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Learning Action Models Described in Action Language B by Combining ILP and ASP

LIU Zhen ZHANG Zhi-zheng
(School of Computer Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract Action model learning is beneficial to autonomous and automated systems. If an Agent can update its action
model according to the changes occurred in the environment, it can be more adaptable to the world and operate more ef-
fectively. Simultaneously, action model learning can provide modeling dynamic domain with an initial rough model which
is the foundation for further improvement and modification. We designed an algorithm used for learning action models
described in language B by combining ILP and ASP. This algorithm can work on dynamic domains consisting of objects

of different scale. In the experiments, we tested the learning algorithm through using classic planning cases and verified
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the soundness of the learning algorithm.
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ER—FRFSERN %5, IEEBZ I R~ N
—RIME B KRS P HFTHERVE AT R, KR
FRMAREFI B2 2 G SEPITE TR EWH R4
14 A B XA SV i B ZN AT B S B S . Sh AR A2 )
AT LAE Agent F 3038 B FE F 0 B AME L (BN FE BT
KA Agent 89 H B BB BES), #MER AKX B
P2, IR, SRR R 2 ST AT UK SR fft— 14
IAEAL, Sy B RS R 23 FE R L T 2R .

R TIERARMESHX TIERANEI EESR
#T STRIPS EEMETEEERBENIEES. WELUEZ
WG SR AR EER PRI SNSEIBER N FET
B, HEFEI MRS, SIS BNRRR TR, X
BRALR 12 WY S5 N A o S T 3 G0 77 7F 45 A8 BB 77 Celaboration
tolerance" ) K KB, (H R EAFEEN MBEAE L R F A H
BREBOTE., ETREEBFMNEESWERE%ES £
FEE AR B A T B, OF T S b A R B A b Y HE 2R ()RR
(frame problem) .43 3% [5] & ( ramification problem) . %F#% [5] E1

S B 39:2014-02-09 & {5 H #1:2014-05-05
FHEE ST H (XJ2008315) B Bl

(qualification problem)™®} ,{HiRFEZEAN T IRIAE .
DESBEETHEEEBIES  FEHELREE,;
DRE T ELUEBATREREST T BERRAEE

KEEAE RS,

AXEEGHNBEBRFEIT ILP MESERFEIT
ASP ®ITT — 1233 BiIESH RN EE RN EE, FAE
FR#1 %1 2= & (International Planning Competition, IPCH) F13¢
BRG] 3e4% 4 MrESIAE, TR T BIEE SR IEIE.

AIE 2 TABHEIEE BUREINEANEIT
Fi B 3TN EEY BIESHAWIIEEARL  F4 TN A
LSS E S WABHRTIEBE, RGN T —
B TIERE,

2 HRMA

FXRTRIER B2 BERE T HEET B X B
TBE R B Bh A R R AR AR 8 1R R T B RS B
ASP )7, R G ASP #EFRHLXT X — ASP /7 #17 R .
FHEENHAET ASP WEEET BHIEE  RENHEX
FIAEENRMAREIRES .
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2.1 BHEEZFB

NEESREATHRASSHMERES N —FMERX L
B, B RREHREAN—FTE, THENEHEES B
gL,

HENMADEES BH—LERRE. - IMERFSE
S B 3N RS S RN B AL 75 B (statics) S, 3 (flu-
ent) F FIZH{E (action) A,

BSEEATHRX AT ERBEES, FIU0 block
(OFRFB—RFR, XF“B—RBKRH B R RSB R
7,

WRRTREW A BB HREXNRZE LR, B0 on
(b1, b2) /ARTAA b1 FEFRR 02 W) LT, REE F 40 BRER
F % W Fo o RIERBEES WA SIER B, RE
A REZFEIEME, B2AX RO EEES N YRR R
FESRE. ELRNWERERIIER R, Lg% E3H
i B BB R HE Y, 3 ELAR 4R £ P i 7 ] i (Closed World
Assumnption, CWA) , ¥R FIEERH - EXRNEENE
mf, B EECVR.

