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1. Initialize Q(s, a) arbitrarily
2. Initialize e(s) arbitrarily, e.g. ¢(s) =1 forall s
3. Repeat (for each episode):

4 Initialize s

5 Repeat (for each step of episode):
6 & «— rand(0..1)

7. if £ < ¢(s) then

8 a < softmax(A(s))

9 else

10. a < argmaxpaeQ(s, b)

11. endif

12. Take action a, observe reward r and next state s'
13. Determine opposite action a
14, a «— argmax;  as)Q(s’, i)

15. i argmin; ¢ as: )Q(s ])

16. Al— (s ,a) +yQ(s', a ) +(1-y)Q(s’, a ) Q(s,a)
17 2_ I'(S ’a) + YQ(S El a*) + (1 Y)Q(S b a*) Q(S’ﬁ)
18. A3: I'(S 5a) + YQ(SI, 5*) + (1'Y)Q(Sla a*) - Q(S,a)
19. Ay=1(s,@) +yQ(s’,a ) + (1-9)Q(s', a) - Q(s,a)
20. ifQ(s,a)<Q(s’,a)

21, Q(s,a) =Q(s,a) +a. Ag
22. Q(s,3)=Q(s, a) ta. Ay
L LTl —ladg|
23. e(s) = 5.8.( == +1 _‘MZ,) + (1 —98).¢(s)
1+e o© 1+e o©
24. else
25. Q(s, a) =Q(s, a) + a. Az
26. Q(s,3)=Q(s, a) + a. Ay
. - —ladg| —|aA4|
27. e(s) = 5.8.( e_|aA3| +1 |aA4|> + (1 —8).2(s)
14+e o© 14+e o
28. endif
29. S«s'

30. until s is terminal state
31. until a desired number of episode terminated


http://www.sid.ir

D

A

Sl 4 (6568 splE ol b golpiudny (ybgy dgus oo 04D 4S° 568 ylen
S5l Co s Gl e 0ad Jols Sgy (e sy o0 S
g 0

s Y=+ A @= /Y slayiall L Lagileil quye S oS ol
01 03y9] (F-1) sl JSi 50 gl .l oad )5 Y=+/2 0= +/A
GO [PV PR SV I SV S FRUVE] SO Vv Y ) gt | PR

9o anlite Lo 33 (sl (FEA)slo J58 53 o8 pboglan
Sise sy 4y Alie ) 3 01 Slgity gy 2 ity cslaclls 2o
asil il QL_VDBE 5 QL sla ) 4 o (1) Jsi> (3ae
3)lg0 ol odds o)Ll ¥ jisy )3 &S 465 lod iulial cpl s a8 .l
il Jras CLsel (o3l dgs 9 (Sl oy sl ol jal sasle
Ll i s s gy s doys 05 S5 M oS b lon
Al gy g e )3 39290 (SlaplS UG 4 39290 ey ialisS
Ban S5 4 w155 03 3lg0 3 (gl y [0] imgs 53 00l S (g, du
ol @l b ol 51 (F)dsie o aiens 3,Slae s & culply ke
o=l cas s 5, Slas (YEA) sla S 0 Jlo (glys ccawl o (g ylod45
Cuol osnlie b W i,

98¢t £ 5 (gt o :(Y) Jgo

(oo (e
a=-/A a=-/y a=-N | a=-/A | a=/v | a=N U0
Y= Y= /A Y=<V | y=-IA Y=</A | Y=Y

WY VIEA VY| YYYA O VEYA L ANY | QL
AAY $IFA YI-¥ | ¥VISY O #lbA YINY | QL VDBE

S S Ao -0
e Q 555l o Gl sl o o ] alia s
ol Al lS 5 shy sl ead @l o sl e el eal
ol 00 o0liiwl Joe Sl 340 3 Q polie Sl 59,4 olows
530 (gl yiel)ly (155UgS (23)l0ke dlwog & 00l ) S, (b))
2uld 290y Sk osel cund 4 s b 4B S pldl lase g )
bl g 6ok ALl 4 arg b adlie o] 0 s 5 50k
odd 4By jlai se Q (0 alie (ul ) g il (e slagsdg,
Q& et opSol K o yhgy p Sl e odd &l o3 yeSl !
A3k e 518 lyis

