Accepted: AAAI Workshop on Knowledge Representation Aspects of Knowledge Acquisition, San Jose, July 1992Informality in Knowledge ExchangeTimothy C. LethbridgeDoug SkuceDepartment of Computer ScienceUniversity of OttawaOttawa, Ontario, Canada K1N 6N5(613) 564-8155 tcl@csi.uottawa.ca(613) 564-4518 doug@csi.uottawa.caThere are active proposals forthe adoption of a knowledgeexchange language (KEL) thatwould allow disparate systems to share knowledge bases.Among the suggestions are the Knowledge InterchangeFormat (KIF)1 by Genesereth and Fikes [GENES 91]; andSowa�s conceptual graphs [SOWA 84].Most of the debate about KEL proposals has centred ontheir syntax and formal semantics2. Little or no attentionhas been given to the exchange of knowledge structures thatare 1) only partially formal, or 2) differently interpretable

1The term KIF has developed two senses: The specificproposed KIF language, and, more generically, anyproposal for some future standard language whoserequirements are still being actively researched and debated.We suggest the replacement term KEL for the generic sense.2 Examples of formal semantics can be found in: [SOWA 84]for conceptual graphs, and [SCHMO 91] for the KL-ONEderivative, NIKL.by various subsets of the exchanging systems. We termsuch structures informal.Currently most knowledge representation languages containsome kind of informality, although this is often notproperly appreciated. The following are examples: The mereuse of English words as logical symbols results inknowledge bases whose �meaning� is largely grounded inhumans� interpretations of the symbols (e.g. predicatenames that are English words). Most KR languages allowsome kind of �commentary� knowledge to be integrated.Other KR languages contain primitive elements whoseformal semantics are given by an implementation languagesuch as Lisp. We will argue that these latter elementsshould be considered informal too, relative to a KEL3.In this paper, we first expand on what we mean by informalknowledge and then explain the importance of being able torepresent it. Finally we propose how informality might behandled in a KEL.Our ideas are being implemented as part of CODE4 [SKUC92], a generic knowledge representation environment thatsupports informality and usability in preference to stronginference capabilities. CODE4 is derived from earlier workon CODE2 [SKUC 91]. CODE4 supports variousknowledge representation schemata4:

3Lisp the language, is undoubtedly formal; however, a pieceof Lisp embedded in some knowledge base would beconsidered informal relative to the KR language�s formalsemantics if those semantics do not contain the Lisp formalsemantics. We expand further in section 2.4The terms schema, representation, language and format areoften used interchangably (with considerable resultingconfusion). We use schema as the most general of theseterms. We use representation (when it does not qualifysomething) to mean, �an instantiation (e.g. as text or datastructures) of a schema�. Format and language are reservedfor schemata whose instantiations are in a linear or planarform. Some of our terminology is due to Bradshaw et al[BRAD 91].AbstractWe believe that a knowledge exchange language(KEL) should be able to support informality. Bythis we mean the presence of knowledge structuresfor which the KEL definition specifies nosemantics. Such structures are intended to beinterpretable only by humans, or by specializedprograms into which a KEL file is loaded.We explain the rationale for this assertion andpoint out some shortcomings of current proposals.We describe several types of informal knowledgeand suggest how such knowledge can be handled ina KEL. CODE4 is used as an example of aworking knowledge management system whoseCKB file format has some of the capabilities wepropose.1 . Introduction

¥A conceptual schema, that is abstract andmathematical.¥Several user interface presentation schemata for thedisplay of knowledge in an easy-to-understand format(instantiated as mediating representations).¥An internal physical schema for efficient inferencingand manipulation (instantiated as the data structurearrangement of the current implementation).¥An external compact file format for the exchange ofknowledge bases.All these representation schemata have fundamentaldifferences, but all handle informality. It is the latter, theCODE4 Knowledge Base (CKB) file format, that has manyproperties we hope will be possessed by a standard KEL. Apartial syntax for the CKB format is given in the appendix.If a satisfactory standard KEL can be agreed upon, we wouldlook forward to using it instead of CKB format so that wecan exchange knowledge, both formal and informal, withsystems as diverse as CYC [LENA 90] and Classic[BRACH 91]During the first Workshop on Informal Computing[MUND 91], attempts were made to define informalknowledge (or its converse, formal knowledge). Thefollowing points are derived in part from the discussions atthe workshop5:a)Whereas purely formal knowledge has a semantics,.i.e. its syntax is mapped to some underlying model (e.g.set theory), informal knowledge lacks such a mapping.Informal knowledge can only have meaning by being�grounded6� in external interpretation, e.g. in a human.