BSRYE SR FEREEME. — M EBXFRE 18
Bt p KBERBEEER —p. MR- EXFER—5, I
L ER—MRXF B ER—ITBEXLFE.

ERE AT TIEIREP T AR shE, FanshiE
stack(arm0,61,62) 7~ F FAVLBE arm0 ¥R 61 BEIH
Ao2 k.

FE X 1(FEH statements)
= o:n) )

D EREM N Causal Low

a causes [; if p
2R K State Constraint

EES B A TS 3 M

Lif p
3)PIT 4 Executability Condition
impossibile ay ,+**,a; if p

EEHM a causes [ if p RARMB—IREBREZMEp,
MAEX N REPPITHE o« F=EEW L, HF p B—1
BXFEE L RRER,. WERSIENSREEM.

REHW L if p RAEM—DHREEM p WRE—EWH
&GRS I EIEMNEXE. REAR—BHAFTENLS
E (TRIHE B R, H0 9T 58 S Bl 4 (% 8] 4 B o] e R O 43 32 ()RR
(ramification problem)

PATHAF impossibile ao,+++ya, if p RINTEHR B p 1
REPELEH —NE o OGO NEEBGEHAT, Bl a0, +»
ar RBEF B AT .

SEIEE BRIMEESTHRT — R 5, M FH AR
EES . ERNE. EN. ZH. Bl BEFCELBSEMN
R i2W ARG DB BT M.

ETFREEEZBEFESHEARARE  RITMERET
BiET MRS B 3 SEEEIM Agent BB EM LM
B, X TFBIES FHB(ABEAER THEIET
FEEBRFHESTH. BRET BiEEHERRZES 6B
BAETHEETREMER AU I ME SRR EEDR
ST,

2.2 IgEERAUREIES
HATFR Agent Xt F I —BF ZIHER KN — IR E (state)

RBNEE b R—ATHMLSCFEE M — AT S EFTH R
£5. EAPHENTTRETOMNEX LHAT HAMNE
BRI R Z AR,

AT ER—DRE  BRITTBEIIARR holds(f,1),RR
W f R 2R R, BRATA holds(f,IFRR £, —holds(f,
DFER—fo. LR o £ 14 holds(fyi) 5 —holds(f,1)
HRMES.

AT RR 1AIE, BRITFIARR occurs(a, ), BRR
SRR T dEa,

BRIV GEAAMAR, B—THUE—RESNE
5, Bl plan=1{so,a0 51 ya15***s5,7 o TEAEBE—PRE s 1,
Z—jlﬁf a; FIPITRBORSHEABYERE siv1 050 HFHRE 50
REFRE M 50 B35 s, BB BT AT I B1EIF 5 L R
ELRAM R T — 88

5 1 % H 37 Circuit A — MR, B 1 A3 58
Circuit FH B IEE

sw_blade /
sw_relay [ L sw_light
10 10

B 1 #h7AsE Circuit B g &

1 BhA&B Circuit A9 — LR

—holds(on (sw_Llight) , 0) — holds Con (sw_relay), 0)
—holds(active(r0) ,0) holds(on(sw_balde) ,0) —holds(active
(10) ,0)occurs(toggle(sw_blade) ,0)

—holds (on (sw_blade), 1) — holds Cactive (+r0), 1)
—holds(active(10) ,1) — holds (on(sw_relay) , 1) — holds (on
(sw_light) s Doccurs(toggle(sw_light) ,1)

— holds Con (sw_blade), 2) — holds Cactive (r0), 2)
—holds(on(sw_relay) ,2) —holds(active(l0) , 2) holds(on(sw
_light),2)

occurstoggle(sw_relay) ,2)

BN EIESRAXLEREFH, AN FEIERR
R, 4% 5 6 B RN AR B RS S — BB — MR
B ER R, ZEMERE RN 5 R RI SN .

IRBAR State Constraint Y R AT % Executability
condition W] LAMEFER R MR B EMABANEE, EMTE
E R R SRR B 84k BT A B B AR SO B R RN 2 >, 4k
SHRMPAT RAFWEITBERT -2 T W TRES
2, JATT LA I T RSB FENBOR A A R
Wi, EEMBRSHEENARMEME. b TRIMNEMBR
SHAETHAERNWEME, B4RESPROEESERE R
A N BTIRR S R B T R BB R SR Pk AR , BRI AE
BIREPHARENEE.

