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Review on Hierarchical Task Network Planning under Uncertainty
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Abstract As an important automated planning technique, hierarchical task network (HTN) planning has been widely
used in practical planning problems, but traditional HTN planning cannot deal with a planning problem with uncertainty.
However, there inevitably exist uncertain or unpredictable information in the real world. As a result, many scholars began
to focus on planning under uncertainty, and HTN planning under uncertainty has become the forefront research of HTN
planning. In this paper, uncertainties of state, action effects and task decomposition are analysed, followed by a summary
of the expansion of HTN planning model for treating these three types of uncertainties. Also, existing research works

about HTN planning under uncertainty are reviewed and categorized, based on which some unsolved problems in HTN

planning with uncertainty and future research directions are brought forward.
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Fig.1 An illustration of HTN planning
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WIBIEFETVE m KT PN M (ct) —m PHERIE
P AT R ct, N 5T B B R A e
AR BRI, A SRR PR AT 55 70 ik s A 2 S Wi R e
fift B Bl B A, TR AR S BRI AT 0%,
RIjFk P RABHLE, s 1E AT B HR
AT, AN [ K3 55 70 Pk e A2 0F 17 18 A0 el ik L
AAF RN, B, B w SR AR AU
AN, e BAT S R B (A 55 0 fif
ERAR TR N (B P81, s b AU A T LUAR
Fa WP s AR L5600 — AN 5T 0 AT 55 1
FIREPEREAT MU IR AR, 5T, R AR5 R Y™
JEZRIRAT 55 0 ik ANEA 58 R I 20 it B A )™ R 2 ox
sl R

R 8 (EH/MEE). KM D =
(S,0,M,~) ¥'lEH D = (S,CT,0,M,~,DP), }
HOT RARMEATSES;, DP: CT x M —
[0, 1] J2AE55 7 iR IME 250 A B AL, dp(m|et) R
Jiik m TS ot .

I'EB 9 (&M 5 8K R). e % HTN
RN H a6 R A so W B4R path =
(cto,mo, cty,my, -+ ,plo, Qg Cliy My -+, Dliy @z, -
Cly My, -+~ Do, an) 27 R 1 W6 AE 5% M
G W S 6 s S <R 7 S G 1 I |
g N2 A% 5 R Clhu =
(cto, mg, cty,my, -+, cty,my, cty,my) FE AT 5%
AT AL PTyarn = (pto, ao, ptiy aiy -+ Pty ay).
W R AEH 5 R, PToan, XN — 4 34 $h

T EX = (80,0, ,8iyQiy " Spyp),
MR V(EX) = 3 o[R(si) — C(si,ai)] x

Po.(Sitalsi), 1007 i #% 12 path B9 W] 2 2% H
V(path) = TIry dp(milct)V(EX). W RaEH
AN E R, PT g X N — 413 7F AT B 1%
{EX; = (80,00, " 1 8i, @iy Snyan)}, WA FE
1% path FIHESH V(path) = Hf:o dp(milct;) x
>, V(EX;). WERAFAEIAD AT path’ HE4T
V(path) < V(path’), WFI> 84S path A5y
il BRAT.

3 AHAZE HTN HMEIARIAR

ESCRER T AN E HTN BRI ) 3 i) = 2 A
52, I b 7B R A E X 5 HTN R
RIBRREAT Y e, DA SRR BAE7E AR HTN RE
RIFASK AR A & DR ) W AR, 3R 2 25 i
TIRXEEWEIT AR RSO0, B SRR EER A L AN 52
o JT AMPTHE Y .

31 BEERFATITREZTETM. sHERRAHE
(P1) B HTN %!

SFF A K ) P1, Kuter 26055 ST
ND-SHOP2 (Non-deterministic simple hierarchi-
cal ordered planner 2) HURI#S1°6 HOKs Fi 4 R
SEY AN E AT SRR 0 T Roah ROk
A5E, ND-SHOP2 X AEAF AR BEAT ALY
L B 55— U5, AEshERCRINAEAE, 115

*2 WAMAHE HTN RIS

Table 2 Existing research on HTN planning under uncertainty
e HTN BRIATSE ANl A ] e R AR TT 5 EIN
ND-SHOP2. YoYo P1 iR TRE1.2.3
Cond-SHOP?2 P2 WHAT P4 5(2). 6.7
RTDPSHOP2 [ RTDPSHOP2Z| . .
P1 BRI Fr1.2.3(1)
Fwd_VISHOP2
Hierarchical Factored POMDPs P3 BRI PH1 .4, 5(1). 6
C-SHOP. PC-SHOP P3 MELoR FR1.4.5(1).6.7(2)
Probabilistic-HTN P14 AR5 A R EoR P18, 9

?



