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Instance-Based Reinforcement Learning Method

Tatsuo UNEMI
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This paper proposes a reinforcement learning method based on an instance-based learning approach. The
objective of the learner is to get positive reinforcement from the environment more frequently, the input on
each learning cycle is a vector of real numbers, and the output is a symbol selected from ¢ pfiori known finite
set. By scanning all of the past experiences stored in memory verbatim, the learner searches a suitable output
value which will likely lead to high positive reinforcement. Experimental résults show these mechanisms work

well to simulate an adaptive behavior, and some methods of forgetting is effective.
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program IBRLO;

var i : integer; (* W%l *)

t:=0;

repeat begin-
ti=t4+1;
InData := GetSensoryData;
Rinfc := GetReinfofcement;
OutData := Policy(InData);
PutActionData(OutData);
ModifyMem(InData, OutData, Rinfc)
end forever
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var InMem: array [1..00, 1..n] of real;
OutMem: array [1..00] of symbol;
RifMem: array [1..00] of real;
procedure ModifyMem(InData, OutData, Rinic);
InMem(¢] := InData;
OutMeml[t] := OutData;
if Rinfc = 0 then RifMemlt] := 0

else begin
R := Rinfc; I := 4
while I > 0, |R| > v and RifMemll] = 0
do begin
RifMem[l] := R;
R:=~-R;
ITi=1~1
end
end
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function Policy(InData) : symbol;
if t <2 then Policy := RandomSelect(f)y);
else begin
find K in [L.t - 1]
where RifMem[K] > 0 and which makes’
S(InMem([K], InData) - RifMem[K]
mazimum;
if K was successfully found
then Policy := OutMem[K]
else Policy := RandomSelect(Zy )
end
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1: Environment of simulation of adaptive behavior.
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B4 2: Learning curve of the basic algorithm IBRLO.
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% 3: Learning curves of IBRL1.

BETT 5208k %TCLichsd. chboERiko
TR ERC L > CEEE Ne.

IBRLO 0Bt 2 o  FALHERED D & T, »
S OhDRELIBABCOWCEEDOY I 21— s
YETRo. kXKL, BEIESCHT 3 HISREN £
Bk, 501 ¥4 7 AHYRE, MIEA DO Y RiE
Tl 0¥ D, 501 ¥4 7 A HURRR, (L8, =3 %
BB LBH A ABNE LS. ¥ P AFLLCL ST
B, AR @ZALRx CMILAN T B RET 5 ¢ &
LB, :

X3 i 1000 ¥4 7 A3 0¥ Biki% 7T, o™
P oEL, TlloREsREoEILyXT. B
BRELASEE 3 500 ¥4 7 A HECl, iREARE 50
BECHRUTHFEEE LCREREFBR LA w8
L RIEOEREREE 72, BRRR L HIRT 3 & a8
BETT 5. Lal, THloMER5 &, KELHERL &
HOGUMRES DI RBEMACD I C 2 i8bh 3. ¢
DT LW, BEAFBEREREL 2D AR CIEA
BEHBH LB W EERLTWE.

B baie & e, BRREL, Thicic
BRI THERAEFET L5 3570, A P, it
ETF2. Lus, Wih<3 tB80MEATIZEL
ND7%D, BUI v ¥ A BRETHEEC L, B4 Gk

N
B



ZEIGEIE LT L. EBRARSKE RS ICHER
ORBOBEHFRERD 2D, Fiie nBH~0HEILE
{5

5 T4—FiiovoBBOEA

WEEEE[20] KBWCEE Y X7 AHFHIL iR
LB LEA b BIEMRR L OEZ TTIKARINEBREE
FT50LEL XS I, B{EATKESCHIRREIH
WicHtlE i b D BERINX 2 BT HEATIE, 2
BRI T A C 2R TX 5. 1 oohER, o
EEETEET s eThB. Thbb, EOWRIEAN
HBOhAE Tk, T CcHAnbhAIEDOERER
B, BOoBRSKRED 3. 2L, MIEASCENR 2
B, EKODZHIELANDOER L LCGREOHI A 7
AGOHABBEEL TR 2EL bR 5D, COEH
BEEFEOFRE R, MIELATIORSOTHE L E, i
BERE~MY AXOEELEHE C 388 ED 3. 7
2L, BnRicilzoRfEM TR CTTHRD
FDX3ATATY XA ST, BECITLEEER
DIEEPELL, DoBLORDONTY 4 718 m K
s e ed5. . ZRTCREm=50 &Lk