WARFETE NG 1 45 AR B A SO SRR B
I F, BATT LIS B — &R T e R RN,

B2 BHfE toggle

toggle (Switch _relayl) causes on (Switch _relayl) if
—active(Relayl) , —on(Switch_relayl)
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3 BMERBFEIHXKIGIT

AFEENBEEBEIEEOER, R HRk/b
RSB S Il o A IV AR 7
3.1 BIERBFEIEFIESR
MER1FrA¥%JEEH 3 SEAR- EAEIESE
Causal_Law_Generation 4 i # /]pfk (the most specific) B 5
FUI], BP AV 548 o A= R SR AN SE B 5 4R B L B ¥ Causal
_Law_Classification, iK% 1L W 22 15 B8 X, BPHL I 64 3 75 18
ARG VT 1) X PR SR A SE AT 432 5 5 BB Causal
Law_Generalization ¥4 —38 5| Hs # L LN #EATZ 1612
53 R B B BB AL S A ER A A A R WO R
i1 BEFIHEEEEIRE
A UGS,
ot AL
BEGIN
1. causal_law_instances = Causal_Law_Generation(training_set) ;
2. causal_law_classification = Causal_Law_Classification(causal_law_
instances) ;
3. causal_law_set = Causal_Law_Generalization(causal_law_classifi-
cation) ;

4, return causal_law_set;

END
3.2 BESRMA| LY (Causal Law Generation)

— SR BRI a causes L if p B 3 FHBL: BIE o BT
WM p N—ANERXF L. BREENIIGETHIR=7T
£ (state; ya;  statei+ ) y state; Fern BAETE a; BFRPIRES, iD4E
pre-state(a;) ,state, o/ state; WG 4IRS, BV 304K a; BT
SEGEARBORE . IEH successor-state (a;) .

EX 2(EEMRM)  SIMENE R 2IESEN G GRS
SR EIERFPRBB ARG, iCH delta-state (a;) » delta-state
(a;) ={1| L& successor-state(a;) H. | & prestate(a;)},

deltastate (a) B— MR XFEE, EAE T HEH#NE
a; BRI

TS B SR A A

Hik 2 HEHMARER Causal Law Generation
B YIGRE;

s R A S

BEGIN

1. causal_law_instance = Q;

2. for each plan in training_set do

3. i=0;
4 while i<Cplan. length—1 do

5 delta-state(a;) =state;;, —state;;

6 for each fluent_; in delta-state(a;) do
7. new causal_law;

8 causal_law. a= a;;

9 causal_law. p= pre-state(a;);
10. causal_law. | = fluent;;

11. causal_law_instances = causal_law_instances |J

causal_law;

12. end for
13. i++;
14, end while
15. end for

o 222 »

16. return causal_law_instances;
END

Bk 2(ERAMNAEREE B AR H AR IREH
BRI, 7E BRI IR IR RS, X FBARE state,
BHRIEE a;, THE Y deltastate (a;) s RIG X FHE S delta
stateCa;) PRIB— A B— &R/ MEE EH 7. a causes
L if p A a=aq; ,l; =I(IE deltastate(a;)) , p=state; , WL
X P R A AU AT LLEARAS state; W R P R BUEA
FURES state v, HHFHPHSECHE BIFEMN A if Mo
FTENDRS, B AR R 5 300 A 4% /DL ALY (the
most specific rule),

A AR/ BELSR AR I ) BRI S B0 & T AL
if MAEREMW, XLER D, —-HoREENAREMNS, 5
Sh—deR by EEBER B MEL., B, /MeL 52
BR b R R AR 2 ] 0 3t AL .

