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ABSTRACT

The object of the research is to improve walking in Catain Mandela Game .

A* algorithm , some of more effective Shortest — path algorithms , was apptied to solve
walking . C++ was also used to write A* algorithm code in Game Engine software to
control both Client in displayins walking on server and Server in calculating walking

way . 20 sample were selected to assess the improvement resectl x , SD, Shapiro — Wilk

statistics , The wilcoxon Matched-Pairs Signed - Rank Test ,

ANOVA by Rank Test were used to analysedata . The results were as follows .

Developing walking in Game made walking mere efficient. From analysing data

on attitude , It was found that sample had more average satisfied attitude . After Game

development them blfore development significantty

The Kruskal-Wallis Oneway
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1529105 (Shapiro-Wilk ) HAZMINANDVAUUAFIU Wilcoxon Signed Ranks

v
1 o v o ot o o
Test (z) ApszAUANUTIND lavesmsmwnudisneunasndsmsiulys

neUNYI WaaMs | Shapiro-Wilk voq
il | Bl | deweendsmaiudye | 9BAnaaey
Ao X X Statistic | Statistic |  (5ig)
(54) (Sa) (Sig.) (Sig.)

LA wRnvesdiauAniandi 2.95 3.30 0.807 0.739 z=-2.646
dharufiheulonndaons g (0.686) (0.571) (0.001) (<0.001) (0.008)
2.3duuumsiuvesdanzas fau 2.60 4.00 0.858 0.793 z=-3.502
$AnAamelouinien 1fivala (0.754) (0.649) (0.007) (0.001) (<0.001)
3. uanAnvesfiaufnsunudi 3.65 3.75 0.855 0.874 z=-0.816
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Server/gameobject.cpp
#define ASTAR

void GameObjectFightable: :DoMove {int range2)

{
DGE_TEST( TargetX != -1 && TargetY != -1);

#ifdef ASTAR
if (_TargetX != _SaveTargetX i| _TargetY != SaveTargetY)

{ // reset path
// TODO: remove _SaveSourceX, _SaveScurceY

_SaveSourceX = X;
_SaveSourceY = _Y;
_SaveTargetX = TargetX;
_SaveTargetY = _TargetY;

int width = Map->GetWidth();
int height = Map->GetHeight();

_PathCount = 0;
PathFinder *pf = Global ShambhalaServer->GetPathFinder(};
if (pf->FindPathEx(_Map->GetCollisionPtr(), 512, width, height,
_X, _Y, _TargetX, TargetY))
{
//pf->PrepareResultEx () ;
int len = pf->GetResultCount ();

// MOVSpeed = number of cells that object can walk in 1000 ms
if {len > _MOVSpeed * PATH MAX - 1) len = _MOVSpeed * PATH MAX

int pc = 0;

int next_len = MOVSpeed - 2;
for (int i = 0; 1 < len; ++1)
{
int x = pf->GetResultX(i);
int y = pf->GetResultY(i)});
int dx = x - TargetX;
int dy = y - TargetY;
if (dx*dx + dy*dy <= range2 || i == len - 1)

{
_Pathlpc] 0] = x;

(
_Path{pc][1] = y;
_Path([pc]l[2] = (((_MOVSpeed - next len + i) * 1000 /
_MOVSpeed) + 99) / 100;

++pc; break;

}

if {i == next len)

{
_Path[pec] [0] = x;
_Path[pc][1] = y;
_Pathpcl (2] = 10; // 1 sec.
if (++pc == PATH MAX) break;

next_len += MOVSpeed;
}
}
_PathCount = pc;
}



if {_PathCount <= 0)
{ // can't move

1f (GetObjectType() !I= TYPE_MONSTER || State == STATE NORMAL)
{ // pc or monster that not attack
DoStop ()
}
return;

}

// reset timer

_DelayTimer = Path{0][2];
// move

_X = _Path[0][0];

Y = Path[0][1];

-- PathCount;

for (int i = 0; i < PathCount; ++i)

{
_Path[i][0] = _Path[i + 1][0];
_Path{i][1] = _Path[i + 1][1];
_Path[i][2] = Path[i + 1][2];

}

// save state change

if ( PathCount == 0)
SaveMoveObject ( X, Y, MOVSpeed);
else
SaveMoveObject ( Path[ PathCount - 1][0], _Path[_ PathCount -
11 (1], _MOVSpeed);

// stop if reach target
if (X == _TargetX && _Y == TargetY && _State == STATE NORMAL)
{

SaveMoveObject ( X, Y, 0);

