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Abstract: We propose a method of compressing the size of the table of the action value function

for the hierarchical reinforcement learning architecture RGoal, using a mechanism of unification.

Moreover, we study the characteristics of RGoal as a program synthesis system.
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1: procedure EPISODE(s, g)

2 stack < empty

3 Choose a which matches m(s, g, a)

4 while not (stack is empty and a = ret) do
5: # Take action.

6 if a is ret then

7 s’ « s;9' = stack.pop()

8 else if a is g(m) then

9 stack.push(g)

10: s+ 5,9 < m

11: else

12: Take action a, observe s’
13: g g

14: # Choose action.

15: if s’ = ¢’ then

16: a’ + ret

17: else

18: Choose o' which matches m(s’, ¢’,a’)
19: s+ 89+ ¢ga<+d

20: return
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1 DBEATHNT 5, V—IV m(s,g,a) DEE%E 71
TSR RTHE I Te sS04 2=
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episode(S,G,Log) :- episodeN(S,G,0,Log), nl.
episodeN(S,G,50,Log) :- !, fail. % Max 50 steps
episodeN(S,G,N,Log) :- nl, print(N),
chooseAction(S,G,A),
mainLoop(S,G,A, [],0,N,Log) .
episodeN(S,G,N,Log)

mainLoop(S,G,ret, [1,I,N,[[S,G,ret]]) :- I=N, !.
mainLoop(S,G,ret,[],I,N,Log) :- !, fail.
mainLoop(S,G,A,Stack,I,N,Log) :- I=N, !, fail.

mainLoop(S,G,A,Stack,I,N, [[S,G,A]l|Logl) :- print([I]),
takeAction(S,G,A,S1,G1,Stack,Stackl),
chooseAction(S1,G1,A1),
I1 is I+1,
mainLoop(S1,G1,A1,Stackl,I1,N,Log).

chooseAction(S,G,A)
chooseAction(S,G,A)

- 8=G, !, A=ret.
:- m(8,G,A).

takeAction(S,G,A,S1,G1, [GG|Stack],Stack)

- A=ret, !, S1=S, G1=GG.
takeAction(S,G,A,S1,G1,Stack, [G|Stack])
- A=g(M), !, S1=S, G1=M.

takeAction(S,G,A,S1,G1,Stack,Stack)
:- e(S,S1,A), G1=G.

7. AV X =7V & (¥6) O prolog IZ & %5k,

:- N1 is N+1, episodeN(S,G,N1,Log).
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151 iThRREZ IS IZHRBEDOY TV —F VIFUH U IR RE LD

THI12D22D)L—ND>BELL50E2HKRLTE TRT T LI
<, TOEEK, EH50EBICENPTMLIES RN,
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NRRE=V %S Z 212 L BEMOBIIBD TR E W
LEbns,

B TN—F L Offifd (EFTIA) OREEIZDOW
TRESEASD, TIZTER, Y7V —F VDEFFIZ
RBBERATY TREIAANEZS, MODTV IT4
TEEFTTEH TN —F LTI, X =2 THli
FT B LT K BBEDETIE RV, UL, 10,
12, M13 D702 5 ATEBEIT B R
fbENTH O, EBOBENEMIZFET I L ITR RS
O, FEHINLMEITZDEHER D, BEITED 5,

56 JOJSIVI/EZBOMHEICOVWTO
EZR

NEAATHEEE LTO U s S ASEIZHE L= S o
7T IVIEEL TROEEER>TWLZ Y
FLW,

1. EERZ 7075 ADPERINIZN,
2. HEROBEFMEN LRIV,

3. RELD/NE 2 LidBk e /N < 2fb 8, i
MR R LRI,

4. 77T L BRSHEDHOMH BB LR,

5. (IS NDERTHETH S, (Fa—Y Vv IEe
mE,)

6. EVINEEZ TV DR RERA D ZffE %
j—b\o

7. WO ORFEEIEE CEB A RERIEE Y TN T
H5b,

705 IVIEFEE LTO RGoal 13N DS
EELKHELLTWALEESDEZAIZEZTWS, 514,
TETATTILIIESTEDILEZRLTVEZ NG
EZTW5,

RE®R 7077 06l LT, JELV— 7125
Tl L5, EiE T XL LT —T
WV M(s,g,a) IZb DL HREFETT DL, BAHITAT
ORI —THEED, LA, T—7 V%&b
FETUHELTWL &, VIV — T A HE X H
TR, =Yz bMINV—ThoHHET 5, 2%
HED I N LIz, HEEL— T3 7055 ADNER
MIZESTHENTO TS LIEBITEDTH 5,

MTS—0hd7ms50b, ERKLTOT T4
OHITH 5, 5B QLR FER TIXEBIZR TN, B
AL ORI F oy 7 L IZHER RV, YO
Z 1 DOETIFRL, bR R EBED A T ReE % &
TEBDONRY MIVTRETAZ 2T, BIZHYT 2L
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% WtkEon L,
m([open,P1,01,P1,02,P2], [hld1,P1,01,P1,02,P2], holdl).
m([open,P2,01,P1,02,P2], [hl1d2,P2,01,P1,02,P2], hold2).

