move.col);
game->add (move.row, move.col, who);
loglist.te[loglist.n_te] = IntToAlphabet(move.col);
loglist.te[loglist.n_te++] += move.row;
number++;
printf ("@ 3: #t=%d #i=%d str=Y%s\n", move.row, move.col, str);
game->showBoard () ;

PassP = false;

}
}
/¥ T=N—ZAy X —V%ED */
who = WHITE;

movelist.clear();
game->GenAllMoves (movelist, who);
if (movelist.size() == 0) {
if (PassP) {
/¥ RANZAYE—=TU%ED x/
move.row = move.col = 0;
sprintf (str, "%d %d\n", move.row, move.col);
/* FET D x/
send(sock, str, strlen(str), 0);
printf("O G PS str=Ys\n", str);
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game->showBoard () ;
break;
} else {
PassP = true;
loglist.te[loglist.n_te++] = "PS";
number++;
/¥ BRANIAYE—=TU%HES x/
move.row = move.col = 0;
sprintf (str, "%d %d\n", move.row, move.col);
/x EETD x/
send(sock, str, strlen(str), 0);
printf("O H PS str=Ys\n", str);
game->showBoard () ;
}
} else {
CPoint move = game->ComputerMove(who, UCT);
game->add (move.row, move.col, who);
loglist.te[loglist.n_te] = IntToAlphabet(move.col);
loglist.te[loglist.n_te++] += move.row;
number++;
/¥ FANIAYE—T%ED */
sprintf (str, "¥d %d\n", move.row, move.col);
/* EIET D */
send(sock, str, strlen(str), 0);
printf ("O 4: #it=%d #i=Yd str=Y%s\n", move.row, move.col, str);
game->showBoard () ;

PassP = false;

}
/¥ V7Y bEHUS */

closesocket (sock) ;

}
who = BLACK;
int value = game->Calculate2(who);
if (value > 0) {
string str = "@®D ";
string str2 = " fHOPKEHTY, #HikoTHh, ";
cout << str.c_str() << value << str2.c_str() << endl;
} else if (value < 0) {
string str = "O®D ";
string str2 = " QKL TY, W\ TITR, ";

cout << str.c_str() << -value << str2.c_str() << endl;
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} else {
string str = "J[EHIITT, £HI—FEPROEL LD I "
cout << str.c_str() << endl;

/* Winsock DB */
WSACleanup() ;
getchar();

getchar();

return 0;

3

AR =2y N TORNRoEZZHEOAYYa— XTI arssrz#H»rLxd, HU, Z 70
H5

/* BERCSEDBE */

memset (&addr, 0, sizeof(addr));
addr.sin_family = PF_INET;

addr.sin_port = htons(50000) ;
addr.sin_addr.s_addr = inet_addr("127.0.0.1");

D 7127.0.0.17 1ZEFY—N—DF7 KL ZAZEy FLET, EFERY—AN—MITEIEIL, BF
D247 MilZEZOBEEHL 7,

#define uct_max 100
#define max_depth 12
#define MAXUCTLOOP 100000
#define THREAD_NUM 8

