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/* this structure is nmeant to include data determ ning perfornmance
of the search routine, such as timng nethod, available tine
or depth, as well as boolean flags for additional heuristics

*/

struct sSearchDriver ({
i nt DEPTH;
b

extern sSearchDriver d;

/* this structure contains sone statistical data about current search
*/

struct sSearchStat {
i nt nodes;
i nt gnodes;

}

extern sSearchStat stat;

#i ncl ude "stdaf x. h"

#def i ne MAX_DEPTH 100
#define LEAVES IN TT 1
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/* synbols used to enhance readability */
#defi ne DO _NULL 1
#def i ne NO_NULL 0
#define 1S PV 1
#def i ne NO PV 0

sSearchDri ver sd;
int contenpt = O;

bool tine_over = O;

enumettflag {
TT_EXACT,
TT_ALPHA,
TT_BETA

1

enum eproto {
PROTO_NOTHI NG,
PROTO_XBOARD
PROTO_UC

} extern node;

int search() {
int in_check;

snove nf 256] ;
int bestnove = -1;
int val = 0;

ageHi storyTabl e();
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if ( node == PROTO _NOTHI NG ) print Sear chHeader () ;

for (sd.depth=1; sd.depth<=MAX DEPTH, sd.depth++) {

if (sd.depth > 1) {

if (time_over) break;

if (time_stop_root()) break;
}

/* Check extension is done also at the root */

in_check = isAttacked( !b.stm p.KingLoc[b.stm );
if ( in_check ) ++sd. depth;

i nt ncount = novegen(m bestnove);
int al pha = -1 NFINTY;

for (int i =0; i < ncount; i++ ) {

novegen_sort(ncount, mi);

if ( nfi].piece_cap == PIECE KING ) {
al pha = I NFI NI TY;
bestnmove = nfi].id;

}

[linfo currnmove(nii],i);
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nove_make(nfi]);

/[* the "if" line introduces PVS at root */
if (i ==0]|]| -Al phaBeta( sd.depth-1, -alpha-1, -alpha, 1, 0) >
al pha )
val = - Al phaBeta(sd. depth-1, -INFINITY, -alpha, 1, 1);

nove_unnmake(nfi]);

if (time_over) break;

if ( val > alpha ) {
al pha = val
bestnove = nfi].id;

tt_save( sd.depth, alpha, TT_ALPHA, nii].id );

info_pv( val );

}

tt_save( sd.depth, alpha, TT_EXACT, bestnove );
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int ncount = novegen(m -1);

for (int i=0; i<ntount; i++ ) {
if ( nfi].id == bestnove )
com sendnove( ni bestnove] );

}

return O;

int Al phaBeta( int depth, int alpha, int beta, int
can_null, int is_pv ) {

int wval;

char best nove;

char tt_nove;

int tt_flag = TT_ALPHA;
int in_check;

int |egal_nove = O;

int raised_al pha = 0;

[/ * Check for tineout */

if ( !'time_over && ! (sd.nodes & Ox3FF) )
time_over = tine_stop();

/***************************************************************

* Are we in check? If so, extend. It also neans that program *
* will never enter quiescence search while in check. *

***************************************************************/

in_check = ( isAttacked( !b.stm p.KingLoc[b.stn] ) );
if ( in_check ) ++depth;

/***************************************************************

* At | eaf nodes we do qui escence search (captures only) *
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* to make sure that only relatively quiet positions *
* with no hanging pieces will be eval uated. *

***************************************************************/

if ( depth == 0) {
val = Quiesce(al pha, beta);

if ( LEAVES_IN.TT )
tt_savelLeaf ( al pha, beta, val );

return val;

}

sd. nodes ++;

if ( isRepetition() ) return contenpt;

if ( ( val =tt_probe(depth, alpha, beta, &t _nove) ) !'= INVALID)
return val;

/***************************************************************

* Here we introduce null nove pruning. It nmeans allowing *
* opponent to execute two noves in a row, i.e. capturing *
* something and escaping a recapture. If this cannot weck *
* our position, then it is so good that there's no point *

* in searching further. The flag "can_null" ensures we don't *
* do two null noves in a row. Null nove is not used in the *
* endgane because of the risk of zugzwang. *

***************************************************************/

if ( ( depth > 2) &&
( can_null ) &&
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( eval (al pha, beta) > beta ) &&
( p.Piecevaterial[b.stn] > 1300 ) &&
( 'in_check ) )

{

char ep_old = b.ep;
nove_makeNul | ();

val = - Al phaBeta( depth - 3, -beta, -beta+l, NO NULL, NO PV );

nmove_unnmakeNul | (ep_ol d);

if ( tinme_over ) return O;
if (val >= beta) return beta;

}

/* end of null nobve code */

snove nf 256];
int ncount = novegen( m tt_nove );

#i fdef USE_KI LLERS
[* reorder Killer noves */
for (int j=1; j<ntount; j++ ) {

if ( ( nfj].from== sd.killers[depth][1].from) &&
( Mj].-to == sd.killers[depth][1].toO ) &&
( mMj].score < SORT KILL-1 ) // don't |lower the nove val ue

)
mMj].score = SORT_KI LL-1;

if ( ( nfj].from== sd.killers[depth][0].from) &&
( mMj].to == sd. killers[depth][0].to ) &&
( n{j].score < SORT_KILL )

)
nj].score = SORT _KILL;
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}
#endi f

bestmove = n{0].id;

/**************************************************

* Nowit's time to |loop through the nove Ii st *

***************************************************/

for (int i =0; i < ncount; i++) {

novegen_sort( nctount, m i );

if ( nfi].piece_cap == PIECE KING ) return INFINTY;

/1l problem we do this test several tines, even though

/1l king capture is sorted fist

nove_make( nfi] );

/*******************************************************************

* The code bel ow i ntroduces principle variation search.

neans

* that once we are in a PV-node (indicated by IS PV flag) and we

* have found a nove that raises al pha, we assune that
* of noves ought to be refuted. This is done relatively
* by using a null-w ndow search centered around al pha.

