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—. BIEEN

GRBE 55 Bl N7 L O TR 2 T 1 1) 2 A PRI A A 95 AL s J2 D RE RO R
R, FEUFHEANALH., B3] R FREERAE . A, R
BERLEF NS MO EBLAS A, AT LAY = PR I RS, R AL A0
GO B IRE T Wiin 15 5 RIAHE S5 TR R ADLIXE, REpLas N fig
RS Atk . WS BRI AT S5t

FEEN s AT ECEE BT F AL AAE S BE PSS b A S B AR B — &
s, DAIAS TR RPERE. BARDOR, —IHR IS MER o BRS04
PEMTFT RS, ST A AN, (0 65217) SOl EERs
AT B AIRIR R Z HI(5 R, DACERRI R AT B PP oo S8 AR 55 . (HAE U SRRy 2E
Brie, WIS E BN BE R AT al R e S Rny, AT H BRI 25 2R
BATE LR IATIOG 0. UL, S 3P R G RARI R ISR, R
PEATERAR. Hob, AP B R B R E S M ARG L, A
JABER I A A A LU BRI H — — 3818 5 H. I H A A A E 5 A HI0H .

HERET—A 3D EALER N, BA—H &R 514730 (primitive actions),
AU RATE . AL HATEI NS TS, XA AL . ARRITHE
HEBER MR O5 EALER NINEL 1R, 5 ST HI BRI AN R A, AL
wmANAWAR T (WA, PEEA DTN (— K REITUR—)
fn) . A=A (BRI — ) RIEARRS . B BT,
TR RITSERESS. [, HLEs AN AT AR BREE rR g A 3R], SE LA AL,
WnI DAL A 5 5 B R, fEik Sesh B LAl b, DS Las NRINLAE .. B3
M. R . EATILRIGERE ). ZENER AT E LSRR S TR P AT H
TR E— 5, RIEHAEIRETE RS 0L, TERLE R A,
W A BB A TSRO B R E B, H S Wy BRAT Bl 51 LASK
WHER, FHREATEIRB, FRARILER, REmA SIS . HIEFERR
SRR FPAEIL

WA PR APEREST 23, HARIE— B Be b Ay MR B 70 D e S 8RR T
TEZB BT RS
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=. BT

3.1 S|ER

53 B0 EL00 H TR SO DB 385 % e g i b, e T akeT
Gi—iFSEIN, ZIRTENTET-A LiEfT.

3.2 FEW L

e R, BLES AR IIIRATE) . AMLAS AT EIRI A T R
. Hid, WEATE RSl . IR, RSB AEARSE, ST
BATE), TARRBMEIITR RIIEA)  AWU AT SRR
NI P, BEl A — T8, AR R R BTER G, 75 e s —
BrEeh, PRI —EARE, A SRR — — IE RO, A ERIR
HIEE, HHXE—A R, G4 A —FRE e i 5, ST B R LA%
NI I R AT E S OB RIEE, RBILEATE RS TE AR5 RRL I A2
T FRE LB BT A YR R S A (R LRI LT TR TR /N
) .

BRI T — AN 5. — TP, SRR 7
OVOIMIRES, BAEEREE T B STE IR, SRE T KRR RS S, Bl
BIRSEE, RS/ MIAGIEREE. Hf, AR EERE —EmES
A, [N, SERFEEREIE RN E MES . Hh, SRS TR
—SE B, RS RIS A AR, SR T DB AR H AT B
WZATEN I 25 B, BT DAY F 8 R B,

SERFHNT— T30, PEFRBITER. B, A& TR
IR PATING, BN, MHLES AN ZURIR, MRS FI LR, HATEIN
FRAI, O, SRR T DAL AL AE B AT 3l s 25 Hof fr BB R AR 1
B, B, DARASERTE T4

3.3 Witk

W SRR UE S RTHLEE IR PRBRAS, B A RTEREE rp BB 4 ok I
HIEME, AEWIRGF, SCEAEAERE, AR AR

MU EL IR, 37 SR i P 2 45

s HFEIN: AR R PR,



20207 Mg AR TR IR
st S FORARERE, RS A R,
WIEWRE R BRI S, X SRR AR, AR ] REIA
FERERAIL . HA — MR Y A —— A(sorthuman), UM . HER LK)
prayseh, AHAHE—NN (CATPIHP) | I HAES—AMES BRI
PATEH R FORESA A, HoAd Y Ay B P 2 4

—sort: WIIREIFNZE, fBA0: book, cup, bottle, table, chair, microwave
&5 —color: WIAMIBN(G: white, red, green, vellow, blue, black.

