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Reward is enough [siver+ 2021]

David Silver, Satinder Singh, Doina Precup, and Richard S. Sutton.

Reward is enough. Q) DeepMind temins T O
Articial Intelligence, Vol. 299, p. 103535, 2021. oo T A
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-

A )
T A

[50E. =8 . M5, 05, S8, b, B, — AR E08E
HEDRMEICBEET HRENIIWLVT ML IHE R KIEIZRILDED
ELTHEAETETS,

[+ PRt EE T - M SHIEENEETNS, |
[AGIDIERE - EIRIZDIEH D, |
ELVORERZE T AR,




= KL R

AGID HZHME KL THLHEIRELI-ERET T &
- FR: 7—FTIFvERDODRELA LGS,

&< D/N—Y DIEFHHZZEDZERALOT LY,
EHATHEIT ST RICHEROSVLEEFEI -
ITAGI THAHERGE D, BELMNLIHMZEKIEA B,
BRODINETTOHRE:

— BIRAY5REFEE RGoal ZFALV-HIEERIFFEADETIL
[—#2+ SE9EALA AN TAEERM NS 2018]
[Ichisugi+ ICANN 2019] / I —Srok \

ol

MEMBISL | 1RAE 5 = (5,9) P—FVTAEY
i e, e
AN
-
P
BIRMNRIEFEE= el L o
BRI IL—FURUHLA D— 5 AT DEH

< T8 a Call, Set, ...
AIREAfERE R it \

I—33—+—
BE~OABEA L
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List Processing
123 +6
[4681]—17

123]—=[246]
[451] —[8 10 2]
heck Evens
[023]—+[TTF]
(296 —*[TFT]

A0S LERK

o JAYUILERITAGI EBEADFEELRTIO—F
* AIXI [Hutter 2000], MagicHaskeller [Katayama 2008,

2018], DNC(Differentiable Neural Computers) [Graves
et al. 2016], DreamCoder [Ellis+ 2020]

o EDWWIITATSEVT EREIZEIND. tEE

ha

‘ K%<¢T/ =

Regexes LOGO Graphics Block Towers

Physical Laws

Text Editing
- Programming

(555) 867-5309

A (650) 555-2368 @

.hrdlu st sloo 25

© &
b T ®
X

] (Illlz 5

P, {51 : DreamCoder MIFZE 1L
& - Tz KBEZELETAYSLEEM

=%

ab (¢c)—»c

¥1775/0704
a (bee) see —» see é

¥2000/0101

Initial Learned Library of Concepts Sample Problem: Sort List
Primitives

map oncept_1 pic

fold . AL A, — [ (A(L) (car ( L ‘ )

if \ ‘(*)\(L_ P“))(f[o_l‘d ‘LP nz‘vl E;f;i fz'} ys/z)\/ll : | Solution to Sort List discovered

cons (cons. 2.u) W), RS R (L N)( ( in learned language:

% [maximum] L (A (L)(> N (length( A
> fitter] L @e zuwHNN) \ (map (A (n)
(co t L(+1m))

range (length L
{nihlagset Slonant ( B E 0 Kevin Ellis, Catherine Wong, Maxwell Nye, Mathias Sable-Meyer, Luc Cary, Lucas Morales,

Luke Hewitt, Armando Solar-Lezama, and Joshua B Tenenbaum.

(A (x) (map (A (y) (car (fold (fold x nil (A (z u) (if (gt? (+ y 1) (length (fold x nil (A (v
W) (if (gt? z v) (cons v W) w))))) (cons z u) u))) nil (A (a b) (if (nil? (fold (fold x nil

(A (c d) (if (gt? (+ y 1) (length (fold x nil (A (e f) (if (gt? c e) (cons e f) f))))) (cons
c d) d))) nil (A (g h) (if (gt? g a) (cons g h) h)))) (cons a b) b))))) (range (length x))))

Solution to sort list
if expressed in initial
primitives

Dreamcoder: Growing generalizable, interpretable knowledge with wake-sleep bayesian
program learning.
arXiv preprint arXiv:2006.08381, 2020.
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® agentpos (4, §)

® agent.oipos (0, 0)
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'm  Goals
State(Leftovers,0,1,AgentN,0,0,)
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[»]

m change R

10.0 5.0 0.0
map size x 1 50 10014
L_Q -
i 0
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ol - :
charSlze1 Q 20 40 24
[ =
lookAround... 1 50 10010
__| test main
nitval. O—= oo
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gen penalty , 50.0 1000220
eTrace
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Ok 10
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histS ) O 100
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v visualizeFlag
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TEIIL—)L