DoStop () ;
}
telse
if (_TargetX != _SaveTargetX || _TargetY != SaveTargetY)
{ // reset path
_SaveSourceX = X;
_SaveSourceY = Y;
_SaveTargetX = _TargetX;
_SaveTargetY = TargetY;

}

int block = 0;
_Map->GetWidth ()} ;

int width =

int height = Map->GetHeight(};
int dx = TargetX - _SaveSourceX;
int dy = TargetY - SaveSourceY;
int ax = dx >= 0 ? dx : -dx;

int ay = dy >= 0 ? dy : -dy:

int m8 = MOVSpeed * 8;

int mx = X;

int my = Y;

int mblock = 0;

// find the next block the object would be
if (ax >= ay)
{ // x-axis 1s major axis

int cx = dx »>= 0 ? +1 : =1y

&3



int x = X;
for (int 1 = 0; i < mB8; ++1i)
{
if (x == TargetX) break;
X += cx;
int y = _SaveSourceY + (x - _SaveSourceX) * dy / dx;
if (x <0 |] x > width || y < 0 1] y >= height)
break;
if { Map->GetCollision(x, y) != 0)
{
if (GetObjectType{) != TYPE MONSTER || _State !=

STATE ATTACK 1)

}

break;
X = mx; y = my;
if (!find_path( Map, x, y, _TargetX, TargetY))
break;
m8 = 0;
_SaveTargetX = -1;
//_SaveTargetY = -1;
}
// update current position
if (i < MOVSpeed)
{
X = ¥
Y =y
++block;
}
mx = X;
my = y;
++mblock;
// reach target (for attacking)
if (range2 > 0)
{ // re-use ax, ay

ax = Target¥ - x;

ay = _TargetY - y;

if (ax * ax + ay * ay <= range2)
break;

}

else

{

// y-axis is major axis
int cy = dy > 0 ? +1 : -1;
int y = _Y;

for (int i = 0; 1 < mB; ++1i)
{
if (y == _Target¥Y} break;
y += cy;
int x = _SaveScurceX + (y - SaveSourceY) * dx / dy;
if (x <0 || x > width || y < 0 || y >= height)
break;
if ( Map->GetCollision{x, y) != 0)
{
if (GetObjectType() != TYPE MONSTER || State !=

STATE ATTACK_ 1)

break;

X = mx; y = my;

if (!find path{ Map, x, y, _TargetX, TargetY))
break;
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m8 = 0;
_BaveTargetX = -1;
//_SaveTargetY = -1;
}
// update current position
if (1 < MOVSpeed)
{
X = X;
_Y =y
++block;
}
mx = X;
my = yi¢
++mblock;
// reach target (for attacking)
if (range2 > 0)
{ // re-use ax, ay

ax = TargetX - Xx;

ay = _TargetY - y;

if {ax * ax + ay * ay <= range?l)
break;

}

1f (block <= 0)
{ // can't move

if {GetObjectType{) != TYPE MONSTER || _State == STATE NORMAL)
{ // pc or monster that not attack
DoStop ()
return;
}
block = _MOVSpeed;
mblock = _MOVSpeed;

}

// MOVSpeed = number of cells that object can walk in 1000 ms
// calculate delay
int delay = block * 1000 / _MOVSpeed;

// reset timer
_DelayTimer = (delay + 99) / 100; // divide delay by 100 and round

up

// save state change
SaveMoveObject (mx, my, MOVSpeed);

// stop 1f reach target

if (X == _TargetX && _Y == TargetY && _State == STATE NORMAL)
{
DoStop{) s
}
#endif
}
Server/ pathfinder.cpp

int PathFinder::FindPathEx(unsigned char *map, int map pitch, int
map width, int map height, int x0, int y0, int x1, int yl, int fast)
{

{ // linear path seazrch



int dx = x1 - x0;
int dy = yl - y0;
if {(dx == 0 && dy == 0) return 0;

int step = 0;

// find the next block the object would be

if {((dx >= 0 ? dx : =-dx) >= (dy >= 0 ? dy : -dy))
{ // x-axis is major axis

_Result.Setlength({(dx >= 0 ? dx : -dx));
int cx = dx > 0 ? +1 : -1;
int x = x0;
while {x != x1)
{
X += CX;
int y = y0 + (x - x0) * dy / dx;
if (x < 0 || x > map width || ¥y < 0 || y >= map height ||
*(map + y * map pitch + x) != 0)

