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HTN Planning - Problem Formalization

.0

II=< 8, P,it» D> is an HTN planning problem with
% S, IS the initial state
“ P... Is the initial partial plan that needs to be decosaul
D =<T,M>Is the domain model with
* T is a set of task schemata of the form
t(t) =< pre, eff> , 1is the parameter list of t
* M is a set of decomposition methods of the form

m =< {(1), P>, P Is a partial plan



HTN Planning - Solution Formalization

Cletll= < Sit» Pinit» D > is an HTN planning problem.

The partial plan B,is a solution to if and only if

= P_, contains only primitive tasks

= P, IS obtained from P, by decomposing non-primitive tasks

= Every linearization of R,is executable in,s



~ HTN Planning - Example
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Motivation

- » Development of novel technique to reduce the segiffolnt and
§ Increase the performance of HTN planning systems.

» Our technique integrates landmark preprocessirgtgae in
the context of hierarchical planning with multi-ag@lanning
and serves to decompose the original planning probigma
set of sub-problems each of which can then be ddeparately

using a multi-agent based planning approach.



Hybrid Multi-agent Planning

~“» Hybrid multi-agent planning architecture
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Pre-Processing Agent
(Task Decomposition Tree & Landmark Table)
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- Figure: Task Decomposition Graph Table: Landmark Table

t1(eq) &0 t M t) Q(t)
VRN \ (e {ta(cn) } {{ta(c), ta( )} {ta(ca) )
M, g, ts(c2) {ta(c2)}  {0.{ts() ta(c2) }}
(a)}  {0.{ts(ca), t2(c1) }}

SN ) et

ta(co) ta(ey) taley) e&—0.

/ \ \\ \ Mandatory Tasks:

Mty M e My ) Intersection of method's plans
LA LA
talcz) ts(ca) f2(c2) uwu ts(e1) Optional Tasks:

Remaining tasks



Master Agent — Splitting Process

¢ Clustering algorithms
» Dependent clustering algorithm: A set of dependent clusters

» Independent clustering algorithmA set of independent clusters

Dependent clustering algorithm |ndependent clustering algorithm

Cluster-1: ({T,, T, T {}) Cluster-1: ({T, T,},{T,<T,})
Cluster-2: ({T,, T} .{}) Cluster-2: ({T3 T,},{T3<T4)

Cluster-3: ({T:},{})
SC C{ T <T,, T3<T,} SC : {}
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Master Agent

. O> Initiates a set of slave agents based on the number of cduster
» Distributes these clusters among slave agents :
¢ Identical and non-cooperating.
*» Perform Hierarchical planning@Refinement Planning Algorithm).
¢ Failure : act as master agent.

» Collects and merges solution plans.



Slave Agents - Search Procedure

Algorithm 1: Refinement Planning Algorithm

Input : The sequence Fringe = (F;,it).
Output: A solution or fail.
| while Fringe = (P; ... P,,) # = do
2 F — fF]awDet{Pl)
3 | if ' = () then return P;
t'rml om ) = f‘h-‘]l:‘ld(:lf'[l( U f‘MDdGE[I(fjj
4| " fEF
5 | succ « (apply(my, Py)... apply(n ., Py))
6 | Fringe « fMa9(gucco (Py...P,))

7return fail




Master Agent — Merging Process

»Relies on the notion ofragments

% Individual plans ' Pr = {py;:Pyas - :Pva }
¢ Ordering constraints in the Shared Constraints set (SC)
“F=<P,0,>

v’ P, represents a set of individual plans, (PP;)

v' O, imposes a partial order on P
*» Zero-Fragment and Related-Fragments

v  Zero-Fragment includes those individual plans that are independent.

v’ Related-Fragmentincludes those individual plans that are dependent.



Master Agent — Merging Process

Example:
Suppose Shared Constraints include the followimigiing constraints:

T,<T,, T,<Ts T,<T:

and the set of individual plans for these tasks are

T, » P,
T, > P, F »F, (P1<P2, P2<P3)
T > P3_
Ty >
Ts > g
Te > Ps
*F, Zero-Fragment
T, > P,




Master Agent — Merging Process

Individual plan

Pr = {p"n:p"m:'“ PPTD

Fl = p'\/11"" kal FZ = lez"" kaz _____________ Fm = pvlm"" kam
Fragmen! Fragmen! Fragment
combinatio combinatio combinatio
\ 4
MFPlan, o MFPlan,

Standard plan mergiig

Final Solution Plan



Evaluation Benchmark

» We ran our evaluations over two distinguished benchmarkadiosn

. UM-Transdog Domain describes scenarios of transporting various

types of goods by various means (trucks, trains,...) via ap@EEp
Infrastructure (roads, transport centers,...).

» Satellite Domain manages scientific stellar observations by earth-

orbiting instrument platforms .

m Abstract tasks Primitive tasks

UM-Translog
Satellite 8 3 5



Evaluation Benchmark

> Evaluation factors

» Search Soace Sze (SSS) : The number of plans that are visited
before obtaining the first solution.
= CPU time : The total running time of the planning system in

seconds.

» Search space limit : 5,000 plans

> Time limit : 9,000 seconds



Evaluation

» The average improvement of HMAP versus un-pruned and prplaeahers.

Planner : :
Dependent clustering | |ndependent clustering

UM-Translog

Satellite

» The average performance improvements will increase dreatigtwith the

number of tasks in the initial plan.

» Our experiments indicate that when there is a causal interabetween
tasks in the plan, thendependent clustering technique is more efficient
than thedependent clustering technique.
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Summary

» Integrates the hierarchical landmark pre-procedsiagnique with MAP.

.0

~ » Enables to break up the planning problem into akelusters using two
different techniques: Dependent and Independent.

» The set of slave agents work independently.

» The individually constructed plans are merged ss&fcdly in order to
generate a global plan without additional refinetmemndividual plan.

» Our evaluations over a number of representativiatabical planning
domains and problems in which the HMAP approachpied with a
planner “with and without” preprocessing.

» Results give evidence for the practical relevarfaaio approach.



