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An autonomous operant conditioning automaton
RUAN Xiao-gang, DAI Li-zhen, YU Nai-gong, YU Jian-jun

(Institute of Artificial Intelligence and Robots, College of Electronic Information and Control Engineering,
Beijing University of Technology, Beijing 100124, China)

Abstract: To deal with the bionic self-organization learning-control problem, on the basis of the automata principle
and the operant conditioning learning mechanism, we make use of the bionic self-organization learning method to build
an autonomous operant conditioning automaton (AOCA) model including the action set, the state set, the condition-action
rule set, the observed state transition, the operant conditioning learning law as well as a recursive program. We also define
the operant entropy based on the orientation values of states in the AOCA model, prove the convergence of the AOCA
operant entropy, analyze the self-organization characteristics and develop the recursive operation program for the AOCA.
The AOCA model has been applied to simulate the Skinner animal experiment, in which the animal learns the task in
stages and succeeds in acquiring the skills eventually. These experiment results demonstrate that the AOCA can realize the

learning mechanism of operant conditioning.
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T M TR AR S AT SO BEAR IR T SR R R
1T ) 1 SR, I Dk HC Y H T RWIB21#
SHLEE N2 S R P2 DawE3-147E B 9% K )
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ditioning)
2.1 R AE 4 B B8 (Theory of skinner

operant conditioning)

ERAE SR FH IR 2% 5 BEL 2 1 55 [0 B 27 5K
S AR B ) 5 2] S B TR 80 3T 4 ik
FURIN, ATHUAAR S 1 S W B 3 B LR B 285 R0
AT AR HIE R, & RE S LS B VR AE IR
BT B R AR AT — s R B b, AT LA )
FEh B NV 25 B g 2 FLIE AT 2L, LUIS AR AR [R] R 15
355 vh L MRl s B (I B X R A HLAR H K
BRAEIAT A2 BN, ARRAE A LA BB 1K) 3230
TN, A, BRAEPEAT N 8T BRI S A SO i
A — A F R I e M 2 38 ) R o, B s 1
IR A B I e A R, AT 22 s Ak 2 2 > IR %

D Z T AE. JROTE T B i 2 ST s 25, JL/h
i B JB 1) Ao 8 21 2 R A A A A R R G A1) N
SEFHNE R AR, BIAN “BRE1-shE” AWHEER,
K.

TM
M5/ AR
I 1 B AR AT

Fig. 1 Operant conditioning mechanism

22 W& g AE 4 1 )k 9T SE B (Experiment of

skinner operant conditioning)
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LS T 1 DY F R R, 21 A R ik P AT A I A ) 45 21
—RLE AL AR LR AR A S AT AT IS, B B A
FZIRALAT, BT — R AL, e Bt 7
L% AT (A7, s 1 FAl AT 0 Cnfeds 1
VU S LS ). BECSRIR AN AT W BT Id k.

2 Widahsn
Fig. 2 Skinner box
3 HWBAEZM RS B 3 HLE B (A

tonomous operant conditioning automata

model)
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3.1 AOCAREZE! g X (Definition of AOCA model)
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Fig. 3 Structure of autonomous operant conditioning automata

1) AOCAMESHUI H): ¢ € {0,1,---
04 AOCA [FJE AR I %1

2) AOCAMHAERF 5846 2 = {alk =
1,2, ,ngot, ap NAOCARI kM EAERT .

3) AOCAMPIRELES: S = {s]i = 0,1,2,-- -,
ns}, s HAOCAI i IRE.

4) AOCANPIREH R KA 6
s(t+1).

AOCATEL + 1IN ZIFPRAS s(t + 1) € SHENZIH)
Wi&s(t) € SHeht 2 Ea(t) € Q3LFFE, 5
SLEIT 20 2 1 PR S FHRAE TC O, OPT i o PR A e
R R R AT LU T gt ] DU AR SN, (R DR ES
MR I 2 A B ML 1.

5) AOCAM#AERWAES: I' = {ru(p)lp €
P;ie{0,1,2,--- ,ng}; ke {1,2,--- ,no}}.

BEAL“ S A4 7 W r i (p) = 8i — ou(p) REWK
HAOCATE IR Ts, € SIS MMk Zp €
PsLjtittEay € 2, p = pi = p(ag|si) BAOCATE
RESAEF s, 5 A B St AE o MR AY, PRIR
Pa VS, FRORS MR A

6) AOCAPIRAEIA KK e : S — E = {g]i =

,nt}, t =

s(t) x a(t) —

0,1,2,--- ,ng}. Hre = e(s;) € EARSs; €
STRPIRA I AE.

