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Abstract Emergency decision-making is the basis and core of emergency management. HTN planning provides an effec-

tive mean for it and is the hot issue of current research. According to the hard problem of modeling the domain know-

ledge during the process of solving the emergency decision making problem based on HTN planning,on the foundation

of modeling the emergency plan using workflow model based on PetriNet, this paper presented a method of translating

the emergency plan template to the HTN planning domain knowledge model. Then, we modeled the emegency decision-

making problem as a mission-planning problem, used the HTN planning system SHOP2 to solve it,and realized to make

action plans by selecting and organizing emergency plan segments scientifically in the face of complex situation. Finally,

we carry out the application research in the flood response work of some area.
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PUSEELR SRR A AR E T, Hrh, 2 F Petri MY T
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TR - FMAER TR, §32ET HTN SR & e R 3t 7 £
ot R TR PR AE IO Ao 4T S TR M LA A A [ R, AR SCHE T B T
Petri [ i TYE R RVER 37 AU S R AFIE O Bt &, 32
BT — Rl TR AR e o HTIN $120 451 B 30 R Y 4
B, e HTN SRS R B B4t T — R A BB,
MR LR B TR T R AR AR 2R
1172, B R T Petri WA TAERABIRIE T TR SRR T 1L
Sy HTN SRR, 355 B HTN #LR#ER SHOP2 B 3)
A ENASE TR TR, ATEHE RN RSHE
T B 20T R A B A SR B AL G, AR HE R 5 5
BUET FENRRE. 85, U RSB KR4 BN Sk
F MR, TR L B MR AT .

2 NMAamEZEF HIN S

2.1 BEFIERERAMNATRER

KRR 2L E T, S BEEA RREX R LHE
R TSN 2B T AESCRR, Sathl T 0L 2 PR AR RRIER
B (SOPs) S — R 530, U SR 20 B T, EW. N
BEREETHATHRBNES, HEHEMIIERAE
EHEAREZHRXREAR, AT REFHMNDTHHE
HEHFMNTERBRA 2T R L. BT, A BEE
eGSR RIS SRS, SRR BT R
R BB S TR RN SR E R R. UL, 47
NS TR XA M EWEE, BT N SRR, RETHRY
R B R RN AR D B (R

EBRAGHE RSN ZEN S RN F 403 0 2 50
BUAWART — R F B 20T BOX — R A SRE , ATE L
£ B ARSI BT R MR BN SIS
BERY, F AT PetriNet 9 TF FAS BT X B St R A B ik
TR, AT RO S SRR . R TR EPT=(K,,
oK) K BRMATRPMITH A HEBXR, GFEER
HEEENE A BER. HRSERER spr= (name, P,
precyef fect) FERBNRN 2L HK BB HEERTHNAES.
name FAREF AR, HREFWITHAR, EHSKE
HEPTZEF MR TN P={p ), A<G<m) BH#iRE
FHBEONES  BIET R &; prec Ml ef fect 51 HIHER
B FARAR AT 00 R GOR ST R AT IR S R P T 5 X R 2
RERSERWE W, RHZEEFHTHAE, BRI
R cpt=(name, P, prec) , {iA i & LR REHBEHATHIN &
8, FSYE L SRS RERMER . B%, BRI BER
PATRHREERR, —RBSSTRA—RIREBEXREN
MESBESHKER. BT PetriNet i T/EEE SEE M T
BN 23R A BRI R S AT 5 AP AR & PATIRF 19
M, HER A REEN., Eilk, WATRAET PetriNet BT
A iR 2 3 N7 V7 2 TR SR REANR » 1 3R O 2 T 58 S A % T ) T
TR,

#F PetriNet B9 LAE MR E 7 19 5 KB R R FAL B
SHREARIE 1 iR, R R AR H I8 K prel (happen
El Loc) . iz A 53 4 B 5 t4(transport Stone) , SR /5
Ba s H KRS 19! pop Stone); MR & AL Bt O & 1§ pre2

(happen E2 Loc) , | 43 5l iZ % 1B % £ 3% 5 (transport Con-
crete) FlE Rk 22 16 (transport Irionwire) 3 H [ #b 51, 3K 5
41 %¢ t8(! combine Concrete Irionwire) , B /5 IR Gk T B
B4R 110(! pop Combo) B O &b, A& HIKTE .

