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Representing Time

* Qualitative (Relational)
— Points
— Intervals

« Quantitative (Metric)

— Discrete
— Continuous
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Interval Logic (Allen, 1983)

« Intervals are Atomic Units

— “Points” are intervals with zero duration
 Intervals Can Meet with No Overlap

— Solves a logical paradox regarding state of the world

A before B AN Astarts B [IENAIIN

Ameets B
Aendse [N
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A contains B [INEE Aequal B [IIANN
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Temporal Constraint Networks (Dechter 1991)

« Metric Constraints Between Time Points
- Binary X=X €[ty t;] to <X =X <t
— Unary X €[ty t] t, X=Xy <ty

* Represent Using Directed, Disjunctive Distance Graph

« John goes to work either by car (30-40 John 40| John
minutes), or by bus (at least 60 minutes). |leave: arrives
« Fred goes to work either by car (20-30
minutes), or in a carpool (40-50 minutes).
« John left home between 7:10 and 7:20 Start
. grfg arrived at work between 8:00 and (TAM)

Fred

+ Fred left home about 10-20 minutes before arrves

John arrived at work.
Q: What are the possible times that Fred left
home?

Q: Could John have taken the bus and Fred
used the carpool?
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Simple Temporal Networks

« Temporal Constraint Network Without Disjunction
— At most one interval constraint between pairs of time points
* Represent Using
— Completely connected distance graph
— Solvable in polynomial time
(Floyd-Warshall all-pairs-shortest-path)
- Inconsistent if negative cycles (d; < 0)

John car; Fred carpool John bus; Fred carpool
o |20 |50 |30 70 20 | -10 | 50 | 30 | 50
-0 | 0 | 60 | 40 | 60 30 | 20 | 40 | 20 | 40
40 |20 | o [-10 | 20 90 | 80 | 20 | -40 | 20
30 [-10 | 20 | 0 | 30 70| 60| o | 20] o
60 |-40 | 0 |20 0 -110 | -100 | -40 | -60 | -40
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Representing Temporal Actions

« Actions Have Duration
- - € [tO' Il]
« Timed Conditions and Effects
— Associate conditions and effects with either endpoint
— Associate with any endpoint
« Invariant Conditions
— Hold throughout the action
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Temporal Blocks World |

Move (?a, ?b, ?h)
Preconds: On(?a, ?x)@start
Clear(?a)@start
Handempty(?h)@start
Clear(?b)@end
Adds:  On(?a, ?b)@end Holding(?h, ?a)@start
Clear(?x)@start Handempty(?h)@end
Deletes: Clear(?b)@end Handempty(?h)@start
On(?a, ?x)@end Holding(?h, ?a)@end

I I
Ay =

able Table

{ Move(B, C, H1),
Move(D, A, H2) }
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Temporal Blocks World 11
t. 1,
Move (?a, ?b, ?h)

Move (?a, ?b, ?h)@[t,, t.]
Preconds: On(?a, ?X)@|[t;, t,) t,
Clear(?a)@[t;, tg) on(?a,?x) | Clear(?x)
T

Handempty(?h)@l[to, t;) %
Clear(?b)@[t;y, t,) el

|

t, 1,
Adds:  On(?a, ?b)@][t, t;,) Handempty(2 )rHolding(?h,?a)lh@nclempty(?h)t10
9

Clear(?>x)@[t,, tg)

b

t.

Holding(?h, %)@, t,) Clear(2b) |* On(2a, 7b)
Handempty(?h) @[, t,,) o ‘
Constraints: <t <t,

<t <ty

<t <ty

L <t <ty

t, <t <ty

ty<t <t,<t,
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Simple Temporal POP Planning

« Initial State / Goal Representation
— Need only single dummy action
— Can easily handle deadline goals

« Preference Model is Minimal Makespan

¢ Include Simple Temporal Network in Definition of Plan
— For each new action, constrain start to precede end by
duration of action: t, <a, - a, <t;
— For each causal link al;, ., ¢ ', add ',y — &l <0
— Similar for promotion/demotion

¢ Solve STN for Every Constraint Added
— Backtrack if inconsistent
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Planning With Disjunctive Constraints

« Often, Need More Sophisticated Temporal Constraints
— “Bank is open from 10-12 or 2-4”
— “Don’t go shopping while John is at work”

« Solving Temporal Network is NP-Hard, in general
— Can use structure of problem to do better
— LPG-td (Gerevini, 2005): By using plan-graph to order
variables, can solve disjunctive temporal constraints
without backtracking!
« Can handle exogenous events with deadlines
« Adds notion of temporal flaws (unscheduled actions)
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Planning with Metric Constraints

* Most Temporal Planners use Specialized Algorithms for
Temporal Queries

« Time is Just One Type of Metric Constraint
— Resources
— Metric effects
— Continuous change

¢ Advantages and Disadvantages to Treating Time Specially

¢ ZENO Uses an Integrated Approach to Metric and
Temporal Constraints
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ZENO (Penberthy & Weld, 1994)

« Partial Order Planner Extended With:
— Deadline goals
— Metric (piecewise-linear) preconditions and effects
— Continuous change (derivative of effect)
— Quantification over (continuous) time

Fly-Fast (m, I)

at-time: [tg, to]
preconditions:

Vimet (t € [ts, t] — fuel(t, plane) > 0) A at(t;, plane, m) A

dist(m, I) = v, A mpg(plane)=v,

constraints:

Vv, = -600/v3 A t, =t + V,/600
effects:

at(t,, plane, 1) A

Yimet (t € [ts, to] = (fuel(t, plane) > 0 A d/ét fuel(t,plane) = v,)) A
Vhuman® Viimet ((t € [t5, te] A In(t,0)) > —at(t, 0, m) A at(t,, 0, 1))

Planning, Execution & Learning: Temporal 12 Simmons : Spring 2007




Planning, Execution & Learning: Temporal 13

ZENO (cont.)

Handling Metric Constraints

— Posted to a constraint-reasoning system

— Linear equalities: Gaussian elimination

— Linear inequalities: Simplex

— Non-linear constraints: Delay until other solutions make them linear
— Check for inconsistencies after each step

Handling Constraints Over Time Intervals

— Non-deterministic split into subintervals

— Enables one to deal with piece-wise linear changes

— Takes advantage of linearity to post only at endpoints of intervals

Handling Continuous Change
— Convert to linear equation:
g fuel(t,plane) = 6 = fuel(t,plane) = fuel(t,,plane) + &t —t,)
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