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The problem of configuration is a complex industrial issue. It has been shown in the past that
considerable amounts of labour were spent on problems connected with manufacturing based
decisions. Planning and scheduling, design and configuration, logistics and resource management are
representative examples. In the case where the complexity of products to be manufactured is getting
more flexible, some sort of computer supported decision making is desired. There are a number of
examples of Knowledge Based Systems, implemented using various approaches and various
methodologies, that have managed to save a considerable amount of resources when supporting
computer system configuration, on-board chips design or industrial "engineer-and-made-to-order” type
configuration.

I introduce Proof Planning, declarative programming paradigm, in order to address main bottlenecks
of Knowledge Based Systems design. Commercially successful application needs to consider the
problems of enhancability and maintainability as well as clear separation of knowledge and inference
engine - weak solver. The proposed methodology is supposed to offer possibility of fast prototyping and
reduce overall development times then. The selection of an appropriate methodology shall correspond
clearly to the complexity of a problem. In my judgement Proof Planning is very suitable methodology
for medium sized Knowledge Based Systems.

1. Introduction

The position | intend to advocate ancerns appropriatenessof Proof Planning, the theorem
proving methoddogy, for the Knowledge Based System analysis and design. Alan Bundy in
[96 Bundy] claims that main feaures of system based onProof Planning are important for any
Knowledge Based System and thus may be used for development of any Knowledge Based
System.

In the first part of the paper Proof Planning is described. The cae study of the compressors
production problem together with ICoN - Industrial Configurator isintroduced then. The paper
is concluded with few notions on the KAD S knowledge analysis phase, the mmparative study
of the knowledge orientationin bah methoddogies.



2. Proof planning

Proof Planning is a technique for the global control of seach in theorem proving systems.
The main feaures of proof planning were developed for the domain o theorem proving. The
proving of a mathematicd theorem is just applying a set of logicd rules from the theory in
guestion. The hope to come up with a proof of the desired conjedure is the main motivation
of this adivity. The main dfficulty that will be encourtered is the combinatorial explosion o
the state space There ae avast number of stepsthat it is possbleto cary out at ead step of
the theorem proving process The branching fador is used in order to indicae the overall,
worst case omplexity of the given problem. We might say that the branching fador of the
tree representing the solution space is considerable. It is obvious that neither depth-first
seach, which is a very time epensive gproach, na breah-first seach, which consumes
considerable memory and time, will guarantee to find a solution in reasonable time whil st
using areasonable anounts of resource

Whil st all owing a sufficient degreeof flexibility and adaptability to prove alarge variety of
different kinds of theorems, the proving strategies themselves are expressed as proof plans by
describing Tadics, Precondtions and Effeds. Precondtions are decoratively spedfied pieces
of information, unayr which Taaics, mainly proceduraly stated pieces of code, are gplicable.
Effeds describe dhanges or progresson d the solutionif the Tadics are successully applied.

The spedficaions of Tadics in terms of Precondtions and Effeds are cdled Methodks.
The proof planning processitself is then seaching for a proof of the desired conjedure by
means of finding a sequence of tadics that if successully applied will | ead to the conjedure
in question. If such a sequence, a proof plan, isfound,tadics recorded are caried ou and thus
the solution itself is gedfied. Consequently al the time @nsuming and highly branched
ressoning is caried ou just once dong the path through the tree that was fedfied by
planning. Describing tadics in terms of precondtions and effeds can be understood as a kind
of meta-level reasoning abou further spedfied pieces of quite expensive computation.

Proof plans try to cgpture various commondties between families of proofs and
consequently spedfy the more general diredion d the proof, where to heal to, instead of
some locd dedsion. The problem solver then seaches through the space of dedaratively
stated methods. If an attempt to apply a methodfail sit does not say anything abou the global
failure of the problem. Ancther method is taken instead. This approadh describes exadly the
way a mathematician behaves. Instead o trying and faili ng various littl e pieces of inference,
he makes a genera plan first with resped to the nature of the problem and then caries out the
reasoning processguided by the plan.

Anacther nice fedaure of proof planning with resped to its use for Knowledge Based
Systems is the separation d fadual knowledge and control knowledge. Fadual knowledge
simply represents the domain theory in terms of a set of axioms and a set of inference rules.
Control knowledge describes the inferences in the process of meta-level reasoning abou the
problem. Thisfad predsely suits the neals of Knowledge Engineeaing.

