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An HTN planning domain modeling method using a workflow model

ZHANG Wanpeng, WANG Nan, CHEN Jing
(College of Mechatronic Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract; In order to improve planning efficiency by acquiring and utilizing domain knowledge, workflow process

models were compared along with hierarchical task network ( HTN) planning domain models, and a new method

was presented based on the workflow to model planning domain. Activities and workflow patterns were respectively

translated into actions and composed tasks in the HTN domain. Loop pattern was introduced to represent recursion

in the HTN domain in order to extend the knowledge acquisition and representation abilities of workflow patterns. In

experiments on several classical planning domains, such knowledge acquired in workflow models was shown to

speed up the classical planner by several orders of magnitude. The experiments validate the HTN planning domain

modeling method using a workflow model.
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BARTE S PDDL #EAT SRR 5 . 72X T 2 WAL
&7 38 111 (hierarchical task netowrk knowledge ) K3k
5T, G-Ferrer SE7E3CHR (4] 0, AU TR
(workflow pattern) X} HTN HIR #7315, FRFE# N
HTN-PDDL #§iRE 5 , FIl A HIN R 253417 K .
7r 2009 455 3 J EE Brop R A B8 R AR R #E (ICK-
EPS) t1,G-Ferrer % JF & i) JABBH R4 B H T
ik HIN F1RE TAERE A BE— 2P 5 3 #
I (serial) . 317 ( parallel ) f13%E#% ( exclusive-OR) .
TAEW IS A (process ) AT LA E XA — 4R FF B
HBR, B DL AR B 2 R BAT B4 AL, 1% IR
BT 03 R VAR IR R BT AN UL
KBFEABEE B B 5. X5 5 B 5 M 45 (hierarchi-
cal task network, HTN) #i R P S FBIEHL
{21, 7 HTN LRI, LRI B A5 A 2 5 B B AR
() MEEM—HES, BENES TR BN

——

Process
(W.Process)
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T
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Application  |e----
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A SCHE ST TAE AR AT HIN #%1 SFURAE R
A BERE b , 4 PR CARBE AL HEAT HIN AR SUsiE
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PRI B SRAFSR AR B9 L X L, B U BT 45 1 B AR
Tk k.

1 THys5 HIN ALX|

TAERRST 3 AR B B E 27 ) H HE 3
T4 H B — M, BeeiR T30 AL s, S BE M
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R BUE X R IFHAE S M AL R ST
PTG, R BIR R AR R A GUKF A AR SR K
BB, TAE % # B % (workflow management coali-
tion, WFMC) $244t T —Fh THER B9 BT R
IniE 1.
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(Embedded sub-process)

t
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Fig.1 Workflow meta-model presented by WFMC
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RNEIE R BRBOFRNTT 30T ERTEALRER
kR R 2 AMRBAT T A Z I E
. Mo, ER BT R T B R — R AR O B B 173l
(route activities) HJ4FFRTT 30, X K173 T8
HRPITHREN R — MR T R F
AR (subflow) , HHR N 4730 4E (activityset ) , ‘B R LL
YER—AF 2 (B E W) AT B B 4% 1B
(lanes) TR R TTE B P X417 B HEFTHAM GG E, F
HHA TR EPATIT B M 6 R T4 AR uEEl
REUT PR R B (A7 BB A H A
) I AP B E XEHEF B (data field) FIY &
J& 1 (extended attributes ) .

THEREREN—FER NS, A TRER
BPEHANES/ TR XR, BN EERRET
FR P R S A R Uk 7] Pt A
HT 15 RTARER, IR MR EET S, I
AEBEFAN TARBER. G-Femer £ A BBI5
Hrée i T W (sequence) L F47 (parallel split) | BeH
(exclusive choice) F1-5 3 ( simple merge )4 F T #1
Rl GBI TAEWAE .

