Generating Safe Assumption-Based Plans for Partially Observable,
Nondeterministic Domains

Alexandre Albore, Piergiorgio Bertoli
ITC-IRST
Via Sommarive 18, 38050 Povo, Trento, Italy
{albore,bertoli}@irst.itc.it

Abstract

Reactive planning using assumptions is a well-known ap-
proach to tackle complex planning problems for nondeter-
ministic, partially observable domains. However, assump-
tions may be wrong; this may cause an assumption-based
plan to fail. In general, it is not possible to decide at runtime
whether an assumption has failed and is putting at danger the
success of the plan; thus, plan execution has to be controlled
taking into account every possible success-endangering as-
sumption failure. The possibility of tracing such failures
strongly depends on the actions performed by the plan. In
this paper, focusing on a simple assumption language, we
provide two main contributions. First, we formally charac-
terize safe assumption-based plans, i.e. plans that not only
succeed whenever the assumption holds, but also guarantee
that any success-endangering assumption failure is traced by
a suitable monitor. In this way, replanning may be triggered
only when actually needed. Second, we extend the planner in
a reactive platform in order to produce safe assumption-based
plans. We experimentally show that safe assumption-based
(re)planning is a good alternative to its unsafe counterpart,
minimizing the need for replanning while retaining the effi-
ciency in plan generation.

Introduction

Planning for realistic domains, featuring nondeterministic
action outcomes, initial state uncertainty and partial observ-
ability, is a very complex task. Using assumptions to restrict
plan search in a reactive setting is a well-known approach
to practically alleviate the complexity of the problem, al-
lowing considerable scale-ups. However, assumptions taken
during plan generation may turn out to be incorrect at
plan execution time; if this event is not properly detected,
an assumption-based plan may lead to an undesired state,
or produce non-executable actions. Reactive architectures
such as (Muscettola et al. 1998; Myers & Wilkins 1998;
Singh et al. 2000) exploit monitoring components to trace
the status of the domain; however, in general, due to the in-
complete runtime knowledge on the domain state, it is not
possible to decide whether an assumption is correct or not,
and replanning must take place whenever a dangerous con-
dition may have been reached because the assumption might
be incorrect. When the assumption is actually correct, or it
fails in a way not affecting the success of the plan, these
replanning episodes are unnecessary and undesired; they
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could be avoided by faithfully tracing success-endangering
assumption failures. Whether this is possible also depends
on the actions performed by the plan. The plan genera-
tion components in current reactive systems, however, do
not take into account such traceability issues; as a conse-
quence, unnecessary replanning may occur, unless restrict-
ing to consider specific domains and assumptions that are
“easily monitorizable” (see e.g. (Koenig & Smirnov 1997)).

In this paper we provide two main contributions. First,
we formally define safe assumption-based plans, i.e. plans
which not only reach the goal if the assumption holds,
but also guarantee that any success-endangering assumption
failure is traced, by performing actions that help the monitor
inspect the domain status. Second, we implement a reac-
tive planner exploiting safe assumption-based plan genera-
tion, extending the MBP planner inside the SYPEM plat-
form (Bertoli, Cimatti, & Traverso 2003) .

Our experiments show that safe assumption-based
(re)planning is a convenient alternative to its unsafe coun-
terpart. It introduces no major overhead at plan generation
time, thus retaining the benefit of assumption-based plan
generation w.r.t. strong contingency planning, and mini-
mizes the amount of needed replanning.

We first introduce some notation, and define the main
components of our planning architecture. Then we define
conditions establishing whether a plan is safe, and embed
them in a forward chaining planning algorithm. We present
an experimental analysis, and wrap up with conclusions and
future work.

Notation

We use the standard notation {z1,...,x,} for a set whose
elements are z1,...,z,. We indicate tuples with brack-
ets, e.g. (x,y), and sequences with square brackets, e.g.
[1,...,2,]. Sequences will be also indicated by overlines,
e.g. 0 is a sequence; its length is len(0). The n-th element
of a sequence o is indicated with 5. Two sequences o7, 0z
can be concatenated, written 07 o 03.