Bundy in [96 Bundy] stated the foll owing spedfic fedures, that are typicd for meta-level
reasoning in terms of proof planning guiding a search through solution space

Efficiency. If proof plans are well designed, the space omplexity is considerably
eliminated.



Generality: A given proof plan may be gplied to alarge number of tasks, espedally
when hierarchicd plans are cncerned.

Maintainahlity: The separation o objed knowledge and meta knowledge eaes the process
of maintainability.

Explanatory power: Meta-level explanation can be of a much higher understandability
and wse in comparison with long chains of low-level objed theory inferences.

3. Case Study

CompAir Reavell, Siebe plc., the leading UK compresoor manufadurer, succesdully
operates on the world-wide market of the industrial compresrs. In order to reduce time of
the entire quotation process, the process of spedfying a legal solution with resped to
customers desires, they nealed a global planning tod that shall help with the product
configuration. The system was expeded to present an appropriate and logicdly sequenced
series of questions, complemented with a set of all the legal options, in order to fadlit ate the
global product spedficaion. The system shoud price the particular solution, creae the
construction description number and set up the final quaation dacument.

The global knowledge aquisition prese & CompAir Reavell was caried ou in order to
aquire complete understanding of the field theory, and in order to grasp the expert problem-
solving process when creding a quaation. From the very beginning the knowledge were
clasgfied as

* Inferenceknowledge

* Objed knowledge

4. IcoN - Industrial Configurator

IcoN - Industrial Configurator, see [Ped], [96 Ped], applicaion meds al the software
requirement spedfications briefly mentioned in the Sedion 3. The system has been
programmed in LPA Prolog 3.1in the MS-Windows environment, running on at least the 386
PC platform. Ladder logic was used for formalising objed level knowledge éou comporents
of a compressor and attributes of a solution. Proof Planning methods cgpture the inference
knowledge. An ordered set of methods was used for expressng the dedsion processcaried
out by an expert in the field. The tadics of a method were used for storing the information
abou how to crede the particular product number.

Proof planning introduced three phases of inference The Planning Stage, the Validation
Stage and the Exeaution Stage. In the planning stage a user is asked to give & much
information as posshble in arder to give adiredion to the search for possble solutions. In the
validation stage the system offers the best found solution with a complete set of attributes.
The user can either return bad to the planning stage and redo some of his/her deasions or let
the solution proceal further to the exeaution stage. In the exeaution stage the system creaes
the product number and the final quatation dacument.



4.1 Planing stage

The language of methods, the domain theory and the system of higher level predicaes
fadlit ates creding of an arbitrary planner and thus various planning behaviour. There were
two completely different planners implemented within ICON in order to ill ustrate generality
and flexibility of the system.

The User Asgsted Planner fulfils al the requirements mentioned in Sedion 3.1t navigates
the user through the space of possble dtributes and prompts him/her for a value when
necessary. This planner is a nice tod that speeds up the process of quaation wsing al the
formalised knowledge. Thereis no ogimisation a build-in deasion pocessincorporated. The
User Asgsted Planner smulatesin fad the behaviour of aquaation expert in the field.

Whereas the Advanced Planner can hande just partially configured solutions. In such case
the system all ows the user to spedfy the dtributes and ogimisation constraints he/she likes
and then let the wnfigurator to ched the legality of the solution presented and to seach
through the dtribute spacein order to crede the quaation automaticdly. It is notable that the
rough version d the Advanced Planner was implemented just in asingle day.

4.2 Validation stage

The user is suppcsed to speafy whether he/she likes the solution found. Badtrading to
the planning stage is an ogion. In the cae of the alvanced planning the user may ask for
another solution fulfilli ng the speaficaion in question (Validation Badktrading). Otherwise
the program run pocees further to the exeaution stage.

Here lies the mgjor limitation d the Advanced Planner. The set of methods is ordered with
resped to descending importance Validation Badtradking is implemented by means of the
built-in Prologian badtradking. The last dedsion is thus respedfied first. When the user
seaches for some lightweight applicaion for lessthen GBP 5000 e would like to see &
posshiliti es with resped to drive and method d starting first rather than "never ending”
plugging onand df of al the optionals.