TFATYXL 4

var RelMem: array [1..N] of real;
procedure Reflect(Rinfc);
for Tin [L..m] do begin
K := Indez of OutData employed I cycles ago.;
if Rinfc = +1 then
RelMem[K] := RelMem[K]
+ p1-pb - (1 - RelMem[K])
else if Rinfc = —1 then
RelMem[K] := RelMem[K]
— p1 9% - RelMem[K]

end
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4: Learning curves of IBRL2.
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2 1: CPU time spent by 100 trials of 1,000 cycles.
(unit = second)

TERAR 20 50 100 200 500
IBRL1 | 111.37 184.67 289.30 502.16  975.59
IBRL2 | 188.58 253.17 350.05 565.12 1025.39
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LR LTHBPA — X —DfHH =X t s e
5[21].

74— Fy 78R EA L% IBRL2 oSk,
o, BADEFEEL b ORBERE RO 3o
Lo 2 b RBRLATREE bR, BT <TO
TEERE T HERRS &, FLFHEORGLH
BRICTEIRABICH B U 7 B ST 23 n T & % 5 28, & —
T =t TAXYXAICHb S L5 ARKEREA
T3[2 h¥, F-FREICITRENLS ), H50nQ,
WHEEE LoF I, e SEcr— ¥ -1
LB LHRTCES. kXL, BRCHWZ 0254
T, TATY XL LA D LT B Dic, Bilic
TRCOIEEROBEIE LT3 HLEL & o 7.

ERCHRICE L CPU BEIR, 1ot hTd
3.
Chidg « OFEAREO T C, 1000 ¥4 7 A 30T
% 100 @74 5 kb iChbok CPUELHTRLA
boCeH . AL EHSIEE 20MHz o R3000 & X
UF R3010 % CPU K $> SONY NWS-3460, 7u 2 5
I 7BEER C 2Mlvk. kiioteh, UEARKHE
FILTE< D CPU KEE2ELTWwB L B0 25. ¥
e, 194 7 A7 b 3 CPU RERACEA RS 50
DS, IBRLL ¢t 1.85ms, IBRL2 €It 2.53ms 1%
Eedh, EREERERS N 3 HEBEK Y 2168
TRERKETH L LELORD.

6.2 S A—HEOER

LTERRLAT A Y Xalid, BHESRET 50
(OIDEBAT -2 BHEbhTw3. Coel, %



N DEOERICO WTEET 3.

IBRLO X ¥ IBRLL CAVOLN BT A—2 {3, 4
& v THB BB L oTl, thbLboEA ofiT
Bzl k= [log,v] #sHEL &3, 6.1MHTHR<7ZL 5
I, k REEIEASNDOWEIRDO X7 » THCeH 3. Thd
B, WIELANBBON M LI, BA k ¥4 2 A80
EEER L o8, WEBORE% T, Zhllioitg
BREELZGAN. DL kR, BIEANRBILHOE
Rea2FTHORAT vy 7HE D dPXTNIT, BN
BEFRIDLAZCERTFEIND. M k 22K%H
E5e, EOMIEAN B BERECRAEL, ik
ERA L NEARBICITEI AN 2 — v B U0RT 2 wREH:
BEL AL LBbNLE. TabY, k R, EOMILA
NE/TH L, ROEDOBILAN®1E 2 ECcoBitHl AL
BEVA7ARETE08HETH 5. ERCHAWER
BT 320X 6 THBH, k=19 2fHvikid,
MELRFTHAZ — R L BB R 008l c
7.

IBRL2 T, BEHECEHCI:hbEATFA—2 2
LT p1,p2, BMEDRTWS. p1 1k, 74— Fv 7
LEREBHIOREL R, po B, = OBROERINIEL Y IC
X 3B HOREREE, n &, HEEGIC X 5 Efiko
BEREE, ThEhETDOTH 3. py ¥ 0 IGERG
% ¢, IBRL1 KBl B@hdmd L5k 3.

RTA—ZEOETIC S ZEEh T oS, Bk
YT A — ZEOTEIGEE OJ h DFAFE L 4% DR
ThH5.

6.3 RIEREICHITBEHDEMN

HRATEANEOMMEEFET 3, 5w, HEo
B LR oBEREHALMICT 3 T 2 1, 2/ T A
=Y XLADHFRI & > TEECH 5. JAUAEARB %
RNET 3 DOBEHRE, AHALEHEBORETH 5.
HALEREORMC’, ARNRENIERTICHY, 2
BHMWEBMEANIC X > THL bR B, CCCRELL
FZETATY XLOFHATRERIE %, T oBE0RER
TELRIKRT 2 HEE LTROFDL S5 A DDOREEL
b 5.

