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Abstract
In this paper, reasoning methods for
the interval-based modal temporal log-
ic LLP which employs the modal op-
erators sometimes, always, next, and
chop are described. A constraint de-
duction approach is proposed and com-
pared with a sequent calculus which
has been developed as the basic ma-
chinery for the deductive planning sys-
tem PHI which uses LLP as underlying
formalism.

1 Motivation
The work presented in this paper was motivated
by an application coming from the field of deduc-
tive planning. In the PHI system [Bauer et al.,
1993] planning is done on the formal basis of an
interval-based modal temporal logic. Apart from
plan generation, the reuse and the modification of
existing plans is also investigated. Since plan gen-
eration and plan reuse are formalized as deductive
processes, various proofs in the underlying tem-
poral logic have to be performed raising the need
for an efficient proof method for the logic.
In deductive planning, plans are generated by
constructivel[I proving plan specification formulae

pre A Plan -~ goals

which describe the properties of the desired plan:
if Plan is carried out in a situation where the pre-
conditions pre hold then the goals will be reached.
During the proof, the plan metavariable Plan is
replaced by a plan (formula) that satisfies the
specification. Plan formulae in LLP [Biundo and
Dengler, 1993] provide constructs that allow, e.g.

to

¯ sequentially compose plans from arbitrary
subplans or atomic actions,

¯ incorporate control structures for condition-
al and iterative plans, and
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¯ abstract from the exact execution time of
actions in plans.

When plans are executed, every action leads to a
new state of the world, i.e. plans describe tempo-
rally ordered sequences of states. This suggests
using a modal temporal logic as the underlying
formalism for deductive planning and grounding
its semantics on intervals in contrast to the usual
possible worlds semantics. Intervals can be seen
as possible worlds to which an additional struc-
ture has been added, i.e. by considering worlds as
sequences of states. This sequential structure of
the worlds reflects the semantics of plans.
The interval-based modal temporal logic LLP [Bi-
undo and Dengler, 1993] is consequently devel-
oped as a formal basis combining features of chop-
py logic [Rosner and Pnueli, 1986] with a temporal
logic for programs [KrUger, 1987].
The paper is organized as follows: section 2 de-
scribes related work and section 3 reviews the
logic LLP in greater detail. Section 4 describes
a sequent calculus approach for deductive plan-
ning and plan reuse and discusses its advantages
in the underlying context. As an alternative to
the LLP sequent calculus a constraint deduction
approach is introduced in section 5. Finally, sec-
tion 6 concludes with some discussion comparing
both approaches.

2 Related Work
Interval-based temporal logics have been pro-
posed by several authors [Moszkowski and Man-
na, 1983; Gabbay, 1989] as appropriate for-
malisms to describe the behavior of programs or
plans. Plans can be decomposed into successively
smaller periods or intervals of, e.g. subplans or ac-
tions. The intervals provide a convenient frame-
work for introducing quantitative timing details.
State transitions can be characterized by proper-
ties relating the initial and final values of variables
over intervals of time [Moszkowski and Manna,
1983].
The logic LLP which is considered in this pa-
per is a first order extension of the proposition-
al linear temporal logic PTL(U,X,C) [Rosner and
Pnueli, 1986]. PTL(U,X,C) contains the modal
operators weak-next, until and chop and has an
interval-based semantics. The concept of local
variables, the interpretation of which may vary
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from state to state, was borrowed from [Kr6ger,
1987; Moszkowski and Manna, 1983; Hale, 1987]
in order to describe the action to be performed in
a state as well as the effects of the action.
In [Gabbay, 1989; Fisher and Owens, 1992] a
declarative as well as an imperative view on tem-
poral logic formulae is proposed:

"A future statement of temporal logic
can be understood in two ways: the
declarative way, that of describing the
future as a temporal extension; and the
imperative way, that of making sure
that the future will happen the way
we want it." (cf. [Gabbay, 1989],page
402)