T—$TERXR/MER M T Z L, E TR ERE
B AN B IR AL o A A S
3.3 BERMM 4% 3 (Cavsal Law Classification)

FEXFRLNHEATZALZ BT, MEX MM #7526, BRINFT
BEM RS R IR SRR /M B SR B 43— 36, R R X 2K
U S Bk B R — 2% BRI , 2 f5 B X F — 2 i AL
BATEZ A B R A R B AL . TERIIN B
B

TN 3SR PIRR/MEE AN 7. a causes £ if
p 7 wa’ causes I if p BT —FK, WEH .

DEE a 1o 18R, - B H R S5 RU%E B AR ;

2 EhFER M A U VEEARR , 3 B 3 P S RIS R
LEITR

TES dR/ME BRI 4325

Bix3 W/IMEEREN 4B Causal Law Classifi-
cation
i A :causal law_instances;
4 :causal_law_classification;
BEGIN
1. causal_law_classification=Q;
2. for each r in causal_law_instances do

3. bool flag = false;

4 for each class; in causal_law_classification do

5. choose one causal law r' from class;;

6 if action_predicate_same(r,r') and effect_predicate_same
(r,r'") then

7. class;=class; Ur;

8. flag = true;

9. break;

10. end if

11. end for

12. if flag == false then

13. new class;

14, class = class Ur;

15. causal_law_classification= causal_law _classification |J

class;
16. end if

17. end for
18, return causal_law_classification;

END



Fik 3OR/MEE SA N 5 R E 5 R A R /MER
I0f, 730 7 e St AR A AT AL A 2 AN B BT 2K .

Zat 413, RIXA R L LR B2, EEE
X —2 P R HATIZ AL, B BRI AR LB AT .
3.4 BERHNZ 4 (Cauvsal Law Generalization)

AN B A AR — 250 o R/ MER . 7B
LRI RA T ZR B — MR R AL ER, SR R4
ZALHIAER .

B 1 [F—285 it/ MU BE RN L F b B W —%
BISRALI .

ETXHENRIE, ZAEEHE . 5 ERHTERER,
SRS TR R L) S 1 BB 43 AN FH IR

ZamEmE 2 Frn.

[ R as i)
( %ﬂﬁ’]r*w;l}ﬁ TREH |

¥
—> AXH e RE-FAM |

‘<'1ﬁﬁﬁﬁih-'>
1l true

n B%body(r) & B
Eliminate(r,j)

RE| R TEMN
B

A2 MWEZRER

AN R/NMEE RPN 27 s B — &R, A5
X R HEAT AR BB e, (2 AT DAEE BT RS B R g e )
. BT RE M BR AN A SR WRARIE 250 B B B S i HL I 72
] — 2 LB #L I R AR A L T T DA A B TE I 5 VI 2k
ST ERLE , AR BB BR EAE S B Applicable(r,
7 )EAR Eliminate(r, j) 528, BEBRESTRILTE 3 /)
I,
3.4.1 HMAEE

X — A H B PRI TIZ LA, RITH AT EL#E
— SRR AR » 1 AT 2R BB 5 AR DS M Bk By
K. X BN BRI R B PAT R, B if M4 PR A
BEBLHAREAN

FEREE—FAN r BATERE, K if B ESRHR
£ 5 HAB N L& 5 — B L BMBR , B R RIRR N —E
5 if MSMBEB RSN A8, B » REeRHTF
RS nL I EPRES, BRI E SEHEF AR RBERDH
.,
3.4.2 EEHH

ZANE— S RAZEBERER. N EAhgEx
R4 BB B AN P E R RESR . F—%
BRR—ZE&%, AR EAAREESSR, nf 3 Fin.

B3 ZREHR

Bt/ MERIY 7

pickup(arm0,b3) causes — clear(b3) if on_table(bl),
—on(b3,b62) , —on(b0,b1) , —on(b2,50) ,empty(arm0) , clear
(b3), —holding(arm0,b3) , — holding (arm0,b2) , —holding

(arm0,b1) ,—holding(arm0,b0) , —on(b3,b3) , —on(b3,b1),
—on(b3,060), —on(b2,63), —on(b2,b62) , —on(b2,b1), —on
(b0,63) s —on(60,62) y —on(b0,60), —on(bl,b2), —on(bl,
b0),—on(bl,b1), —on(bl,b3), clear (b0), clear (b1), clear
(b2) s0n_table(b0) ,on_table(b2) ,on_table(b3)
HATERER. 88 .