128, SURIKFELEY b o 2 ABNBCH 5. Thb
L, FEEANCR > T TIRET BB, 2 M Lo E
EDAMIIN B BT NERLE VL S RRATH 5.
T b A, RERSOTHREE2EL3 L, »3M40
BB O Y ReoCclaFRREECTH D, 58K
DHECELIEHOAZ — v 2 BET ZLERDZ. O
9, 194 7 A BBNUF-2¥RET 20TREL,
F—AOROFRHEEZR L ATREL LA v,
BRL B[] cRYBERC X 3BT — 40
BREER, coX 5 AEBodD 1 20RETH 5.
Thbb BRENWAZFLUF— 2 2 BEEXLFELZT

(8)

BB ICBEL, fliito 7T —2 & Pk L o iEH%
FRELL, ZOIRERT & BUR & oFULME 2 2 Hik
TH3. bHHA, TRNECOEBOBEOTEEN
ROANT—Z L LTHL bR, STRIEGEE S 50
TERT I3 LER RV, Ldl, ZLOF L 7Abi
SHMEE BRI 4 7 ABICE L HTHEAT 3 0TREL
PREEIE N, i, BIF— X LOEFRERAIC
BOIHEDELONDH, ANRAOHECOWTDH
SEKCONNET iz 5 c ik 5.

b5 10RO FEBEL DARIF— & 0¥l
LTH3. CCCRANF—XELTER~<7 VA%
RELT32, XFAL7L—LD L5 aAMES
F—FlLTRABISCT DR, WMP~<—xH#
(23] OBFFCHIEE LT B X 5 REEEMEE OB
e AT 0D S, ¥, AR XOBBERER, 1
HNEBMOFRBOL vR®A L LT LiICk 5T, &%
A 7 nDEFHESERED 7 7 R chilifbxhcwns.
HAF—% & LCHRREEMAIN, 3 viito~s
b, E b, CEPCHIEMEE L oMM 7 — %
BEREINZHS R, BEREORE T, HHF—2
AL CHLMT BT L 2 b, BRI RS,
BEANCH T 3HI0BM b HIETCH 3. 7A=Y
X 3 TR, EOMIEANOLRFRELTE Y, Barto
IR E L L5 AROMICATIONHLEET 2 X
5 ZME1S kL Th, 20k ¥WAET 3 RCE
e SEBICE G BEIEA T DBR & % 5375 1IC IS AT RE
EF B, AJIF— 2K UL 72 & ERDIES
EEBAEANCE LT hiAT 20 EH 3. ThbD,
TATY X b3 ORC, T 0, A 1 2455k
5B hADIORTERERY RifMen[K] KL 7GR
PHARIELIWEELLRS

7 BIEY BEFE & DLLE

Moore D w Ry bv=Cav—AHHDRDDEY
YRAF A0 R, CCTRRLAFETASY X4 2 [FH
BRIC, Rl 2P oY, B R P o5
BRISA L2 b0 L B3 T L5 TE 3. Moore M X 7
LT, B (sense), 7% (action), 78 (behavior)
D3 oM» o HRBERE A, BT 357 0s
55 RfTH%, HOIEBERMFT — % (nearest neigh- .
bor) ERIWT 2 L CRET B A H =X sk B> T
5. BEAOWRA R 7 v TC B »TUHRNICS L b 3.
CORERER, BEFH LR A X AT 0
TREAN L B BT LICK T, BWILEHEOHE A
TRABC EHDTESN, RIEASNCRERREL, ©
DEFRCHBAA OLIERE & LCiix 2 580 TdH
3. %7, Moore &, MEFELTHELICHT 2 B
DB, fEDT -5 offlc, HBHoF— 5%
FRIET 2 FELEALTRS. TR L >TRD &



NIl LBBURRAARE CEA S X5 Al BIXUW
WIEREL A g SRR 5. T oBER,
IBRL2 &1} 3 BHEERSOFHELEL X 5 kiRt
b bTbDTH D, Moore DFHECREEED X
S5 RBEBBEEDRL T AW bk, FdEnF—
X ECOEBSBEL VBB CR, RN 2R
BV R BT 3 2 7 =X Ao CTEERBE &
3. THhEAPEL R LHE  oBEERECHR LN S
LRIy FLEBRIDS D0 &4 b L EETHY
L 37eHD 1 DOLTRTDH . WHETHOHIH IR
Vs 3BEAMBAD 10TH 5.