T, M ZMKLET, Windows 74 —L7 TV —2arve UCERTSICIE, av¥a—4&
DFZEHKT 572 % DLL & UTEZDDVREATZNVTT, £ TN @BEDOSEFIIHNT
BB ETHRRZIIVF ALY NOFEGEMEZ £9, I, FHRHIEEINZRORES P> T
AERETT, AEHEINTVWBEA—T VYV —ADT =D 70T 5 LEHATAHALEDENWVNTT
N, %< DA, Linux O C SETEL N7 S5 LT, EHITEMTHET 2DNKETT,
BEAKTHMZ 70T IV TOMEE U, iR 700 I A taEDRhs, Bnonkzl e
AT LN S, YAUF ALy RPEED IO ST LANREHD DIETHIEIZA X —YTE, HfE
TEB3L5, DULODEALIZED N TO TS ATEDIT TV DABWTT, HATEHLTR
DI Z LI TDANDEYNTIRD £F, RYEFFEDO T I LEFED S THEVWERDEEL WS
EETEHEDOTIHRL, ET®o728512, Avud ks LRl nr o 402 >TAT, Bz
BATHKHS, BHEDTO I LGESONRWTT, 7RI T I VT2 BDE, MATEAR
ZEDPHEKBEDNPE LRI EHPAFETLZTNE, ZOMHOE > TWEAREZRDIF, Turs s
LER SN ORATAT, REFELELESZ 295720121, AEHEEESZ2T5L57
OZ55zayayeENT0nbL, ABBLTWSZ L 2HE#ATI LS ICTurFalzay
AVELLULDPRWI EZLEMBL-E &, Tl A08EHAIENRS LSk LA, O
T=OIEHA R 70 75 A2 RBRHARLGEA,. ZUTRIE->TAET,
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AV a—RT—=LDTVT T LEED TR, INBETRE EARER - B —K - BREE
P —LFHEANZ AL - FHE - Ak - Fz A0 TU TS LI ESEL —] auFH%
FOITRWTT, TOARFT—L0FEL2FLOTHHL TWELHUE—DARLRD T 2013 FEXIZ
VIO TEHBEIZHATHAE LR, TSIV IDILNENIORE T 2HATHEI VY a—&
F—=LDTAT 7L EEBRIMELZORBELWERBVWET, (975 L3528k Hks) ¢35
DT LDOMIZIIKRERBRHVET, 1 VX —32Y NTIZI VT ARENT N T 7 R—REEK
FINE, Kalah (77VHDTF—LTATIVLEHEVET) 2EMIII =<y I RAELET VT 7
R=RiE, FIZ, xF ATy 7 AKX HAAY ML B#REKE MTD(f) . 8 X)L % B IZIE
ERERE MEFEE, e a—) AT 1y 7 K% Python D 70277 LATHHLIzR—LR—=TV%
HolaZehtiskxd, 22T, —»HLSSWAIFT Python 2L, LA ZDOFR—24
NR=U% BHRLEDSEFHTNE, EROERDELSSSWIHETE L L5112k £9, EiIOR
D1 0% AND/OR KEGEHEZRY? SIZEN Tt AT FEAD, HENEICZDH 2
RI=T7V VT (ZREI7BRAZTLEEFVET) OEHEEERD 712 F % Python TED
F9., BRAI, A KE, TIVT7 7 R=XEEMFE L, BASIC THIO TE-> 727 =D 7a s
SLMIZURAZSLDTATSLTT,

¥ ORI ADT—LDTa ST AEED ET,

FIRST_PLAYER = 0
SECOND_PLAYER = 1

class Board:
def __init__(self, b, n, m):
self.board = b[:]
self.width
self.hight
def __getitem__(self, x):

n

m

return self.board[x]
def copy(self):
return Board(self.board, self.width, self.hight)
def put_piece(self, turn, pos):
if turn == FIRST_PLAYER:
self .board[pos] = 1
self.board[pos+1]

I
-

else:
self.board[pos] = 2
self .board[pos+self.width+1] = 2
def regalmoveP(self, turn, pos):
if turn == FIRST_PLAYER:
if self.board[pos] == 0 and self.board[pos+l] == O:
return True
else:
return False

else:
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if self.board[pos] == 0 and self.board[pos+self.width+1] ==
return True
else:
return False
def print_board(self):
for y in range(self.hight):
for x in range(self.width):
print self.board[(self.width+1)x*y+x],
print
print
def get_candidate(self, turn):
cand = []
if turn == FIRST_PLAYER:
for x in range(self.width-1):
for y in range(self.hight):
if (self.regalmoveP(FIRST_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1)*y+x)
else:
for x in range(self.width):
for y in range(self.hight-1):
if (self.regalmoveP(SECOND_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1)*y+x)
return cand
def gameoverP(self, turn):
cand = self.get_candidate(turn)
if len(cand) ==
return True
else:

return False

import random, sys, re

def play(n, m):

1 =[0] *n + [1]

Is =1x*m

1s += [1] * (n + 1)

board = Board(ls, n, m)

turn = FIRST_PLAYER

while True:
board.print_board()
if turn == FIRST_PLAYER:

print "FIRST_PLAYER:"

else:
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print "SECOND_PLAYER:"
if board.gameoverP (turn):
print ’Game Over’
break
if turn == FIRST_PLAYER:
while True:
print "7=",
s = raw_input()
pat = re.compile(’\W+’)
sl = pat.split(s)
[sn, sm] = sl
pos = int(sm)*(n+1)+int(sn)
if board.regalmoveP(turn, pos):
board.put_piece(turn, pos)
break
else:
cand = board.get_candidate(turn)
ind = random.randint(0, len(cand)-1)
board.put_piece(turn, cand[ind])
if turn == FIRST_PLAYER:

turn = SECOND_PLAYER
else:
turn = FIRST_PLAYER
if __name__ == ’__main__’:
play(4, 4)