Grounded on this view, the logic USF has been de-
veloped in [Gabbay, 1989]. Specification formulae
in USF can be automatically re-written into an ex-
ecutable form utilizing an ezec predicate. For ex-
ample, ezee(al) will make al true. The re-written
formula is an equivalent logical formulation of the
specification.
Plan specification formulae in LLP can also be
viewed as declaratively describing the future as
a temporal extension. To obtain a plan, specifi-
cation formulae are not equivalently transformed
hut are constructively proved, i.e. an example
(plan) is constructed which satisfies the specifica-
tion. The plan can be seen as a program for con-
trolling process behavior: its execution in the ini-
tial state is sufficient to reach the specified goals.
This view led to the plans are programs paradigm
which has already been proposed by, e.g. [Bibel,
1986; Manna and Waldinger, 1987].
In order to benefit from the representational ad-
vantages provided by modal logics, reasoning
mechanisms for modal formulae have to be devel-
oped. Our work fits into the framework of trans-
lation oriented methods similar to those described
in [Ohlbach, 1991; Frisch and Scherl, 1991]. It ex-
tends the constraint deduction approach for serial
modal logics with sometimes and always [Frisch
and Scheri, 1991] to a non-serial modal tempo-
ral logic with the additional modal operators next
and chop.

3 The Interval-based Modal
Temporal Logic LLP

LLP (Logical Language for Planning) is 
interval-based modal temporal logic [Biundo and
Dengler, 1993] which combines features of choppy
logic [Rosner and Pnueli, 1986] with a temporal
logic for programs [Kr6ger, 1987]. The basis of
LLP is a many-sorted first order language. For
each sort two sorts of variables are available: local
variables, the value of which may vary from state
to state and global variables which are the usu-
al logical variables. Local variables are borrowed
from programming logics where they correspond
to program variables.

LLP provides the modal operators O (next), 
(sometimes), [3 (always), and the binary modal
operator ; (chop). Furthermore, control struc-
tures like if.then-else and while are available.
In the following, the main properties of LLP are
shortly reviewed, a more detailed description of
the syntax and semantics of LLP can be found in
[Biundo et aL, 1992].
A state ~rl is a valuation assigning domain ele-
ments to local variables. Note that only the val-
ues of local variables may change from state to
state. Function and predicate symbols are rigid,
i.e. their interpretation does not vary over time.
An interval ¢ is a nonempty finite or infinite se-
quence of states (¢0o’1 ...). W denotes the set 
all intervals. The length of an interval cr is defined
as

Ix[ = { ~’ if ~is infiniten, if Co" = sost...s.)

Observe that I,~1 = 0 iff ~, = (or0) is singleton
containing only one state. Intuitively, the length
of an interval does not represent the number of
states this interval contains, but the number of
possible state transitions.
The immediate accessibility on intervals is defined
as the subinterval relationship R with
~Ro~ iff ~r = (~0oq~2...) and "~ =(~r1~2...).
R* denotes the transitive and reflexive closure of
R and R+ denotes the transitive closure of R.
The composition is defined as a partial function
over the set of intervals W:

~,, if cr is infinite

~r o ~r’ = (~’0...~,-l~n~,+z ...), 
o" = (o’0...o’,-1o’,) and
~,’ = (0’,~,+1 ...)

Global variables are interpreted by mapping them
to domain elements using a valuation function.
The value of a local variable in an interval ~ for a
given interpretation is its value in the initial state
of the interval.
The satisfiability relation ~ for modal-free for-
mulae is defined as in classical first order logic.
F and T denote the propositional constants false
and true, respectively. For the modal operators
we define:

¯ ~r ~z O~ iff o" ~x ~ for all o" E W
with ~R~’

s ~ ~z ~b iff ~rI ~Z ~b for some ~l E W
with ~R*~~

¯ ~ ~z rn~ iff ~,~ ~z ~ for all ~,’ E W
with 0,R*,’

¯ ~’ ~z ~ ;~b iff there are ~,’, ~," E W
with ~ = a’ o ~", ~r’ finite and

The immediate accessibility relation R is not se-
rial, i.e.

V~, 3~,~ ~R~,~
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does not hold since an interval of length zero has
no succe88or.

For example, OF holds in an interval o" iff ~r has
length 0, i.e. it is a singleton. More generally, O"F
holds in ~r iff ~r has at most n states, that is iff
has length at most n-1. A formula

~b A -,OF A OOF;OD~

holds in an interval (~roCq~3...) 

¯ ~ holds in the subinterval (¢r0~rl) and

¯ Orl~ holds in the subinterval (~lca~a...),
i.e., ~ holds in all subintervals (~ .... ) with
n>2.

3.1 Properties of LLP
Several results from the literature help to charac-
terize LLP with respect to the expressive power
of the modal operators and their axiomatization.
The modal operators [] and 0 can be expressed
by ; [Rosner and Pnueli, 1986] using the axioms

¯ 0~ ~ T;~, and
¯ o~ ~ -,¢-,¢.