AR

Ulpl FouslS (paail ailllw Lo yuil joiS (radiwy

T

()
deole sl 0 paiiie Gy Bad Canbpo 9 sl oo S s SRS 51 (S5 £9,5 Canbpo (5 jlusunsd Lamo 93 31 (oilod ()5S
EAXEN Jusme () IS ¢ YEXTE Layomo (1) U5 08 CS g Cpa Cuiid yd Wilgi o0

Sl €55 ol o am3e oL (V) Jgir 5 ool e 53 o>
a5 db e syuiy pilie gl (OQL-VDBE) (solgiius g,
labusee 5 (OQL3 5 OOL2 OQLL) L slis y e slays
9o 65k Cos o Sl el 5 amd 0 Sl (2 4 Bl 9
e prie olidl Q polie dg2g Jdoas )1 3925 wile &5 plalazee o Lol
Do oo Bud &y ) 5D Cansd

e Sl s (y Capnd (855 )50 L ety glacdls 2o
D] 39 0 (5 3:50510) 39, 1o yumme 13 3390 (slopl Slaxs 4 s
2 Joole slaplE ol g digs sl to)d da gy dunlie jolaie
0B (ULl s il 0ad il (63500 0)90 yb 40 Bua Ay gl
Wl 045 )15 a5 ye B0 Lasbyy (olad sl 6650k 22l o9
ol o )15 Wl 2luw awgie g digs duod (1SSl

LS )3 iy slagingiy by oand sliniy gy (b))
5 (FEN) b JSS p aups slacdl to ) ol s oaly s (F-4)
93 slp (OVA) el S5 > Bun & iy U fole (slapl slis Lawgio
Cawd 4 golS (g o S5 slo JSb ) canl o o3l L5 bao
Cowd 2y @l b JBlze (@) mging 5 830 oLt |y (1) bame gl ool
b () Lo 53 oal

S Y=Y 0= gl L 1y (65l sl ol () F S5
2 dpe b lopd 1Sl o Ui gy yiud (gl ¥er )90 i
DBle Lo glgy »503 4 Comd 65V oo (gl o ol (3,
Bid 4 hey Sl ) 5205 o Jole o8 Cunl cpl gm0 cnl S
LS 2 5> 5> (OQL_VDBE) ouis slgitiy g 45 o inlen
P95 & S WS (oo joyas ) Q polie I e 53 lojen sk 653k
ol 3920 > 3 QL_VDBE _s, 5,5 55 OL_VDBE
S o (e sLaig) S (e Jos e QL Uiy I Jos Sl
399 el wlisl sla sl olus! s 4 (OQLL,0QL2,0QL3)
3l 3l gilmmr > Jole pplplty g b e Q Jguo 4y ol yolio
2> 635kl (il b 4 il gy Bun Sl @ Klg e
WS oo (b 1y o a8 )3 lasyy claplS ol wSTus 0)g0

sobolen a3 o (LS (@) ks sl 1) 650k wl)8 (O)F S
O ol 015 3108 (1) Lo &) G dinge Sl 1oy 395 0 0103 S
b (1) e ) o (65t slacdle Slass gyl () Laoee

Lo 95 gl |y G b ole (clopl8 slass asgzo ()0 o (0 JS5

S oo Joe yire 503 Sy S 0ad Wl g, a3 oo (LS

\.SiD.if


http://www.sid.ir

Average of step numbers to goal

Percent of Optimal States

Average of step numbers to goal

Percent of Optimal States

ATAT Skl VENY [ sgein a9 oS0

-

3:
H
1 1

a T T T T T T T 20 r r r r . .
[Eu——— ;
45F | — = -QL-VDBE 18 —B-— gL |
—s¢—0QL1 — & - - QL-WDBE
4l | —+—oqrz i 16 F e 2311:; B
oo Bt ogL3
— #— — Proposed OQL-VDEE = 14+ g
35 = — #— — Proposed OQL-VDEE
= 12 | -
3 £
= | :
25 o
= T
2 o
st E ;13 i
15 Al |
1 S -
0s o L

s

| | | | | |
[t} 50 100 150 200 250 300 350 400 u] 50 100 150 200 250 300 350 400
Episode Mumbers Episode Mumbers