The Framework

In this work, we refer to a reactive architecture which ex-
ploits assumptions, coming e.g. from a database, see Fig. 1.
At plan generation, assumptions are used to restrict the
search that generates a plan that controls the domain. The
domain is thought of as a generic system, responding to
actions and whose internal state is only partially visible
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Figure 1: The framework.

through observations. The plan is an automaton; it controls
the domain producing actions, based on the observations and
on its internal status. At plan execution time, an automaton
called a monitor gathers the actions applied on the domain,
and its responses, to reconstruct estimates of the current do-
main status. Such estimates are used to evaluate whether the
taken assumptions are compatible with the observed domain
behaviour, and whether an action is safely executable. Based
on this, replanning can be triggered, using the estimate as a
new starting point.

We now provide more details on the components involved
in plan execution and monitoring.

Planning Domains

As in (Bertoli et al. 2003), a planning domain is defined
in terms of its states, of the actions it accepts, and of the
possible observations that the domain can exhibit. Some of
the states are marked as valid initial states for the domain.
A transition function describes how (the execution of) an
action leads from one state to possibly many different states.
Finally, an observation function defines which observations
are associated with each state of the domain.

Definition 1 (Planning domain) A nondeterministic plan-
ning domain with partial observability is a fuple D =
(S, A,U,I,T,X), where:

S is the set of states.

A is the set of actions.

U is the set of observations.

I C S is the set gf initial states; we require T # ().

7 : S x A — 2° is the transition function; it associates
with each current state s € S and with each action a € A
the set T (s,a) C S of next states.

e X : S — 2 g the observation function; it associates

with each state s the set of possible observations X (s) C
U, with X (s) # 0.

We indicate with[[o]|the set of states compatible with the ob-
servation o: [[o]]= {s € S : 0 € X(s)}. Given a set of
observations OF, [|OF ||indicates the set of states compati-
ble with some observation in OF.

We say that action « is executable in state s iff T (s, o) # 0;
an action is executable in a set of states iff it is executable in
every state of the set.
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Figure 2: The printer domain.

Example 1

Our domain model allows uncertainty in the initial state
and in the outcome of action execution. Also, the observa-
tion associated with a given state is not unique. This allows
modeling noisy sensing and lack of information.

Consider the example depicted in Fig. 2. The domain in-
volves a robot in a corridor of five rooms; a printer is in
room number 2, and the robot may be initially in any room.
The printer may be empty or full, and is initially empty. The
states of the domain are 1.,2.,3¢,4¢,5¢,15,25,37,4¢,5¢,
each corresponding to robot position and to a printer state.

Actions left, right and re fill are available, with the ob-
vious outcomes. The actions left is executable on every
state but 1., and 1y; right is executable on every state but
5¢c and 5¢. The action refill that refills the printer is only
executable when the state is 2.

Three observations are available to the robot: wl, wr,
wno, indicating that there is a wall to the left, to the right,
or neither way. They hold iff the robot is in the leftmost,
rightmost, or in the middle rooms respectively. That is, the
observation function X associates {wl} with states 1. and
1, {wr} with states 5. and 5 ¢, and {wno} with the remain-
ing states.

For ease of presentation, the example only features uncer-
tainty in the initial state; however, this is enough to force
reasoning on sets of possible states, or beliefs, the key diffi-
culty in handling with nondeterminism.

Goals, Assumptions, Plans

We consider reachability goals: a goal for a domain D =
(S, A,U,I,7T,X)isasetof states G C S, and a problem is
a pair (D, G), to be reached in a finite number of plan exe-
cution steps. For these problems, it is sufficient to consider
acyclic plans that branch based on the sensed observation:

Definition 2 (Plan) A plan for a domain D =
(S, A, U,I,7T,X) is a nonempty set of pairs (OF,ec)
and triples (OF , o, ) where:

e OF ¢ o € A and  is a plan.

e ¢ is the empty plan; when reached by the execution of a
plan 7, it indicates 7’s termination.