4.3 Execution stage

The system is engaged with the job d creaing the product number and the final quaation
document. There is the separated database of rules how to creae aproduct number and the
open ouput template. All of the text is obviously editable and can be ather printed ou or
saved using the cnventional Save-Box and . extension.

4.4 Object Level Formalisation

The objed knowledge has been formalised by means of ladder logic, a well known
industria representation. | dedded onthis formalism mainly because of its smplicity, being a
desired fedure when upditing a rulebase by nonexpert people. | have built a parsing
mechanism, that understands an arbitrary ladder logic expresson. Consequently the
knowledge enginee may use & messy an expresson as he likes. This ort of freedom is a
substantial virtue of the system since the updating is nat just refining of the knowledge-base.
Pieces of new knowledge dicitation reed to be caried ou. The bridge between the natural



language rule and the knowledge base formalism neels to be & clea as possble. The other
advantage is the dficiency isaue, sincethe Prologian prime key, when searching a database is
the first argument of the predicate.

4.5 Meta Level Formalisation

As drealy mentioned the proof planning methoddogy introduces a slightly unusual but
very efficient metalevel knowledge orientation.

The ordered set of methods represents, at the meta level, the dedsion processin question.
When configuring the compressor, the entire quaing process can be viewed as the more or
less $ructured ardering of the dedsions to be made. Each particular deasionis represented by
a single method. A method in proof planning is in fad a meta logicd description o what
could have happened, undxr which circumstances such a @murse of adion may happen and
finaly what will result from such an adion. Globa run d the program is nothing but (1) an
appropriate instatiation d applicable methods (automated or user asssted), e.i.: dedsions to
be taken and subsequent computation, that shall creae the production number™.

From the maintenance point of view the virtue of proof planning at the meta level is the
same athe virtue of the ladder logic & the fadual level. The stage between the aquisition d
aparticular pieceof knowledge and the refining of the methodlanguage isfairly essy.

Precondtions of a method are intended to record al adions that neal to be caried ou
before dedding whether a particular branch of a sub tree suits the properties of a given sub-
solution. An unwua and nonstandard adion, the user dialogue, neals to be in theory
prompted any time when making a deasion which way to heal. In the cae that the domain
constraints are that restrictive or the gpropriate subspaceis getting limited in the right way,
the system does not nead user assstance and thus does not prompt a question.

Apart from this gandard behaviour there ae four ways of failing a method implemented
within IcoN in order to fadlit ate exhaustive, efficient and comfortable browsing through the
spaceof attributes.

Failing a pemndtion If one of precondtions that determine the goplicability of the
methodfail, another one is taken.

Postporning a dedsion If the user is not ready to answer the question presented,
applying the methodfail s and another oneis then taken.

Backtracking to redo the last dedsion may be requested. (explained in the next
paragraph).

Complete abat The dedsion pocess could be &orted a the level of the user
interface

' Any other process, such as CAD drawi ng or gl obal database update, could be carried
out at this place.



4.6 Complexity of Planners

4.6.1 User Assisted Planner

The omplexity of the User Asdsted Planner is given by the behaviour of the
di al og_I| i st/ 3 predicate, that is suppcsed to creae alist of lega attributes. Time neeled
to cary out this predicate is propationa to the number of fads in the rule base, thus to the
number of attributes times their possble value. In the worst case eat fad would ned to
parse the eitire sub-solution, thus the @mmplete time @mplexity function reeads to be
multi plied by the number of attributes.

We may clam that the time complexity of the dedsion process when configuring an
atribute is of apolynomial nature:

O(att,val) = att® +val.att = max{att®,val.att} (1)

where att stands for the number of attributes and val is the biggest number of values an
arbitrary attribute can take.

The first addendum of the term (1) expresses the time necessary to find an appropriate
question to be asked. In the worst case dl the database of methods, of which there ae &
many as attributes, needs to be seached through, where dl preconditions of a method, d
which could be & many as attributes a worst, needs to be deded. Carrying out a
preandtionisin fad cheding for membership in the solution configured so far, alist of the
maximum length equal to the number of attributes.