RICHMABRIZE 2707 T Lalf &9, B T0s 5 LAOVERIED TNy 7125
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import time

from crosscram2 import *

def simple_search(n, m):
1 =1[0] *n + [1]
Is =1x*m
1s += [1] * (n + 1)
print "width=%d hight=%d" % (n, m)
board = Board(ls, n, m)
turn = FIRST_PLAYER
value = move_first(board)
if value:
print "sente win"

else:
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print "gote win"

def move_first(board):
cand = board.get_candidate (FIRST_PLAYER)
if len(cand) ==
return False
for x in cand:
b = board.copy()
b.put_piece (FIRST_PLAYER, x)
value = move_second(b)
if value:
return True

return False

def move_second(board) :

cand = board.get_candidate (SECOND_PLAYER)
if len(cand) ==

return True
for x in cand:

b = board.copy()

b.put_piece (SECOND_PLAYER, x)

value = move_first(b)

if not value:

return False

return True

s = time.clock()
simple_search(5, 5)

e = time.clock()

print "%.3f" % (e - s)
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import time

from crosscram2 import *

INFINITY = 1000000

class State:
def __init__(self, p_num, d_num):
self.p_num = p_num

self.d_num = d_num

def addition(n, m):
if n == INFINITY or m == INFINITY:
return INFINITY
else:

return n + m

def proof_number_search(n, m):
1 =1[0] *n + [1]
Is =1x*m
1s += [1] * (n + 1)
board = Board(ls, n, m)
turn = FIRST_PLAYER
print "width = %d hight = %d" % (n, m)
while True:
p_num, d_num = search_or (board)
if p_num == 0 and d_num == INFINITY:
print "sente win"
break
elif p_num == INFINITY and d_num ==
print "gote win"
break

def search_or(board):

cand = board.get_candidate (FIRST_PLAYER)

if len(cand) ==
# terminal node
table[tuple(board)] = State(INFINITY, 0)
return INFINITY, O

key = tuple(board)

if key not in table:

# not expand node
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table[tuple(board)] = State(1l, 1)

return 1, 1

else:

d = tablel[key]
if d.p_num == INFINITY and d.d_num ==
return INFINITY, O

elif d.p_num

== 0 and d.d_num == INFINITY:

return O, INFINITY

# expand node

flag = True

for x in cand:

b = board.copy()

b.put_piece (FIRST_PLAYER, x)
k = tuple(b)

if k not in table:

flag = False
break

if flag:

# interior node

while True:

old_
old_
min_

min_

p_num = table[key].p_num
d_num = tablelkey].d_num
p_num = INFINITY

x = None

true_flag = False

false_flag = True

prev_p_num = None

prev_d_num = None

(]

[

X in cand:

b = board.copy()

b.put_piece(FIRST_PLAYER, x)

k = tuple(b)

c = table[k]

p.append(c.p_num)

d.append(c.d_num)

if c.p_num == 0 and c.d_num == INFINITY:
true_flag = True

if c.p_num != INFINITY or c.d_num != O:
false_flag = False

if c.p_num < min_p_num:
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min_p_num = c.p_num
min_x = X
prev_p_num = C.p_num
prev_d_num = c.d_num
elif c.p_num == min_p_num and min_p_num == INFINITY:
min_x = x
prev_p_num = C.p_num
prev_d_num = c.d_num
if true_flag:
table[tuple(board)]
return 0, INFINITY

State(0, INFINITY)

if false_flag:
table[tuple(board)]
return INFINITY, O

if prev_p_num == INFINITY and prev_d_num ==
table[tuple(board)] = State(INFINITY, 0)
return INFINITY, O