Each pair and triple is called a branch of the plan. The sets
of observations in the branches of a plan must cover U.

A plan is essentially an acyclic graph whose paths
from the root to the leafs are sequences of the form
[OF1,a1,..., 041, OF,], built by recursive concatena-
tion of the observation sets and actions in the branches of
the plan. We allow for some forms of syntactic sugar:

e We will use an if-then-else syntax to indicate
plans with two branches; for instance, the plan
if {o1,02} then «ai;m else ag;my corresponds to
{{({o1,02}, a1, 71), (U — {01,02}, 2, 2) }.

e «; 7 is equivalent to {(U, , )}



e c.is equivalent to {(U, €)}, and «. is equivalent to «; e.
Example 2 Here is a plan Py for the above domain:

if wi
then right; refill.
else left; if wi
then right; refill.
else left; if wl
then right; refill.
else left; if wi
then right; refill.
else refill.

Given a planning problem, two key features for a plan are (1)
its executability given possible initial states, and (2) whether
the plan solves the problem, by ending its execution in a goal
state. To provide these notions, we introduce the possible
traces of the plan, i.e. the sequences of observations, actions
and states that can be traversed executing the plan from an
initial state.
Definition 3 (Traces of a plan.) A trace of a plan is a se-
quence

50,00, Q05 - -+ Sn—1,0n—1, An—1, Sn, On, End]
where s;, 0; are the domain state and associated observation
at step 1 of the plan execution, and «; is the action produced
by the plan at step © on the basis of o; (and of the plan’s in-
ternal state). The final symbol End can either be Stop, indi-
cating that the plan has terminated, or Fail(«), indicating
execution failure of action o on s,. A trace is a failure trace
iff it terminates with Fail(«). A trace is a goal trace for a
set of states G iff it is not a failure trace, and its final state
is in G. The predicate Reaches(t,G) holds true on a trace
t iff t is a goal trace for G. We also indicate a trace with
(3,0, @), splitting it into a state trace, an action sequence,
and an observation trace, and omitting the final symbol.

We indicate with Trs(m,s) the set of traces that can be
generated by plan T starting from a state s. This set can be
easily built by recursion on the plan structure, taking into
account executability of actions on the states. The set of
traces Trs(m, B) for plan w starting from a belief B is the
union of the traces from every state s € B.

At this point, the notions of executability and solution can

easily be provided as follows:
Definition 4 (Executable plan) A plan 7 is executable on
state s (on a set of states B) iff no failure trace exists in
Trs(m,s) (Trs(m, B) resp.).

Definition 5 (Solution) A plan 7 is a strong solution for a
problem (D, G) iff every trace from T is a goal trace for G:
vVt € Trs(m,T) : Reaches(t,G)

Example 3 Consider again the domain of Fig. 2, and plan
Py from the previous example. The plan is a strong solution
for the problem of reaching the filled printer status 2y, since

T?"S(ﬂ'(], {].67 267 367 4e, 58}) = {tlv t27 t37 t4, t5}, where:
t1 =[le, wl, right, 2., wno, refill, 2y, wno, Stop],

ta =[2¢,wno,left] oty,
ts =[3e, wno,left] o ta,
ta =[4e, wno,left] o ts,and

ts

Se,wr, left, 4., wno,left, 3., wno,left,
2¢,wno, refill, 25, wno, Stop]

Assumptions on the domain behaviour are used to sim-
plify a problem, narrowing the search. In this paper, we con-
sider assumptions that restrict the initial state of the domain:

Definition 6 (Assumption) An assumption for a domain
D= (S, AU,T,T,X) is a set of states F C 2°, intended
to restrict the possible initial states of D to F N T # .