7) AOCAMHRAE A& AE RIS S 2 D(t) —
rt+1).

SV T T EAE R W (p) € T SE it ik
Fpe P.

i et ZIAOCALE Ts; € S&MF FHIIRE N
s(t) = s; ETE )RR Falt) = o € 2
t 4+ LI ZDU I B PR S s(t + 1) = s W%
SN BRAE S O S T AR, W e (s(t + 1)) —
e(s(t)) < 0, Mp(a(t)|s(t))Bim T-okb; Rz, g
e(s(t+1)) —e(s(t)) > 0Nlp(a(t)|s(t)) i T-H5K.

B BE IS 221 S it 45 A IR 2R A A pg (€) 5 TUAR 45
RS BT OB 2 5t + 1IN 2 AOCA S Jiti #:

fEay, € QEIREREINE B Mpir (t + 1).
RS E VIR 3R A 25 A F SO WL T 452 4 1IN %1024
RFERAT AR SORE 2 2522, B

pz’k(t + 1) = pik(t) + A,
Horfi: A = (&) = a x &; x (1 - p,, () HLi 2
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&y =els;) —e(sy),

SRS HN PR (38 5 oo () A2 TR pR 2, [ sy A2
M HA M2 = 0 p(x) = 0;a € (0,1)2%% %K.
RS 1) BR A 52 AT 50, el R 2 I ERAE 0 &5 Sk
Uf, TR A BOR. BT 7E %N ZIAOCALL Ts; €
SHIZAT WLt E oy, € QIR Z AT, B

]glpm(ak(t) |si(t)) = 1, (1)
W)t LIS 0 A A (AR 2 A R 1 A A, )
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Hl
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D) LN Z A TIRE s (1) = s 40F F IR A& HE
o M R B R 1) R BB B TR GE . 1 (8) 2 AOCAKL
TORES s, 5 T HRAERS

bilt) = %i(2(t)]s;) = — z pik 108, P =
- z plals:) log, plalss). 3)
=1

B BFRAZQR) B 1 15 AOCATEL IS %I 45 V4
() = — z p(s;) fép(ausi) log, plals:). (4)

9) AOCAJEIFIRA: 5o = 5(0) € S.
3.2 2B (Program steps)
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At = 0, IHFBENLL & AOCAMIHI 4R Z55(0), %
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M Ha, G EWIBHRAEME P (0) = 1/np(i = 0,1,
2, ,ng, k=1,2,--- ,ng); G EEHLNETE.

Step 2 JEFHAE.

WA AT T« A7 I Wr(p) -
s; — o (p) AT IE B HRAE.

Step 3 SLjitifEAE.

i %I, AOCAALTARZSs(t) € Ssuiti L —20 Bk
HEAEa(t) € Q, MATPIRE R AL (s(t), alt))
= (84, ).

Step 4 ULIIPRZ:.

W AOCA KRS BB K H0 - s(t) x a(t) —
s(t+ 1), A B 45 R 2 58 4 e W i1, B
fifEj € {0,1,2,--- ,ng Miifds(t + 1) = s;.

Step 5 #AES&AT T

FELI %) S A, NLAOCAIR S K B,
EH A ERAVELE N — B 21 1 S A 4 AR A AR A,
MK BRAE A S S22 S - T(t) — T(t + 1)
FHEAEM N (p) € TISEiEZp € P. thfZs(t)
= s; Ha(t) = ag; At + 12 FIERAERE R AR ERAE
A B 27 ) kA T BB

, {pik(t +1) =pu(t) + 4,
| Pt 1) = palt) = Ax( uFk

Step 6 11 HAE.

R 5 S #8005 1) 3C(4) T S 220 ) 458 A1 0,
Hodr: p(s;) /EAOCAIRZE s; € SHH BUME R AELIS %]
E, p(ag|s;) EAOCARZES AL Ts; € SHIZAF 5L
WAy, € QIR AL 2 1)1H.

Step7 HIHER.

WL +1 < Ty, At =t + 1% E L Step 2—-
Step 7; 7 I, 1541
3.3 AOCAH 41 28 %F ¥ 4 ¥ (Self-organization

characteristics analysis of AOCA)

FRAG R AR IR 1 2 SCATER, FERESIRA T IR
CATIE OL T FR FLBEAT ISR MTRIA] 45 HH AOCA
FELIT ZN VRS, W FEAOCATR AR (¢) Bt I
) PRI B A N, FF HARE — ool & ) T8/, T
LT LA AOCABRAE A o (1) S SI .