5 147 T B A ANHE 2 AT 55 2RI 7T 255k 661

WU AT 55 W 2% 73 A4 380 D 14T 55 W9 2% JF AN BE DR IE
— BB H AR, Ak ND-SHOP2 il 17 it
BEAT TR e 2 e A s R € H IR,
ND-SHOP2 #§ BRI R AP e 3 H s, JF
A LASRAT 59 sl AR PRI, AESE L, B
R ) R PR R R R SN TE S IR A, X T8
THET RS BIEEOR B ], JCI L s ) 387
Fiki#s (B SHOP2. TALplanner (Temporal ac-
tion logics planner)”, TLPlan (Temporal logics
plan)P8!) TR M. 4 B A e R
NPER YA, AFAEZ A AT R R ARIRAS, U 20
RS ATBE S PRORASBEAT AL B, PRI, ) Y 1) RN R
BRI ARG SN 5 B A e 2R
IR ARRIREIE, REAE B AR EAT A
HOERE RS AR AL PR B, it S H
BIARKRARE T A7 HIE B HAROIRAE. S2 45 /K
B, ND-SHOP2 LA —489F HTN Fidl& (4
MBP (Model based planner)®) HA5 % w35 %
SR, ND-SHOP2 1S I AT R 5k, 22304 L%
3T SE A 3t — D hd R R JE AR
F SRR 2 B T A E )

B xF BT 42 2] ND-SHOP2 #i Il 48 1A A2,
Kuter 2 75 ND-SHOP2 ({3 I, & 3T
OBDD (Ordered binary decision diagram)©! ff)
REERRHEAPEH T YoYo MK YoYo &k
T ND-SHOP2 h LY JE 1 My JE 2 iiE, [H
FERE ALK s g e 3 TE A, RIS . ik
MR FLLIAFE. AR, YoYo #JHIA i) BDD
Frote R REEMREEB LR, IR ZRRY
HTN BRI A0S R 5 R R, 0E—
AR TR, Bt IRSEFIRS SR
# OBDD £ 54k 3omm, JsoR N ] T ASIRE 1 #
VERFAE AN T4 OBDD EKwR&HES, JFkHE
OBDD iz SR MTHEBAE T N 5 RS A 28
Lhdy, B HT T BASIR A BT 55 70 i A3 o — AN IR
A NAES . K OBDD RRFi A (1is SR
W, R TOPR A R HE B R HE I T AR 4 B
HESMIRZ. LR a8 RWEY, YoYo MIALRIZ
o T AR AR K HTN #L)2% ND-SHOP2
AUAFA] BDD HARAE HTN #iki & MBPP, 75
RS i) LI 5 5 i 4.

32 BERFTRSBA TN, HIERRBEE
(P2) # HTN #i%

X T AN E BRI ] P2, Kuter %562 $211 T
Cond-SHOP2 FXI#%, ‘ER AWM AT AT T
R I 1) BRI 525 ) Al _E 6 SHOP2 K49 Fig
RN, AR AT, TR fE S IRE K