11 c2 t4 o8 9

1 RSB KRS RN

FIFA%TF PetriNet B TAEFBIRIS B 2iHR0 A B AT
BAA U TR DA RRFAE MR, B
BHRTREMN N 2S5 H REERRI &M T BRI N 24T
3 D BEE X B 20l F B HITHS , EE N BR LA 2
FWARAATIR ; 3D 81 XoF DL S G0 0 5 S04 Joh 4 i R
BRI 2 B SRR A ST £ MR ERA
FRERFHHIN AL E T ;4 F A PetriNet 8883 211
Kl R B R AR R 20l 5 BT S TR RE T . BT
P, 3T Petri B0 TR SR AR A R 20T RI A B
HAFTLREREBELR, FHEN S TEEREHRT —HF
MM TH.

2.2 HTN ¥1%| %% SHOP2

HTN SR R—F 8 WL 53847 4 B R SL B Sh AR e B
BRI B R, 2 B RSB T Z AR 2. Erol™
BT HIN AR E L, HARH R ER g E RS
% BRES EFRE BEMFE. FHREFRESE
BT S ; ERESEL RN EREIS AR ECERE
ERTEH;EENEERA - EFAREFNEBES R
BEEFARNES ; 5SLANAEE, BIERHR THIT RS
B RRTIR RN TR TERESHITRE, B
NS THRERTESFIENEE AR LR T
SHEE MNMERZTS ., SERHMYAE R, HTN L
ATFEMBR RGN BRSSP M B8 i3 13 20
HAEEMEFHNERMMES I —FRIBF AR LR TFIE
FHEE BRI B LGB BRIE 5, AT S5 BUAR R fa] K
. TEVHRRETRATZTY], B 78 AT IR 1E 5 R 4% 1
RS .

A8, E Maryland X% Nau A F A HETREHN
i HTN #%1 & 88 SHOP™ (Simple Hierarchical Ordered
Planner) 1 SHOP2U L 57 ™ 2 19 . 410301 37 89 HTIN #L%1)
£, Hh,SHOP BET“% HHE " A AEEXRY HTN
HRERL, ERTF Erol 1 M0 SORER 7 SUS 1 U
A, 4%t SHOP 7E R A i #2 o 2 7E 09 18] 21, 3% B 55 B AT
SHOP py#:al - 7% T SHOP2, X R L i TR & MEFE
MRS, T ABEMSTHRAAE M. 7 2002 F
E R A g, SHOP2 RHM R BB T 4 MEERET
H—A-. B, ¥ S Sr A HTN 3R &40, SHOP2 7
THREMH NARH . KEREER. EABBIENS T
/BTN R, 52 BRI b, HTN 88 8 &
SHOP2 AAUTRA: D BRREANEFEREFARK
RMESES . FIHIER T N ERFNE RS B bR S
DEEBESEN A DR TR ESFZRMEER. 5
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—MERRE.

3 FiREEE5 HIN &0 5 f a5t

HTN #RGE S 2 TRTIR A 38 , BRI A SR
BAHRES (BFm)—RIIR S4T30, KR SRR H 7E 5 2
AEEFHTHENN FERBT -MARFER. AT, &
T BTSRRI, BrLl, g F R R
RN A G AR FE L 8 SHOP2 S HHRAE RS, 2R A
HTN #LRI RN i R E S B BN, Ao hmE
BAREASHNER L AR T - HRREERDY
HA T ERER S N SHOP2 FUs MiRE RN E L, &
AR DR Y T R TR AR H L SHOP2 41U A R R
R, WA R N 248 SHOP2 AHAE AR T —
MAERER.

3.1 MERBEHNERLEH

MR GRS E ot BRI 2. A
T PetriNet 8 TAERAR R E L B St AR B L 241 55
BAL 55 Z B P& PR S5 W SRR BLAVE &5 FIBE (R 45 M R ML 2 TR
FHERMERTER, HIREJ00 BER N TSR QEIR
P ] 457 (Sequence-Ctrl)  HE AT H2 il £5 #4 (Parallel-CtrD) | %
B 4549 (Choice-CtrD) FITB IR 5 il 45 (Repeat-Ctrl) 4 Fb,
BE, A —FERSWN TERERRIEES TERK
B, ReRBReh A0 a2, B AR T AR SRR A 55 0 45 ) 4
MEA TR TS EL TSR RFEH
EHERTERELEANEAERSHER TSR, mE
2Him. BHEHEARTNAESHIITIRE, B
£455 kR 4 EABHEWH T SHAS, B ENE
ZFABERMATRAR . FH, Z T PetriNet #) TAEFIERIE
MM SR E S BB AT LAy oy B A TR A
R R E G LI & 2T B R