The second addendum of the term (1) expresses the time neeaded for creaing alist of al
possble options. For ead value of an attribute, set of conditions neal to be thedked.
Carrying out a cndtionis again just chedking for membership in the solution configured so
far, a list of the maximum length equal to the number of attributes. Number of condtion
speafying applicability of a cetain value is of negligible with resped to the number of
attributes and nunber of values. It certainly does not depend onany of these.

4.6.2 Advanced Planner

The time complexity of the Advanced Planner isin fad a general seach issue. Apart from
the time needed in order to cary out thedi al og_| i st/ 3 predicae, that is dated in the
previous paragraph, expresson (1), we consider the conventional depth first seach with the
branching fador of val (as defined abowe) in the worst case and the depth of the search tree
given by att (as defined above).

We may clam that the time cmplexity of the seach process when configuring a
compresor automaticaly is of the exporential nature with resped to the number of attributes
to be spedfied:

O(att,Val) = val att.max{attt® vall .att} (2)

The space omplexity isnot a complicaed isue. Because of the depth first search used the
spaceneeded depends either on the length o the solution a on the biggest number of values
an arbitrary attribute can take. Hence the space omplexity may be described by the linea
function:

O(att,val) = max{vall ,att} (3)



In spite of the fad that the time complexity seems to be of quite explosive combinatorial
nature, the system behaves very reasonably as becaise of clea separation d the independent
pieces of inferencerepresented by methodks.

5. Comparison with KADS

It isquite ludicrousto claim that one particular approacd is completely irrelevant to agiven
applicaion. The development methoddogies are flexible aand some sort of engineeing
approadh is required when dedding for one particular approach. There is no spedfic
methoddogy for comparing methoddogies available. Consequently below mentioned ndions
are based on knavledge analysis | have caried ou within the Knowledge Anaysis and
Design Structuring (KADS) methoddogy in order to compare the knowledge orientation d
Proof Planning and KAD S.

The knowledge expertise of KADS proves to be far too complicaed in comparison with
the goproad | have taken. In my judgement, KAD S as the global methoddogy is suitable for
projeds of larger scde than the one defined above. Knowledge orientation within proof
planning is considerably more natural for people maintaining and enhancing the knowledge-
base than the cmplex model layering in KADS.

Neverthelessit is posgble (and hghly recommended) to use any of the KAD S tedhniques,
such as knowledge aquisition techniques or knowledge analysis, in separation from the
context of KADS.

6. Results

IcoN was warmly welcomed and well appredated for meding al spedficaionsin the cae
of User Asgsted Planner and for aworthwhil e initiative in the cae of the Advanced Planner.
The knowledge-base was tested and after a small series of refinements it seemed to behave
quite like the experts. As a test case there was used a set of 20 customer spedfications, that
were representative enough to confirm the acaracy of the configurer.

IcoN addresses the topic of maintainability and the eae of further enhancement, the main
battlenedk of automated configuration. The entire system was designed carefully in this
resped. After a short Prolog syntax tutorial and pedse eplanation d the system
maintenance, the staff of the IT department in CompAir managed successully to enhance the
system inthe diredion d attributes as well asin the diredion d product types.

The system code iswell structured and self-explanatory. The opennessand flexibility of the
objed level formalism, the language of methods and the lower-level predicates are ill ustrated
by how fast and straightforward was the development of the Advanced Planner.

Due to al of the substantial field testing, user friendiness easy maintainability and
enhancability and owrall system flexibility, ICON is siccessully used these days in CompAir
Reavel and makes the quaation processconsiderably easier and faster.

Following CLEM [95 Lowe], automatic configurer, engaged with HP workstation
configuration and wsing the same methoddogy, ICON is considered as ancther pradicd
applicaion d proof planning, the theorem proving methodd ogy.



7. Conclusion

The whde Information Techndogy sedor and its industrial applications evolve rapidly.
Not only the quality and the price of a software padkage ae aucial fadors on the market, bu
delivery times and meting deallines are getting more important these days. This is why a
knowledge enginea neals to be very careful abou the scope of the solution and seleding the
appropriate methoddogy to use.

Proof Planning has siown to be the gpropriate methoddogy for designing a Knowledge
Based Systems 0lving the enginea-and-made-to-order kind d configuration problem.
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