5We do not intend to imply that these points were agreed toat the workshop. For example, there was debate aboutwhether point a or point c in fact leads to a definition ofinformality. Here, we have concluded thatinterconnectedness is a consequent of formality, rather thana defining property.6We use the word ground in the general sense of �making aconnection to�. In logic, one grounds a variable by makinga connection to some constant. Here, one grounds a symbolby making a connection to some human (or machine) sothat the next time the human (or machine) sees the symbolthe same neural pathways (or procedures) are activated. Thesame symbol can be grounded differently in differentcontexts (e.g. two humans, or the same person at differentb)The formality of a representation is relative to thedeclared semantics of a representation schema; i.e. arepresentation�s formality is not an absolute attribute. Wecan consider knowledge in the context of differentknowledge representation schemas (e.g. as it is physicallymoved, or as different processes operate on it), thusknowledge that is formal under one semantics may beinformal under some other semantics, and vice versa. Forexample, the expression (+ 2 2) may be consideredformal Lisp, or an informal character string, or informalmarks on a piece of paper.c)The richness of the set of computable relationshipsamong the knowledge elements (i.e. the number ofdeducible facts normalized with respect to the KB size)depends on the formality, since the semantics determinewhat is computable. The richness of the relationshipstherefore might lead to a way to measure relativeformality7.This paper will focus on points a) and b). Different systemsthat are to exchange knowledge will inevitably havedifferent semantics for their individual conceptual schemata.It is reasonable to assume that even after thoroughrationalization, it will not be possible to map the entiretyof any given system�s semantics into those of a commonschema whose instantiations are interpretable by all othersystems. In fact, as we shall point out in the next section,it is very important to give researchers the freedom toextend their semantics at will, as long as a way is foundwhereby such systems can remain compliant with a KELstandard.A KEL standard should therefore have a very small corewith a well-defined semantics to which every system canmap (e.g. one based on first order logic), as well as asyntactic mechanism for handling elements that areinformal relative to the KEL.The following is a (perhaps partial) list of knowledgerepresentation elements which should be consideredinformal since they have a syntax but no formal semantics:i . Symbols:Here we include things like conventional constantsymbols in logic that are usually represented ascharacter strings having some meaning to humans,and perhaps to specialized computational subsystems.

times, examining a knowledge base will likely makedifferent interpretations).7Measuring relative formality or informality is a subject ofongoing research for the authors.2 . Towards a Definition of InformalKnowledge

We exclude syntactic markers from our definition ofsymbols, since their identity affects syntax and hencesemantics.Under the core semantics of a KEL it should alwaysbe possible to substitute all occurrences of a givensymbol by some other, such that the formal meaningof the knowledge base would be unchanged relative tothe core semantics. Of course in such a case, there islikely to be a knowledge change due to the semanticsof the symbol itself as interpreted by (i.e. relative tothe semantics of) a human or a computer system.We should not restrict our definition of symbols toinclude only character strings, although it would beconvenient if all symbols in a KEL were constitutedof characters. In CODE4, we allow symbols to bearbitrary images (pixel maps), but these are convertedto a compressed string format for saving to a file.i i . The ordering, arrangement or visualappearance of knowledge elements:In pure logic, the ordering of statements has norelevance. From the point of view of a humanlooking at a knowledge structure, however, the onlyway to distinguish elements might be how they areordered or arranged in space. Alternately, elementsmight only be distinguished by their color, font etc.For human interpretation, at least, attributes such asthese can be extremely important. For this reason, inCODE4, we can currently save some suchinformation to our CKB format. In future we plan toextend this.i i i . Unconstrained values (typically strings)entered in slot values or as predicatearguments.There has been a tradition in frame systems toassociate arbitrary Lisp functions with slot values.This is often required for complex applications. Sincedifferent KR systems use different languages (or atleast have different libraries of executable codeavailable), the use of such arbitrary proceduralattachment must be considered fundamentally informalrelative to a KEL, i.e. my Lisp may not betranslatable to your Prolog.It is, however, useful to allow any expression to beentered as a slot value in order to cater to the needs ofinformal knowledge acquisition. See section 3a).i v . Comments and annotations of any sort:Annotating knowledge structures is allowed in mostlanguages and is explicitly informal. We would notexpect to give a formal semantics to such structures.However, we would suggest as a guideline thatcomments only use a circumscribed terminologyconsistent with the symbols.All knowledge representation languages known to theauthors allow some informality, e.g. they use symbols thatare English words. We believe that such languages shouldhave explicitly identified types of informal elements, suchas the above, and allow all of them if possible8.Using metaknowledge (higher order knowledge) the fourtypes of informal elements listed above could all beexpressed in a syntactically uniform manner. For examplein a predicate-based schema, ordering might be expressedusing the predicate:position (concept1, 3).We do not recommend this approach, preferring to keep thetypes of formality syntactically distinct. The reason is thatamount of such metaknowledge would tend to dominate,hence we should use syntactic shortcuts. Of course, asystem that interprets the KEL could convert thesyntactically-distinct types of informal knowledge intometaknowledge for its own internal knowledgerepresentationThe following points answer the question: Why should wewant to include informal knowledge in a KEL?a)So knowledge bases lacking sufficientformalization, e.g. those underdevelopment, can be exchanged:In our research, we have found it very useful to haveknowledge enterers �sketch� knowledge initially andthen gradually formalize it over time. This isespecially important when using a knowledge based