°
12 e3

cl tl

(DI ERSHEAR TERER; O IIMTEHEHER TARER; (OR®E
FHEHER TR, (DRFEHSMEAS TAERER

B 2 #TF PetriNet B TAE AR R A B b 454
3.2 EXRTIHERERNEREE
FTF PetriNet B9 TR R GBS L BN B 2 i3l i BR #
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RE S AR B ZE , Jy 8L 8 RN S R IR T
MFE. ELHONMTRERBEAHERITEOER L4 Petri-
Net i) TAEMAR R B A L HI TR 4 i SHOP2 G iR
BER, RE S FRBARS SHOP2 AR RIB 51X R BB,
TE5 17 18 B R AR A IR B i AR A B A o R S5 O B
Bl B, AT R T — ROk (8 B0 AR AR R A B eh A M R e
AR SHOP2 FRAE Y B 1 , 4045 17 B f B2 M AR % 46k o 35 R
F i e 5 R B 4 R AT B E S M R I R e B B R 4
S RPOIE B G e iR

(D TR B RS AR e 4 B

Translate-Simple-process(sp)

B R sp

i #Eo

D sp LR name MBEEE P EHEIERZ IR
BRES;

2% sp BIHRSRAF prec ERBRAEFFIRTR R prec;

3N sp BR P B R SCFAE N BRAERFRIMIBR S Delete ;

DN sp BT BIIE TR BRIERF RTINS Add

i& [8] ;. 0= (:operator(name P) prec Delete Add)

(2) B P44 S5 M 3 AR T Ve DA R 4 bR 3K

MRERESF cp HEMEF—ME—-DMPITER, WX
RS BRIB P RSmER TERER, E 2R, &
LS cp BAPAT ¢ 1 )5, BT 2 BEL. KT HERISH
AR TR RN SHOP2 i M ERIK BT

Translate-Sequence-process(cp, sc)

WA H R op, IUF LB SR TR

Wit M

D# cp B BFR name MBYPE G P ENFIBEFH
ZHRHBEES;

2% cp BRTIR S prec YER T ML

¥ sc FRHUEFAER cp BITHES, HIBUFIT;

i& [6] : M= (; method(name P) Prec(zl t2))

Q)T RS R TR R S R4

MRBEHARE cp HEMEFIHATPITHLERWIFHh
FTTE R WAL F M BT iE R G 2 A TAERARAL, i 2
(DYFiR, ERMES cp B FERTHAT 1 A 2, BSEAT 11
PAT 2, BURIAT 12 BEIRAT ¢1 3 R 5L 58 AL (2 : SHOP2 R
SHF 1A 2 R PAT S B . HIITERSREELT
YRR BRI SHOPZ USRI BRI T

Translate-Parallel-process(cp, pc)

BA B cp WATERGWEATAERRE pc

W EM

D#& cp WBFR name MBPE SR P ERFF RIS B
HHSEES;

¥ pc FHMESER cp WFES, FIESZHEUER
VGEAKER

;& [\] : M= (. method(name P) prec(:unorderd ¢1 £2))

() BB B S5 M B A T Ve B B S e o 4K

WMREFAE cp HHBITIRY RESMES P TR
B, AT 510 R B I A A TAE SR, il 2(0)
Fis. 4 RERIPMES (1 WA B KM prel B, ATESF
135, M B B EUE S 12 WRTR R pre2 i, PUTIES 4.



BN S HEA TR RIS SHOP2 AR
HBEEMT .

Translate-Choice-process(cp,cc)

BN ERAEF cp, RIS HIEWES TAERER o

Wi B M

DX cp B name MIBPEE P iR BESFNA
HRABSHES

2) precond1= pre( prel, precond2= pre() pre2;

3 8] : M= (;method(name P)precondl ¢1 precond? t2) |

(ORI R B T A T Ve R S e eR 3

WMRAZFGIR cp BWPATH BREMES IR E AT WK
&R RIER RIS ER TARER, E 2(DFR. 4
iR BIUES 3 WETE R prel 6f, EEPITHES 2, HZ
WEBBUEF 4 WATE R pre2 67, MATHESF 5. BER
BRI SRS TERB RS SHOP2 UMK RIME
HEAT .