{ // path is blocked
_Result.SetlLength(step);
step = -1;
break;
}
// update current position
ResultInfo &ri = Result.Get (step++);
ri.x = x; ri.y = y;
}
}
else
{ // y-axis is major axis
_Result.Setlength((dy >= 0 ? dy : -dy)):
int cy =dy > 0 ? +1 : -1;
int y = y0;
while {y !'= y1)
{

y += cy;

int x = x0 + (y - y0) * dx / dy;

if (x <0 || x >= map_width || y < 0 || y >= map_height ||
*(map + y * map pitch + x) != 0}

{ // path is blocked
_Result.Setlength(step):
step = -1;
break;
}
// update current position
ResultInfo &ri = Result.Get (step++);
ri.x = x; ri.y = y;

}
if (step > 0) return 1; // path found

}

// none a* version
if (fast) return Result.GetLength{) > 0;

{ // a* path search
int x2 = x0 - MAP WIDTH / 2;
int y2 = y0 - MAP HEIGHT / 2;

if (%2 < 0) x2 = 0; else if (x2 > map_width - MAP WIDTH) x2
map width - MAP WIDTH;
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if (y2 < 0) y2 = 0; else if (y2 > map height - MAP HEIGHT} y2 =
map height - MAP HEIGHT;

_Map map + y2 * map pitch + x2;
_MapPitch = map pitch;

X0 -= x2; y0 -= y2;

if (x0 <0 || yO < 0 || xO >= MAP WIDTH || y0 >= MAP HEIGHT) return
0;

x1 -= x2; yl -= y2;

if (x1 <0 || yl <0 || x1 > MAP WIDTH || yl >= MAP_HEIGHT) return
0;

_RefX = x2; RefY = y2;

if {!FindPath({x0, y0, x1, yl)) return Result.GetLength() > 0;
PrepareResultEx () ;
return 1;
}
}

vold PathFinder::PrepareResultEx ()
{
if ( State[ TargetY][ TargetX][0] != _CurrentState)
{ // not path found
_Result.SetLength(0);

return;
}
int rx = RefX;
int ry = RefY;
int x = TargetX;
int y = TargetY;
int step = State(y]([x][1l] & OxFFFF;

_Result.SetLength(step);

while (step > 0)
{
--step;
ResultInfo &ri = Result.Get(step);
ri.x = x + rx;
ri.y =y + ry;

// eliminate some ugly paths by follow the same direction if
available (only horizontal and vertical path)

if (y < MAP HEIGHT - 1 && ( Statel[y + 11[x][1] & OxFFFF) ==
step && _Stately + 11[x][0)] == CurrentState) { ++y; continue; }

else if (x < MAP_WIDTH - 1 && ( State[y][x + 1}[1] & OxFFFF) ==
step && _State[y][x + 1][0] == CurrentState) { ++x; continue; }

else if (x > 0 && ( State[yl[x - 1]1[1l] & OXFFFF) == step &&
_State([y] [x - 1][0] == CurrentState) { --x; continue; }

else if (y > 0 && {_Stately - 1) [x][1l] & OxFFFF) == step &&
_State[y - 1][x][0] == CurrentState) { --y; continue; }

int filter = State(y][x])[1] >> 24;

if (filter == 0) { ++x; ++y; }

//else if (filter == 1) { ++y;o}



else if (filter == 2)
//else if (filter ==
//else if (filter ==

{ -=-x; ++y; 1}

)

)
else if (filter == 5) { ++x; --y; }

)

{

{ ++x; }

//else 1if (filter ==

else if (filter == 7) --x; --y; }

}

int PathFinder::CopyPathEx(int path[][2], int *length)

{
int r = CopyPath(path, length);

if (r > 0)
{
int rx = RefX;
int ry = RefY;
for (int i = *length; --i >= 0; )

{
path[i] [0] += rx;
path{i] [1] += ry;
}
1

return r;

}

void PathFinder::MapToMap (unsigned char *map,
{

_Map = map;

_MapPitch = map pitch;
}

int map_pitch)

int PathFinder::FindPath{int x0, int y0, int x1, int yl)

{

//1if (%0 < 0 1] x0 >= MAP WIDTH) return 0;
//if (y0 < 0 || y0O »>= MAP HEIGHT) return 0;
//if (x1 < 0 || x1 >= MAP WIDTH) return 0;
//if (yl < 0 |{ yl >= MAP HEIGHT) return O;

// reset state
" if (_CurrentState == 0)
{
for (int 1 = MAP_HEIGHT; -=1i >= 0; )
{
for (int j = MAP WIDTH; -=j >= 0; )
{
_State[i]([3j] (0] = O;
_State[i]1[J1I[1] 0;
}

}
}
++ CurrentState;
_StepQueue.Clear (};

// save target
_TargetX = x1;
-~ TargetY = yl;