State (INFINITY, 0)

b = board.copy()
b.put_piece(FIRST_PLAYER, min_x)
new_p_num, new_d_num = search_and(b)
# modify p_num and d_num
p=10
d=10
X in cand:
b = board.copy()
b.put_piece (FIRST_PLAYER, x)
k = tuple(b)
c = table[k]
p.append(c.p_num)
d.append(c.d_num)
# p_num = min(pnum(nl), pnum(n2), ... , pnum(nk))
p_num = INFINITY
for n in p:
if n < p_num:
p_num = n
# d_num = dnum(nl)+dnum(n2)+ ... +dnum(nk)
d_num = 0
for n in d:
d_num = addition(d_num, n)
if p_num == INFINITY and d_num ==
table[tuple(board)] = State(p_num, d_num)
return p_num, d_num
elif p_num == 0 and d_num == INFINITY:
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table[tuple(board)] = State(p_num, d_num)

return p_num, d_num

else:
if old_p_num != p_num or old_d_num != d_num:
table[tuple(board)] = State(p_num, d_num)
return p_num, d_num
else:
continue
else:
# leaf node
p=10
d =[]

for x in cand:
b = board.copy()
b.put_piece(FIRST_PLAYER, x)

k = tuple(b)
if k in table:
c = tablel[k]

p-append (c.p_num)
d.append(c.d_num)
else:
p-append (1)
d.append (1)
table[tuple(b)] = State(1l, 1)
# p_num = min(pnum(nl), pnum(n2), ... , pnum(nk))
p_num = INFINITY
for n in p:
if n < p_num:
p_num = n
# d_num = dnum(nl)+dnum(n2)+ ... +dnum(nk)
d_num = 0
for n in d:
d_num = addition(d_num, n)
table[tuple(board)] = State(p_num, d_num)

return p_num, d_num

def search_and(board):
cand = board.get_candidate (SECOND_PLAYER)
if len(cand) ==
# terminal node
table[tuple(board)] = State(0, INFINITY)
return 0, INFINITY
key = tuple(board)
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if key not in table:
# not expand node
table[tuple(board)] = State(1l, 1)
return 1, 1
else:
# expand node
d = table[key]
if d.p_num == 0 and d.d_num == INFINITY:
return 0, INFINITY
elif d.p_num == INFINITY and d.d_num ==
return INFINITY, O
flag = True
for x in cand:
b = board.copy()
b.put_piece (SECOND_PLAYER, x)
k = tuple(b)
if k not in table:
flag = False
break
if flag:
# interior node

while True:

table [key] .p_num
table[key] .d_num
INFINITY

old_p_num

old_d_num

min_d_num
min_x = None
prev_p_num = None
prev_d_num = None
false_flag = False

true_flag = True

p=0
d =[]
for in cand:

X

b = board.copy()

b.put_piece (SECOND_PLAYER, x)

k = tuple(b)

c = table[k]

p.append(c.p_num)

d.append(c.d_num)

if c.p_num != 0 and c.d_num != INFINITY:
true_flag = False

if c.p_num == INFINITY or c.d_num ==
false_flag = True
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if c.d_num < min_d_num:
min_d_num = c.d_num
min_x = X
prev_p_num = c.p_num
prev_d_num = c.d_num
elif c.d_num == min_d_num and min_d_num == INFINITY:
min_x = X
prev_p_num = cC.p_num
prev_d_num = c.d_num
if true_flag:
table[tuple(board)]
return O, INFINITY
if false_flag:
table[tuple(board)]
return INFINITY, O
if prev_p_num == 0 and prev_d_num == INFINITY:
table[tuple(board)] = State(O0, INFINITY)
return O, INFINITY
b = board.copy()
b.put_piece (SECOND_PLAYER, min_x)

new_p_num, new_d_num = search_or(b)

State(0, INFINITY)

State (INFINITY, O0)

# modify p_num and d_num

p=1[]
d =[]
for in cand:

X
b = board.copy()
b.put_piece (SECOND_PLAYER, x)
k = tuple(b)
c = table[k]
p.append(c.p_num)
d.append(c.d_num)
# p_num = pnum(nl)+pnum(n2)+ ... +pnum(nk))
p_num = 0O
for n in p:
p_num = addition(p_num, n)
# d_num = dnum(nl)+dnum(n2)+ ... +dnum(nk)
d_num = INFINITY
for n in d:
if n < d_num:
d_num = n
if p_num == 0 and d_num == INFINITY:
table[tuple(board)] = State(p_num, d_num)
return 0, INFINITY
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elif p_num == INFINITY and d_num ==
table[tuple(board)] = State(p_num, d_num)
return INFINITY, O

