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(3, a) « arbitrary
m{8) e arbitrary
Returns(s,a) «+ empty list .

Repeat forever:
(2) Generate an episode nsing exploring starts and =
{(b) For each pair s,a appearing in the episode:
R+ return following the first oceurrence of 2, a
Append R to Returns(s,a)
(s, a) — average{ Returns(s,a))
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m(s) « argmax, Q(s,a)
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53 dedulaaldsunsunaaey

org  0G0Oh
mov  p0,#00000000b

loop: mov  p0,#00000111b > nszduvAnIaiil
acall delay
mov  p0,#00001110b > nsERuIRaIAR2
acall delay
mov  p0,#00001101b > nigduvanIniis
acall delay )
mov  p0,#00001011b > nigduannIniia

acall delay

simp loop
delay: mov r5#0Cth
delayl:mov  r6,#0fth

dinz 16,% .
dinz  15,delayl

ret

end
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# include <iostream.h> // Precompiled header
# mclude <stdlib.h>

# include <math.h>

# include <iomanip.h>

# include <cstdlib>

# include <fstream.h>
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/***********************************$********************************

GLOBAL VARIABLES

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

const inf max_episede = 1000000,
const in{ num_action =4 ;
const int num_state =10

int num_eps ;

int num_eps_visit] num_state ]| num_state || num_action | ;
double Q[ num_state ][ num_state }[ num action ] ;

double Return[ num_state ][ num_state ][ num action ] ;

double Returndummy| num_state ]| num state ][ num action ] ;

int iteration ;

> Initial Variable

int 1, a, action, next_action, state, next_state; _ 4 _/
double randunifil ; _\

int xstate, x min=0,Xx max=9;
int ystate, y min=0,y max=9;

double Inf = RAND MAX;

int right =0, lefi=1,up=2, down=3 ; > Initial Variable

it numhop =0 ;
double reward =-1 ;

int step, step_max = 30 ;

X =0,X target=9,X old,a_old, X new; ‘/
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mY=0,Y target=9,Y old, Y new; )
“intPath[ 1001[21;
int ActionHistory[ 100 ] ; oy % Initial Variable
double p_explore = 0.2 ;
double Accum_reward eps=0; —

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

Declarations i
********************************************************************/
double Randunif1{);
void Initialization() ;
void Reset() ;

void Writeresults() ;

~

ﬂ************************#******************************************

Main Program

w

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

void main()
{
Initialization() ;
double AVE_Accum_reward, Accum_reward =0 ;
int flag_end ;
for (int episode = 1 ; episode<= max_episode ; episode++ )
{
Resetf) ; |

for ( step = 1 ; step<= step_max ; step++) ’

{

H{(X<O||X=>9||Y<0||Y>9) ; Check for loops
int check =0 ;

{/ Check for loops

double Q_[ num_action };
for (a = 0; a< num_action ; a++)
{

X new=X;
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Y new=Y;

Qlal=QIXl[YHal;

if ( a ==right) 5‘
X new=X+1;

if ( & ==left) > take action
X new=X- 1;

if(a==up)
Y new=Y+1;

if (a == down)

Y new=Y-1; /
b
int flag_deadend =0 ; N
/if(Q [0]==-Inf&& Q_[1]==-Inf&& Q_[2]==-Inf && Q_[3]=-Inf)
/flag_deadend=1; |
if (flag_deadend == 0 )
{
{/ For current state (X,Y), check action = arg_max Q(s,a)
inta max=0;
double Q max=Q [a max];
for{a=0;a<4;at++)
{
if(Q_[al>=Q max) 7
( |
a_max=a;
Q max=Q_[a];
}
Y/ fora

// Find soft policy

double p = Randunif01() ;

if (p <= p_explore/(1 + double(episode)/200000 ) )
{
double Q_dummy = -Inf ;




while ( Q_dummy == -Inf )
if ( flag_deadend==1)
Q_dummy =0 ;
else .
{
double dummy = Randunif01() ;
if ( 0<= dummy && dummy < 0.25)
action=10;
else if ( 0.25 <= dummy && dumlﬁy <(.5)
action=1; R
. else if (0.5 <= dummy && dummy < 0.75 )
action=2; |
else "
action=3 ;
Q_dummy =Q [action];
}
}iwhile
t /1 if p explore
else
action =a_max ; ¥
} /f flag_deadend == 0 action
if ( flag_deadend ==0)
{
// Find new state
X old=X;
Y old=Y;
if ( action == right )
X+
if ( action == left )

X__ .

2
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if (action == up )
Y++; o
if (action == down) |
Y-
numhop+ ;
Path] numhop { 0| =X ; ¢

Path[ numhop |[1]=Y ;

num_eps_visit] X_old [[ Y_old I{ action ]++;
ActionHistoryl numhop ] = action ;

/f Immediate reward

if (X !=X target| Y !=Y_target) /if (X !=X target && Y != Y _target) //
( .
Returnf X old ) Y old ][ action ] += reward ;

Accum_reward_eps += reward ;

Returndummy[ X_old ][ Y_old ][ action ] += reward ;
} \
if (X ==X _target && Y ==Y _target) //if (X 1=X_target]] Y =Y _target)
{
//Return] X_old { Y old ][ action] +=0;
//Accum_reward_eps+=0;
I* ¥
Accum_reward_eps +=reward ; // 0y//
for (i = 0 ; i<= numhop ; i++)
{
X old=Path[i]{0];
Y old=Path[i][1];
a_old = ActionHistory[ i ] ;
Return] X _old [ Y _old I a_old 1 += 20000/double(mmhop) ;//0; //
I
i
1/ flag_deadend == 0 update
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// Update Q function at end of episode)
flag end =(X ==X _target && Y == Y_target) ;
if (flag end==1)