// ol IZEDLK Y TIL—F >,

/ MR 2~DFEE )Y b,

q(s (o1, x1,y1,02,x2,y2), s(01,0,1,A,0,0), Action. Reset2),
// BIA®D ol 1ZEDL,

q(s(ol1,x1,1,A,0,0), s(o1,0,1,A,0,0), Action. MoveForward),
q(s(o1,x1,2,A,0,0), s(01,0,1,A,0,0), Action. MoveForward),
q(s(ol,x1,3,A,0,0), s(01,0,1,A,0,0), Action. MoveForward),
q(s(o1,x1,4,A,0,0), s(01,0,1,A,0,0), Action. MoveForward),
q(s(o1,x1,5A,0,0), s(o1,0,1,A,0,0), Action. MoveForward),
/] BAED ol [CAM>THEEER D,

q(s(ol,x1,-1,A,0,0), s(o1,0,1,A,0,0), Action. TurnLeft);
q(s(ol,x1,-2,A,0,0), s(o1,0,1,A,0,0), Action. TurnLeft),
q(s(ol,x1,-3,A,0,0), s(o1,0,1,A,0,0), Action. TurnLeft),
q(s(ol,x1,-4,A,0,0), s(o1,0,1,A,0,0), Action. TurnLeft);
q(s(01 x1,-5,A,0,0), s(o1,0,1,A 0,0), Action. TurnLeft),

/BB ol [CAEEEAS.
q(s(01,1,0,A,0,0), s(01,0,1,A,0,0), Action. TurnRight),
q(s(01,2,0,A,0,0), s(o1,0,1,A,0,0), Action. TurnRight)’
q(s(01,3,0,A,0,0), s(o1,0,1,A,0,0), Action. TurnRight)’
q(s(o1,4,0,A,0,0), s(o1,0,1,A,0,0), Action. TurnRight)
q(s(01,5,0,A,0,0), s(o1,0,1,A,0,0), Action. TurnRight)’
// ED ol ITAEEEZ D,

q(s(o1,-1,0,A,0,0), s(01,0,1,A,0,0), Action. TurnLeft),
q(s(01,-2,0,A,0,0), s(01,0,1,A,0,0), Action. TurnLeft),
q(s(01,-3,0,A,0,0), s(01,0,1,A,0,0), Action. TurnLeft),
q(s(o1,-4,0,A,0,0), s(01,0,1,A,0,0), Action. TurnLeft),
q(s(o1,-5,0,A,0,0), s(01,0,1,A,0,0), Action. TurnLeft),

// ol & 02 D1 OFHDGHIBET S TIL—F >,
StateN g = s(01,0,1,02,0,2);

// BIAED 02 1ZEDL<,

q(s(01,0,1,02,x2,2), g, Action. MoveForward),
a(s(01,0,1,02,x2,3), g Action. MoveForward),
q(s(01,0,1,02,x2,4), g, Action. MoveForward),
a(s(01,0,1,02,x2,5), g Action. MoveForward),
a(s(01,0,1,02,x2,6), g Action. MoveForward)
/] H%AD 02 12/,

a(s(01,0,1,02,x2,0), g Action. Pull);
a(s(01,0,1,02,x2,-1), g Action. Pull);
a(s(01,0,1,02,x2,-2), g Action. Pull);
a(s(01,0,1,02,x2,-3), g Action. Pull);
a(s(01,0,1,02,x2,-4), g Action. Pull);
q(s(01,0,1,02,x2,-5), g Action. Pull);

// ol—02 &7iof=i5&, BYRAAT —ol 02 &F%,
a(s(01,0,1,02,0,-1), g Action. JurnRight);
a(s(o1,-1,0,02,1,0), g Action. MoveForward).
a(s(ol,-1,-1,02,1,-1), g, Action. TurnLeft).
a(s(ol,-1,1,02,-1,-1), g, Action. MoveForward) .
d(s(o1,-1,0,02,-1,-2), g, Action. Hoveforward) .
a(s(ol,-1,-1,02,-1,-3), g, Action. TurnlLeft).
a(s(ol,-1,1,02,-3,1), g Action. HoveForward)
a(s(o1,-1,0,02,-3,0), g Action. TurnLeft),