% Wik E 13757,
m([hld1,P1,01,P1,02,P2], [open,P1,01,P1,02,P2], release).
m([hld2,P2,01,P1,02,P2], [open,P2,01,P1,02,P2], release).

% Uk E R > TWR\WIREETF2BEIT 5,

m([open,0,01,P1,02,P2], [open,1,01,P1,02,P2], right).
m([open,0,01,P1,02,P2], [open,2,01,P1,02,P2], right).
m([open,1,01,P1,02,P2], [open,0,01,P1,02,P2], left).
m([open,1,01,P1,02,P2], [open,2,01,P1,02,P2], right).
m([open,2,01,P1,02,P2], [open,1,01,P1,02,P2], left).
m([open,2,01,P1,02,P2], [open,0,01,P1,02,P2], left).

% Mk 01 ZODATIRETFEEBEIT S,

m([hld1,0,01,0,02,P2], [hld1,1,01,1,02,P2], right).
m([hld1,0,01,0,02,P2], [h1ld1,2,01,2,02,P2], right).
m([hld1,1,01,1,02,P2], [h1d1,0,01,0,02,P2], left).
m([hld1,1,01,1,02,P2], [hld1,2,01,2,02,P2], right).
m([hld1,2,01,2,02,P2], [hld1,1,01,1,02,P2], left).
m([hld1,2,01,2,02,P2], [h1d1,0,01,0,02,P2], left).

% Wk 02 ZONAIRETT2BEIT 5,
m([h1d2,0,01,P1,02,0], [h1d2,1,01,P1,02,1], right).

M9 TVITHTHEHEERGTTELV, MMOT BT ITLNEEARTATITVDESIHHAING, IO
“m(s,g,a).” 1& [BIEDREN s THTT—ND g D& E, 178 a Dffiffild —oco TIEARW] &S T & %Kk
5, KXFTIHEDHMNTFIILE. NIFTIHE DM FOBMEIERTH 5, FAWIKRER > TWARWIRE
(open) TiE, F2HEHALTH 2 DOYKREE 2720, YHEEZ DA TWSIREE (hldl %7213 hld2) TlX, F& >
ATV SYHRIZFRRIZE <,

% 1. F% PL IIBHEIT 5,

m([open,P0,01,P1,02,P2], [open,P2,01,P2,02,P2], g(lopen,P1,01,P1,02,P2]1)).
%ho 2. 01 ZONE,

m([open,P1,01,P1,02,P2], [open,P2,01,P2,02,P2], g([hldl,P1,01,P1,02,P2])).
% 3. F% P2 IIBHEIT 5,

m([hld1,P1,01,P1,02,P2], [open,P2,01,P2,02,P2], g([hldl,P2,01,P2,02,P2])).
%4, FrRiIRT,

h EBRAEL,

X 10: A2 1 (WK O1 2358 P1 05 P2 ILBEITE X A7) 2 0 IL, 32D TV —F 2
CHLUTWEMN, N5 30WTNEX I TEERETATH S, 2P, BROFIE 4. F213457,) IMI TEHT
ADI—IVTEITINEZDT, YT —F VIFOH L 2 EL BREITRW,
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?- episode([open,1,r,0,c,2], [open,2,r,2,c,2],Log), printList(Log).

[[open,1,r,0,c,2], [open,2,r,2,c,2],g([open,0,r,0,c,2])]
[[open,1,r,0,c,2], [open,0,r,0,c,2],left]
[[open,0,r,0,c,2], [open,0,r,0,c,2] ,ret]
[[open,0,r,0,c,2], [open,2,r,2,c,2],g([h1ldl,0,r,0,c,2])]
[[open,0,r,0,c,2], [h1d1,0,r,0,c,2] ,hold1]
[(h1d1,0,r,0,c,2],[h1d1,0,r,0,c,2],ret]
[(hld1,0,r,0,c,2], [open,2,r,2,c,2],g([h1d1,2,r,2,c,2])]
[(hl41,0,r,0,c,2], [h1d1,2,r,2,c,2] ,right]
[(hld1,1,r,1,c,2], [h1d1,2,r,2,c,2] ,right]
[[h1ld1,2,r,2,c,2],[h1ld1,2,r,2,c,2],ret]
[[hld1,2,r,2,c,2], [open,2,r,2,c,2] ,release]
[[open,2,r,2,c,2], [open,2,r,2,c,2] ,ret]