TEARZE AL RIEAREKI 3, 5 BES %
FRI B T HAE R ) X &k iR A RS, &
SEERAPAER) T T BN HTN S8 B4R s A
B R R, TT LIRS R R,
X St AR AR A% BV R B RS2 B4k, BLAE R
W R 45 € B AR

RT R IR K — M, R A Ghallab
NS B —Fh IR AR AR HTN $LR1, Bp #4584 E 55
P4 ( simple task network, STN) Hi% M 4R HTN 1
R FIREE TR ER.

)45 (task) . —MEFRIEW ¢(ry,ry,0,1m)
wFRR, P e A—E S5 ,r 0 ,n AT 10
Rt R—BERS, WES ¢ HIERFAES ; BNHES ¢
HEFEFES

2) 55 M 45 (task network) : —METEAE S5 PI4%
(BEHHRESFME) h—THB w0 = (U, E),H
H UANRES EAANES. WE—TKue U,
BHEE—EF ., B o PHAEXT U35 81
SHFRER, B u < v HHAHGFE—FAT R B
Moo FIEEAR.

3) 7% (method ) : —A4~ STN 5k —1~4 Jt4:

m =(name( m ) jtask( m ) ,precond( m ) ,network (m)).
A :name( m ) AHIEZT, BIEW n(x 2, -,
x,) WIBERER, X E n AT ERFS 5,5,
ox RITHBETE T A m PR MM E B

55 task( m ) HIEJR TS SCFEE B precond (m) fy
Tk m WRTHR AR network ( m ) —E 5 W45, &%
5 MG PSR E m TS

4) STN # R 4738 : STN 1 H0 K] 45 388 2 — J %t -
D =(0,M), Hb 0 AaHERE M NIERS.

5)STN #LR [a] & : STN B9 HLK [ B — 1~ 4 T
H:P = (so ,0,0,M), ﬁ':P:so j@@]ﬁﬁ’ﬁt?&,w %ﬁ:
F M, BERATIES M4 ,D = (0,M) 25 STN
FR ST

A, 7E HTN HLR) U o, 258 (types) VB
& (constants) . 75 1A] ( predicates ) . B %Y (functions ) \f7
3fj(actions ) B¥E 52 MR F]. [ B f R AR
)R B, 3 75 B 8 SCHR K 5] = T 5 B i %o 4 (ob-
jects) .

MR B TR RO AR HTN SR S,
BRI 4347, WT LAE 3 RR RSB AU (R
1). Hrp BTN i G 8 v 94 55X b T TAE W
BEIP AR, T RIERIAE 553k —F 1T
SEALY W] T 3R 58 AL 55 R B R B 17305
HTN HRIH B3 SN T TERER G S 55/
B, HTXMT s T E ST HS FRES TR
XN, A T RIEAR RS/ RBRNES/ R
2 R TR TN, i T RIE WA S

sHfEH R
F£1 IIEREEES HIN MRMESER L%
Table 1 Workflow model and HTN domain model

TAERRR HTN S Gzl
TAEWALAR (process) 55 (task)
1130 (activity) 173} (action)
2 53 /5818 (participant/lane ) %42 (objects)
FiiAE (subflow) F£5 (subtask)
TAEFHAE R (workflow patterns) 7578 (methods )

2 BEAEH

TARRAE R HTN Sl SO R i e i £ B4
& 2405, — =K TARRAT s g ou MR 17 30 —
TR TR St o 4 542 55 ( composed tasks ) FY
MBI
2.1 1TEIHIFEIR

LRI GURIATE— M h 3 AR 173 B S
BR ATHIRRTR 5173 SR, A TR RS 17
A TS LU #ERGE, WA TS TR AIZE R — Mk
AT SR AR . AL 2 AL 1) B4R
(if rules) ATBIPATHISRMF, BELR VAT SIEAT 418
UL BB T ;2) Z5 R (then rules) : 47 3HAT/EXHR
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THEAHEABHRT M PAEISAE
BTN