Holland @34y ¥ L—F A=Y X L[24] ClE, A—
A DHEBKIC X o TE R 7 BB LB &, IBRLO 2 [
BROUERE A 71 =X 8% o CRBEORS #fTh T
w3, XL, Kt LTRED L S R WEHELH
Fic, B L AMNACERER P LB b edc e
Lo CEBOMELEB LT3, Thi, EROAL—
ARPIBERICTEEET 3 € 2 23HRIC LT T
Y, PR LBG 7er— 2000, SCER 2T R b
B EHRRMCEREXATAZ L HEHEIN TV 3.
CDXHHY AT ARBNT, BOEHEOMWETRE
FRRICHN3 &, R TR Cor—-AHRick LT
MBI E BT 2 BEHREL B 7, SRR Ld b,
H5nEBIMEFA L LTORNED b CHY)
Thn, LdL, KXRAFLACRIGEHEERNIERF LA 3
e, —EICEELT 2RBRE—TD ), BoER
- ORI R IHMEREE 15 3 BRI A v,

¥ 7, Holland 5T (classifier) & = 5 &
D7D, BEREIYPYOEFER L LTA—1rDFE
EREEBRHL T, R e A2 2 MM BEIRD L
HLDELONTREHOHFEL TR Y, MarBERL
REFTAY XA LR, HRKEBERCTZb0TH
3. LdL, FEFrR7FacflBRAENR T 5580
GO A =X bk, Ky A7 LDOELEX 5 LT
YEBLTREZLALDIOTCHS.

Sutton T ¥ CICBHRI N T E LMEFEEOH:
ME4OOBRRICHIELZ[17. thic ki, HEbik
FUH 4B D Q-Learning &PEEH 5 kB
T, AHAF—2 %% & BT 3 Tl T4 v,
ETORBREFALCERRET 3. T ocFHOERY
74=Fry 7 &4, FHRENEH LX €3, Sutton @
SFER, mo—TFARy VDX 5 KAT A 2T
L3BEBARCOEEDEFAYEET 3 R 7 A E
LEdDDTHE, KL RF 6% 2OBEIOLETH L
CTHENT 3% 61X, Q-Learning KM T3 b0 &
AT CLHETES Thbb, WEANOMWERICL -
THYBTONIIMEFER, FXRCAHAT— 2% b &
K LB TFRIKKISL, EHEEOH b ¥, THIR
ROEMICES 74— ¥ty 7 CET 3. %3

(9)

AR & LT Sutton i, BfineFALFHLCS I v
=¥ Z%T%5 Dyna (MW L PBRMLRR LT
w3, RaSEICIRE L iRiKic S C BRRER L =
FakEAChEROELH R -, MEHE] o
YHAL%. HARVOMHILTHBEARSCR, T
DX 5 EIENBECHB LELLRE

BHFYE & DALY & oRBRE LoR W, 1
Dick 83ffioFBICIRAA LB Y, BILAIBODE
T 3HFGEERATCRBE T ETHE. b5 1DRA
HBEy 2 RZ FPATHELERRZ tArTvhbbde e
53 LCRRLATATY XLR, TOEELy 1<
7 PAREANETEHECHFHATECHS. Thabb,
KEECRRL T A Y X & R OWALEEREIC A
T, BHEASI~ORIGHER S 5 25, ANDERE DfC
RELTVE LWL 3.

8 &HhHUIZ

RN TR E S &K Lk, MEMERT SR F0R
& B3GR ICHA TR AR E T AT Y XLk IRRL
Te. WY RF L0 X5 CEHE LTOPMEER LA W
AA=X LG, R, HRPIENL S5 IKBL 35, LCxR
L2 ®Y, EREH:Y LRI 3 5 b+
REAREICEITCE S, ¥k, BBL 7LDk 5h
SHRDOIFEICH T 3 e F A2 RFRBEL L \nicd, Wbl
BTATY XA THER S HbbTF, X b ST
~OFIGHWIFTE 5.

LTl & S B XIRICETE L 2 BUI~OFIED 2 7
=X, HEOBAK Y T e 53Rk 03 L%

FEF s e R, SoilETed 3.

e

ARLOUFEICH L THRABDT LR A&, HETE
KEONREEHEE, WA OREEEIEE, LM
TRRFEORAFZ KM, 2oV, ¥Tar—vay
KERD 7 ¥ D EHEBMIC D W CHIE % o TR 7%
BB ARE OERSEEE, MORBEEE ICRRHH - 7
LET.

BEIR

[1] Stanfill, C. and D. Waltz: Toward Memory-Based Rea-
soning, Communications of the ACM, Vol. 29, pp. 1213~
1228, (1986).