HHA KR, Cond-SHOP2 X SHOP2 HEAT T bl
PR 4 My RE 6 e Akl Cond-SHOP2 LA
REZR L AL IRE, — IR N PR
S, WAE SORAS AT LA Y i 8 70R
AL AR PR S IR A R s T 2R 7 WL 5L R £
AN BAER AR 22 B B AT IR, JF HLIX 73 8%
FNBNAE S IATBAE, KLY RE 5-2). B4k, Cond-
SHOP2 K I &on 9 7 Bk, Bl
TR — S E PR A . AR b A PR AN
AAERPIR A AL 5 A IR, Cond-SHOP2 ¥ JiE
B ) B R R R0, OO IR AN s A I s 7 A 1 T g
(PIRB 3 RS HEAT 3 S b B AAfHh, Cond-SHOP2
553 AT 55 W0 246 B [A) IF, R T 4R AT 3 4 3 7 3 23
ARAS, IR AN AE = A1 ] B 8 IR A EAT 43
SCAEBR, B IR A T T AR ] Fik
HARIRES h k. S a s g 45 R, A EL 3L Al AR
HTN # &2 (W PKS (Planning with knowledge
and sensing)[63=64 [ MBPI), Cond-SHOP2 fgib
PREE 22 () 1r) 8 H AT BRI RV Cond-SHOP2
AR AL FRAN 52 ) 8 P2, (H&5 4 ND-SHOP?2 ik
PRANG 2 SR BOR B R, T LA ] R Ak AN
JE R P3, Kuter 55 2 AEEAT A CHEFT.

33 MERFTITRERLTW. HEXRFHE
(P1) & HTN #1%I

AN MR ) P, Kuter 25661 o D)4
Sl S PR A Dby ) SR B R g 9 N Y T MIDP R
Kb, AR B R R ), P m LRI AR, MDP
RIRE ) 7 P16 (1 ol e A1 O — AN BE AL &R
g8, MNP e 17 18 X3 BA BEHLE ) 8 4F &%
R, MR 2 198 7 BRI ), A 9
3'(1) me e ORI 34 MDP #RISFER)
P R G AR T R R AR T R R AR A
ZEA), T 5 W R %5 A R AT SR ) R AL
I, Kuter %5 SHOP2 (145 5 % 73 7 55 MDP
EARF 7L RTDP (Real-time dynamic program-
ming)!®’, LRTDP (Labelled RTDP)[®8! fl Fwd-VI
(Forward chaining version of value iteration)(6% £k
&, MR HLEE T RTDPSHOP2 | LRTDPS"OP? i
Fwd-VISUOP? Bkl gs. HAk b, 0K 3% 16 i 1
MDP BRI IEAHERE T BEATIRAR, B SN H]
HTN QU A0S 35 m] T 24 B RS B 83 75 4
A, KRR T REIGEATT B AR HOE,
A R T LRI, Kuter 25045 H T R %
FHRI U T ) N F R e B MDP LRI SR 1 4 1, Ot
MR RIS 99 5 T U 98 R 42 R U e A8 ™ A i
I,
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34 BERTTRBMS AN, HERRRHE
(P3) # HTN #1%

X T AN R 0] & P3, AT I Z R 3 )
KA H AR AR T L3 g 8, — 2802 SR B A0 o
KPR RRRIAE, 300 6 A7 B2 A A (55) ARHME R
Rl g2 SR BTt d K R R A, 3 T
XA B AT () AR o) . T T 20 i)
HEAT B4

1) SRR RUH d KRR it

F T AN 8 10 B P3, Miiller 25170-71 3% HTN
N T POMDP Sk fif, 1 iz A1 FH 4is e nT sk fig K
A POMDP [l . a) X F AN 5 af M A B AL
ARG, MRS AT L Z) i 2 POMDP (Partially
observable Markov decision processes) &8, 54~
Re 1 —H¢, R BRI R SV ROR R s HAT Bl
PLPERPIRES R G R, Ak, Muller &858 18 1E
A AT AN R, 18 BAT SRR B RT3 11
AR T AT I P A (R R, ARG A AR A 5
HHIAARHE. b) POMDP R f R A i 43 A1
PR B G R YA RS S, BB WS
JE A IMERAERRES. ©) RGN, B3
YRR FH T3R5 U SR LAHEWT 4 Ji AN e R, I
HBEHUEREE N B sl 1 1 W 8 A1 s A k26 o0 A,
M5 AT R 6 i SCHMEE B &, LA
RBEHLAAT TE SIRES B R KR, 10 H R IR
By 5-1) KB XK REAB)E.