38



// set original

AppendToQueue (x0, y0, 0, OxFF);

// find path

while {! StepQueue.Empty{))

{
StepInfo si = StepQueue,GetHead{);
_StepQueue.Pop();

if (si.x == x1 && si.y == y1)
{

// a path found

return 1;

}

if (si.x != 0 && si.x != MAP WIDTH - 1 && si.y !'= 0 && si.y !=

MAP_HEIGHT - 1)

}

{

int rval = ( State[si.y][si.x][1] & OxFFFF) + 1;
unsigned char *m = Map + si.y * MapPitch + si.x;
if ((si.filter & 0x01) !'= 0 && *(m - _MapPitch - 1)
AppendToQueue(si.x - 1, si.y - 1, rval, OxQ02F);
if ((si.filter & Ox02) !'= 0 && *(m - _MapPitch )
AppendToQueue (si.x , si.y - 1, rval, 0x0107);
if {((si.filter & 0x04) != 0 && *(m - _MapPitch + 1)
AppendToQueue(si.x + 1, si.y - 1, rval, 0x0297);
if ((si.filter & Ox08) !'= 0 && *{m - 1)
AppendToQueue(si.x - 1, si.y , rval, 0x0329);
if ((si.filter & 0x10) !'= 0 && *(m + 1)
AppendToQueue(si.x + 1, si.y , rval, 0x0494);
if ((si.filter & O0x20) != 0 && *(m + MapPitch - 1)
AppendToQueue (si.x - 1, si.y + 1, rval, 0x05E9);
|

I~

if ((si.filter & 0x40)
AppendToQueue {si.x

if ((si.filter & 0xBO0)
AppendTcQueue (si.x +

0 && *(m + MapPitch )
si.y + 1, rval, Ox06EQ);
0 && *(m + MapPitch + 1)
si.y + 1, rval, 0x07F4);

-

[y
~

}

// path not found
return 0;

int PathFinder::CopyPath({int path[][2], int *length)

{

//if { TargetY < O

//1if (_TargetX < 0 | _TargetX >= MAP_WIDTH) return 0;
| _TargetY >»= MAP HEIGHT) return 0;

|
|
//1if (length == NULL) return 0;

if (_State[ TargetY][_TargetX][0] != CurrentState)
{ // not path found

*length = 0;

return 1;

}

if (path == NULL}
{ // query path length
*length = _State[ TargetY][ TargetX]([1l] & OxFFFF;

return 1;

}

I

I

I

I
If

il
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if (*length < (_State[_TargetY] [ TargetX][1l] & OxFFFF))
{ // not enough space

*length = _State[ TargetY][ TargetX][l] & OxXFFFF;
return 0;

}

int x = TargetX;

int y = TargetY;

int step = State[yl([x][1l] & OxFFFF;

*length = step;

while (step > 0)

{
--step;
path[step] [0] = x;
path[step] [1] Yi

It

17*
// eliminate some ugly paths by follow the same direction if
available {only horizontal and vertical path)

if (y < MAP_HEIGHT - 1 && ( State[y + 1]1[x][1]) & OxFFFF) ==
step && _State(y + 1]({x][0] == CurrentState) { ++y; continue; }
else if (x < MAP WIDTE - 1 && ( Statel[y][x + 11[1l] & OXxFFFF) ==
step && _State(y]([x + 1]1[0] == CurrentState) { ++x; continue; }
else if (x > 0 && { State([y][x - 1][1l] & OXFFFF) == step &&
_Statefy]l[x - 1][0} == CurrentState) { --x; continue; }
else if (y > 0 && ( State[y - 11(x][1l] & OxFFFF) == step &&
_Stately - 13[x][0] == CurrentState) { --y; continue; }
/rx*/
/*

switch ( Stately][x][1] >> 24)
{

case 0: ++x; ++y; break;

//case 1: ++y; break;
case 2: —-x; ++y; break;
//case 3: ++x; break;
//case 4; —-x; break;
case 5: ++x; --y; break;
//case 6: --y; break;
case 7: --x; --y; break;
}
/*/ .
int filter = Statel[y][x][1] >> 24;
if (filter == 0) { ++x; ++y; }
//else if {(filter == 1) { ++y; }
else 1if (filter == 2} { --x; ++y; }
//else if (filter == 3) { ++x; }
//else 1if (filter == 4} { --x; }
else if (filter == 5) { ++x; --y; }
//else if (filter == &) { --vy: }
else if (filter == 7) { --x; --y; }
/**/
}
return 1;
}
veld PathFinder: :PrepareResult ()
{
if (_State[_Target¥Y][ TargetX][0] != CurrentState)