Further results concern the axiomatization of first
order temporal logics. An axiomatization of the
propositional linear temporal logic PTL(U,X,C) 
developed and a complete and sound decision pro-
cedure based on semantic tableaux is given for the
logic in [Rosner and Pnueli, 1986].
Szalas proved in [Szalas, 1986] that there is no
finistic and complete axiomatization of first order
temporal logics of linear and discrete time and
gives an infinitary complete proof system for the
logic in [Szalas, 1987]. In [Szalas and Holenders-
ki, 1988] it is proven that a first order temporal
logic with equality and until is both weakly and
strongly incomplete. A logic is defined to be weak-
ly incomplete if "the set of all tautologies Cover an
arbitrary signature) of the logic is not recursively
enumerabh or, equivalently, if there is no finis-
tic proof system which is sound and complete for
the logic". A logic is strongly incomplete if "for
no signature the set of tautologies over this sig-
nature is recursively enumerahle or, equivalently,
if the set of tautologies over the empty signature
is not recursively enumerable".
The results of Szalas hold for LLP as well with the
consequence that there is no sound and complete
first order calculus for LLP.

3.2 Planning in LLP
Plan generation is carried out by constructively
proving plan specification formulae in a sequent
calculus [Biundo et al., 1992]. Plan specifications
used by the PHI system are, e.g., liveness proper-
ties containing in their goal specification a tem-
porally ordered sequence of intermediate subgoal
states gi, i.e. formulae of the form:

pre A P,~. -~ 0b~ A 9~ A Oh3 A <>b4]]]

As a result of the proof, a plan formula is obtained
which is sufficient for the plan specification. The
plan utilizes the local variable ez, the value of
which is a term representing the action to be exe-
cuted in the current state. An example of a plan
formula reads

ez = al AL;O~;ez : aa AL;ez = aa1

describing a plan which contains three actions.
The subplan containing the actions a2 and aa can
be executed at an arbitrary time after al has been
executed provided that a formula ~ always holds
between the execution of a, and a2. # describes
in our context the minimal preconditions for the
subsequent actions which must be adhered to.
This plan formula holds in an interval

¢ = (O’o¢1¢~...) if

* ez = a, holds in the first state ~0 of ¢,

¯ there is an n > 1 such that all intervals
(~’1...~’,) to (~,,) satisfy 

¯ ex = a2 holds in ~,,, and

¯ ez = a3 holds in ~,+1.

4 The Sequent Calculus
Approach

Together with the logic LLP a sequent calculus
was developed which is used by the planner for the
constructive proofs of specifications. The sequent
calculus extends the $4 sequent calculus (see for
example [Wallen, 1989]) with rules for the addi-
tional modal operators O and ; and with derived
rules which are of importance for deductive plan-
ning and plan reuse.
Typical examples of such rules are the right-O
rule, the chop composition and the sometimes-to-
next rule [Biundo et al., 1992].

¯ right-O:

F* =~ A, A*
with

r =~ OA, A

F* = {BIOB 6 F} O{¯BIDB 6 F}, and
A* ={B[OB 6 A} U {¢BI<>B e A}

¯ chop composition:

~,;~ ~ ~;~
¯ sometimes-to-next:

F ~ o~ A -,OF, A

To guide sequent rule applications during a proof,
a tactic language is provided in which proof tac-
tics can be described [Biundo and Dengler, 1993].