—size: PIRIIZEAL: big, small. smallFlbigH K XY 215 ] AREHLES A
g, IR DA A

*ORPAT - Ml N TCIERE SR, BRSNS, AT (o B
RS NEERN B ASUAE., R s /MR w DORE B
X E, 1 table, chairds, WALHE “/NMIAR” AT DO BRI R X H 8 %, 4
closet, refrigerator, microwaveZ¥.

*ONGIR s DL AT ARSI A, (CE AT DA, GEEAE R b
[TETR

— location: N EERAH, URARBIM B, I HBGR, EEAFRBPA
PrEZ AR, RIMLgs Nl AMEEACEA S B B AR 0 B, — BN,
AR CEZ AR, HEZHEE 4 R . [EE, Hlds A
SAT R DABRAF M i AL B BRI Ira YA, (BN A Y ok B o LA
PARICIRANT7/LZ N

—type: H i 75 AN A28 H A —Fhcontainer, ZKEEFFEE Hicloset,
refrigerator, microwave 5#lEcontainer. X BARKENBEHERA T TR AT, [F)
BN R ] DA e, T AR B . AR R R S L1

*inside: %8 /MR A (WIASS) AE CRYIR” BRI,
*opened: & R BT TAETITHPIRES.
*closed:Fi5 “RPIAR” BITTALT RAPIRE.

AR LB AAE— PN, —A T, BN R SA AR Rk
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SENLAF NRPIRES . B N 5

—location: Blas AFTTERIMZE (] 0 Fasblds N) |, SPGB ZRIAM
], Algs AT T ERARPEE AL A R — 2 H.

0

—plate: FLEF ABETHPRE, AE N ZEOH0FR)BEERAS /MR 1%

~hold: BLEATFIIGRE, WECHAGHORFRE RN <Mk 105
5,

HOBET- 0 SRR IR, 1 BRI F A LREAR I A4 B
id (BRZ—8MAGRRIRGEE) | IFEE—EREIE (MR T
) . SIRFAT A AP IEATE) . AT AT 30 R 4T 4 2
SEAIA.

PR R L AR, RS, i, —
AR — M, LA T AT RBIE L ARSI
BHPH AR,

3.4 Hlas NHAT3)
DL AIBIATEh, RN NEEATTEIRE ST, BB T AR AR

Diferyahge. WEATEh i HA T SR TROR R 2, AT 25— X 37
S, PATRCR X SRy, FefTBoE, Plds A K ERTEIX Loy #itT
AU IR,

SRR T EARIA AR MG, e AL ISR P A R ER, RIS T30
HIFPS, HRPEFG SRR, Hr, 3G 2B Ta)
AP, AEAWBATEHIT RIS, S8 5 RS SR A 4 Hipk
SEPHA, IRFEFRIER drshsitrshi?al) keraihdr. Tan
PR FPRE X i A TROR 5 5 258 AT S5 O B, HAREAT 55 52 U O
LRSS RIT . BARTE JE WA S5 T E 1T N 4

ARUATELLIE S, Pl NREATEN ROUR, FEREA SR AN s

- move(x):MLas AREBH BRI E X, PATRM NP AATEICAL R (FATT{E
B, MK AR ARG A AT IAR)) L SATRCR AL AR Sl 1A EX
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(AFAECRINLE) |, A ATahigmp HARS B AL (aRyles AT
JREERVY, SEIS AN TFRIEA AV, XA maEELs N—ER
3l .

- pickup(A) Ml NEEYIRA. JATHMN: ATENLER AR TR (P
e NSAER M EW, FHEAFENG AT L) |, AWTLAZERZ) (AN
R) , ARTEHABYIR (B fnrefrigerator) ER, HLas AT A S HAB AR,
PATRER LA AT INER TYHRA (TR |, HARESEIEAZ .,

« putdown(A)MLEs NN YIHRA. AT IILE ATFITUEEEYIRA.
FIRCR AL AT IR AT, HARS B (ARG B RAEDLAS
NBRIFAERALE) .