// ol 02 ERSFEHEFEMIEYAALT —ol 02 &9 5,
// 1

a(s(01,0,1,02,x1,1), g Action. JurnlLeft);
a(s(01,1,0,02,1,y2), g Action. Moveforward).
a(s(ol,1,-1,02,1,y2), g Action. TurnRight).
a(s(o1,1,1,02,x1,1), g Action. MoveForward).
a(s(o1,1,0,02,x1,0), g Action. TurnRight),

[ RE R : EEAR D

E AN (T—U 1 hSRERD DEB LA RIS

BWTATSLEIMNFTENTAIZLD)

{ // Nt 2BRBZHIIL—F>,
StateN g = s(Leftovers, 0,1,4,0,0);
/] Ok 2 &R
a(s(,_,_.,_,_,_ ), s(leftovers, 0,1,4,00), Reset?);
// Nut #39,
a6, 400, g clutxl,yl,400);
{ // Nut RREOM-1=15E,
// Nut DECHIZHET B,
a(s(Mut, x1,y1,A,0,0), & cWut 0, 1,4 0,0));

{ // Nut BRODSIENES
// Stone & Shell %9,
q(s(A,0,0,A,0,0), g c(Stone x1,y1,A 0,0));
q(s(Stone, x1, y1,4,0,0), & c(Stone, x1, y1, Shell, x2, y2)) ;
// Shell % Stone DFHFIIZFHEH.
a(s (Stone, x1, y1, Shel ], x2, y2), & ¢ (Stone, 0,1, Shell, 0,2));
/ B9, (BO#HNZ Nut ANBEIBET, )
q(s(Stone, 0, 1, Shel 1, 0,2), &, MoveForward),
/) AR EWVWSRELZOTL-zARICHES,
q(s(Stone, 0, 1, Mut, 0.2), g TurnRight);
a(s(Stone, -1, 0, Mut. -2,0), g MoveForward),
/] BEIFERIZ Nut Z2BXRIZITL,
a(s(Stone, -1, -1, Mut, -2, -1), & cWut -2, -1, Mut, -2, -1));
a(s(Mut, -2, -1, Nut, -2, -1), & Reset2);
1
// BORIZ Nut B%H ZI5E(TATZED,
a(sWt, 0.1, _,_ ), & MoveForward),// =#ldZlLf7%lr
a(s(Mst, 0.1,4,0,0). g MNoveForward).

// Stone % Shell MOFHIIZBEHT HH ITIL—F >,

StateN g = s(Stone, 0, 1, She/l, 0, 2);

// Wotzh Shell %R,

q (s (Stone, x1, y1, Shell, x2, y2), £ Reset2),

// Stone M& ZAIZHEH

a(s(Stone, x1,¥1,4,0,.0), £ c(Stone, 0.1,4,0.0));

// Stone HEDHETIZHBEFIC Shell ZBHEEFET.

a(s(Stone, 0,1,4,0,0), £ c(Stone, 0, 1, Shell, x2, y2));

// ol & 02 M1 DFHIDIBFHICHEH,

//a(s (Stone, 0, 1, Shel |, x2,y2), g, c(Stone, 0,1, Shell,0,2)):

/] MR EFTHITIL—F >,
StateN g = s(ol, _,__,04__,_ )/
a6 02_ ), & Findl):

/] BER2EFTHIL—F 2,
StateN g = s(ol,__,_,02_,_ ),
a@sl, ., _,_), & Find2):

RIEHBF+5
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// Nut ZBRBSTIL—F >,
StateN g1 = s(__, Nothing PLS,PLS, __,__,_ ),
ruletsC, ., ., ., ., ., ), gl call(_ Mt PLSPS__, , ));
rule(s(_, /Vut PLSPLS,__,_,_), gl Eator),

// Nut ZFIZAND T TIL—F 2,

StateN g2 = s(__ , Mt PLSPS,__, , )/

// Shell & Stone 14,

rule(sC,_,_,_,_,_,_ ), g2 call(_, Shell PLS, PLS, Stone, PLS, PLS))
rule(s(__, She/ /,PLS, PLS, Stone, PLS, PLS), g2, MoveO2to07);

// Shell & Stone 24TV FLPRFIZANSY TIL—F 2,
StateN g3 = s(_, She//, PLS, PLS, Stone, PLS, PLS) ;

rule(s(C, __,_,_,_,__ ,_), &3 set@ __,_,_,_, _,_));
rule(sC_, ., ., Stone PLS, PLS), g3 set(l,__,_ ., _, ., ., _));/
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