(<) ()
(<) 9 (1) Lo 93 45 dings GLCIL o yd (35l 4y B2 95 Sluxi Y= /¥ 9 0=. /) L §p55L 5,Slos duw o :(€) IS0

3000

7000 — — T T T e T A e v...n
T e e e e R A as — ) i
oL S LD 1, AR gy O e TR Fle A B R
QL-VDEE o o " ','l. ] ""jly L ' “ W ey l 'ﬁ
s000 i = i} ¥ ALy ]
gLl wa L
< 2000 1
L2 z aL
DQLS E QL-VDEE
4000 Proposed OQL-VDEE = OQL1
o 1500 oqLz b
3000 hal OQL3
= Proposed OOL-VDEE
o 1000 F
2000 it
=4
-4
1000 - ser
0 . . . . . . . 0 . . . . . . \
a 50 100 150 200 250 300 350 400 o a0 100 150 200 280 300 350 400
Episode MNumbers Epizode Mumbers

(<) ()
(<) 9 (1) bamo 93 45 Bud U Jole sla ol sluni bawgio dy o ,90 i Y= /¥ g 0=. /Y U (5 m55L 3,Slas duwlio 3(0) IS5

15 T T T T T T T
- o a0 T T T T T T T
— & - QL-VDEE a5 i
e r — & - QL-VDEE
e o —+—ogLl
—— o 40 ——#—— oQLz b
OQLE

— P 4 OQL-VDEE

1ok ropased O] — 35 ———— Proposed OQL-VDEE

w
[}

20

m
Percent of Optirmal States
[}
o

ol N " " " " " "
50 100 150 200 250 300 350 400 o a0 100 150 200 250 300 350 400
Episode IMumnbers Episode Murmbers
(<) U
(<) 9 (1) tawmo 95 3> Ay (I w0 yd 3Silo 4y 259 3luai Y= /A g 0= /T U (6155l 5 Sas dun Ulo :(T) S5
Fooo 3000
(RS e
B000 B — 2500
QL S
QL-VDEE i o
S000 Sar1 =
oqLz E =000 C?Iz-—VDBE
4000 oQL3 £ oGL1
Froposed OQL-¥DEE E aare
=% 1500 OQLZ 1
2000 iz Proposed OQL-VDEE
k=]
© 1000 |
2000 5
=
=1
1000 sho
a . . \ . . . . o . 1 " 1 n 1 T
a a0 100 150 200 250 300 350 400 a a0 100 150 200 250 300 350 400
Episode Mumbers Episcode Mumbers

(<) U]
(&) 9 (1) dauzmo 93 y5 B U Jole sLol5 sluxi bawgio 4 Lo ,90 3luxd Y= /A g 0=, /¥ L (55550 3 ok dunny o :(V) IS

YYY


http://www.sid.ir

D
A

30

—=— QL
QL-VDEE
——<—0QLl
———0QL2
oLz
——+—— Propossd OQL-VDEE ,

R
o
T

8]
a
T

Percent of Optirnal States
G

Percent of Optimal Hates

Ulpl FouslS (paail ailllw Lo yuil joiS (radiwy

— B — QL [
QL-VDEE J
s OQLL
————ooLz B
oQL3
— % — Propaosed OQL-VDEE

o S0 100 150 200 250 300 350 400
Episode Mumbers

() 9 (1) bayzmo 93 43 dinge LI Lo yd (Sl 4 o ygd lani Y= . /% g 0= /A b (5553l 5,Slos dus o 2(A) S0

5 o
a s
o a0 100 180 200 280 300 350 400
Epizsode Mumbers
(<)
FO00 R e T R e — TP e ]
6000 B
QL
S000 QL-VDEE i

oQL1
©QL2

4000 OQL3 4

FProposed OQL-VDEE

3000

2000 -

Average of step numbers to goal

1000 -

L L L L N 1 T
o a0 100 150 200 250 300 380 400

Episode Mumbers
(<)