* toplate(A) Bl NFFIRATIA B EWEL . SJATH DL AN TFINE
EYRA, BT HBCA AR, IATRCR AL NPT AL AR, A7E
B, HMRSIEEAZ (ARCEDIAELS NS HT A B, T HPASAREE
Plas AF23h) .

« fromplatel ARG NFFPIAANEL TP, TR NATEDLG AR T
B AT EHARYE . JATHCRAAANFHERL T, PLas NTFIRNEE
A, HARESEEAZL.

* open(B):(Wh/i A container B, I [A)AHLAF ANFTHAZRHI]. PATHAFAHLAR
NHEASBTER —MUE, Hlas NTICHZS, I HAARRT R XM . PUETHCR
R I T I (open(B))H HANFE KM, HABJEIEAZ.

* closeB)HLAF N K EARB. AT R APLE AFA TR —ME, Hlds
NFHCh=, FF HESNTTRATHR . PITRCR N BRI KRBT, H
@A,

* putin(AB)HLE K/ INPHAATIEI A ARB Y . AT 26 PP AR AR AE 7]
—ME, PERATINEZEYIRA, FHASRNTTRITHR. $AT8CR%,
PR ATERS A I N BB (inside(A,B)), FITUNZS, HAWRESISIEAAL.

* + takeou( A B) Ml s MR/ NIRRT R, AT 2 L A RIS 4 BAE
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Al —MLE W RATER BB HLas AT =S, I HARMT TR, $AT8k
R, PG NI ERAARFRAL TR R, HARIRS B PEAZE

STRPEHRAL (A7) — BT, P ERFR AT B A AT
Ui, BEATH P TR BRERN RS, BRI RM. fiin, AT,
i TR EEBCA RN, JEAESRIAE, WIATEhiT RIK.

35 HAES AR

HONEF RILIH Y, H N2 RESGERFIBAL Sk . iR SR

IR IR, AHz AR Bl AT R il ARG i Hh AR 2R ) I 2 A i 2k ol

. “Give me the red bottle which is near the green bottle.” ,  “The white cup is on

the table.” ,  “The cup which is white is on the table.” ,  “There must be a bottle on

the desk.” . HEFEH HARE S 0T DA BLA IR ANER 3.1 Fi/s.

#£ 3.1 HRES N3

pi b e it 1z

Al me
bR a,an,the

Bhzi must
Zf1] do ,be,give,pick,open,close
A1) in,out,on,near,next,to,up,down, from,of,which

TE 251w white ,black,red,green,yellow,blue,big,small,each,every,all
RN there,not
2 1 plate,door, A YRR 44 PR

FIDAE IR 3.1 iaiCARR AR, B AT Sl e T — LU R . AU
A me, FrEpsH GRS, NEME—rY), B AR, A 7 H
Rl TP EZAE R AT, AIa H g which, AT RT PAZRIEH ARG SE 1A
B, BTk B T 5 PR A SE R IE . 440 plate Frfatlas A EREE
F, HPRTLAZS 4TS “Put the red bottle on the plate.” . —% “must” , “do
not” MIRFIKRLAN,

TR A TE AR IR R — VAR, XA SRR, TR,
FX SERlU AL B H ARG FE MR R IRAT S k. TR RR T B AR, —
MR AL, Blin:  “Goto the table.” , “Pick up the bottle which is on the
chair.” . HA F3hahinl & SRS (R EAIPLES AR 2L
R, HoAr ABIEHENYIE)
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- give: —MRHE R “give somebody A” B “give A to somebody”
YERATSS, BRYIMK A AT ETE “somebody” FTFERINIE, I HEATFEHLESA
HF I E T .