Translate-Repeat-process(cpsrc)

A BEZRE op EH R EHEA TERER r

Hith TR EE (ML, M2)

¥ cp BB TR name MBEEE P ERFABITLFN
ZRHRHBEES;

224 cp BIRTIRERA: pre B M1 SMRIHRTRZM:

DIFBERIAES cpl, BIHEN namel , BREEHE T
% cp MBSBER P;

iR [A] . M1 = (. method(name P) pre(tl(namel P) t5);M2=
(:method(namel P) prel(:2(namel P1))()())

BRAESF cpl ARMPATRE, Bl BRI prel 61,38
TWUFPAT 12 F1 cpl SERL B NRBEE —MIATRE,
TR &MEHR2 , SHOP2 et BN E, BrL AR TR
PATEMES .

3.3 ViREEHKREF

fey B AR A 4 FELAR TAE AR AL R BT PetriNet (4
TAERER AR I TR RR W A BT K % D 3
A OT R HAT A B R RS R AT BIRBASE LB R 2
TAHERRE, U b5 MEAEHTERBRERNER L, &
B4R — A BT PetriNet i T fE AR B ER 37 40 TR BEMR
¥y SHOP2 GURAIERI BT , JyFl B SHOP2 438 0
TR B R TR AR ) B B O R U R R R I T — M F
BE.

FRERESRETFIT .

-4 EWMBRER EPT={K,, -, K.} PEE %t
BER K, €EPT;

IR K, R St BRARAR , MIRAT LA T B 3R

1 #1147 O=Translate-Simple-process(K;) ;

YR BRVERRY O %503] SHOPZ MISTIS AR R D,

IR K RERERES cp WE R BN, W4T X
T

DERBER K BRI EERTHERERNES QS =
{QyQ, ), Q BMRERMES cpi WEAR TIERERL

2)SHMERE Q € QSet, AT T H B,

DR Q RIGF B&th 454, PATREFT .«

M=Translate-Sequence-process(cpi, Q) ;

by IR Q RIHATHE 41, AT P : M= Translate-
parallel-process(cpi, Q) ;

MR Q RIS, 1T B JF: M= Translate-
choice-process(cpi Q) ;

DR Q BIGFBE B M, AT : M= Translate-re-
peat-process(cpi, Q) 3

B=4 KHEEE M A SHOPZ SUs AR D;

BE R ERHR S B GUR AR B R i R
REL, il LU BT & .

4 RZA

FIFET PetriNet B TAENIB BN R B 3L Xt K B8 18
AEFEER K B 1R, ZERER TR L84
% cpl IPATER . cpl HAIBRBELERES cp2 MIBOK
TERBAES cp3 HRMEFEREHER THEREY Q #
#scp2 RN 24T4 t4(transport Stone) il £9(! pop Stone) £H
R R G B AR TAE AR Q iR cp3 HYHER
f£% cp4.fF % t8 (! combine Concrete Irionwire) I £10 (!
pop Combo) 4 AL BN Fr- 5 ) S5 My 4 TAE MRS Q Hik;
cpd H{E% t5(transport Concrete) Fl £6 (transport Irionwire)
HBRBHATERSMELR TERER Q #ik. REU L4
P R B R B R AL B S MBIRER K T8 3R
A TAERBBES QSet = {Q1,Q,Q:, Q). HiE 3. 2 Fig
A EA TR RIS B B, X Q € QSer PATLL T 072
FF:

DQ REFEHEMEAR TERER, AT Translate-
choice-process(cpl,Q) , BRI F PR

m; = (:method cpl prel cp2 pre2 cp3)

2)Q RIPFF =R 45 FA TAE WAL EL, $44T Translate-
Sequence-process(cp2,Q:) , 13RI HEAERY

m = (;method cp2() 14 t9)

Qs BIFFIZ RSB A TIE MR, AT Translate-
Sequence-process{cp3,Q:) , 45 B T EEHIES .

mz = (:method ¢p3() (cpd 18 £ 10))

HQ BITERZWES TR, h4T Translate-
parallel-process(cp4, Q. ) , BB kRl .

my = (:method ¢p4(;unorder 5 t6))

WA L FERBFRBITRERES M= {m,m . m;,
my ) s Foop mp sy Fl me BB —AN0 30, AT H AT A4
BRI K () SHOP2 S iRl , i 3 fivs.