pickup(Arm0, Blockl) causes —clear(Blockl) if on_ta-
ble(Block2) , — on(Blockl, Block3) , — on (Block4, Block2),
—on(Block3,Block4) ,empty(Arm0) ,clear (Blockl) , —hold-
ing(ArmQ, Blockl), — holding ( Arm0, Block3) , — holding
(Arm0, Block2) , — holding ( Arm0Q, Block4), — on ( Blockl,
Blockl) , — on(Blockl, Block2) , — on (Blockl, Block4) , — on
(Block3, Blockl), — on ( Block3, Block3), — on ( Block3,
Block2) y — on(Block4, Blockl) , — on (Block4 , Block3) , — on
(Block4, Block4), — on (Block2, Block3), — on ( Block2,
Blockl) , — on(Block2, Block4) , — on{(Block2, Block2) , clear
(Block4) ,clear(Block2) ,clear(Block3) ,on_table(Block4) ,on
_table ( Block3), on _ table ( Blockl), Block4 | = Blockl,
Block4 ' = Block3, Block4d | = Block2, Block4d ' = Blockl,
Block3 | = Block2,Block3 '= Blockl,Block2 }'=Blockl

L0178 BT AR /MU B R B T DL S )4k, (B 2
U B PAT R A, BD if IR FEEAR R, X LM P
AN S VIGRE, E MG R PR EBRHE, R FE
XA AATT IR
3.4.3 BMBRARMEXR

B AR AR T - E@ Bk Applicable(r, r') L& Elim-
inate(r, )5, Bk Applicable(r, v ) ¥ PiAT 7] B M
25, ML BAR/MEE RN BB AR R 2 BRI
18958, Applicable(r, ') HI BT HL R ~ ZE szate; HREBFA LY
B, HH r =a; causes [ if state; ,I; € delta-state(a;) .

¥t Applicable(r, 7 VBT RSB TAE:

DR ASP BF =(p), p=rUstate; ,n(p) BFHN r 7
YR ASP JE LI LA B AR M AN B IEHE stare, THROET RN
03

2){# i ASP #3824 Clingo M n REIELE;

DFEF A RBIRIBERSHNE o BBELRE, B suc-
cessor-state (a; YFER] , W bR Applicable(r,r’ )R [H true; W
&[5 false,

B4 W] RFMEHE

r RBl 3 RS AR R AHI, R

v 1 pickup(arm0,b1) causes —clear(bl) if on_table(bl),
—on(b0,862) , —on(b2,b1) ,empty(arm0) , clear(b0) , —hold-
ing(arm0,b2) , — holding Carm0, bl) , — holding Carm0, 50) ,
—on(b2,62),—on(b2,60), —on(b0,b1), —on(b0,b0), —on
(b1,61) , —on(bl,b62) ,on_table(b2) ,—on(bl,b0),clear(bl),
clear(b2) son_table(b0)

W 5 r BFRE—2%K58],7 =a; causes [; if state;,; €
delta-state (a;) ,state; H:

holds(on_table(bl),4) — holds(on(b0,b2),4) — holds
(on(b2,b1) ,4) holds(empty(arm0),4) holds(clear(b0),4)
holds(on_table (b2) ,4) — holds Cholding (arm0,b2),4) —
holdsCholding(arm0,b1),4) — holds(holding (arm0,50),4)
—holdsCon(b2,62),4) — holds(on(b2,b0),4) — holds(on
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(b0,b61) ,4) —holds(on(b0,b0) ,4) —holds(on(bl,b1),4) —
holds(on(b1,62) ;4> —holds(on(b1,50),4) holds(clear(bl),
4) holds(clear(b2),4) holds(on_table(b0) ,4)

B p=rUstate; , ST n(p)REIZEEBE A, R
BHE A 5E o WESRSAHEE (IR ZIKARD , Hitt
PRFGR [ false,