The above notions of executable plan and solution plan
lift naturally to take into account the assumptions:

Definition 7 (Executable/Solution under assumption) A
plan T is executable for a set of states B under assumption
F iff it is executable for the set of states B N F.

A plan 7 is a strong solution for problem (D,G) under
assumption F iff it is a strong solution for (D4, G) where
D=(S,AUTIL,T,Xyand Dy = (S, AU, INF,T,X).

Naturally, executability under no assumptions implies ex-
ecutability under any assumption, but not vice versa. The
same holds for the notion of solution: a plan which is a solu-
tion under a given assumption is not, in general, a solution,
or even only executable.

Example 4 Consider again the printer domain, and con-
sider the assumption {1.,2.,3.}. Given this, the following
plan Py is an assumption-based solution to fill the printer:
if wl
then right; refill.
else left; if wi
then right; refill.
else refill.

However, this plan is not a strong solution, nor exe-
cutable. In fact, it is “dangerous to execute”: if the as-
sumption is wrong and the initial state is 4., the sequence of
actions [left,refill] is attempted, which is not executable.

Monitoring

In order to monitor assumptions on initial states, and to
produce the necessary information for replanning, we ex-
ploit universal monitors, defined in (Bertoli et al. 2003).
A universal monitor is an automaton which embeds a faith-
ful model of the domain, and evolves it on the basis of the
received actions and observations, which constitute the I/O
of the actual domain. In this way, at each execution step
i, the monitor evolves, and provides as output, a belief M;
on the domain status. The belief M, consists of the set of
all states compatible with the domain behaviour observed
up to step ¢, and with the domain being initially in some
s € My. Thus M; is empty if the domain behavior is not
compatible with the initial state being in M), indicating that
the domain status was initially outside M. Based on these
properties, given a domain D = (S, A,U,Z, T, X), the out-
put of a monitor whose initial belief is Z can be used to
check whether an action is guaranteed to be executable, and
as a new initial belief for replanning. Moreover, given an
assumption-based plan 7 that reaches the goal iff the initial
domain status belongs to Z, C Z, a monitor whose initial
belief is 7, can be used to detect whether the initial state
is actually outside Z,, preventing 7’s success !. Thus the

'In general, an assumption-based solution 7 for an assump-
tion F may reach the goal G starting from a set of initial states
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monitoring in our architecture exploits a pair of universal
monitors, whose initial beliefs are Z and Z, respectively.

Generation of safe assumption-based plans

Our aim is to generate safe assumption-based plans, i.e.
plans that guarantee that (a) whenever the assumption holds,
the goal is reached, and (b) whenever an assumption fail-
ure inhibits success, this is signalled by the monitor, pre-
venting possible execution failures (as opposed to unsafe
assumption-based plans). These constraints can be restated
based on traces, requiring that (a) any trace starting from
T N F is successful, and (b) any trace from Z N ~F is ei-
ther successful, or distinguishable from those from Z N F
by monitoring. This can be formally expressed by defin-
ing the observation sequences compatible with an initial
state/belief, given an action sequence . For this purpose,
we construct the observation sequences that may take place
when executing « starting from a state s. We first observe
that @ induces a set of possible sequence of states traversed
by the domain during the execution; in turn, each state se-
quence traversed by the domain can be associated with a set
of possible observation sequences for it:

Definition 8 (Induced state traces) Given an action se-
quence @ = [aq,...,Qy], the set of state traces induced
by the execution of @ on s, is the set of state traces related
to the execution of plan o . . .5 Q!

sTraces(s,@) = {3: (5,0,a) € Trs(s,a1;...;0n)}

Definition 9 (Compatible observations) Given a  se-

quence of states s, the set of compatible sequences of
observations X (3) is defined as follows:

X(3) = {o:9" € x(zV)}

Definition 10 (Observations sequences compatible) with
initial state/belief, given an action sequence.