{
Heout<< "Episode numb.er = "<< gpisode<<" Step number = "<< step
<<setw(25) << Accum_reward,_eps << setw(25) << AYE_Accum_reward <<
endl;
ofstream outClientFile("Path.txt", ios::app );
if ( loutClientFile ) { // overload ! operator
cerr<<" File could not be opened"<<end];
exit(1); .
} -,
outClientFile<< X << setw(15) << Y << setw(25) << episode<< setw(25) <<
step <<seh1;r(25) << AViE_Accum__reward << endl;
//}{/ flagendendl;
}// flagend

if ( flag_end == 1 || flag_deadend = 1 |} step = step_max )
{
Heout<< "Episode number = "<< ¢pisode<<" Step number = "<< stép << endl;
step = step_max ; ¥
for( xstate = x_min; xstate <= x_max ; xXstate++)
{ ;
for( ystate = y_min; ystate <= y_max ; ystate++)
{
for (action = 0 ; action < 4 ; action++ )
{
if ( Q[ xstate 1{ ystate 1[ action ] !=-In{)
{




60

if (num_eps_visit] xstate ][ ystate ][ action ] > 0)
QI xstate I ystate  action ] = Q| xstate |[ ystate I[ action ] +(
/double( num_el;s_visit[ xstate ][ ystate 1f action 1) Y¥(Return[
xstate ][ ystate ][ action ] - Q[ xstate ][ ystate ][ action ]);
} .
Return[ xstate ][ ystate ][ action | = 0;
i
{Writeresults() ;
}
31 for step
Accum_reward += Accum reward eps ; X
AVE_Accum_urewardl”—"' Accum_reward/double(episode) ;
14/ for episode |
Writeresults() ;
/isystem("pause");

H/ end main

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

Subfunctions
****************************************************************%***/
double Randunit01() ¥
{ |

randunif01 = ((double) rand())/RAND MAX; i*
return (randunifQ1);
}
void Initialization()
{
for( xstate = x_min; xstate <= x_max ; Xstate++)
{
for( ystate = y_min; ystate <=y max ; ystate++)

{



for (action = 0 ; action < 4 ; action++)

{
Q| xstate ][ ystate ][ acti():p } = -Randunif01();
Return| xstate ][ ystate ][ Jaction} =0
Returndummy] xstate ][ ystate ][ action ] = 0;

num_eps_visit] xstate ][ ystate ][ action] =0;

if ( xstate == x_min && ystate ==y_min )

{
QI xstate [ ystate [ down ] = -Inf’;
Q[ xstate [ ystate I{ left ] = -Inf;

} .

if ( xstate == x_min && ystate == y_max )

{ |
Ql xstate J ystate Jfup 1 = Inf;
QI xstate 1] ystate J[ left] = -Inf;

}

if ( xstate == x_max && ystate ==y _min )

{
Qi xstate ][ ystate ][ down ] = -Inf;
Q| xstate ][ ystate |[ right | = -Inf;

} #

if ( xstate == x_max && ystate == y_ma:é )
g :
Ql xstate J[ ystate Jlup] = -Inf;
Ql xstate ][ ystate ][ right ] = -Inf;
}
if ( x_min< xstate && xstate <x_max && ystate ==y_min )
{
QI xstate ][ ystate ][ down ] = -Inf’;
H

if ( x_min< xstate && xstate < x_max && ystate ==y_max )
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QI xstate ][ ystate [fup 1= -Inf;
} o
if (y_min< ystate && ystate <y_max && xstate == x_max )
{
Qf xstate ][ ys;tate Il right | = -Inf;
h
if (y_min< ystate && ystate <y_max && xstate == x_min )
{
Ql xstate ][ ystate )[ left ] = -Inf;
}
} /f for action .
3}/ for ystate
-‘ - }/ for xstate

&} //Initialization

'i void Reset()

{
X=x min;
Y=y min,;

for (inti=0:;i<100; i++)

{
Path{1][0]=-1; i
Path[i][1]=-1: '
ActionHistory[ i | = -1;

}

numhop =0 ;
Accum_reward eps=10;
Path[ 0J[ 0] =X
Path[0)f1]=Y;
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void Writeresults()

{ ;
ofstream outClientFile1{"Test.txt", ios::app );
if ( loutClientFilel ) { // overload ! operator

cerr<<" File could not be opened"<<endl;

exit(1);

for( xstate = x_min; xstate <= X_max ; xstate++ )
{
for( ystate = y_min; ystate <= y_max ; ystate++)
{
for ( action ﬂfO'; action < 4 ; action++)
{
outClient.Filel<< xst:;te << setw(15) << ystate << setw(25) << action <<
setw(25) << num_eps_visit[ xstate ][ ystate ][ action ] <<setw(25) <<
QI xstate [ ystate [ action ] << end];
1
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Al m_grid #lFlummiisuldaTdsunsumefmuavinavensy

mt i;

/1 counter

Clear(); I/ clear grid
for(i=0;1<=9;1++)
{

SetColWidth(i,500);
}
for(i=0;i<=9;i++)
{

.SetRowHeight(i,SOO);
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