AOCAJE — M T W G g /E 45 1 I S B 1Y
HAR RS, B A% M AEN . R4 HAHZ
(10 3ok R o W B R P ek R, R R I RS IR R, A
THER A E MR R, R ORI 6 AOCA #: A 4
() IS 23 AT, BEBHAOCA ) H 412U

EX 1 WAOCA=<t,9,5,I,0,e,1,,50 >
Je A BVRIRAESAT S A BN, HORS A L
d:s(t) x a(t) — s(t+ 1) &EMEMR, s; € S, {k =
1,2, nok, M

&)

\Qj, iff &5, > 0,
Horh Q7,020,027 € 0293 TR A s 1 5B 44 4
B F O B AR RS M B SR AR By I A2
PO U U0 |s) = 1.

Q7 iff &y <0,
a, €4 020, iff &y, =0,

EX 2
&7 =el7)= X &
akGQ;
gt=&u)= ¥ éu,
akGQj

o, — N, o3 IRR A Q2K T, (1 47 HL 1n) 45 1E HL
[ .

EX 3
p; =p(827|si) = > pur,
akEQ;
p? = p(QHSi) = Z Dik,
akEQ?
pi =p(2s:) = X pirs
akEQj

o, p9, pf 437 AOCA &b TR F& s, 5 1F T 02,
029, O PR ORI,
EX4 eE) = o
17, IR B B00] 5 et R
{pik(t + 1) = pir(t) + 05;6(E5;) (1 — pis (1)),
Piu(t +1) = 04pi(t), u # k,
Ho €(&35) = —pij(t), oy = 1/(1 +£(E3)) > 0.

311 KAOCA=<t,92,5,T,6,¢,n,,5 >
JT AN FRRAE S AT SO A B, JOIRSH L L R
§:s(t) x a(t) — s(t+ 1)2mEtEm, 4Ed € {0,
1,2,--+ ,ngk, %p(s;) # 0, IFH2H(t =0) # @, N
t — ooltlp = p(02;F]s;) = VA7, Bl 4t — oolf,
AOCAMKMEZS 1 1B B IEHL R A R A

FE1 0t =0) £ gEERE L 1 (ER) > 0,
I HARE D1 (t = 0) # 0.

UE AN s IR BT, pf (D) AR A s 51
OCH DI 4R G 25 T R B ML A A Th IR 26, BT 46
ﬂ%iﬁpz(o)

2 (t = 0) # @, Brihp(0) # 0; Xpf (1) >
0, MOV =0,1,2,-- ip; (1) # 0.

Bl Mp(si) # 0, FiLh Mt — ooff, AOCAMK s,
HILRIIR AR T 0955 R, pif (0) # 0184502 4
P IR AR TR .

1B € AOCATE S IR AL TR A s, I 4 A1 T e £ 45
oy, € 02,1

) Ha, € 027, Wey < 0,8Ex) <0, 0 =

O'ijzl—ax
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1/(1+&(&w)) > 1, Pk
Apf(l) =pf (1 +1)
oupi (1) —pi (1) =
(o — Dp/ (1) > 0.

2) Fay € 20, Wey, = 0,EER) = 0,00 =
1/(1+€(Eix)) = 1, BTl

Ap () =pf (1 +1) —p/ (1) =0.

3) Ao € 2F, ey, > 0, E(Ex) > 0, o =

1/(1+&(Ew)) > 0, BrLh
ApF(O) =L+ 1) — (D) =
o€ (€in)(1 —p; (1)) =0,

b, M HA M (1) = 1 Ap; (1) = 0oL

g LRTR, Apf (1) > 0.

Mt — ool 2 Bk AR & T JE g, RIL:
Mt — oo, Apf(l) > OMITG W RAEATE 2 IX.
BRIk, p B AW T . XpH A 5 B ESONL, fp)
PG H 2 p, = 181k

AR R PR AT B, 4 BT A B AR AT R (8) AT
AE HY I M 2 py, (6) A0 S5 B, 5 VE R0 (8) B oK. T LA,
— MG DL AE 2 2 WA I 20 T A R AEAT N . (¢)
W A AH R A 2By, (¢).