< Rule name = “moveActivity” >
< Rule. Condition >
moveActivity. locl. rloc
&& moveActivity. d. closed
&& moveActivity. door. realvalue
</Rule. Condition >
< Rule. ThenAction >
moveActivity. loc2. rloc = true
&&moveActivity. locl. rloc =false
< Rule. ThenAction >

</Rule >

ERBIF i HIN RT3 E T,

( :action move

: parameters ( ?loc1-ROOM ?loc2-ROOM  ?d-
ROOMDOOR)

:precondition (and (roc 7locl) (door ?locl ?
loc2 ?2d) (not (closed 2d)))

seffect (and (rloc ?loc2) (not (rloc ?locl)))

)

Hep, ZEW RS RIZE A FE. R
SR RS — AR IR B B BOR R B T
TR RAEER o RSBl X R X R 5L i (in-
stances ) . J& 4 (attributes ) LA % J& P Y {E ( variable ) 3
FE. ETAERBRH , F bool BUAF B RFAMAE, N
“bool armempty” FAYL&HTHERE NE; AR
bool Bl B M2 i5—JTiH ], 40 “bool door. closed” 3
RITRE XM ; AR gOkFRZX ZITHEE, Hig
TR BT E X R Y R MR R, TR 1A B T 5 (asser-
tion ) H] L 342 H ) —1 bool BV MR A,

2.2 TiEm#EavHEs

G-Ferrer % A\TEHIT R B JABBH R4 (k55
WAy HTN JRIBA i — A JAVA [ A
RFHELSR) PR T 3 RSB TR R R KA
HTN RIS 5 . LT 23X 3 M T
Ve SnTiS feE# Ay HIN 75355 H) HIN 45

1) IR TAE R SRR B i HTN S .

< SequenceActivity x; Name = “SB1” >
< ns0; MoveActivity x; Name = “Al” / >
< ns0; MoveActivity x; Name = “A2” / >
< /SequenceActivity >
XFREE HIN 45500°F
( :task SB1

: Parameters( )
( :method msb1
: preconditon ( )
tasks( (A1) (A2) ) ) )
2) AT TAE R R A KDL HIN 45 .
< ParallelActivity x ; Name = “PB1” >
< SequenceActivity
x ; Name = “sequenceActivityl” >
<ns0;MoveActivity x ; Name = “Al1” / >
< /SequenceActivity >
< SequenceActivity
x ; Name = “sequenceActivity2” >
<ns0 ;MoveActivity x ; Name = “A2” / >
< /SequenceActivity >
< /Parallel Activity >
XFREE) HIN 4gf500°F
( ;task PB1
: Parameters( )
( :method mpb1
: preconditon ( )
:tasks([ (A1) (A2) 1)) )
3) R TR R R R R HIN 45 .
< IfElseActivity x ; Name = “XORB1” >
< fElseBranchActivity
% ;Name = “ifBranch” >
< IfElseBranchActivity. Condition >
< RuleConditionReference
ConditionName = “ifConditon” / >
< /I{ElseBranchActivity. Condition >
<ns0;MoveActivity x ; Name = “Al1” / >
< /IElseBranchActivity >
< fElseBranchActivity
% ; Name = “elseBranch” >
<ns0 ;MoveActivity x ; Name = “A2” / >
< /IElseBranchActivity >
< /HElseActivity >
ifConditon ;
this. x = =true
XFREE) HIN 4gf500°F
( ;task XORBI1
: Parameters ( ?7x -parameter)
( :method ifBranch
:preconditon ( value ?x true)
:tasks( (A1) ) )
( :method elseBranch

R
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: preconditon( value ?x false)
stasks( (A2) ) ) )
& 2 Fias R P17 B TR .