[2] Semist: TEICEES <RI 11, (HUMEREA A TRREHASH
4 70-3, (1990). :

[3] Aha,D.W., D. Kibler and M. K. Albert: Instance-Based
Learning Algorithm, Mechine Learning, Vol. 6, pp. 37—
66, (1991).



[4]

5]

6

-

[7

—

[8]

—

(9]

[19]

fi1]

(2]

[13]

{14]

{15]

16]

(17]

Waltz, D. L.: Applications of the Connection Machine,
IEEE Computer, Vol. 20, pp. 85-97, (1987).

Angluin, D. and C. H. Smith: Inductive Inference: The-
ory and Methods, Computing Surveys, Vol. 15, pp. 237
269, (1983).

Michalski, R. S.: A Theory and Methodology of Induc-
tive Learning, in Michalski, R. S., J. G. Carbonell and
T. M. Mitchell (Eds.), Machine Learning: An artificial
intelligence approach, Palo Alto, CA: Tioga, (1983).

HgEpEsd: Memory-based 7 7 v — LER%E, B0
X4 L EDIERL
77, (1989).

Samuel, A. L.: Some Studies in Machine Learning Using
the Game of Checkers, IBM Journal on Research end
Development, Vol. 3, pp. 210-229, (1959).

Mason, M. T., A. D. Christiansen and T. M. Mitchell:
Experiments in Robot Learning, Proceedings of the Sizth
International Workshop on Machine Learning, pp. 141~
150, (1989).

Moore, A. W.: Acquisition of Dynamic Control Knowl-
edge for a Robotic Manipulator, Proceedings of the Sev-

Yy ET T AR, MHUABRES, pp 69-

[18] Beer, R. D.: Intelligence as Adaptive Behavior: An Ex-

[19]

[20]

[22]

[23

[21]

[~

periment in Computational Neuroethology, Academic Press
(1990).

FRIEE: FER A B I 1SS 2, BIWRZORE, Vol. 1,
pp. 161-188, (1988).

Rumelhart, D. E.,, G. E. Hinton and R. J. Williams:
Learning Internal Representation by Error Propagation,
in J. McClelland, D. E. Rumelhart and PDP Research
Group: Parallel Distributed Processing: Vol. 1 Founda-
tions, MIT Press, pp 318-362, (1986).

Hillis, W. D. and G. L. Steele, Jr.: Data Parallel Algo-
rithms, Communications of the ACM, Vol. 29, pp. 1170~
1183, (1936).

ARED, MEER: BIEROADORNEESRICOWT,
HRLEP S A TR ALHE 72-3, (1990). :

Riesbeck, C. K. and R.C. Schank: Inside Case-Based
Reasoning, Hillsdale, NJ: Lawrence Erlbaum Associates,
(1989).

[24] Holland, J. H., K. J. Holyoak, R. E. Nisbett and P. R.

enth International Conference on Machine Learning, pp. 244—

252, (1990).

SR TS KRR ORE LEMEIEY T =~ L—
¥ a Y~OIEH, Workshop on Learning 1991, It#GE#L Bt
TR, (1991).

Waltz, M. D. and K. S. Fu: A Heuristic Approach to Re-
inforcement Learning Contirol Systems, IEEE Transac-
tions on Automatic Control, Vol. 10, No. 4, pp. 390-398,
(1965).

Barto, A. G., R. S. Sutton and C. W. Anderson: Neuron-
like Adaptive Elements That Can Solve Difficult Learn-
ing Control Problems, IEEE Transactions on Systems,
Man and Cybernetics, Vol. 13, No. 5, pp. 834-846, (1983).

Lynne, K. J.: Competitive Reinforcement Learning, Pro-
ceedings of the Fifth International Machine Learning Con-
ference, pp. 188-199, (1988).

Kaelbling, L. P.: Learning Functions in k-DNF from
Reinforcement, Proceedings of the Seventh International
Conference on Machine Learning, pp. 162-169, (1990).

Whitehead, S. D. and D. H. Ballard: Active Perception
and Reinforcement Learning, Proceedings of the Seventh
International Conference on Machine Learning, pp. 179~
188, (1990).

Sutton,‘R. S.: Reinforcement Learning Architectures for
Animats, in J.-A. Meyer and S. W. Wilson (Eds.), From
Animels to Animats — Proceedings of the First Interna-
tional Conference on Simulation of Adaptive Behavior,
The MIT Press, pp 288-296, (1990).

(10)

Thagard: Induction, MIT Press, (1986).