AR KR 1) R false, RARG T BEBSE AR ~
AEERIFT /BRI RRAS , BIELI ~ B BRAT R F R, R
HETHR ~ 1 if MSEESHERR, TEHEIHE, R
T8 L BR#X Eliminate(r, j) 3 58 A M X0 BB BR TAE. &
¥ Eliminate(r, ) ¥ 2MBRFN » AT R 5 AW, XRE
IR 7 RIEF C B (e RN r PATR AT ROKE)
B 4 X T AR SR T 0 M I R e 2D MR B S, BV E R
IR [E] false B , e MBRREVEE j A\ 152 E », SRR
A C, #y, FEEHAT— R M B 5 6 F %X Applicable
(ry ¥ )HEATHIMT, — B Applicable(r, 7 )R [ true, FEiH & T4E
B, BETRIEL - 7T AR F - BT L A B R A AT
SR r 5 HBE.

15 FUMIER

B 4 o, r REZ T M AT, Applicable (r, ') 3R H
false, 7E r:a causes [ if p BIFRAFERST p FMIBRA AR R WL LL S
K%iﬁ!ﬁ X8 ﬂi] :

pickup(Arm0, Blockl) causes —clear(Blockl) if on_ta-
ble(Blockl) , — on (Block2, Block3) , — on ( Block3, Blockl) ,
empty(Arm0) ,clear(Block2) , — holding (Arm0, Block3) , —
holding (Arm0Q, Blockl), — holding (Arm0, Block2), — on
(Block3, Block3), — on (Block3, Block2), — on ( Block2,
Blockl) , — on{(Block2, Block2) , — on (Blockl, Blockl) , — on
(Block1,Block3) ,on_table(Block3) , —on(Blockl, Block2),
clear(Blockl) , clear (Block3) , on_table( Block2) , Block3 =
Block2,Block3 = Blockl,Block2 \= Blockl

Y, Applicable(r, 7 ) IR EVE N true, AILIER], ES
TR E AU - BT AR R B R SG R RS, BISERL T
MO - 5 G, B SR —R0 P ESET I
Br PRIAHEXRSE DS —SMER, BA RN SBRI 55
BHRMNEHATIRE  WENZ T2 -, T 28 kb
AHNZ AT 3

EiE4 RAMEIINE LB Causal Law Generalization
HIA :causal_law_classification;

i :causal_law_set;
BEGIN
1. causal_law_set == @;

2. for each class; in causal_law_classification do

3. choose the shortest causal law r from class;;

4, r = Variable_Substitution(r) ;

5. for each ' in class; do

6. bool flag = Applicable(r,r');

7. if flag == false then

8. for j = 1; j << NumofFluents(Pre-condition(r)) and
flag == false; ++j do

9. causal_law_temp = Eliminate(r,j);

10. for each 1" in causal_law_temp do

11. bool flag2 = Applicable(r",r');

12, if flag2 == true then

13. r=r"

o 224 o

14, break;
15. end if
16. end for
17, end for
18, end If
19. end for
20, causal_law_set= causal_law_setUr;
21, end for
22, return causal_law_set;
END

THEAHANZ S THRSEU AN —ETF.

6 ZAERHN r

Bl 5 RN 25 5 R 50 P s E AR /MBI L&
J& i — SRR AR, 18 2] .

pickup(Arm0, Blockl) causes — clear (Blockl) if clear
(Block2) , —holding(Arm0, Blockl) , on_table(Block2) , —on
(Blockl, Blockl), — on ( Blockl, Block2), — on ( Block2,
Blockl) , — holding (ArmQ, Block2) , — on ( Block2, Block2) ,
clear(Blockl) , empty (ArmQ), on_table (Blockl) , Block2! =
Blockl

B Block world YIZREE A, HLAE B /N HLR (6] BB A2, & 7
PR, Agent MR AE S TR, BT HWE R B
AERARFWRAARZ R XRMR. 2, ML 55E S
HAMFTE RS, TR TZ46, 24k 5 R R BT LU A 3
HABHL RSB RT AR SRR .