’The formula L is an abbreviation of --OF A ̄ OF
stating that an action lasts exactly one state.
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Proof tactics implement search strategies that re-
strict the search space in the proof and thereby
help to reduce unnecessary search effort.
Furthermore, proof tactics specify a certain or-
dering of modal rule applications. As discussed
in [Wallen, 1989], the ordering in which modal
rules are applied during a sequent derivation in-
fluences whether a proof is obtained or not. If an
inappropriate order is chosen, a proof may not be
found. The cause of this order dependence is the
fact that some modal rules lead to formulae being
"deleted", i.e. subformulae from the conclusion of
a sequent do no appear in the premise, see for
example the right.O rule. Therefore, besides re-
stricting the search space, proof tactics help to
maintain sufficient formulae in the sequents to
complete the proof.
The use of tactics to guide proofs in the LLP cal-
culus led to an efficient implementation of plan
generation and plan reuse in the PHI system
[Bauer et ai., 1993]. The tactic language which
is provided by the system supports the formula-
tion of new tactics when new proof tasks must be
solved by the system or when the syntactical class
of formulae, on which these proofs are performed,
is extended.
Practical experiences, e.g. the comparison of per-
formance measures obtained for the reuse and
modification of plans in PHI with those report-
ed from other systems [Nebel and Koehler, 1993]
showed that proof tactics lead to a very efficient
reasoning in the underlying logic.
Hence, proof tactics can be seen as one way of
developing efficient reasoning methods for modal
logics based on Gentzen type calculi.
On the other hand, such classical calculi for modal
logics and its extensions, e.g., temporal logic
and dynamic logic, which are usually of Hilbert,
Gentzen or Tableaux type are often critized for
their inefficiency because "the branching rate
in the search space is very high" and because
they "require special implementations of deduc-
tion systems" (cf. [Ohlbach, 1991]).
Alternatively, a translation of modal formulae in-
to predicate logic syntax such that standard pred-
icate logic deduction systems are applicable has
been proposed by some authors [Ohlbach, 1991;
Frisch and Scherl, 1991] for modal logics with pos-
sible worlds semantics which provide the modal
operators 0 and O.
In the work presented in [Ohlbach, 1991] a func-
tional and a relational translation method are de-
veloped. The target calculus for the formulae ob-
tained by the translation is the resolution calcu-
lus. The relational translation introduces special
predicates representing the accessibility relations.
This approach is very flexible because different
kinds of accessibility relations can easily be han-
dled but the number and the size of translated
clauses is increased by the literals which are neces-
sary to represent the possible worlds. Since stan-

dard resolution strategies do not differenciate be-
tween "normal" and "special" predicates, many
unnecessary resolution steps may occur.
To overcome the problem, the functional trans-
lation method has been developed whereby the
relevant information about worlds is represented
in terms, and reasoning about possible worlds is
done with specialized unification algorithms. On
one hand, this method leads to a more efficient
calculus, while on the other hand, it is not known
whether this method can be extended to more ex-
pressive modal logics, which, for example, contain
the chop operator.
A generalization of the relational translation
method, restricted to modal logics with serial ac-
cessibility relations, is presented in [Frisch and
Scherl, 1991]. A translation into a first order con-
straint logic is proposed and a hybrid reasoning
method combining ordinary deduction with spe-
cial purpose methods for constraint processing is
developed.
During the development of the sequent calculus
approach for LLP the question arose whether
these translation oriented methods can be ex-
tended in order to provide a framework for a
semantics-based translation of LLP.
Furthermore, when such a translation of LLP in-
to first order logic is possible, the question arises
as to how an efficient calculus can be developed
which might serve as an alternative to the sequent
calculus approach. It turns out that this remains
a difficult problem even for the translated logic.

5 The Constraint
Deduction Approach

In the previous section, the motivation that led
to the development of a semantics-based transla-
tion method for LLP has been described. Since
the logic under consideration is more expressive
than those logics for which translation oriented
methods already exist [Frisch and Scherl, 1991;
Ohlbach, 1991] we hope to gain further insight
into how far these results generalize.
A relational translation is developed during which
special predicate symbols are introduced repre-
senting the accessibility relations on intervals.
Following the method of [Frisch and Scherl, 1991],
we proceed in three steps in order to obtain a con-
straint theory and a set of constrained clauses.
These can be proven, for instance, by constrained
resolution [Biirckert, 1991], which can be realized
by a resolution prover and a satisfiability checker
for constraints. The steps are

1. translation of the modal logic LLP into a
constraint first order logic CPL by reifica-
tion of the intervals,

2. transformation of CPL formulae into con-
strained prenex normal form and

3. skolemization of formulae in constrained
prenex normal form.
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5.1 The Translation into CPL

The translation of LLP formulae into the con-
straint predicate logic CPL transforms the modal-
logic features of LLP into predicate logic by reifi-
cation of the intervals. For this purpose, the sig-
nature EM of LLP is first transformed into the
signature Ep of CPL as follows:

1. CPL contains the two sorts D, denoting the
domain of LLP, and W, which denotes the
set of intervals.

2. The domain variables in CPL are the global
variables from LLP.

3. The fm,<tlon and predicate symbols from
LLP carry over to CPL. Observe that, in
contrast to [Frisch and Scherl, 1991], func-
tions and predicates have a fixed interpre-
tation in all intervals and therefore do not
have to be equipped with an extra argument
for the actual interval.

4. The local variables of LLP, which may
change the interpretation from interval to
interval, are translated into unary function
symbols of type (W -~ D).