else:
if old_p_num '= p_num or old_d_num != d_num:
table[tuple(board)] = State(p_num, d_num)
return p_num, d_num
else:
continue
else:
# leaf node
p= 1[0
d=1[]

for x in cand:
b = board.copy()
b.put_piece (SECOND_PLAYER, x)
k = tuple(b)
if k in table:
c = table[k]
p-append(c.p_num)
d.append(c.d_num)
else:
p-append (1)
d.append (1)
table[tuple(b)] = State(1, 1)
# p_num = pnum(nl)+pnum(n2)+ ... +pnum(nk))
p_num = 0
for n in p:
p_num = addition(p_num, n)
# d_num = min(dnum(nl), dnum(n2), ... , dnum(nk))
d_num = INFINITY
for n in d:
if n < d_num:
d_num = n
table[tuple(board)] = State(p_num, d_num)

return p_num, d_num

s = time.clock()

table = {}

proof _number_search(5, 5)
e = time.clock()

print "%.3f" % (e - 8)
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# coding: shift_jis
import time

FIRST_PLAYER = 0
SECOND_PLAYER = 1

class Board:
def __init__(self, b, n, m, threshold):
self.board = b[:]
self .width
self .hight
self.threshold = threshold

n

m

def __getitem__(self, x):
return self.board[x]
def copy(self):
return Board(self.board, self.width, self.hight, self.threshold)
def put_piece(self, turn, pos):
if turn == FIRST_PLAYER:
self.board[pos] = 1
self.board[pos+1]

I
-

else:
self.board[pos] = 2
self .board[pos+self.width+1] = 2
def regalmoveP(self, turn, pos):
if turn == FIRST_PLAYER:
if self.board[pos] == 0 and self.board[pos+l] == 0:
return True
else:
return False

else:

if self.board[pos] 0 and self.board[pos+self.width+1] ==
return True
else:

return False
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def

def

def

INFINITY

def addi

if n

else

print_board(self):
for y in range(self.hight):
for x in range(self.width):
print self.board[(self.width+1)*y+x],
print
print "threshold=%d" % self.threshold
get_candidate(self, turn):
cand = []
if turn == FIRST_PLAYER:
for x in range(self.width-1):
for y in range(self.hight):
if (self.regalmoveP(FIRST_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1)*y+x)
else:
for x in range(self.width):
for y in range(self.hight-1):
if (self.regalmoveP(SECOND_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1)*y+x)
return cand
gameoverP (self, turn):
cand = self.get_candidate(turn)
if len(cand) ==
return True
else:

return False

= 1000000

tion(n, m):
== INFINITY or m == INFINITY:
return INFINITY

return n + m

# BEOTNVITY XL

def seo(
1 =
1s =
1s +
prin
root
turn
whil

n, m):

(0] * n + [1]

1l *m

= [1] * (m + 1)

t "width = d hight = %d" % (n, m)
= Board(ls, n, m, 2)

= FIRST_PLAYER

e True:
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# V— b/ — FCOREHFERIETTS
value = MID(root, turn)
if value == True:

print "sente win"

break
elif value == False:

print "gote win"

break
# R Ve EICEEEE YT
root.threshold += 1

# ZERERLZTT S B
def MID(node, turn):
p_num = TTLookUp(node)
if p_num == 0 or p_num == INFINITY:
if p_num ==
return True
else:
return False
if p_num >= node.threshold:
return None
children = Generate(node, turn)
if len(children) ==
if turn == FIRST_PLAYER:
TTSave(node, INFINITY)
return False
else:
TTSave (node, 0)
return True
if turn == FIRST_PLAYER: # node 7' OR / —F
for child_node in children:
child_node.threshold = node.threshold
if MID(child_node, SECOND_PLAYER):
TTSave (node, 0)
return True
# AR DO FEHA
pr_min = MinPn(node, children)
TTSave(node, pn_min)
if pn_min == INFINITY:
return False
return None
else: # node #»% AND /— N

while node.threshold > SumPn(node, children):
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child_node = FindUnprovenChild(node, children)
if child_node == None:
break
child_node.threshold += 1
MID(child_node, FIRST_PLAYER)
poh_sum = SumPn(node, children)
TTSave(node, pn_sum)
if pn_sum == 0 or pn_sum == INFINITY:
if pn_sum ==
return True
else:
return False