AL

(a) M /(s erial) Bi =\

2%

b) J1:4 ; (parallel split sjoin) #X;

E

D

=true

%

=false

(c) & F (parallel exclusive -OR) #i 3t

B2 3FAamITERER
Fig. 2 Three classical workflow patterns

Bk, 78 HIN MR, 3% 15 (recursive ) 18 Fi 2
—MERN T, EW U EREREEEE R
FIATsh. Aad, 3 IF 5] A% HIN BRI R TR
52 B IR) R, B SRR A 2R AL A PRIG™ . it i
SRR HH B B O IR 2 T LB H B, 3R 4 HIN
MR A RAE B A B, S BETE [E] % F I ) Py 4% 1
BR. YT PR WAE PR TR R, — 28 HTN ALK
FREUT FREMRI R ER T X, BV RE=H 2
A IRE), — B ER IR 2 H RS R 2 B MR —
EALE T ViR E— RS 2 WEE 2 R EL iy [l 2%
7 TAERAR B, °F LR FIPE 36 (loop ) A2 5K (] 3)
FRFRIBTTIERPE IRV, 8 T FE AN 4 <E HY 1),
T LATEARER B4 4% 1 e s o R O 5 PR Al

]

B3 TI{EFRTEF (loop) iRk
Fig. 3 Loop workflow pattern

BN, N T SE UK — SRR E p BB E
B g WAL, TR T I AT . B B3
B p B LEAERAIE ¢ HRMNEp EAH

AERKMAIL. T RZT BB TERE
BN HIN 5.
< WhileActivity x ; Name = “move-stack” >
< WhileActivity. Condition >
< RuleConditionReference
ConditionName = “precond” / >
< /WhileActivity. Condition >
< SequenceActivity x ; Name = “sequenceAc-
tivityl” >
< nsl ; MoveActivity x ; Name = “ mov-top-
most-container "/ >
< nsl ; CountActivity x ; Name = “ count-re-
cursive-times”/ >
< /SequenceActivity >
< /WhileActivity >

precond; this. p. empty = = false && this. r_
times >0

XFREE) HIN 4gf500°F

( :task move-stack

: parameters ( 7p -place ?q -place ?r_times-
times )
( :method recursive-move
:preconditon ( and ( (not( empty 7p ))
( GreaterThan ?r_times 0) ) )

:tasks( ( mov-topmost-container)

( count-recursive-times )

( move-stack) ) )

A SCAEABFR IR 3 I T 3 PR B PR
IR T HERERREOE B L L. —&IERT,
MRRSE A RS ESHIREEL L HSESR
FRARABBRF1730. 0 LG R e B oL, in R
p ERERANBRARE (W0F KA4), U move-
stake TTER7EGOE N A K RG22 500K
RASHY A RLRA TR, T ZH -5 PR 2 6] T AR 2 T0FR
B, BlanE B ilrR, W05 p ERIERAERIE ¢ )5,
A 7T s SO K% 3] p b, JXAEXT move-
stack HTRAPRFSTOIR IEHIBEAT T 2. ZEXRMER T,
FRE AR R, RV BRE 2R IR 1A F IR B R DA
HEHER— N EROT I, BT BB TR R LRI R
FERPE(TTRBS H BUX B 0L, A BAE S L R ESR
BRI p 53] ¢, RIGFEIRIEER).

3 BT

S T RAE TAERA AR S s o A Y
A 3, ¥ B MSWF ( Microsoft workflow founda-
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tion) V9 TAHE R 1% 1158 (workflow designer) if # 7#1
BRI ) AT R, W R G
T HERIE AT R BEAT T L. O T B KRR B
W BRI A R R B, XX 2 sy
FR AR AR A8 HEAT R . SE % T 2 M)
i AR ALK 7 (fast forward, FF) "™, 3521 3 At
B By BRIl S5 AE O BT S 4 BROR i A (blocks
world ) [5]& , BLi# 3 (towers of Hanoi ) [B] 8 LA K Jp
NEiaik (office delivery) [A) .