U 6

sesTraces(s,@)

XZ(B7E) = U ?Z(Saa)

seB

jz(S, a) =

We can thus define safe plans, recalling that, given a
trace (3,0, @), a monitor whose initial belief is Mo detects
whether 0 & X5 (Mo, @):

Definition 11 (Safe assumption-based solution ) A plan 7
is a safe assumption-based solution iff:

1. ¥(5,0,a) € Trs(m,ZNF) : Reaches((3,0,@),G) , and
2. ¥(s,0,a) € Trs(m,I N~F) : (Reaches((s,0,a),G) V

0¢ Xx(INF, @)

Example 5 The strong plan Py from example 2 is safe for
the assumption F = {1¢,2¢,3.}: in the case of success-

endangering assumption failures (i.e. when the initial status
is 4. or b.), executing Py cannot lead to any observation

Zr DI NZF. Iy can be efficiently computed by symbolic back-
ward simulation of 7 from G. The states in Z. /(Z N F) represent
failures of F which do not affect the success of 7.
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sequence identical to one which would stem by applying the
same actions from 1., 2. or 3.. For instance, both start-
ing from 3. and 4., the first two actions executed by Py are
[left,left]; but in one case, the wl observation holds true
after that, while in the other it does not.

The assumption-based solution P; is not safe for the same
assumption F: both starting from 3. and 4., the same ob-
servations are produced before the hazardous re fill action
is tried.

Consider the following plan Ps, which goes along P;’s
line but executes an additional [le ft, right] sequence before
filling the printer:

if wl
then right; refill.
else left; if wl
then right; refill.
else left; right; refill.
P is a safe assumption-based solution: just as for Py, mon-
itoring will detect success-endangering assumption failures,
since the actions produced by Ps in those cases induce ob-
servation sequences incompatible with the domain being ini-
tially in 1., 2. or 3.. E.g. if the initial status is 4., observa-
tion wno holds after executing [left, left], while wl holds
iff the status was 3..

We now use the above definitions to prune the search
in a forward-chaining search algorithm. In particular, we
consider the plan generation approach presented in (Bertoli,
Cimatti, & Roveri 2001), where an and-or graph represent-
ing an acyclic prefix of the search space of beliefs is itera-
tively expanded: at each step, observations and actions are
applied to a fringe node of the prefix, removing loops. Each
node in the graph is associated with a belief in the search
space, and with the path of actions and observations that is
traversed to reach it. When a node is marked success, by
goal entailment or by propagation on the prefix, its associ-
ated path is eligible as a path of a solution plan.

To constrain the algorithm to produce safe assumption-
based plans, success marking of a node must also require
that the associated path obeys a safety condition 2. To
achieve this, we evaluate safety considering the set of traces
associated with a path, i.e. those traces traversing the path:

Definition 12 (Traces associated with path) Given a path
(OF,@) and a trace (3,0, 3), we say that the trace belongs
to the path iff @ = B, and ¥i € {1,...,len(d)} : o) €
W“). Given a plan 7, a path p of w, and an initial set of
states B, we write Trs(p, B) to indicate the set of traces in
Trs(m, B) that belong to p.

Thus, a path p can be accepted as a part of a safe plan 7
for problem (D, G) iff requirements 1 and 2 from Def. 11
are obeyed, replacing m with p. Req.1 is easily computed
symbolically by a Fxecp operator that progresses the belief
Z N F on the path p, obtaining the final belief for the path:

Execp(INF,p) CG (D

Req.2 requires, instead, checking that for each non-success
trace in T'rs(p,Z N —F) and each trace in Trs(p,Z N F),

2 At the same time, loop checking is relaxed: a loop only takes
place when the same belief and associated safety condition are met.