BT iRy AN, Miller 25 KIS GG AT
JLJ5TH A 2 a) POMDP Fi i /003 % 5 U
Pl 7-1) AR SRS LRI AR, A AR A
MR ZS il FSC (Finite state controller) 7R
POMDP [i] i (1 e (2. FSC R ahVE 147 1
B MF RN K RIS R B N, ¥ R
AR T AR U 25— A VR S
MEAE AT, T ZEMZE A ILEE, FSC %%
¥ R B s AR AR PE R AT A . AR e M 82E
Al LAy B S ezl Seath b T @A AR S
#ill#s LFSC (Logical finite state controller), ] DA%
ZEHL L7 FSC. b) A4 HTN R HIL S, &b
TN AEM S S HTN kI &2 G4 5 A0 X
N, FERH MFSC (Method FSC) £ % shEN
KGR, X HTN B 455 o i i 72 etk
Jefih b, VF3#& %2 X T Hierarchical factored POMDP
) 8, JEAKHE FSC AT IR A 5 T i) i
fift, AT IS B A B KK FSC. ¢) 15 JZ IRHERE
ik A A* S UCT™ (Upper confidence
bound applied to trees) %, HT7E LFSC =]
TR AR, FARH, BERIRIH MESC X434l

%01 LFSC kK5, B3| LFSC 22 W A& % s
HEPATIER R 7 dlds. EkidE iz HE
A UCT Sk £ MESC A] SRR (1) 72 1] 2% 4 .
d) WL szs Ui, N UCT SHykaens o m sk
K EREL ) POMDP %1 1] .

2) 3K MR g5 K R K i

X AN € i) @ P3, Bouguerra 554 g T 44l
HTN }iki#% SHOP 2 T C-SHOP Jiki#s™! LA
RG22 K T Ve I R, A Ak P B A 3%
RATE, C-SHOP XHEAEFFHAT TR R 1V 1
Bk, LLRIRNERAT G A MER 2 A KRR, R
TRy PR AE N Al AR A KPIRS R A
C-SHOP X TIWy & 4 BESWRE; b Tk
fH @ RE MW R, C-SHOP fEHAERTY e
HOMA A AR R S E AT I ] BESRTST IROULEEAT,
KPR 5-1) IR FKRP e 6" 1177 X HEWT 41
fEa kA&, C-SHOP [FINfE L T COND {155, %K
i S NERYE =2 3 e S NI o
Zg i, C-SHOP fAE 58 R 4 ANFIMH7, BIA
BCE H ARSI BL5E 4 20 AR AT 55 I 2 g MR 26 1 4%
. 5348, C-SHOP [P LRI 4% 2 7~ Ry v 56 4 i A
TR, PR S rp Y SRR 24 IR A T Y (W
S, MIERT SRR BE. A S ERAT G 1
MEAAE R A, i C-SHOP /5 24 B
A ] RS REA T 73 SCALH.

4k, Bouguerra 54E C-SHOP [3&fit bift—
AT PC-SHOPU Hiki#%. PC-SHOP KA (1)
i 5 C-SHOP [, fE ¥l &k EYS C-SHOP
AR — 5, ME— AN [R] 12 A BRI R B AR AR
FE SRS Py Ot 2615 S 24T ] St 2R 4 ) 71
55 43 fift s DA S R R Dt 22 4 J e X R, e
k2 55 K IR 73 it 53 5, LA SKAS e B MR 26 d5 K 1R 1
i, R 7-2).