5. For the translation of modal operators, the
additional predicate symbols S (type W),

(type WW), >> (type WW) and ~ (type
WWW) are necessary. Atoms constructed
with these predicates are called constraints
and are written in mixfix notation Sz, z
y,z>>yandz=y~z.

An LLP interpretation ZM is translated into a
CPL interpretation Zp as follows: The domain of
Zp consists of the domain of ZM (for sort D) and
the set of all intervals (for sort W). The interpre-
tation of global variables and function symbols
as well as predicate symbols remains unchanged.
The interpretation of a function symbol translat-
ing a local variable z is the function that maps
an interval ¢ to the value of z in ¢, which is its
value in the initial state of ¢. The interpretation
of the predicate symbol S is the set of all intervals
of length 0, (z, y) E >>zp iff zRy, (z, y) E >zp iff
xR’y and (z,y, z) E ~zp iffz yoz.
As in [Ohlbach, 1991], a translation function ~r
that takes an LLP formula and translates it in-
to a CPL formula is defined. Since intervals are
reified in CPL, the actual interval will be explic-
itly represented in the translated formula. There-
fore, ~" takes as its second argument the variable
which refers to the actual interval. The following
theorem states the fundamental property of the
translation.

Theorem 1 For all LLP interpretations ZM,
LLP formulae ~ and W-variables w

ZM ~ ¢ *~ Zp ~ Vw ~[~, w]
where IF is the translation Of ZM.

The proof of the theorem can be found in [Koehler
and Treinen, 1993]. Additional interval argu-
ments are added to local variables, and modal
operators are translated into constrained quan-
tifiers. The translation rules for ;r are given as
follows:

lr[z, w] := z if z a global variable

~r[z, w] := z(w) if z a local variable

lr[f(tl,..., tn), w] := f(~’[tl, w] .... ,7r[tn, w])

HP(h,...,t,), w] := P(Hh, w],..., Hr,, w])
~r[F A G, w] := 7r[F, w] A ~’[G, w]

lr[F V G, w] := ~r[F, w] V ~r[G, w]

~r[--,F, w] := --,~-[F, w]

~[3~F, w] := 3~ ,,[r, w]
,4V~F, w] := W HF, w]

:= 3 (w _ v A.[F, el)7f[~F, w]

:= W(w _> 4F, el)7r [I-IF,w]

:= Vv(w >> v -, .IF, el)~[OF, w]

:= 3,,, u(w = v ̄  u A.tF, v] A .[a, u]].7r[F;G, w]

As a short example the translation of the formula

T;P(v) ---r OP(v)

where v is a local variable is shown below. This
formula is valid; it is in fact a consequence of the
following theorem of LLP:

T;!b H ~b

After expanding --r, we obtain (il, i~ ....are W-
variables):

7r[--,T;P(v) V OP(v), il]

= --Ir[T;e(v), il] V rr[0e(v), i,]

= -,qi2, i3(il = i2 @ i3 A rr[T, i~] ̂  ~r[P(v), i3])
N 7

V a’[<~P(v), il]

= --3i2, i3 (i, = i2 @ i3 A 7r[T, i2] A 7r[P(v), i3]).

V 3i4(il > i4ATr[P(v),i4])

-’qi~,iz(il = i2 ~ i3 A T A P(v(is)))
7

V 3i4(i 1 _> i4 A e(v(i4)))
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5.2 The Transformation into
Prenex Normal Form

The formulae computed by the above translation
mechanism have the property such that all con-
straints r occur only in the form V~r -4 ~b or
3~r A ¢. The aim is to keep this property during
transformation into prenex normal form as this
will allow the translation into constrained claus-
es in the last step. Rules for transforming into
prenex normal form maintaining the above prop-
erty have been given in [Frisch, 1991]:

-,3~(r ^ ~) ~ W(~ ~ -,~)
~(r^~)^¢ ~ 3~(r^~^¢)

provided that ¢ does not contain variables of ~.2
The problem is that the transformation

3~(~-A~)V,~ ~ 0"A[~V¢]) (1

needs additional conditions in order to be an
equivalence transformation. This rule was proven
correct in [Frisch, 1991] for ~ consisting of the
single variable z, r containing the variable z only
and r being satisfiable in every model under con-
sideration. In [Frisch and Scherl, 1991], binary
constraints K(z, y) have been considered where y
is bound by the surrounding existential quantifi-
er but z is free. There, the correctness condition
was that K, denoting the accessibility relation be-
tween worlds, is serial.
Generally speaking, (1) is an equivalence trans-
formation in the class C of models if ~b does not
contain z and if

C ~ V3~ ~" (2)

holds where V7 denotes the universal closure of
a formula 7. As the reader easily verifies, condi-
tion (2) subsumes those of [Frisch, 1991] for sort-
ed deduction and of [Frisch and Scherl, 1991] for
reasoning with a serial accessibility relation.
While looking at the constraints introduced by
the translation process, it turns out that rule (1)
applies to the quantifiers which arise from the op-
erators ; and 0, as for all CPL interpretations Z/,

Zp~Vz3yz>_y, and
Zp ~ Yz3y, z z-- y~z.