4 KBWERESH

BN EFrRRZESE IPC U5 IR EET 4 MRk
7548, Block world.Driver log.Briefcase. Circuit, 3528 T H
EIET BXX 4 MBS, BT AR RIEREZ
B —A AR SRR, SRS AltoASP B4 35K LR 5]
BE B~ ASP B )F, i 3 A #E AL Clingo SR EIE4E,
VBTG (B8 42 52 BR A B) AT HEFF B D — RS ShERFEH] L VIl
SE MR E BREET I H B RS SIEF 5 BAR #L
R, FATR B v BTl B i R R LA B 5 R 3 AR S
HORHATH . T HEE 5B A TGRS B0 SER R A bR
7, BUIE SR ME SR EN B 4 MRS LR
B,

AXLBHTE 32 i Windows 7 R4 . 4GB N 7E . Interl
Core2 Quad 4% 2. 67GHz BT #47.

T4 B ERHRKE X EfEA TR I 4R EN
BE R,

EX AQEH )
B, JR A

D B ARZS W 2 SR Sh AR 2 o ) S VA I B 2R A2 2% 14, TR
ARS8 R 25 S BRI SIPERL I 0 R A 4 k5

DEEXN B MRS THREA B RN T —t 2
RE 5 FER N BT S B B 4R SR,

IB(CPY R— MR B SRR RS T RS E w5
| P37 SRR PR 25 6080, 22 3B 90 S VAR 2L 06 T3 N iR

— A EHERBX T REREH

REEFRR
2 CP)
CPO="STrT
P,ET



I S 7R, Block world F2: 5 R RS EH
ML EXTE I SRR, REEE— K2 TN
BRI AT a8 .

FERE 120 LRI YL b2 ) i FERT 726. 03 .

HTFRIWEEREHERREE  JEEP L8R
FURMBER T LB, B EHER AT 100%. A
2 3 B S EE R A MR (40 RLRD B #ATIIR, 85
BIIESEN 10006, FEXT2E T B SIEBRF i — &K F R
L 7, (I FIR learned, BJ % 3 B BFL D BEAT 5680 .

r;: unstack (Arml, Blockl, Block2) causes — empty
(Arml) if on (Blockl, Block2), empty ( Arml), clear
(Blockl) , —on(Block2, Block2) , — holding (Arml, Block2) ,
— holding (Arml, Blockl), — on _ table ( Blockl), — clear
(Block2), — on (Blockl, Blockl), — on ( Block2, Blockl),
Blockl!=Block2

XA R RV Arml B K Blockl M
Block2 + &R FBWMBEIES . T &K N BT XX
R HEAT B «

W FESEBER P RFEEERNE unstack (Arml,
Blockl, Block2) 4% R B Wi -empty (Arm1) B3I, X2 H
HERMEEBE R RITEDRSARERAE N BEZEIN
KA URSNER R , T 72 B A SRR R, AT R4
AT EEAN, A 5 RREN AN SIENEER A,
REARTLMEB SR B RAFRBAE I, HRERAR
SYHALIN I A B w3 VEAR R g STBR I AR

()2 BH SR B HL R A B4 A X E 1
WX ERER -

DIRSEER A AT RAF S, ERENEER L L
B TARBEIAT. EEIDWHERB P REPATEMERS
B, B, HEERESEEMT ARNFHFTRREETEENR
SR, B if FR4F3EH0 — LR, % T B R B R AN H FRAED
A2 T IR S Va2 o i R SR 0 75 B AR T S A 7 B W Y
#ea.

DEMABHIE. ERM » MEREZHFTITAER
—holding(Arml, Block2) , = holding (Arml, Block1) LA B R
%3 Blockl!=Block2,3iX 3 M3CF W LA — Bz bl —
holding(Arml, Block) , ¥etF Block B BUE T A block #
7,

DWERBAW, EEIBNHIERBPRITRAE Rk
WZIE R REPRSLHR, G0, MRBRATERSHR

—holding(Arml, Block2) if empty(Arml)
RREERZ —RBA LG F— ML BRI .