35 MERRTTREZTEAMN. SEMRFHE.
ES A BAHEN HTN #X]

EFXSAH HTN AERISRARBEHLIASE T i ) L P1
FEAEAT 55 70 AN E I B0, Tang 07 52 A 71
WA JZ AT 55 I 2 SR AR I S v . AR, V5 7
MDP HERUO RPN (1 2 P1 AT 248, SR
PRE 1 1T RSB SRR, AN ST
3'-1) B e e BORAAN (R K 104 T R 55
IR AN R SR AT 2R ALY B 8 1B k. i T
MDP BB (RS F AL B 5 HTN BRI Y 1
fE55 3 IR A A RIS, D TR B 4 &, 1B
A Earley P o= AN E 55 40 i 1
R A B ) S AT 55 W %, PRI J2 AT 55 I 5%
AR S X B 1 5 MDP SR, DLVE
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fli Earley #4280, BARM, B FA155 70
i USRI R R T, AE % % I8 2 Barley fift4T
A0 sk B HTN BRI /5724 M LA™ E Earley
K, FIH Earley 45 R RAT 55 5 VAR R %
#, M Earley 18382 R 7 AE 55 [0 (0 730 il 55 &,
R T A (MR AR RIVAT: 55 20 88 I 5 3k 38 (R R
RN EE M Barley B P OS ARSI iR ER1E, 4
B R AR R B A0 B RPAR S B 50 &R T LA 24
G5 1000 it — AT Ee AR, AR B A L IR E FE I
e SRR MR ShPESAT IARH DL K B
RS IRAF AL TH B2 20 it — AT i A O SUT B 2.
A, AR SR Earley Kt ) H%, DAERAA &
RSB 2SO 110 93 ik s A A Dy R e i e, SR ABLY™
J&9. AN, AR TR, TIEBOR MR L T N
I ERVEAG AT, 0 m] LU BLAE (18 20 fik 5t o ool
RS, WERTCTAS sy e iR, bt iE 4
JoU MR, PRI I 2 S5 25 g MR OR SR iR,
BECAESAUSTIR 78] it (127 5.

3.6 &

HTN BERIA 5 — Bl R A i SR
RT3 (TR RHi ) B ), 1A 5520 A HTIN B
1AL PEANH € IR 1R _EAH EEAE HTIN F0 i i 0 )
AT AL S, X EEARBLAE L AL 1) A
S AT SRR FERE ST, A HTN BRI ) K A
SRR N I A3 5% A F R AL B VRS & vh ik # 5)
PERA IR B H ARSI R, AL 2T, HTN )
R T 2% RIS S UT AT 55 70 ot 7 A2 R S AT 550
IS AT, T AN B8 2 R AS R T N R Bl 1 4
T AT SR, B> TR 2T ) AR A HE if
FERRIBCR. 2) AR5 R HATIIEPERE D). AT
R A 20 TR AN S BRI 1), A HTN (10 7y
I LK) e 2% B8 S T A DT AT AT IR I8 (R0
SAEALG, A HTN BRI ] LU AT 45 4> i
)25 P I 3 i ZERAT (I, AN 0 2% 18 P ATl $h AT
IREN WS AL &, dolsb TR 2R 27 ) (145 IR
A HENIPE AR

4 BEFRRMRTIE

HTN FEI A 00 0 IR BEAT 73 2 73 il AE SR
il 5 PRI TR I SR AT T 4 Al R B ICR,, S e A
NATTAR R 3 A 5 3 FH AN 5 R i i 5K A
BRI B T BA— 225 T HTN R i) A iff 5 K
RIJHE NI,

AT SCEREE X AN & HTN BRI R 90 32 2256
TE=RAE, BIRGURSAHE « SIERCR A E
AE S5 2 AN E , AR I BEAT R A I 25 1 =28
AN TR S LR K SR SN E . BeAh, A

[F] (R AN S 2, R R B R, st R
RIT7 L AR I SCHR I TAE 73 ik 5 A e T
A E HTN MRIBEAT TAESY, R ERERT
RETERFM . AERARAME ) HTN L, @4
Fon MRS E T ShVERCRH € K HTN Rk,
MR IR TIRE U SIERCRAE 1) HTN
R, BRI T ARASES 73 7T W S ERCR A E 1)
HTN LRI AR s TIRES I SV ERCR A
& H 2% [BAT 55 70 AN E I HTN K&

RE A E HTN BRI B AT 9%, HI
WEFEATISRAL TS B B, AT — L8 i R 2 LB 1) )
BRI, A B SO A — S8A 2 IR Hb 7y 75 2
AT

1) REREZEA T AH € HTN # LI
WEFE. AEMUAS IR S Bl N2 28 48 8 Re 428 o 4%
AU, LRI R e AR TGV RN R G A R BB AR A K
mB SERGORETE AT, SKAR TR 1]
BT AN B AE R AR L “a il BRI R B A
A SRS BNIE B ARG SRE, B R
REMR AL T W MRS, I RE B 2R I 0E N — D45 78 IR
AT IR RN RS AR B 51 A A, XM
pilprE st TR AP IR R P S S S E L R/
AR N, 4 HTN R K 7R X 2R AN
1 7 R T SR At 4 E AR .