3000

2500 -

2000

1500 H

hyerage of step nurrbers to goal

150 200 250 300 350 400
Episode Mumbers

() 5 (1) bayzmo 9 45 Bud U Jole slr o8 dlusi bawgio ds Woy9d i Y= . /4 9 0=, /A b (g 155U 3,Sos dun o 3(R) S5

[11] Song, Y., Li, Y. B., Li, C. H., and Zhang, G. F. "An
effcient initialization approach of Q-learning for mobile
robots". International Journal of Control, Automation and
Systems, 10:166-172, 2012.

[12] Pandey, P., Pandey, D., and Kumar, S. "Reinforcement
learning by comparing immediate reward", 1JCSIS, vol. 8,
no. 5, pp. 1-5, August 2010.

[13] Manju, S., and Punithavalli, M.  "An analysis of Q-
learning algorithms with strategies of reward function",
1JCSE, vol. 3, no. 2, pp. 814-820, February 2011.

[14] Mataric, M. J. "Reward functions for accelerated
learning," Proc. of the International Conference on
Machine Learning, pp. 181-189, 1994,

[15] Guo, M., Liu, Y., and Malec, J. "A new Q-learning
algorithm based on the metropolis criterion." IEEE Trans.
Syst. Man Cybern. B, 34(5):2140-2143, 2004.

[16] Tokic, M. "Adaptive ¢-greedy exploration in reinforcement
learning based on value differences". In: LNCS, vol. 6359,
pp. 203-210. Springer, Heidelberg. 2010.

[17] Tokic, M. and Palm, G. "Value-difference based
exploration: Adaptive exploration between epsilon-greedy
and softmax." In KI 2011: Advances in Atrtificial
Intelligence, 335-346. Springer Berlin / Heidelberg. 2011.

[18] Watkins, C. J. C. H., Learning from Delayed Rewards,
PhD thesis, Cambridge University, Cambridge, England,
1989.

L w93 5 5

! Opposite Q-learning
2 Value Difference Based Exploration - Softmax

&1y
[1] Sutton, R.S., Barto A.G., Reinforcement learning: An
Introduction, MIT Press, Cambridge, MA, 1998.
[2] Pena. J.. Williams, R. J. "Incremental multi-step Q-
learning." Machine Learning, 22(1-3), 283-290, 1996.
[3]1 Ma, X., Xu, Y., Sun, G. Q., Denq, L. X., and Li, Y. B.
"State-chain seauential feedback reinforcement learnina

for path plannina of autonomous mobile robots." Journal
of Zhejiang University Science C, 14(3), 167-178, 2013.

[4] Tizhoosh, H. R. "Reinforcement learnina based on actions
and opposite actions." In International Conference on
Artificial Intelligence and Machine Learning (pp. 94-98),
2005.

[5] Tizhoosh, H. R. "Opposition-based reinforcement
learning", Journal of Advanced Computational Intelligence
and Intelligent Informatics 10 (4), 578-585, 2006.

[6] Senda, K., Mano, S., and Fujii, S. "A Reinforcement
Learning Accelerated by State Space Reduction". SICE
Annual Conf., pp:1992-1997, 2003.

[7] Hamagami, T., and Hirata, H. "An Adjustment Method of
the Number of States of Q-Learning Segmenting State
Space Adaptively". Proc. IEEE Int. Conf. on Systems, Man
and Cybernetics, pp:3062-3067, 2003.

[8] Lampton, A., and Valasek, J. "Multiresolution State-Space
Discretization Method for Q-Learning." Proc. American
Control Conf., p.1646-1651, 2009.

[9] Ribeiro, C. H. "Embedding a priori knowledge in
reinforcement learning", Journal of Intelligent and Robotic
Systems 21, pp:51-71. 1998.

[10] Terashima, K., and Murata, J. "A study on Use of Prior

Information for Acceleration of Reinforcement Learning",
SICE Annual Conf. 2011, pp. 537-543, 2011.

YYY



http://www.sid.ir