return None

# /- K&K
def Generate(node, turn):
cand = node.get_candidate(turn)
children = []
p =10
i=20
for pos in cand:
b = node.copy()
b.put_piece(turn, pos)
p.append (TTLookUp (b))
children.append(b)
i+=1
k=1i-1
while k > O:
if plk] < plk-1]:
temp = plk]
plk]l = plk-1]
plk-1] = temp
junk = children[k]
children[k] = children[k-1]
children[k-1] = junk
k-=1
else:
break

return children

# 1/ — N CTRUNDGEAEZ KD 5
def MinPn(node, children):
pn_min = INFINITY
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for child_node in children:
pn = TTLookUp(child_node)
ph_min = min(pn_min, pn)

return pn_min

# 7/ — FOREHEOM ZFHA
def SumPn(node, children):
pn_sum = 0
for child_node in children:
pn = TTLookUp(child_node)
po_sum = addition(pn_sum, pn)

return pn_sum

# I N TVARV T — FERT
def FindUnprovenChild(node, children):
for child_node in children:
p_num = TTLookUp(child_node)
if p_num != O:
return child_node

return None

# NIVARYYavT—TNDSHR
def TTLookUp(node):

key = tuple(node.board)

if key in table:
table [key]

p_num
else:
p_num = 1

return p_num

# NI VARYY a v T —TNADRAE
def TTSave(node, p_num):
key = tuple(node.board)
if key in table:
if p_num == 0 or p_num > tablel[key]:
# LI N — K
# DART & O K E ZREEHECE R A7
table[key] = p_num
else:

table[key] = p_num

if __name__ == ’__main__’:
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s = time.clock()
table = {}
seo(6,6)

e = time.clock()

print "%.3f" % (e - s)
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# coding: shift_jis

import time

from crosscram2 import *
INFINITY = 1000000
class State:

def __init__(self, p_num, d_num):

self.p_num = p_num

self.d_num d_num
def addition(n, m):
if n == INFINITY or m == INFINITY:
return INFINITY
else:

return n + m

def proof_number_search(n, m):
1 =1[0] *n + [1]
ls =1 %*m
1s += [1] * (n + 1)
board = Board(ls, n, m)
turn = FIRST_PLAYER
print "width=Yd hight=d" % (n, m)
while True:
value = search_or(board)
if value == True:
print "sente win"
break
elif value == False:
print "gote win"

break

def search_or(board):
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p_num, d_num = TTLookUp(board)
if p_num ==
return True
if p_num == INFINITY:
return False
children = Generate_OR(board, FIRST_PLAYER)
if len(children) ==
# terminal node
TTSave(board, INFINITY, 0)
return False
for child in children:
if search_and(child) == True:
TTSave(board, 0, INFINITY)
return True
# modify p_num and d_num
pn_min = MinPn(children)
SumDn (children)
TTSave(board, pn_min, dn_sum)
if pn_min == INFINITY:

return False

dn_sum

return None

def search_and(board):
p_num, d_num = TTLookUp(board)
if p_num ==
return True
if p_num == INFINITY:
return False
children = Generate_AND(board, SECOND_PLAYER)
if len(children) == 0:
# terminal node
TTSave (board, 0, INFINITY)
return True
for child in children:
if search_or(child) == False:
TTSave (board, INFINITY, 0)
return False

# modify p_num and d_num

pnr_sum = SumPn(children)
MinDn(children)

TTSave(board, pn_sum, dn_min)

dn_min

if pn_sum ==

return True
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elif pn_sum == INFINITY:
return False

return None

# /- N&ET
def Generate_OR(node, turn):
cand = node.get_candidate (turn)
children = []
p =0
i=0
for pos in cand:
b = node.copy()
b.put_piece(turn, pos)
p_num, d_num = TTLookUp(b)
p-append (p_num)
children.append(b)

i+=1
k=1i-1
while k > O:
if plk] < plk-1]1:
temp = plk]
plk] = plk-1]
plk-1] = temp
junk = children[k]
children[k] = children[k-1]
children[k-1] = junk
k=1
else:
break

return children

def Generate_AND(node, turn):

cand = node.get_candidate (turn)

children = []

d=1[1

i=0

for pos in cand:
b = node.copy()
b.put_piece(turn, pos)
p_num, d_num = TTLookUp(b)
d.append (d_num)
children.append(b)