the observation components do not match. This can be ex-
tremely expensive, due to the huge number of paths. To
avoid this expensive computation, we build the path annota-
tion symbolically, by pruning at each step of the path those
trace pairs that can be distinguished based on current obser-
vations. We achieve this by a function EqPairs(By, Ba, p)
which produces a set of pairs of beliefs, each implicitly as-
sociated with a sequence of observations 6 € X4(B1,p) N
X4(Ba,p). Each pair overestimates the undistinguishable
states originated by o starting from B; and Bs. As a spe-
cial case, EqPairs returns {(S,S)} to indicate that the ex-
ecutability of the path is not guaranteed, due to a possibly
non-executable action (such as refill in example 4). The
results of EqPairs(Z NJF,Z N —F,p), can be used to state
that no undetectable assumption failure (if any) evolves out-
side the goal, defining a sufficient traceability condition’:

Y(B,B') € EqPairs(INF,ITN-F,p): B CG (2

The definition of E'qPairs exploits a prune operator that,
given a pair (B, B2) of nonempty beliefs, and a set of ob-
servations OF, considers every observation o € OF which
may take place over both beliefs, and builds an associated
belief pair restricting B and B> to o, i.e. to those parts of
B; and B, that cannot be distinguished if o takes place:

prune(By, Bs, OF) =
{(B1N[[o]], B2N[[0]]) : 0 € X(B1)NX(B2) NOF}
In particular, given a plan path [OFy,ag, OF,...,
an—1,0F,), EqPairs(By, Ba, p) is defined by repeatedly
evolving the initial beliefs via the observations and actions
in the path, and splitting them via the prune operator:
e EqPairs(B1, Ba,[OFo] o p) =
EqPairso(prune(By, Ba, OF)),p)
o Letbp = {(By,B}),...,{(By, Bl,)} be a set of pairs of
beliefs. Then:
— EqPairsy(bp,[]) = bp
— If, for some belief of bp, a is not executable, then
EqPairsg(bp, [a, OF] op) = {{S,S5) };
— otherwise,

EqPairso(bp, [, OF] op) =
EqPairso( U prune(T (B;,«), T (B, a), OF),p)

1=1..n

Thus, a sufficient acceptance condition for a path inside a
safe assumption-based plan conjoins conditions (1) and (2).
As a further optimization, to avoid the blow-up in the size
of the pairs set, belief pairs from prune can be pairwise
unioned. This further strengthens the traceability condition.

Experimental evaluation

Our experiments intend to evaluate the overhead of adding
safety conditions to plan generation, and the impact of safe

3Traceability is stronger than trace-based safety (Def. 11). In-
tuitively, it only distinguishes state traces based on their last state,
and on traceability of their prefixes. That is, we pay space-saving
with a limited form of incompleteness.

Figure 3: The test domain (for N = 6).

plan generation within a reactive framework such as the
one we presented. For these purposes, we obtained the
SYPEM reactive platform (Bertoli, Cimatti, & Traverso
2003), and modified the MBP planner inside it so that it per-
forms safe assumption-based plan generation. We name our
MBP extension SAMBP (Safe Assumption-based MBP),
and SAPEM the associated extension to SYPEM. No com-
parison is taken w.r.t. other systems, since, to the best of our
knowledge, no other approach to generate safe-assumption
based plans has been presented so far.

An instance of our test domain is shown in Fig. 3; it con-
sists of a ring of NV rooms, where each room n # 0 is con-
nected to a corridor of length n. In the middle of corridor
connected to room | N/2], there is a printer which has to be
refilled. The robot can be initially anywhere in the ring of
rooms; it can traverse the ring by going left or right, step
in or out from corridors, and fill the printer. Actions have
the obvious applicability constraints, e.g. the robot cannot
fill the printer unless at the printer’s place. The robot is
equipped with a “bump” sensor that signals whether it has
reached the end of a corridor. We experiment with assump-
tions of different strength; in the weaker case (al), we as-
sume the robot can be anywhere in the ring; in (a2) we as-
sume it is not in room 0; in (a3),(a4),(a5) we assume it is in
aroom within | N/2] + A/2, with A = |[N/4], A = 2, and
A = 0 respectively. For any assumption, and for a range
of sizes of the domain, we run the following tests on a 700
MHz Pentium III PC with 512 MBytes of memory:

1. Generation of unsafe assumption-based plans (by MBP,
restricting the initial belief, see Def.9), and of safe
assumption-based plans by SAMBP; we also generate
strong plans for a reference;

2. Reactive plan generation and execution by SYPEM and

SAPEM. We test every initial configuration where the as-
sumption holds true, and every initial configuration where
it fails (average timings are indicated with (ok) and (ko)
resp.). To ease the comparison, we use no assumption
when replanning.