2) W HbRA T E HTN MR %18
BB AERCR B AN 5 FA] BE AT R, AN E B
Kl i) RO R H AR AN AT A A K, W] e AT
b5 T SR, B EERIUAE LT AT a) X T
7% [EBNAEARH FRAS 22l (1) AN 5 F ) 00, K
e AT e LR B LR H AR B AT B R T RS
b) K i AT B SR ARk SR H B 3 R v
BIA B LUy i IR TP ADIRAS, 3 A] B AR 4R B S35
PP R PR R S SE A AT R R KK B ) i 3 2
KR i RE BRI, §T R H AR
TEJEA LA 2 B2 AN o BRI n) /0 s T 8
e e, IR 7S 97 8 H Fr AN &€ HTN L)
&I A PR I A

3) 5 R IN [A) AN B Y AN € 1) HTN R 52
A E HTN BERITFSEAAE M 45 IRk 55 240 & (Web ser-
vice composition)®?, 22 H X R4 (Interactive
storytelling system )®3) A I A 4% BB S50 5
SUUEAT P Y, AH X BRI ol = X6f IS R) R B Y7 T
(AN S 1) 2% B8, T 3K AE S o W H o AH 24 2
b, TTRERIFFUER R 7% RN () A B I AN € 1) HTN
R B AT B LI S, e I HTN A Ak
FRLI ()85 =87 RIge J5es) (oT SE EE AE 5, oAb
K 7 ¥ Ak BT TR RS A (BB {4

He 1

B 2.
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4) BT B e A e HTN AR5, I
HIANE HTN RIS & ey e 1 R A
bR AR A AR ) SRR A, XM 2 TR I
SEEHE S (1) R ) A8t 2 DR R 38 2 28 Tl g e i A
EH. 4K, FF-replan (Fast-forward replan) i
125 90 75 [ B BRI R 6 v [ v RGR B, A LR AN
S R v 250 ke S it o P KK T iR ) A R
2RI AR 1) 17 ¥ B R R 9 F A g5 135 38, 91=92) - LR
S e SRR & . i RA E HTN
T 0] B R] DA e 0 A e 1 HTND K] ()@, I
FIFH e HTN BRIES K, I8 AtfiE 1 HTN ki
R R R4S HTN BRI 7 SR A X RBEA T 2 I
Kl i 85 S e PR R IR

5) ditramiba% 2] (Reinforcement learning)
ANfiE HTN FURIBEST. A5 0 fif & HTN R 2
R E PR — W kR AT TR R R
BATSS MBI BN )RS, — e, St n il
AIREAFAE Z A TR N — NS4RS, A HTN
RN 5 2 48 2 TG 2 ) b DX e ] AT ) VAR A
EFE— AT R AT 55, e AT BRI T7 % 1) 5t
HOREAS N, TR — AN TV JE Ak ek gy
A 2R - 35 [ A 2 1 I R RE IR IS R 40 SR
W5 A Wy oAk 2 S IR SR DAL BE ) 5% > HTN J73k (1)
EPEENE, DRAUE 7R 8 5 11 e D) 28 LA SO Fi Al 77
FUR T, 20K 3K 6 J7 15 0 3k 8 S s 1 FH 2]
HTN SR A T DU s Rk 7 S o, $E )
DUBR LRI 5%

6) AN e A ) A N TR A X)L R T O LR
T FEAN, AT AR F ARG A3 PR 2 2] i it
JU. BR T Hogg %503 [f) T AE, IIAT SCHRNH 40Uk 417
()27 23 0 Jmy PR (R RISk, Hogg 55 1) AR
SURM SIERCRA I E R L T HTN J5ik 1) 24 2] ik
1T THESL, IR A HIEREA T2 RGO, R
1M, RESATE R b 2371k HTN Ik e s
RN 53 i 25 K B RAN R, e 53X FfopR 25 A 58 42 mf
M, TR IERCRA E WG LT 5 ) IE#i ) HTN
T MEARE T ) .
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