i+=1
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k=1i-1

while k > O:
if d[k] < d[k-1]:
temp = d[k]
dlk] = dlk-1]

d[k-1]1 = temp
junk = children[k]
children[k] = children[k-1]
children[k-1] = junk
k-=1

else:
break

return children

# 1/ — N CTR/DNDIEE Z KD %
def MinPn(children):
pn_min = INFINITY
for child_node in children:
pn, d_num = TTLookUp(child_node)
ph_min = min(pn_min, pn)

return pn_min

# 1/ — NOGEHE O & 55
def SumPn(children):
pn_sum = 0
for child_node in children:
pn, d_num = TTLookUp(child_node)
ph_sum = addition(pn_sum, pn)

return pn_sum

# 1/ — NCTHR/NDGEHEZ kD 5
def MinDn(children):
dn_min = INFINITY
for child_node in children:
p_num, dn = TTLookUp(child_node)
dn_min = min(dn_min, dn)

return dn_min

# T/ — NOFEHB O % 51 A
def SumDn(children):
dn_sum = 0
for child_node in children:
p_num, dn = TTLookUp(child_node)

102



dn_sum = addition(dn_sum, dn)

return dn_sum

def TTLookUp(node) :
key = tuple(node)

if key in table:
c = tablelkey]

p_num = c.p_num

d_num c.d_num
else:

p_num = 1

d_num = 1

return p_num, d_num

def TTSave(node, p_num, d_num):
key = tuple(node)
if key in table:
c = tablelkey]
if p_num == 0 or p_num > c.p_num or d_num == 0 or d_num > c.d_num:
table[key] = State(p_num, d_num)
table[key] .p_num = p_num
if d_num == 0 or d_num > tablelkey].d_num:
table[key] .d_num = d_num
else:

table[key] = State(p_num, d_num)

s = time.clock()

table = {}

proof _number_search(5, 5)
e = time.clock()

print "%.3f" % (e - s)
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# coding: shift_jis
import time

FIRST_PLAYER = 0
SECOND_PLAYER = 1

class Board:

def __init__(self, b, n, m, th_p_num, th_d_num):
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def

def

def

def

def

def

self .board
self.width
self .hight
self.th_p_num = th_p_num
self.th_d_num = th_d_num
__getitem__(self, x):

b[:]

n

m

return self.board[x]
copy (self):
return Board(self.board, self.width, self.hight, \
self.th_p_num, self.th_d_num)

put_piece(self, turn, pos):
if turn == FIRST_PLAYER:

self .board[pos] = 1

self.board[pos+1]

]
—

else:
self.board[pos] = 2
self .board[pos+self.width+1] = 2
regalmoveP(self, turn, pos):
if turn == FIRST_PLAYER:
if self.board[pos] == 0 and self.board[pos+l] == O:
return True
else:
return False
else:
if self.board[pos] == 0 and self.board[pos+self.width+1] ==
return True
else:
return False
print_board(self):
for y in range(self.hight):
for x in range(self.width):
print self.board[(self.width+1)*y+x],
print
print "th_p_num=/d th_d_num=%d" % (self.th_p_num, self.th_d_num)
get_candidate(self, turn):
cand = []
if turn == FIRST_PLAYER:
for x in range(self.width-1):
for y in range(self.hight):
if (self.regalmoveP(FIRST_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1) *y+x)
else:

for x in range(self.width):
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for y in range(self.hight-1):
if (self.regalmoveP(SECOND_PLAYER, (self.width+1)*y+x)):
cand.append((self.width+1)*y+x)
return cand
def gameoverP(self, turn):

cand = self.get_candidate(turn)
if len(cand) ==

return True
else:

return False

INFINITY = 1000000

class State:
def __init__(self, p_num, d_num):
self.p_num = p_num

self.d_num = d_num

def addition(n, m):
if n == INFINITY or m == INFINITY:
return INFINITY
else:

return n + m

def df_pn(n, m):
1= [0] * n+ [1]
Is =1x*m
1s += [1] * (n + 1)
root = Board(ls, n, m, INFINITY-1, INFINITY-1)
print "width=Y%d hight=%d" % (n, m)
p_num, d_num = MID_OR(root)
if d_num == INFINITY:
print "sente win"
elif p_num == INFINITY:
print "gote win"
else:

print "unkown"

def MID_OR(node):
p_num, d_num = TTLookUp(node)
if node.th_p_num <= p_num or node.th_d_num <= d_num:
# Bz AL &

node.th_p_num = p_num
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node.th_d_num = d_num

return p_num, d_num
children = Generate(node, FIRST_PLAYER)
if len(children) == 0:

# terminal node

node.th_p_num = INFINITY

node.th_d_num = 0

TTSave (node, INFINITY, 0O)

return INFINITY, O
while node.th_p_num > MinPn(children) and \
SumDn (children) :
SelectChild_OR(children)

>
node.th_d_num >
child, dnc, pn2

# BUEDHRE
child.th_p_num = min(node.th_p_num, pn2+1)
child.th_d_num
MID_AND(child)

# PR R & R A7

p_num = MinPn(children)

node.th_d_num + dnc - SumDn(children)

d_num = SumDn(children)
TTSave(node, p_num, d_num)

return p_num, d_num

def MID_AND(node) :

p_num, d_num = TTLookUp(node)

if node.th_d_num <= d_num or node.th_p_num <= p_num:
# Bz A L &
node.th_p_num = p_num
node.th_d_num = d_num
return p_num, d_num

children = Generate(node, SECOND_PLAYER)

if len(children) == O:
# terminal node
node.th_p_num = 0
node.th_d_num = INFINITY
TTSave(node, 0, INFINITY)
return 0, INFINITY

while node.th_d_num > MinDn(children) and node.th_p_num > SumPn(children):
child, pnc, dn2 = SelectChild_AND(children)
# BlEDRE
child.th_d_num = min(node.th_d_num, dn2+1)

child.th_p_num = node.th_p_num + pnc - SumPn(children)
MID_QOR(child)
# PRRER % /A7
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MinDn(children)

p_num = SumPn(children)

d_num

TTSave(node, p_num, d_num)

return p_num, d_num

# /- P&k
def Generate(node, turn):
cand = node.get_candidate (turn)
children = []
for pos in cand:
b = node.copy()
b.put_piece(turn, pos)
children.append(b)

return children

# XENBF/—FeRO0%
def SelectChild_OR(children):
dc = pc = INFINITY
p2 = INFINITY
for child in children:
p_num, d_num = TTLookUp(child)
# dc IZH/ND d_num % AL
# d2 (2 FHIT/NSR ponum 2 AND
if p_num < pc:
n_best = child
P2 = pc
pc = p_num
dc = d_num
elif p_num < p2:
P2 = p_num

return n_best, dc, p2

# XBNRT/—RNERD2IT%
def SelectChild_AND(children):
dc = pc = d2 = INFINITY
for child in children:
p_num, d_num = TTLookUp(child)
# pc [ZHB/ND p_num & A{
# p2 ICZFKHIZ/NT/L p_oum 2 AND
if d_num < dc:
n_best = child
d2 = dc

pc = p_num
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dc = d_num
elif d_num < d2:
d2 = d_num

return n_best, pc, d2

# 1/ — N CTR/DNDFEIE Z KD 5
def MinPn(children):
pn_min = INFINITY
for child_node in children:
pn, d_num = TTLookUp(child_node)
ph_min = min(pn_min, pn)

return pn_min

# 1/ — NOFEHHB O & 51 5&
def SumPn(children):
pn_sum = 0
for child_node in children:
pn, d_num = TTLookUp(child_node)
pn_sum = addition(pn_sum, pn)

return pn_sum

# 1/ — N CTRNDFEHE Z KD 5
def MinDn(children):
dn_min = INFINITY
for child_node in children:
p_num, dn = TTLookUp(child_node)
dn_min = min(dn_min, dn)

return dn_min

# 7/ — NOGEHB O % 5HE
def SumDn(children):
dn_sum = 0O
for child_node in children:
p_num, dn = TTLookUp(child_node)
dn_sum = addition(dn_sum, dn)

return dn_sum

def TTLookUp(node):
key = tuple(node)
if key in table:
c = tablelkey]
p_num = c.p_num

d_num = c.d_num
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else:
p_num = 1
d_num = 1

return p_num, d_num

def TTSave(node, p_num, d_num):
key = tuple(node)
if key in table:
table[key] = State(p_num, d_num)
else:

table[key] = State(p_num, d_num)

s = time.clock()

table = {}

df_pn(4, 4)

e = time.clock()

print "%.3f" % (e - s)
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