Fig. 4 shows the results for assumptions (a3-a5); for
assumptions (al) and (a2), the behavior is essentially the
same for every setting, converging to that of strong planning.
Also, SYPEM and SAPEM always replan when the as-
sumption fails, and their performance never differs for more
than 20% (SAPEM scoring better); we collapse them for
sake of clarity. Finally, since, when the assumption holds,
SYPEM never replans, its behavior and performance coin-
cides with that of SAMBP. We observe the following:
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Figure 4: Experimental results for the printer domain.

e The overhead of safe plan generation vs. its unsafe coun-
terpart is always limited. The bigger difference (within
a factor of 3) takes place for the more restrictive as-
sumption (a5), which, on the other side, is when assump-
tions are most effective to speed up the search, but un-
safe assumption-based plans are most likely to fail. For
weaker assumptions, (safe and unsafe) assumption-based
plan generation tends to assimilate to strong planning,
with no additional overhead paid by safe plan generation
vs. its unsafe version.

e When the assumption holds, SAPEM avoids any replan-
ning, while SYPEM has to replan considering possible
assumption failures. The stronger the assumption, the
more a SYPEM plan is likely to trigger replanning. In
fact, for (a4) SYPEM replans 50% of the times, and
for (a5) it replans 100% of the times. This reflects into
SAPEM performing better than SYPEM. For weak as-
sumptions, both systems tend towards the behavior of
strong offline planning.

We obtained qualitatively similar results for a 31 x 31 maze
positioning problem from (Bertoli, Cimatti, & Roveri 2001),
considering assumptions related to the distance D from the
goal. The following table synthesizes the timings in seconds,
and, for SYPEM, the percentage of cases in which useless
replanning takes place, the assumption being actually true.

500 PLANNING & SCHEDULING

Assum| Unsafe| Safe, SYPEM(ok) | SYPEM(ko),| Stg.
on D SAPEM(ok) SAPEM(ko)

<10 | 0.09 0.12 0.12 (19%) 0.43 1.21
<5 0.02 0.03 0.11 (50%) 0.50 1.21
<4 0.02 0.03 0.15 (71%) 0.49 1.21
<3 0.02 0.02 0.20 (100%) | 0.49 1.21
<2 0.01 0.02 0.22 (100%) 0.49 1.21
<1 0.01 0.02 0.23 (100%) | 0.50 1.21
=0 0.01 0.02 0.26 (100%) | 0.53 1.21

Conclusions and future work

In this paper, we introduced safe assumption-based plan
generation as a mean to minimize the amount of replanning
required in a reactive setting using assumptions. Our ex-
periments show that this is a viable way to effectively use
assumptions in such setting, coupling the high efficiency
of assumption-based plan generation with non-redundant
replanning. Our work is related and complementary to
those on diagnosability of controllers in (Cimatti, Pecheur,
& Cavada 2003), where verification of diagnosability of a
given controller is tackled given a set of admissible environ-
ment behaviors, simulating the behaviour of twin plants.

This work leads to several extensions. In particular, a
more qualitative evaluation of plan safety may relax safety
requirements for domains where poor or unreliable sensing
makes “full” safety impossible; still, this could lead to plans
which improve on unsafe plans by avoiding a substantial
amount of useless replanning. Moreover, we are working
at extending our concepts to a more expressive assumption
language, exploiting LTL temporal logics.
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