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Reactive Planning with Interleave

Seiji Yamada

ISIR, Osaka University
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For making a planning system adaptive to the dynamic world, various methods on
reactive planning have been proposed. An interleave approach is a general framework in
which planning and an execution/observation are mutually switched. However, it has a
significant problem: when planning should be switched to an execution/observation, and
few solutions has been proposed. In this paper, we propose a theoretical framework for
an interleave approach in which the switching timing is determined with a success
probability of a (partial) plan. The success probability is a possibility that a plan will be
achieved successfully. In our method, planning is switched to an execution/observation
only when a success probability of the plan decreases less than a threshold for an
execution/observation. A success probability is also an evaluation function for searching
a plan. Thercfore, we present a new interleave planning algorithm with a success
probability.
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GOAL: Goal state, Ob: an observation, f (Plan) = U(Plan) . SP(Plan)

Exe(NODE) : an execution of the plan in NODE

N_LIST : a list of nodes in a current level

SP_max_node(N_LIST) : the node with a maximum value of SP(Plan) in N_LIST
fmax_node(N_LIST) : the node with a maximum value of f (Plan) in N_LIST

SP(N) : a success probability of a plan in node N

Plan(N) : a plan in node N

Comp_plan(IN_LIST) : a list of all complete plans in N_LIST

Planning(N_LIST) : a function returning next level N_LIST after pruning with heuristics
NODEi=[So, Si, [OP1,..., OPi], P(S(PLAN))]

procedure Interleave-planning :
begin
S0+—0b;
N_LIST = [[S0,S0,[ ],P(OB)]];
while S0=2 GOAL do
begin
N_LIST < planning(N_LIST);
if Comp_plan(N_LIST)#[ ] then
begin
Exe(SP_max_node(Comp_plan(N_LIST)));
S0+ Ob;
N_LIST < [[S0,S0,[ 1,P(OB)]}
end
else
begin
MAX_SP < Sp(SP_max_node(N_LIST));
if MAX_SP = anexecution threshold then
begin
Exe(f_max_node(N_LIST));
N_LIST < [f_max_node(N_LIST)]
end
if MAX_SP = an obsevation threshold then
begin
S0+ Ob;
N_LIST < [[80,80,[ 1,P(OB)]]
end
end
end
end

Fig.3 An algorithm of interleave planning

7)



SERRNICET B EE L5 (sec)
o FIVEVIRETIHE I TIVDORAT Y T (sec). Lo T, AT v 7¥aD 7T v ORI)HEITE
BUGRET =ne5& 2 5.
o FATFMHRR O L & Wl 1 & 1206
< SLELDFSEJHM 45 (sec)
AMYHea—) X571y sy =70, BEEER (goal ordering) DX
OB EMET A, OF Y, BREEFES TGRS,
FigdD & 5 BAROUROMEEHE XS, T0e &, HAY L YFigSIKRENLZPL P2O 202D TS
‘/fwm*ii% h, BEEEHNERET S, TRH6D7T i, unstack@b)ic L KL B s niFaKaz o
1 < A (putdown(a)), FUDEEHAD LKL 2 (stack(@,d) DB VD H B, RIFER LW AL v wn
4;12)%@7"7 YIUITH, TD200TIVIELE DL EIIRETH D, EBEIC i putdown(a) D EFT
CRET HEBREOREVP2PSEIR SN T L E ) WREMN S 2205, BMIHERIC L VXL PIRINEN 5.
FeDFETHE, HLRVCBNTT T VORI HEENFTE S0, Bl L FigsnBEHR 775 v Lo
¥4 75 v T & % funstack(a,b),stack(a,d)] ¥ Fig 6O W R X v b U~ CHRIIHEROFHELHHET L. £,
PECim. SOIAPOP)A - MAPOPL) AR L h T L3 o b, 72770, HlcSse)yhr ), 5610
QAT TDTT VIERBELED T‘T’=5+2=7(sec) ¥ /-Tablel & b T(unstack(a,b)=10(sec) & 72 5.