(:method (floodrespose)

5 scasel
(happen E1 ? loc)
((transport Stone) (! pop Stone))
; scase2
(happen E2 7 loc-to)

((unorderd: (transport Concrete)

(transport SteerWire))

(1 combine Concrete IrionWire ? loc)

(! pop Combo ? loc))

B3 BRR RS R

FRE) PR PR R AR R SRS TERE
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B i S B A TR MR Tl S B A 11
WALRY, (A1, 2 TSR AR A 1 14T B R A AR A 3R 1
EHMEARTERER, 2.3 TPNERBEFTELERY
HTN S AR,

MR I I K 5 Y S TSR S A AT . ZE AL A
FF PetriNet B9 T /E FBBI X T 58 SCAHE IR B R 20w B TAE
W AT EER E RS 2 WIRIE N TAREARS
BERF B ZR KR ERGLE HIN S8 80
RN M TIHER A S Ah B U R, 3 6 N ERMES 4
T R 8 MRVERERY,

FEN 24 B FUR AR R R R L, 43 HE X 3 A9 4T L
L5 R EESETHNHRESNENKHSHT. A
SHOP2 W E 21 HIRE 1 6868 B S BN 2 B 8 T KR xE
FE. B RENG N REET 47, 3 ARITR X
RS RIS NEFNES. RIERT —RER
KB EBRHAMU AR, HF VBN SSEOERER
REFHERB NAFENNENRES. RNAEFH
FE R B UL S e B, A B RE X 5 B4 K 8 M ERIE. TR
N ABETIRFPITHRETS], BB REA ERVIHEN &
£%.

F1 WSRRERELE R TR

Planning Problem Instance Generated Plan
(defproblem problem floodemergency | [1](! reserve truckl)

; semergency situations [27¢! move truckl loc3-1 loc2-1)
((emergency-at El locl-1) [3](! load stone truckl loc2-1)
(material-at Stone loc2-1) [4](! move truckl loc2-1 locl-1)
(material-at Sandbag loc2-2) [5](! unload stone truckl locl-1)
(material-at Concrete loc2-3) [6]¢! move truckl locl-1 loc3-1)
(material-at Ironwire loc2-4) [7](1 free truckl)
(truck-at Truckl loc3-1) [8](t pop stone locl-1)
(truck-at Truck2 loc3-2)
(free TruckD)
(free Truck2))

; ;intial task net
((emergencyrespose a)))

ZHRS A F JSHOP2 X2 B & 3% 0] B o 47 3 21
KA EBRHNBXESNENE 4 iR, WIHRETENSE R
(emergencyrespose a) , AT %3 3 Wi > F1E 55 (transport
stone) fI(! pop stone locl-1), H:H, (transport stone) B &
FAES BN 5 1 FES . 28 SHOP2 M E B IR
X EE S M4 T B BT FEHRTRERE
SRR ES IR WERER. 20 26 MIMERE &
LRI HA R B AR, WS B RIRE BRI S M4 R A
18 RImES .
M

Pan found

. - S0 Si28

{smergencyresponsa 2)
¢ (ransport stone) n
¢ (dispatch bruckd loc2-1)
[t] Qreserve ruckt} - Step
12) Omove truckt loc-1 loe2-1) S e G
{3} (load stone trucki ioc2-1)
{41 Gmows truex1 foe2-1 Joei-) Seape Stop
(5] Qunload stone truckt loci-1)
¢ (eturn truckt jocd-1) R
(8] QGmove ekt doct-1 doc3-1) : i
[7] (tee tuckt}
Cumontstale (Tots 73 S ik Progress: 20726

B Xfows o
(ar qracy-hegpen a1 Losi-d
@ateriad-et Fioae Loci-1)

Gasored 1)

B4 MURBBZRAEE R
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BEEEA b, R B T TUSRARAR B9 R 2 R R IR AR O 4E 55 $L R
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LRI BTHRIA B BRI E R X 07 SRR AL T — R Mg 2, 3
DA DX 3t 5 7 2 7 R ) R T I BT S

M APRIAEE AT HTN SR AR SE & AR R R
HTHHER, BT, SHOP2 RAERIXEF AT BR &4 FI4E
S ZBIMRES R, MRE R T REE AT 3FH, R EEE
LA R B S AR ] B 24T S AT AT R . $F 34 SHOP2
2R34T 35 L3 0L A A A7 7E B9 LA B )R, S0 7E SHOP2 3.5
REGREAE B A HTN ALRISE,
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