T35, FF JRIE 05 AR AR HER R SO R 15
F (PDDL) # i By 0 $sf 15 25U 71 [a] A Y, ) TAE
R T B MR S B R TR AT — 2
Yot BeA B FF BB IR AR A BATH TIER
BEIRE S HIN SRS, 36K A Alford 25 A
TR BFE#: TR (HTN2PDDL) ¥ H ¥ #:>4 PDDL #
R EEER T B2 E T i TI/ERE
BRI GUA0R) . KR RGNS MMsi &
WA 4 FioR.

HTN 77
ST

—

4% HTN to PDDL

pp | PR

HLk 2%

Y

TR |

pre

M4 IBRRZGFHEETRE

Fig. 4 System structure and process

3.1 FAKHSF

ST 8] 5, K A WF workflow designer
EXT 4 KRB 4T 3 pickup, putdown, stack , un-
stuck. Z2HUHLRIES FF XA R EHORFR L
B , R TR TR k.

1) Jrek  BafR.

2) HIR: AR T BARALE.

3) FHES L EEBACERABT BIrALE.

4) FAES 2. FRBARCERARE TRE.

VAT FRIANE 5 i, Hhg
it (acquire ) FRARFIIL T (release ) FRA S AR A T
YERGRARARS , R8T KA TAERIUFARR
Fik , B3 B AR TAERIEIME R RS

R ?

Bachieve_goals
T

@ sequenceActivity 1

Blacquire
; d :
D e [ R [ :
i ! ifBranchl i elseBranchl | :
P ; P
i pickupl | o unstackl | |
------------ |----------- A'«......----.-. FEETrr

ifBrach? i | elseBranch2

élfilputdownl l l Eil stackl l

BS5 BIRAIEMIERRE
Fig.5 Workflow of moving blocks

KA Alford % A" 45 th B IR AR TR, AR AR
n =5,10,---,90 §¥ n- block [B) &R, 447 T 50 YK 5256,
A~ n B B SR A R) B 50 YR L3 i T34 1. FF-
WF 27K workflow BRI | ASUS ARG, A FF
HRIERHEA TR AR TR A 1R) 284k 2% ; FF-Plain %78
RA— LRI Rk, A FF R85 517K %
BT ARG ZR , SR 25 RN 6 Fm.

1001, FF-plain 2+

80 ——FF-WF A'*
Z 60
= :

40 aw

20 _

A
O |

30 40 60 80 100
iAW NIE g

Bo6 FAH ST MAT FF RiERT
Fig.6 FF solving time of blocks world
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T EKRBYA]. LR LUE Y, 7ERE A ) SR
B3, A TAE AR A TR AR, 51 A S A
TREXT LRI 25 KB B R K. 7£ n =40 B,
R T3 100 4.
3.2 NEHE

DU ) R — 2 B HRR ) 8, 2R
BN KBV NE B B B — A E S — A
)L AE R RS B B 5 S — AN Sp A, BB BB B SRR
HHEREBELERWES L. YREHBELZH, B
FHREWAARLE, FRB LS AR EE X HK
% LA RIS AT AT | AT BT ATR, B M R %
T RABRPHETALERE .

1) ik H s

2) FiIR 1: LRI A RS/ DR,

3) FESH 1B/ MY B RIRIRE 4 50 (8, —

t, > t, >t — ) B3

4) FiR 2: BIRB MR R/ E .

5) FAES 2 B sl HA R B 4%

T — ST AR AR A E 7 Fras i
WS, ZRBEES T 1 NEME1T3) move F12
BERIA%H, 5% 1 ER selectDirection 33 0 1 &
B &0 0 A 3 1, MR &N O ST, /MY
B &M 1, B33 6, MBI OB, &
/N B EE ST AE ¢, BBBIE] 1,5 28 2 JZ rotateTower i3
HATFRE LR G, movel JFEFNH/NRBKIT
3l ,move2 L BN H A [ & #1730, exchange HYYEH
R ARIE % /N B [B] % #2185 £ 75 19] %8 3l exchange-
Clear £ XF HFRIRZASHI AT, 2 ¢, f1e, LENRA HR
i, RATAE R E &% 1, b, BHEKIE.