—on_table(B) if on(B,Bl)

on(B,B1) if on(B,B2),B1!1=B2

—on(B,B1) if on_table(B)

UARRRRARRE N clear IR«

—clear(B1) if on(B,B1)

AR ARA]# S BB AN 7T IR R 218 )3 — 1k, B
0,848 EELARESARRNSEH /.

r’: unstack ( Arml, Blockl, Block2) causes — empty
(Arml) if on ( Blockl, Block2), empty ( Arml), clear
(Blockl) , Blockl! = Block2

AN B LRREAR SN, HHE-ROE R

fITRT AR5 2 >) B i B SR AL i R G it BB s I 5
BB IRESHR, REAHRESAREHE— B2 0¥
BRI SERRR :

FE3HZ& M, Driver log, Circuit, Briefcase #7, 118 B # IE
RN 100%, 5 R Sh A AL R A 3T L 4347 5 7E 30 A 48 Block
world AP IR,

5 XTI

AXRBHIERBZIHRETHEEST B, RAE
LEIFR. BRITZEIT R RAERE W SR %
18, 2 3) 85 R W] LA FE B 3T A0 shA A R (a8, 7 H B2k
FREBRAITT UEEFE N RIEN G H 3 72, A
T S R B, SEA SR, 7ML, AR Z A7
T

2012 FECHR[ 1 J$EHE T — 8 Reactive ASPSI3R 4T
FHERAEI M TR R BN EIS B R S AASR
ASP K ## 2% oClingo™ Xt 16 | % %2 #2 /¥ (incremental logic
program) AR ERZS AR BOE & ShERL I 094 B 38D SR |
B, REBHE—EEEX N F—sERRL, BT A i &
EEAR T WRHASE, REENGE 38— EER
BT, I MO SRR AL B v UK, B R R T Y sh PR Al
BE By R . AT REAET -

DFEE TSR M E ) MR 28
Z, U REAEBERIEN, =AM BEE R, X
Lot & E A BHAE R BE A IRAT R A RIS R, X PP 55 2644
FESTEERBEESE, BB EERIRK;

DEFTHEELR L ETHEERIET, HEBRARESH
AL, RREWE R3S PR A

SCERL7 8 e A —Fbog 18] 1 7 2R S L0 4 - — 43
H—TELES YU R—KIELERER, YHEIMEETH
BXE, ZIRANMESFREEREIR—AFLES. &
pim G, XI7]P L E# R DD=<AP, HT)
(Domain Description, CT 37 Y4 aiitfal, H #maFRRAES, £
BEOUSZHHMENEAENINE.AD RRNE#HR) . BIF
DD=ADUH“ " Un.,n B—TEEARMANE, HEF
DD R—3, Bl AR R A RS 2 2 S I, (4% DD —
. L Z2-TMNERABES, X T DD #— M HHEIE,
BB shfER) %= I B 4L Ak DDU L B RIZ 4, SR [E
BHEEKRT DD WA —B BB #F I BIMEE, EFER

A .
DInRRGHE T B EEMEGHBRZA—BLIRAELN
RV FE B BIE

DIGET BB HBRAR —BORBE R E HE I B H3H
e X Re2E S BB ERR R A KB 80 SR BT AR 4 FT B
FIETMRER.

HXRIE BIEREEJUEHAN—FETIERAREY
BEES . L STRIPS ESHERMRXEES, KXW ER
THERERITT ¥ IE{EES BRI SMEREE %, 3
SERL T X2 Bk E S8 AR T Bk B A

T TIEERELLUT 4 HHEEE: DRSAR L if p
B, 83 2 SRS LR BATT AT LUK 3K 3h 7R B (8] 48 82 e LA
R Z BB 5 2) #E— 2 A2 ST B IR AL L 8 R3S
LRI 2 23, B IR 2 16 £ 56 22T LUKE SR AL B AT 4R A& 1
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R4 #EAT AL R 8 R A 2 R 35 3 VR B9 18] 48 82 ey AT LA
VL BIEALIN B B 5 3045 3 AR AL 4 20 A BB SR AL 7 B A
PATHRAA ;O BB ENREATLER, EFRE MU
FEA T EHBIREEINEELIRER.
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