* this search fails high, we are forced to do a real

* not done when the remaining depth is less than 2 plies.

rest

cheaply
Only if
This is

*******************************************************************/

if (lis_pv || depth < 3) // non-pv node or |ow depth - don't use pvs
val = - Al phaBeta( depth-1, -beta, -alpha, DO NULL, NO PV );

el se {
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if (!raised_al pha)
/1l alpha isn't raised - full width search

val = - Al phaBeta( depth-1, -beta, -
al pha, DO NULL, IS PV );
el se {
[l first try to refute a nove - if this fails, do a real search

if ( -Al phaBeta( depth-1, -alpha-1, -
al pha, DO _NULL, NO PV ) > al pha)
val = - Al phaBeta( depth-1, -beta, -
al pha, DO NULL, IS PV );

}
}

nove_unnmake(nfi]);

/********************************************************************

* |If the nove doesn't return -INFINITY, it neans that the King
* couldn't be captured imedi ately. So the nove was legal. In this
* case we increase the |egal _nove counter, to | ook afterwards,

*  whether there were any | egal noves on the board at all.

* *

R R I b b S b S S b b b S b S b b S b S R Rk Ik S b b b b S b b b S b R R S ki b S b b b S bk b b S b

| egal _nmove += ( val = -INFINITY );

if ( tinme_over ) return O;
/********************************************************************
* Beta cutoff - the position is so good that the score will not

* be accepted one ply bel ow
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if ( val >= beta ) {
bestnmove = nfi].id; // bugfix 2008-07-18
sd. history [n{i].from [n]fi].to] += depth*depth;

#i f def USE_KI LLERS

/[* if a nove isn't a capture, save it as a killer nove */
if ( nfi].piece_cap == PIECE_ EMPTY ) {

/* make sure killer noves are different
bef ore saving secondary killer nove */
if ( nfi].from!= sd.killers[depth][0].from ||
ni].to = sd.killers[depth][0].to
)
sd.killers[depth][1] = sd.killers[depth][O0];

/* save primary killer nove */
sd.killers[depth][0] = nfi];
}
#endi f

tt _save(depth, beta, TT_BETA, bestnove);
return beta;

}

/****************************************************************

* W can inprove over alpha, so we change the node value *
* together with the expected nove. Al so the raised al pha flag, *
* used to decide about PVS, is set. *

****************************************************************/

if ( val > alpha ) {
rai sed_al pha = 1;
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tt_flag = TT_EXACT,
al pha = val
bestnove = nfi].id;

}

} /1 end of | ooping through the noves

[/ * Checknmate and stal emate detection */

if ( !'legal _nove ) {
best nove = -1,

if ( in_check )

al pha = -INFINITY + sd. depth - depth;
el se
al pha = contenpt;

}

/[* tt_save() does not save anything when the search is tinmed out */
tt _save( depth, alpha, tt_flag, bestnove );

return al pha;

[[ code] ]
[[code format="cpp"]]
int info_currnmove(smove m int nr) {

swi t ch(node) {
case PROTO _UCI :
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}

char buffer[64];
char nove[ 6] ;

al gebrai c_writenove(m nove) ;
sprintf(buffer,
info depth % currnove % currnovenunber %", sd.depth,

com send(buffer);

}

return O;

nt info_pv( int val ) {
char buffer[2048];

char score[10];

char pv[2048];

if (abs( val ) < INFINITY - 2000) {
sprintf( score,"cp %", val );
} else {
/[/the mating value is returned in noves not plies
if (val > 0)
sprintf( score,"mate %", (INFINITY - val+1)/2 );
el se
sprintf( score,"mate %", (-INFINITY - val+1)/2 );

}

unsi gned int nodes = (unsigned int) sd.nodes;
unsigned int time = gettinme() - sd.starttine + 1,

util _pv(pv);

nove,

nr);
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if ( nmode == PROTO _NOTHI NG )
sprintf(buffer, " %®2d. %9d %d %d %", sd.depth, nodes, tine/1l0
, val, pv);
el se
sprintf(buffer,

"info depth %l s
core % tinme % nodes % nps %w
pv %", sd.depth, score, tine, nodes, countNps(nodes, tine), pv);

com send(buffer);

return O;

/* this function guards agai nst overflow and all ows to display
correct nps for |onger searches. */

unsi gned int count Nps(unsigned int nodes, unsigned int tinme) {
if ( time > 20000 )
return nodes / (time/1000);
el se
return (nodes*1000) / tine;

int isRepetition() {

for (int i=0; i < b.rep_index; i++) {
if (b.rep_stack[i] == b. hash)
return 1,

}
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return O;

}

voi d cl earHi storyTabl e() {
for (int i =0; I < 128; i++)
for (int j =0; j < 128; j++) {
sd. history[i][]] = O;
}

voi d ageHi storyTabl e() {
for (int i =0; i < 128; i++)
for (int j =0; j < 128; j++) {
sd. history[i][]j] = sd
}

External calls:

* int movegen();
¢ int move _make(move);
¢ int move unmake(move);

Up one Level

.history[i][j] I 8;
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