11: X227 1 OOEFaZ O, SATHMHERE 11250, Yk 1 2 0 5 B 2 (28T 20D & A
7, FHIATY TR oND [sga] ODEKKRMENFE T LTI NTWS, T TV —F VIFTHL
g([...]) &I ret ZBR\\W7= 7Y I 7 1 THTEIORFIL left,hold1,right,right release & 720, HEMIZ X A7 Zfift <
FIEIZ/2 > TWE, ARX— b T—IVRBIZB I EEEZZZTHEET L2 I 6, 10D 7075 AN
AR L EZ 5,

% Wik 01 25T PO ICREIT 5,
m([open,P0,01,P1,02,P2], [open,P0,01,P0,02,P0], g(lopen,P0,01,P0,02,P2])).
% Wik 02 Z5FT PO ICRBEIT 5,
m([open,P0,01,P1,02,P2], [open,P0,01,P0,02,P0], g([open,P0,01,P1,02,P0]1)).

12: 2222 Wk O1 & 02 25 PO ITBEIT B XA Y) 2 70 5L, ¥ 7)IL—F 2% 2D0FUH
LTW5, (F05H 1 D20%FEHIZX 13.)

% 1. F% PL IIBHEIT S,

m([open,P0,01,P1,02,P2], [open,P0,01,P0,02,P2], g([lopen,P1,01,P1,02,P2]1)).
%ho2. 01 ZONE,

m([open,P1,01,P1,02,P2], [open,P0,01,P0,02,P2], g([hldl,P1,01,P1,02,P2])).
% 3. F% P0 IBHEIT 5,

m([hld1,P1,01,P1,02,P2], [open,P0,01,P0,02,P2], g([hldl,P0,01,P0,02,P2])).
%4, FrRiIRT,

h EBAEL,

13: Wik O1 235 PO ICBEITA5 70754, THIXRXRAZ 2% Ta s S Loh sy HIns 7L —
FrD1DOTH5, Yk 02 2 PO IBEITA 707 7 AbEBKICERZEI NG,



?- episode([open,0,r,1,c,2], [open,0,r,0,c,0],Log),

printList(Log) .

[[open,0,r,1,c,2], [open,0,r,0,c,0],g([open,0,r,0,c,2])]
[[open,0,r,1,c,2], [open,0,r,0,c,2],g([open,1,r,1,c,2]1)]
[[open,0,r,1,c,2], [open,1,r,1,c,2],right]
[[open,1,r,1,c,2], [open,1,r,1,c,2],ret]
[[open,1,r,1,c,2], [open,0,r,0,c,2],g([hldl,1,r,1,c,2])]
[[open,1,r,1,c,2], [hldl,1,r,1,c,2],hold1]
[[hld1,1,r,1,c,2],[hldl,1,r,1,c,2],ret]
[[hld1,1,r,1,c,2], [open,0,r,0,c,2],g([h1ld1,0,r,0,c,2])]
[[hld1,1,r,1,c,2], [h1d1,0,r,0,c,2],1left]
[[h1d41,0,r,0,c,2],[h1d1,0,r,0,c,2] ,ret]
[[hld1,0,r,0,c,2], [open,0,r,0,c,2] ,releasel
[[open,0,r,0,c,2], [open,0,r,0,c,2],ret]
[[open,0,r,0,c,2], [open,0,r,0,c,0],g([open,2,r,0,c,2])]
[[open,0,r,0,c,2], [open,2,r,0,c,2] ,right]
[[open,1,r,0,c,2], [open,2,r,0,c,2],right]
[[open,2,r,0,c,2], [open,2,r,0,c,2],ret]
[[open,2,r,0,c,2], [open,0,r,0,c,0],g([hld2,2,r,0,c,2])]
[[open,2,r,0,c,2], [h1d2,2,r,0,c,2] ,hold2]
[[h1d42,2,r,0,c,2], [h1d2,2,r,0,c,2],ret]
[[h142,2,r,0,c,2], [open,0,r,0,c,0],g([h1d2,0,r,0,c,0])]
[[h1ld42,2,r,0,c,2], [h1d2,0,r,0,c,0],left]
[[hl1d2,1,r,0,c,1], [h1d2,0,r,0,c,0],left]
[[h1ld2,0,r,0,c,0], [h1d2,0,r,0,c,0],ret]
[[h142,0,r,0,c,0], [open,0,r,0,c,0] ,releasel
[[open,0,r,0,c,0], [open,0,r,0,c,0],ret]