@

B shiftTower

mselectDirection
&

(V)

|
BifbiseActivity |
X

[ A\ g

branch_Set Branch_Find
E

BrotateTower

O

|

B sequenceActivity 1

Ed
mexchange

i $ NILL

I : h.4 2y A I 0y
exchangeClear] | exchangRL ! {exchangLR]

[ done | %Idﬂmovez | §|¢movez |
Y J i i ]

[ I

B7 BIEKIEHIERRE

Fig.7 Workflow of moving towers

ERAEMn =3,4,-+,14 i) n-ring [, HAT T
50 WEER , Xt B n (BRI [R] BL 50 YR SE B Y
FIE, SEREE R ANE 8 frn. R RTLUIE

H, YRR RN (n =12,13,14) ,FF-WF [

B2 B & F FF-Plain.
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R

X107 _—
—o— FF-WF

4t = FF -Plain

W

[N T8 /s
(9]

A

. B |
8 10 12 14
[ 2 %

2 4 6

B8 NEFEEER FF K@@

Fig.8 FF solving time of Hanoi tower problem
3.3 HREIEE

I 1B A IR R — A L B B3 i SURA R 7]
A, BOR—AMLER ANTE M ARG 1 55 1] PR 24
ARERBRE W ALE. 3 TFIRMRI A, FHETT L
FIARRE S MIR (AL EREER) LTI 3R
RIFHER.

1)k BRI RMEE

2) Wi R FEARAT Binfi BRI AR

TS - FEAE BEEYETERVE,
BRI EE.

BHEAT LR AWE 9 el , %5
P& TAR U P R A ARSI, R
SREMAFTAAENET BB, XAk
RARNSERH), v T T 5473h:1) Zm% T HlaA
I BRI AL B X EA T L SR
2) Zms T Hlas N B RE B AR BRI TH
AL SEIIRIE, BPEE R ANt a7 5 A SE A SUBATR,,
WS SRR A TR RS

?

Bachieve Goals

@7

"4 ™
Bisequence activityl

t

‘ th pickupl ’
!

‘ thiputdownl ’

. Y

O]

B9 EXERIBHIERRE
Fig.9 Workflow of delivering packages

EWAERT 2 HEBRIKE: BEFHE n =
50, =R AZEH k = 10,20,---,90 Y 50-k-robot [H]
A E e E = 50, R4 n = 10,20, -,
90 ) n-50-robot [A]EH. X 2 LKL A HEAT T 100
WEEE , XA n B k(8B SR A I 1] 23 79 X 100
LT H P E. KBRS R AN 10 s,

140

B

[ s FF-WTF
120 = FF-Plain

100

2 80
=
= 60
40 E
20 ——
0 Ve ﬁ . . s
10 30 50 70 90
R
(a)EEBERE n = 50
200 o FRWE
200k FF-Plain :/A
» 150t o
B ;
= 100t
o
50+ o
e L ’
V5 Aokl
10 30 50 70 90
5 1A 3%

(b) EEREHE =50
B 10 HAZEEEBME FFREHE
Fig.10 FF solving time of office delivery problem
B SRR R AT LUE Y, BEA R BML B F 38 O,
FF-WF >RfEI} A B B 2 imi/MT FF-Plain.

4 % #

TAREE RS H 20 4 90 £ UH XA
*,FEEZ IR T ZENA, wHB T 2R
PHERAEE TR, ATMRISORTE TR EHA
AR, Mk 55 AR R B 34 R ELL 5 RARE
H AN TAEREHEREH R THNE . BEMR
HERS AR A TAEREERAETHEET
B R SUR S TR, A TAERAE R 45
A ER SRR U R TEREE TR R TS
B9 AHLF T, PR AR R USSR B B, (5 A
J L RE T R M A AL SUR TR,

AR ICE SC IR EURE DL B A R, Xk AR i 2
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