The situation is different with a formula

:ly(z ~y A *) V (3)

as R is not serial.
Two cases have to be considered: if the value of
z is a sequence of length 0, then (3) is obviously
equivalent to ¢. If the value of z has a length of
at least 1, then (3) can be replaced by 3y(z 
y ̂  [~ V ~]), or alternatively since >~ is functional,

2Only rules for :1 are considered here; the rules for
V being dual.

by Vy(z >> y ~ [~V~]). Note that any occurrence
of a formula (3) is within the scope of a quantifier
for z. The case distinction is done by splitting
the quantifier for z by using the rule

and accordingly for a universal quantifier. As an
example, the following formula is transformed in-
to prenex normal form:

The quantifier for il is splitted using the dual of
rule (4):

Vil{Sil -4

3i,(ix >> i, ^ P(v(i2))) V Q(w(i,)))

A Vil{-,Sil .-r

qi~(il >> i~ A P(v(i~))) V O(w(il)) 

The prenex normal form is arrived at after three
further transformation steps:

(i) Vil{Sil --4 O(w(il))) Vil{’Sil

3i,(il >> i, ^ (P(v(i,)) V Q(w(il)))) 

(ii) Vil,jl{Sil A ",Sj: ---* Q(w(ix)) 

(iii) Vim,jx(Sil ̂  ’-~Sjl ---} ~j2(ji ~> J2A

Q(w(il)) A (P(v(j~)) V Q(w(j,)))) 

5.3 The Skolemization
The rules for the skolemization of formulae in
constrained prenex normal form can be found in
[Frisch, 1991]. In the example of the last sub-
section, the binary skolem function symbol sk is
associated with the existentially quantified vari-
able j~. The constrained formula

Q(w(il)) 
(P(v(sk(it, j~))) V Q(w(j~))) / 

is obtained as well as the sentence

Vii,jr(Sit A-~Sj, -4 jt >> sk(i,,j,))

which constitutes the constraint theory in this
case.

5.4 Solving Constraints

In order to obtain a hybrid reasoning system
[Frisch, 1991] for CPL formulae a constraint
solver is needed which can decide the satisfia-
bility of conjunctions of the constraint atoms in
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a given constraint theory. The constraint theo-
ry employed here unfortunately turns out to be
undecidable. This can be shown quite easily us-
ing the method of [Treinen, 1992]. Furthermore,
the undecidability of the satisfiability of the con-
straints follows from the fact that validity of LLP-
formulae is undecidable, while constrained resolu-
tion is complete relative to the satisfiability of the
constraints [Biirckert, 1991].
Among the positive results on decidability of re-
lated constraint systems we mention the seminal
paper by Rabin [Rabin, 1969], where a decision
procedure for the monadic second order theory of
strings is given. As a corollary of [Rabin, 1969],
the full first order theory of finite intervals with
the predicates > and >> (but without @) is decid-
able.

6 Conclusion
Two calculi for an interval-based modal tempo-
ral logic are discussed in this paper: a sequent
calculus developed in [Biundo and Dengler, 1993]
and a constraint deduction approach described in
[Koehler and Treinen, 1993]. The sequent cal-
culus was implemented as the basis for deduc-
tive planning and plan reuse in SlCSTUS PRO-
LOG. First practical experiences demonstrated
that the sequent calculus approach provides an ef-
ficient reasoning method when proofs are guided
by tactics [Nebel and Koehler, 1993]. The tactics
support the declarative representation of control
knowledge which helps to keep the search space
to a manageable size. A tactic language is used to
describe the tactics and makes it easy to develop
and incorporate new tactics into the system.
A translation into constraint predicate logic is
presented as an alternative approach. In this
case, the undecidability of LLP reflects in the un-
decidability of constraint satisfiability, although
the basic machinery of constrained resolution it-
self is known to be complete. This localization
of the undecidability in the constraint part raises
the hope of finding decidable fragments of LLP
by isolating decidable fragments of the constraint
theory.
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