X 14: R A2 2 DEFOZ7OH, ZoHTIEYEAL 2
AL THo 228 L TWAD, 22528 TH]
fBEHO, EBIZZD LS B H1En5,

DERBTEDLOTRRVWDREEITWS, ZDLS
RRBUZTH I LT, ilfT8ERIC L DR BT L
WCIERIR AT OEIRE R U, BRR% EIF5 2
EMNTEBLIEA S,

BN Tco7u275 I 7532 LTOD RGoal 2
ROBRWEEBEL LT, T—F U7 AEY ADHAEE,
ATV I AVYRAR, G (BFE > 2), A
RTATZIVIRENRDHY, T—FT7F v 240
FTOMETHZ T, INSDOEEEICHYT 25D %
FEHLTWL Z 2B LTWS, 72, & bOA
RS RERAZAZIZEWT, ITNSDRERENED X S 1
b 5% SERAKRNIZANT 5,

VIV —F U iEFHREEMBLT 2, Tus 73
VI ERRICIE T - A E R ML T 2L R ETH
%, ZHIXATEERTE Clde <, BREE ST T S AH
ThHdeEZTVWDE, BERNIZINAED K 5457 —&
Mgz O TARZMBMAT 2002 PIITEZ
i, WHAANTRIGERESE I 72 I I EERHET
H o, MHRERIERHE PRI ENRREZSEIZLD
DGR IRO TV 5,

57 RYYIDOREM

Y IN—F VIROH LR R A NT B0, AXy 70
RN EY TN —F v OFFFAVEAE < 70 5 B & 3
5, HlZIE, s—ml— g EWSIREBER 2 BT
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L7050, FINS6YTIN—F & UTIROH
IND s o> mll 5> ml EWOIREERZ2EHTSL S
OS5 u0H58T5, bLAXRY 7D\ E, JREE
ml IZEE LR TIEOH LY 73— g O
WA VDO TEMER MR TE R\, Fu— 0L d—)L
G %#2EELTWVWAELTEH,

m(m1,G,g(g)).

EWVI = UAFEL TR LD T, ml — g WO H
Ve T DI ENTESL, AR Y IOV N=V 3
> ® RGoal [14] Ti&, FEEIZZ D X 5 2B & ki3
V=V EEIC LD ERINDE I LITEIVENELT
W7z, LU, ZOAETIEZa—N"1rd—-1oHe
YTV —F 2 OBOREE kL — 2 5T 505
WHH, TNVRTERVWSHEFY TNV —F v OEHNA
MTERLRD, BERAEEOR RO 1 D2ER
bbb, ULizhoT, AR Do HREZ LW
EWIHHERICE 5 7z,
—HTARY ZOEANE, YTV —FVORHKT
(U7 T—IBET BR1Z, BlOY 7 T—)izil b
Z5ZL) O22E N, THOZRMEEZEL->TL
FHL WO REERD, FIZIEEDL L DRIMHBZEIL
T, BEOY 73— V2 HETZ EBWEERIZARS Z
LEHB1EA5, BEIZIGUTHEDAR Y 7 DHNE
EWEL, HoOTETORETORERY 7 I—)L
ERET LI RARICT A2 IREAT 2 0H
NHdE55,

6 BEEMR

DNC(Differentiable Neural Computers)[8] £, =2 —
INAxy T =2 TREINLT0T I L%, Bhiid
DFEEE IR FE L VERTEVATLTH S,
AR EY ~NDHiAESOREEEZR > TH 0, Hia
RADBFEHTEDXDITTH72DITAE Y OREEIC
LTRPEINTNWS,

MagicHaskeller [6] I& 701 2"F LD A J34lH> 5 Haskell
DTVT T LEHRMNZERKSTHVATLTHS, B
W 7RI DIEH & ERINIZE Mo X2t UE
BaR{T LT, hTBS T LOBRMORE NS
U, AOHMEE EFTW2,

7T FEHESE

RGoal 7—F 7 7 F ¥ W¥EHET 57— 7 M(s,g,a)
%, B (LK% (> TRIEICTEHMT 2 FiE2RE
Uy WL DD R AT 2 V—)V &t § % Gl R
&0, ZOHEMED PG 215572, £, T—
TV M(s,g,a) ZRLEEHTAKINE T0T T 0L
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