X 3) H R AT R ] 1

Yi(t) = i (£2(t)]s:) = — :Zﬂlpik(t) log, pi(t) =

—p/(l) =

no

—pir(t) logy par(t) —
v=1,v#k

Bt 2 > UREAT, WA o K, (¢) BEHT, AR EE 51
BEUR] Hilpg, (¢) foe 84 1) T A KABL, 1MTps, (1) I Z
I F 8/ MEO, B

75llm pik(t) — 1,
tlim Div(t) — 0.

pi(t) logy pir(t).  (6)

)

EENOUWNEV (R SHITIE S}

tlim Yi(t) =

Jim [=pis(0) logapie(6)= X5 pislt) logapu($)] =
_tlij}}o pir(t) logy pir(t) —

lim >

1=00 =1 vk
T
4 1 B 525 (Simulation experiment)
AOCATFEME AL L DR A AT S LI, HA
PiAEm B 56800 A — R RGN AA
22 TR/ 1 R 6 Al F AOC ASK AR HU T 4 40
/N RS, UIE BB R R A Rk R R U B, 1%

Div (t) 10g2 Div (t) —0

5
S T R4S AOCA & SUAH [F].
LI I A AN RAEAT R A oy
FAEAT o, BHEEAEER G2 = {ay, an}, HMEZS)
S P, poor; RESEES = {s0,51}, H: sok
INYVBCIRES, s R R ARVLOIRES; BAEMNES T =
{riw(p)lp € P; i € {0,1}; k € {1,2}}. JOREHS
PRELS @ s(t) x a(t) — s(t+ 1), HARRSEOLUT:
So X &1 — 81, S X Qg — S,
S1 X — 81, 81 X g — 8p.
HORSBUR e : S — E = {e|i =0,1} =
{0,1}. RfknZR1R.
Fo 1 RAESAHLN F= IR &) )

Table 1 State transition rules and orientation
mechanism

1 a1 as

50(po2), €02 = —1
50(p12), €12 =0

ARSI TE ¥ S Fa = 0.01, HILAN 2T K
(IR 2340 40,5, 9236 4% IR AOC A IR R 25 18 336 VA1
1B AT RSt

SEI6 R N Bk AT AT RE RS2 8, @R
2 3 o fb AT AT IR i 2 39 . BE R — B ZI/
BB B FAT AT 14 T R 2k 388, JC R A B4 4 1 I
WS - D(t) — D(t+ 1) 58, Sid s AR
2230, 7N AR B AT AT (P2 py Bk O, ZERT 4R
BB, /IS 1 B2 36 H AT (1) R 2 RS H AT AF (1) il %
—FF, £ 16055 11124 2, /N I RO AT A 1 %08 2]
90%; 21430048 (1) 2% 2, /N RUBEAS B 58 4 2 2 fil
JEATAF SR EC &4, W4T R, /N (AR AL AT 16 4%
K St 11, RS FE o, MR e AR
1528 () THE T ARSI 2 R AR, Bl TR
HEFE AOCA I HEEAE i (¢) RN IE H At — ooli)
)T fs /S, WS TR,
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Fig. 4 Curve of operation probability
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Fig. 5 Curve of operation entropy

AOCAHAERG () IH B2 WS, 15 BB UF B 45
WA,

W</ 1 S IR O LA AR, /N R AE
T B S HLAOCARIRIN T, Refiliad A 157 >,
T T B A T B ] R AT O O, BRI R A
BRI AR AEAT A . X BN AR & T AN
TN BT AR A, B B EAR 4 D AR R AR AT Y
R, IXTEARBL T A 2 0 SO AR I, 5552 552
B AR A M) ), R WY & AT ).

5 45W i (Conclusions)

AN SO T M S g R A A A SO BB AE B B
PLAT PR HE L v, $2 Y — b B iR B A4E 40 B 3L
AOCA, Al B TR ik T — R i 2R B 5 )
PR 72, i <G 20 /0N B B SEEE: PR ADoK
B UE T2 AS RN 2 ) Tk A k. A B4 SRR W,
AOCATE R IL T 8 W) i) 48 A 25 A B S BIL ], I B
HA IS B JABL I 2% 21 ORI i B 7 AOCAfRE
i SR A 2 A S o7 2T L.

N TR UEWIAOCARE W X B IR R GE BT
RAETR AR, AE RS20 R HEAOC AR I A1 4
2B A 2 TTVE N B R A AN E 3257 ST 4R
T, DU AOCAK JE ik SE B TE B RENL 4 A
Huptil7oe =iy

HAER
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