© put BOK: —RMEA =R, %—M “put A on/near/next to/down to B”
EY RTER AL E (M EAE) |, HHEAEVSS AR TR E#E T R, £
ff “put Adown” HFH “putdown A” |, FORYIMAK A ANFAEHNLES AT, 55
=F “put AinB” , BEREAPIARAER AR NS,

go: —MHER “goto A", TRHLER ANFLZNE|WIiR A IrAERI AL E.
- pick: —MHER “pickup A7, ERHLEE AT TR FYIER A,
- take: —HKHTER “takeout A from B” , FRM Y B HEUHPIAK A,

 open: —&HER “open B” B “open the door of B” , ZERFITH A #E B
.

* close: —fMtH¥EAN “close B” m# “close the door of B” , SR A
BRI, XFFAhsEfEE, MPRAMERIE, B0 “The book is on the table.” . —
A “Ais on/near/next to B” 3# “There is Aon/near/next to B” M, ENTER
fEREA IR A 5 BIER—MZE, BTN plate RYTE DL,  BUISARREATEN LA AHY
#FHE. X, “Acanis in the microwave.” , F/~—1 ‘can’ FE

‘microwave’ "H'. “The door of the micro wave is opened” , F/~ ‘microwave’ HJ
ITRFTTFH . ARSI AR “Donot...” ,  “There must(not)be...” , E{F
“..must(not)be ...” B FEKIE. “Donot” JEHI—MIEAESHAR, Bl “Donot
goto” , “Donotputon” . “There must(not)be” J&—f%Ee(s B,
“There must(not)be on” . “..must(not)be...” —MIGAPYIAR K FR, Hl
“The red bottle must(not)be on the plate”

10
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9. HeSEH Kastt
4.1 LR H

B R R IR x 55k 5 Kk x 6 K
4.2 HLEERS AL

(1) GitENeE, BlERa. . BUs VB EZR R
CPU: WEEI7THFEAR: 16GBREANEL: 640 R: 1920 x 1080LA b4 HEs 4
VEZRSE: Ubuntul8.04LTS ZWiFas: gccd. 650K Boostl1.65 (E(PAL) Cmake3.0.0
(8%PA L) iclingo3.0.5

(2) HBEAUE

(3) #WAH1E

(4) HT 105K

(5) fai¥20%

(6) L3

(7) MZ2tR, KAEE20K

(8) HEHE LT, T bW, REUESTAT, f5EAMER AN
WHhEZE% 18

11
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. WHaindE

HAREDR S FEMA ST GGk — TR, AR AR S S
(EF A, VST ATRIAT SO0, MU DI TATSh . ERAT SR FRA T
NAURIGTT BN P IUASE AT 55, I+ FAERT R NS AL

SRBIFALAERLE M EAGET, FORRBRIFETHI . 580
MAESH. RHEROLRBRTIOTE, GaFS IO, I
AR TR B AP S TN 44 0K

SRR ST AT AT, e HCSE A FL R A 0 200 F o
. MESRATT R A LA FRRAR (REIERFERR) | oA
W, RS, RS FRRAR. AT
A RS — R, 5 AT

- BERIFNLIDRG: ERILT, MARIAORREI%, 2%
B — A HORACATE (@IF AN IS, WEATERIT)) | By
AT, AT, M TRATE), TR, ISR b
FRZAI

FIITHN, TG SRR, SIRT R TR R, A TR
AT . SRR AR T SR ALE TR 1L SRS, 1
HI AR

C BRI E R RS R F RO

© BRI — AR WRTHRAS I LIRS o 45— R
FEBLAATER .

TSR

- SEM—EAR, 55 40 4.

PN, B 20 4. WHRESEMES AR, MR
IR RESERAERT LG, R 2R A

- PATATR LA HL, RiE TR EIRID:

—PIT—IK move 17803015 4 4.

12
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— AT IR AW B AT S s HARY B T8 kR 2 4.

