An ovarview of the project: Planning: A joint AI/GR approach

AI and OR approaches to planning

The general prohlem of planning a task is one of very broad scope
Tasks may be as varied as house building, cooking, or robot assembly
and the agent may be a person, a robot or an industrial organization,
Nevertheless, when the planning process is formalized, problems from
different domains are found to have mich in common. Current work in
Operational Research (OR) and Artificial Inteliigence (A1) has con-
centrated on different aspects of the problem and, in the "Planning:

a joint AI/OR approach" project we hope that an interdisciplinary

approach will lead to a development of both these aspects.

In the ORapproach, the planning process falls into two stages.
1. The constituent "jobs" o a plan are specified together with
their precedence relationehips (i.e. requirements of the form that
one job precede another). This inform:tion is represented in a
graph with jobs as nodes and precedence relationships as arcs.

This graph is termed a project network.

2. Various operations are performed on the project network to
establish schedules and allocate resources.

OR work has beeu cuucernad with the second stage of computational
operations oun a gireu prcject network. No work has been performed
on automating the preliminary stage of generating the project net-
work. This has to be performed in an intuitive, not well under-

stood and prohably haphazard way.

It can be argued that the generation of a project network is
important because of the strvcture it imposes on the task in hand.
It forces component jobs to be isolated and necessary orderings
betwean them considered. Yhe proj-ct network can be used not only
for predications of how the project will be done, hut also as a tool
to aid in monitoring its progress and allowing bottlenecks to be
jdentified. Estimates of the time spent in drawing up a project
natwork vary: the type of work, the amount of detail and the extent
of previous knowledge are the major factors which affect the work
iload per job. Several examples which reflect this wide variation

are given here:



A network of 120 activities for a new product line took
2 man weeks

A 400-event nétwork occupied five men for three weeks

British Rail have ‘quoted ‘a ‘ddsu ‘of '8 men spending 7 hours
each on a 134~job.

So we see that a considerable amount of effort is expanded in the
construction of project networks. Once a network is constructed
and is in use on a project, much effort can also go into modific-

ations to keep it up to date with actual progress on a task.

Steps towards automating the process of specifying constituent
jobs for some task and for giving the precedence relationships
betwnenbjobs, have been made in the AX uork"on nlan formation.
Formalisms have been developed for ten1e3cnr1ag rhe data to the
plannxno process; i.a. a descrlptlon of che goa‘u of the plan and
the operatlons (Jobs) of which it mlght consist (notably the rep-
resentation of nperator sch;mas tn STRIPS - a 0rob1em solver developed
at Stanford Research Instltut'e9 Ca11forn1a) Such formalisms are
comp'ately general purpose and planncrs have been designed which can
use such data to generate, fairly efficiently, plans to solve simple
tasks. A major restriction on the applicability of the AI work on
plan furmation to the gonerarion of nroject natworks is that most of
the work has concentratad on the production of plans with totally
ordered sequenceés of ‘wrimitive jobs rather than the networks familiar
to O™ workers. 'Iﬁyéf?égéfléfbftféfy pracedence ralationships will
have been added Lo a solution network to render the constituent jobs
totally ordered. Avoiding as twuch unnecessary sequencing in the
project network as possible is important to permit effective
scheduling by OR techniques. Some racent work 2t SRI hrs explored
the use of a planner able to generate a nlan as a partially ordered
network of actions. This work forms the basis of our approach to

aiding a user *o generate a project network for some task.

Overview of the proiect

The Planning: a joint AL/OR approach project has initially
heen concerned with aiding a user in the process of constructing
a project natwork. To dJo this, as in the SRI work, we have been

inrestiyating the use of a partially ordered network of actions to



represent a plan at any stage of davelopment. Cur planning
program procezds by stages in progressively greater levels of de-
tail where the current network is refined by expanding a warticular
node into nore detailel actions and adjusting the orderings accord-
ingly, Any crderings in the networl result from the fact that
either

(i) an action achieves a condition for a subsequent action.
or (ii) an action interferes with an important effect of another

action and must be removed outside its range.

OQur intention has been not only to write a program which will
perform well within a particular problém comein but to structure
the program in such a-way that the varicus aspects of the planning
process can be easily identified. In particular, the domain de-
pendent aspects should be clearly distinqguished from the remainder.

Accordingly we have actacked the problew under several headings:

1. Task formalism

A formalism has been snacified to enable a task to be described
in a hierarchic fashion. Task descriptions can be written inde~
pendently of their use at higher levels and the formalism is intended
to encouragé the writing of job descriptions by experts at the hichest
level, by middle«managemgutyand Ly tradesmen allowing each to describe
their tasks in 2 modular way and in theisr own terminology.

Within the specification will be information about

a) when to introduce an acticn into the plan

b) the effects of an action

¢) what conditions nmust hold before an action can be
performaed

d) how to dccompese an action

2. The Planner

We now have an operational program, MOHWLIN, which uses our
current task formalism to generate plans. HNOMNLIN cnerates on a
partially ordered network of actions by exparding nodes and handlinc
interactions between them. in general, an expansion will involve
choosing between several alternatives and such choices will involve
feasibility considerations. Some of the alternatives mav generate
unresolvable interactions with other parts of the plan and such
failures may only become apparent at a much later stage in the plan-

ning process. A good planning system must not only provide good



critaria for choosing between alternatives but also the ability to
rclate a failure tc the choice point responsible and to modify the

plan accordingly.

3. Optimization

For any real world task considerations ol efflciﬁncv are im-
portant and the planner must £ind cost effec tivc plans. Rather
than keep alternative actions in the plan we propose that “good”
choices arce made at each lewvel. For each alternative we must con-
siucr not only its indivicdual costs an& duration but also its bon~
tribution to the wholc plan. Since we have a ccmplete 3lcn at each
1evc] of Qatall, CrlfiCul nat} Jata can, he usoé tu quide sudh choxces.
Alﬁorlthms have been developed to ﬂalculate critlcal path data for a
continuouslv altering network. The c¢ritical nath package has Deen
:implenanten and usef1 wit“ NOWLI" Lo compute critical path data but
’has not yet becn used to guile chalces.
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_ OL course, becausé the high l@vol plans are inaccurate, such
c“lculatlons wil1 orten point to the wrong chcicc and result in an
ﬁlvelflcwent solution.' If aL some more detailﬁd stage we finc that
the solution is too b - (l.=. violat\s sone predetermlned constraints)
bthe C.P. data will glvc a gulde to suitable modifications. In gen-
eral, such noaiF1catluna w1ll be to speed up critical jobs or find
cheapexr alternatives for jobs with large slack times. We require a
nodification procedure which allows the removal of actions from the
plan without throwing away all the work done Since they were intro-

duced.

4. Modifying Plans

e have seen that recovery from a failure (either of feasibility
or cfficicncy) anOlVPS rcmovipg certain actjons while keepinn the
remainder of the plan intact. In order to do thls we will bulld a
structure which lccords the dec;sions made in ce ncratlna the blan and
tne f latlonship berween them in partzcular, this structure (called
a 131cn qraph) r@Cﬁrd" tle rclationship between the expansions made
and tne oraering introduco‘ as a consequence. The program for mod-

ifvina plans has now Deen vesxnnuu but is not yet implemented.



Future work

The four aspects of our work described above reflect our
preliminary thoughts about how a planning system should be imple-
mented. We expect that many modifications must be made before a
practically useful program can emerge. However, we feel that
before there is any further development of the program it is im-~
portant to gain experience of real-world problems and test out our

current philosophy against practical examples.