{ // not path found
_Result.SetLength (0} ;



return:;

}

int x = TargetX;
int y = _TargetY;
int step = State(y][x]([1l] & OxFFFF;

_Result.SetLength(step):

while (step > 0)
{
--step;
Result.Get (step).x = x;

:Result.Get(step).y Vi

// eliminate some ugly paths by follow the same direction if
available (only horizontal and vertical path)

if (y < MAP HEIGHT - 1 && ( Statef{y + 1]([x]([l] & OxFFFF} =
step && _State(y + 1]([x][0] == CurrentState) { ++y; continue; }

else if (x < MAP WIDTH - 1 && ( State(y][x + 1][1] & OxFFFF) =
step && State[y]([x + 1]1[0] == CurrentState}) { ++x; continue; }

else if (x > 0 && (_State[y][x - 1][1] & OxFFFF) == step &&
_State[yl[x - 1]1[0] == CurrentState) { --x; continue; }

else if (y > 0 && {_State[y - 1]([x][1l] & OxFFFF) == step &&
_State[y - 1][x][0}] == CurrentState) { --y:; continue; }

int filter = Stately]([x]i[1] >> 24;

if (filter == 0) { ++x; ++y; }

//else if (filter == 1) { ++y; }

else if (filter == 2) { --x; ++y; }

//else if (filter == 3) { ++x; }

//else if (filter == 4) { --x; }

else if (filter == 5) { ++x; --y; }

//else if (filter == 6) { --v; }

else if (filter == 7) { --x; --y; }

}

inline static int calc_h dist{int x, int y)
{

if (x < 0) x = -x;

if (y < 0) y = -y;

return x >=y ? x * 65536 + y : y * 65536 + x;
}

void PathFinder: :AppendToQueue (int x, int y, int value, int filter)
{
if (_State[y][x]}[0] == CurrentState) return;

int v = value * 65536 + calc_h dist{_ TargetX - x, TargetY - y);

_Stately] [x][0] _CurrentState;
_State(y]) [x][1] = value | (filter << 16);

_StepQueue.Push{StepInfo{x, y, v, filter));
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Client/gameobject.cpp
#define ASTAR

void Character::MoveTo(Point dst, int speed)
{
if (_DstPos != dst)
{
if (speed > 0}
{ // move to command
Engine *engine = Global::GetEngine();
MapManager *mm = engine->GetMapManager{);
unsigned char *map = mm->GetMapCollisionPtr();
PathFinder *pf = engine->GetPathFinder();
#$ifdef ASTAR

92

int r = pf->FindPathEx (map, MAX COLLISION X, mm->GetMapWidth()
* 16, mm->GetMapHeight({) * 16, _Pos.X / 16, Pos.Y / 16, dst.X / 16,

dst.Y / 16);
felse
int r = 2;
$endif
if (r == 1)
{ // non-linear walking
_LinearMode = 0;
int len = pf->GetResultCount ();
_MovePos.SetLength(len);

for (int 1 = 0; i < len; ++i)
{ // copy by reversed order
Point &p = MovePos.Get(len - i - 1);

p.X = pf->GetResultX(i) * 16;
p.Y = pf->GetResultY (i) * 16;
}
_SrcPos = Pos;
_DstPos _MovePos.Get (len - 1);
_MoveSpeed = speed;
}
else if (r == 2)
{ // linear walking
_LinearMode = 1;

_SrcPos = _Pos;
_DstPos = dst;
}
if (r !'= 0)
{
int dx = Pos.X - DstPos.X;
int dy = Pos.Y - DstPos.Y;

if (dx < 0) dx = -dx;
if (dy < 0} dy = -dy;
_MoveTime = 0;

_TotalMoveTime = (dx > dy ? dx : dy} * 1000 / (speed * 16);

}
}

else

{ // set position command
int dXx = Pos.X - dst.X;
int dy = _Pos.Y - dst.Y;

if (dx*dx + dy*dy > 3*3+*16*16) _Pos = dst;
_DstPos = _Pos;



_MoveTime = 1;
_TotalMoveTime = 1;
}
}
if (_Actiocon <= ACTION_CAST && _MoveTime < TotalMoveTime)
{

if ( CastEffect != NULL) SetCasting(false);

SetAction (ACT ION WALK);

if { Pos != DstPos)

{

SetDirection{{_ActionData( Action]->GetDirectionCount() == 4)
?
CalcDirecticnd4( Pos.X, Pos.Y, DstPos.X,

_DstPos.Y)}

CalcDirection8{ Pos.X, Pos.Y, DstPos.X,
_DstPos.Y));:

}
H
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