P(E(ckar(a)S1)) = P(NC(ClearJ)) =1-7 2 =0.965
TR R R R EERE S I L 5 ~i{ﬁ7:c®’c‘“k(2)i n,
P(Ap(unstack(a,b))) =P(NC(clear,7)} =0.965> = 0.90
FEFEoNE, FRECKG), QL 0, UTOEFELNS,
P(E(holding(a) S 2)! Ap(unstack(a,b))) = P(E(clear(d)$2)lAp(unstack(a,b)) = 1.0

pickupX):
cond&delete-list [ontable(X), clear(X), handempty] Operators | Time Al Addition Pr. | NCP

puggg;;%h@dmg(xﬂ pickup(X) | 7.00 | holding 1.00 0.96
cond&delete-ist [holding(X)] pudown@ [ 200 ponme M om |
add-list [ontable(X), clear(X), handempty] .

stack(X, Y) : handempty 0.50
cond&delete-list [holding(X), clear(X)] stack(X.Y) § 10.00 | handempty |  1.00 0.95
add-list [on(X,Y), clear(X), handempty] on(X,Y) 1.00

unstack(X, Y) : clear(X) 1.00
condé&delete-list [on(X,Y), clear(X), handempty] unstack(X,Y)| 10.00 | holding(X) 1.00 0.95
add-list [holding(X), clear(X)] clear(Y) 1.00

Tablel Input operators and probabilities

Level 0

Level 1

[ontablc(c) ontable(b), omable(d),

on(a,b), clear(a),clear(c), clear(d), [on(b,c), on(a,b)]
handempty] Level 4
Initial State Goal State

Fig.4 A problem

Fig.5 A part of searching
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P(E(clear(d)S2)lAp(unstack(a,b))) = P(NC(clear, T+ T(unstack(a,b)))) = 0.915
P(Ap(stack(a,d)) |Ap(unstack(a,b))) = 1.0x 0.915 = 0.915
LoT, TORGHEPROND.
SP([unstack(a,b),stack(a,d)] = P(Ap(unstack(a,b)) P(Ap(stack(a,d))lAp(unstack(a,b)))
=0.915 x 0.90=0.82

Table2 & Fig TK I 7 7 v ORIHEE R RT. &I AT, FigSOBERICBW URI)HFE % SFMR L L
HHCHERET AL, LRV 2TPRABRITNTL T, S0 &5 2o 72 BIRERET B 72010 b BRI SS
HHTHD, BB ONDA vy — Y~ T ORI EERIFig8TH L., £, 4X Ty 7DTF %I T
Tk BICRTIHERMB L E WY TE Y, EFXTebn, FOERICEBANZEINE, LI585, 45(ec)ic
B THELISRE LIKAKDYPHZEL TLT ). TALBUVHNSK B2t OKELE LB v =V
(planning2) BT b B, F LT, $2AFy P4ATEFTFRBEINLS, I THHNE2REL Tna,
£oT, BSS v = v (planning3) BTk b, STET T U [pickup(a),(stack(a,b),GOPI#Ro» b, BIEEICE
Fand, COETIRONEFBLEDOETTH0C, DT BEERIERT 5.

bL, COMBERXA Y —)—T%Thbl WEMLHNE ME/MHEBERT IS y=v s LEHETS
L, WWREETT v OERE L CET LT 247500, BARENRE COBMI 25 & Bbhsds, #Hiksy
ERRUBIMTESHOBETH 5.

S1: 7(sec) 5(sec) [___:_Qr_;g::]
| | | | | | | |

: ' OP1 : 10(sec) lunstacg b) !
S2:17(sec) : :

! : 1 1
Gnmﬁle(d) clczir(c) ontal})le(b) omal%le(cD
L |

Fig.6 Causality of a subplan [unstack(a,b), stack(a,d)]
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Fig.7 A behavior of a success probability
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Fig.8 A obtained plan on the time axis
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