— AT A TEINER 170
- ME—MTEITRIE Y, HEISFERFAAGtT S k. BT, —
NSIEREP R T — A MR RSS2 (AL sgn HAFZpR%D) -
FEUEL AT 7= 20 x ZEFFAYLIREH x sgn(5E AL H BR)+ 40 x 5 HYT HAREL
H— 4> move f78I M- 2 x AWIAZHATE)— 2 x HAWPBEAT 30 K— A4 T3h
A, WK IEBEHEDE b, 8% ES TR IRCRIN R . EAUERTRI, R4
il 0.1s 3 1 73 (EARIERDSEM—AHAR) . BARUK, FRERCERG
(M N EBCRRTS) - MERCRI =2 % rOIE N TR - S 3R S5 A [H])
X107 * sgn(GEMLH bR ) SFREFPRT— AR B LAT 0 N DR R0+
RIS G
FEEERY AN BEAR 2 45 1 50 GBI, HM ir BOFTA e Y S A5 25 T4k
%, A R A S5 RS DA log HERIESBRAF Tk, FRIG/SFRAATELL
FEL I B AATHE DL,

13
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(when (and (at 0 ?z) (not (= ?z ?y)) (plate ?n))
(and (not (at ?n ?z)) (at ?n ?y)))))
)

(:action pickup
:parameters (?x - objs)
:precondition (and (small ?x) (handempty) (samelocs ?x))
-effect (and (not
(handempty)
) (hold ?x))

)

(:action putdown
:parameters (?x - objs)
:precondition (hold ?x)
-effect

(and (not
(hold ?x)) (handem pty))
)

(:action toplate
:parameters (?x - objs)
:precondition (and (hold ?x) (plateempty))
-effect (and (not
(hold ?x)) (not
(plateempty)) (handempty) (plate ?x))

)

(:action fromplate
:parameters (?x - objs)
:precondition (and (plate ?x) (handempty))
-effect
(and (not (plate ?x))
(not (handempty)) (plateempty) (hold ?x))

14



20209 [EHLES N K FELL FEE I

)

(:action open
:parameters (?x - objs)
:precondition (and (samelocs ?x)
(handempty) (closed ?x))
-effect

(and (not closed ?x) (opened ?x) (handempty))

)

(:action close
:parameters (?x - objs)
:precondition (and (samelocs ?x)
(handempty) (opened ?x))
-effect

(and (not opened ?x) (closed ?x) (handempty))

)

(:action putin
:parameters (?x - objs ?y - objs)
:precondition (and (samelocs ?x)
(samelocs ?y) (opened ?y) (hold ?x))
-effects
(and (handempty) (opened ?y) (inside ?x ?y))
)

(:action takeout
:parameters (?x - objs y? - objs)
:precondition (and (samelocs ?x)
(samelocs ?y) (opened ?y) (handempty))

-effects
(and (hold ?x) (not
inside ?x ?y)
(opened ?y))
)
(raxiom
:vars (?7x

-objs)

:context
(exists (?I -locs)
(and (at ?x ?I)

15
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(at0 ?1)))
:implies (samelocs ?x)
)
)

B.1 stk PDDL f#id2Ef)

(define (problem HOMESTATE1)
(:domain HOMEROBOT)

(:objects white red green yellow blue black - colors human couch
cupboard chair table teapoy book

ca

n remotecontrol refrigerator television bottle plant cup sofa

airconditioner workspace worktable bed desk - sorts)
(:init (at ROBOT 0) (plateempty) (handempty)
(sort 1 human) (at 1 1) (big 1)

sort 2 couch) (at 2 2) (big 2)

sort 3 table) (at 3 3) (big 3)

sort 4 cupboard) (at 4 4) (big 4)
sort 5 teapoy) (at 5 5) (big 5)
sort 6 television) (at 6 6) (big 6)
sort 7 worktable) (at 7 7) (big 7)
sort 8 refrigerator) (at 8 8) (big 8)
sort 9 desk) (at 9 9) (big 9)

sort 10 book) (color 10 red) (at 10 7) (small 10)
sort 11 can) (color 11 red) (at 11 4) (small 11)
sort 12 can) (color 12 green) (at 12 5) (small 12)
sort 13 bottle) (color 13 red) (at 13 3) (small 13)
sort 14 bottle) (color 14 blue) (at 14 3) (small 14)
sort 15 bottle) (color 15 green) (at 15 5) (small 15)
sort 16 remotecontrol) (at 16 2) (small 16)

sort 17 cup) (color 17 blue) (at 17 9) (small 17))
(:goal (and (at 13 5) (at 11 5) (plateempty) (handempty)))

N S N N N N S S S S S~ o~~~

16
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