8As a matter of theoretical interest, we believe that aknowledge representation should be able to have noinformal knowledge (unlike most current representations).This means, in particular, a representation with no explicitpermanent symbols. One can construct a CODE4 knowledgebase with no permanent symbols: Internal references arememory pointers, and temporary symbols are generatedonly for display or storage.3 . Rationale for the Exchange ofInformal Knowledge system as a creative tool, as a brainstorming tool, oras a tool to resolve differences among experts. As animprovement over natural language documents, it isessential in our experience to be able to exchangesuch knowledge bases.At the current time, most typical knowledgeacquisition systems will not tolerate any syntacticfreedom, except those that permit unconstrainednatural language. We believe it would be desirable forthere to be a continuum; CODE4 is designed withthis in mind: Very fine-grained elements of knowledgecan be either formal or informal, and can betransformed between these states through variousmechanisms. Larger knowledge structures, composedof the finer-grained elements, can therefore be partiallyformal and partially informal.One should distinguish �sloppiness� from�informality�. Stored knowledge can be informal e.g.,¥ if only fragments are present, e.g. �you fill in thedetails�¥ if the syntax has not been refined, e.g. an outline ofa rule,¥ if concepts that are referred-to have not been defined,or¥ if the knowledge is merely commentary in nature.Sloppiness, on the other hand, refers to suchundesirable activities as making statements orchoosing terminology without careful thinking, orwithout careful review.b)Because it is necessary, at some level, t o ground6 knowledge in terms of human- ormachine-understandable elements:Even if knowledge is entered very formally from thestart, it is still necessary to make some of therepresentation human-or machine-interpretable,otherwise nothing can be done with the knowledge.At the very least this implies allowing human-understandable symbols (and all known systems allowthis). This idea should be extended, e.g. to allowimages.c ) Because informal elements allow forheterogeneous knowledge representationsystems to coexist:It is sometime desirable to store and exchangerepresentations of expressions interpretable only bysome specific system, e.g. a particular Smalltalk, or aparticular KL-ONE derivative (the representations aretherefore informal with respect to some system that isnot based on Smalltalk or is not the particular KL-ONE derivative). Without this, it would be necessaryto ensure that there is a complete mapping betweenthe formal semantics of any two systems. When suchelements are loaded into a system that can interpretthem they will regain their formal interpretability.When loaded into some other system, they will begiven no special treatment, i.e. they remain informal.d)Because informal elements facilitateresearch into knowledge representationwithout hindering it with excessive orunnecessary syntax and/or semantics:This point follows from point c. Research intoknowledge representation is still very young.Different researchers have many ideas about whatshould be included in a KEL. Most researchers do,however, agree that something equivalent to first orderlogic would be a minimum requirement. Systemswould use informal elements to exchange knowledgecorresponding to their special features. Differentsubsets of the systems could evolve to interpret eachother�s special informal elements. In time, it mightbe decided to extend the KEL.The KIF proposal [GENES 91], for example,supposes that a substantial number of Lisp functionsshould be primitives in the KEL. We would prefer toonly include those functions having some degree ofuniversality (e.g. for which there is an obvious analogin CODE4, or Prolog or C++). On the other handmost existing systems would have a very hard timedealing with some of the features of CODE4, e.g. itssupport for many-to-many relationships betweenterms and concepts (CODE4 properly distinguishesthese two very different notions [LETH 91]). Thiscould be made an informal feature of a first-generationKEL.Interestingly, several enhancements to CODE4 havebeen made without changing the syntax of the CKBformat at all (for example the storing and loading ofimages is done using already-existing informalelements). We anticipate adding informal knowledgeabout visual appearance and arrangement withoutfurther changes to CKB format.Before suggesting how informal knowledge might berepresented in a KEL, we believe it is important to givesome criteria for evaluating the effectiveness of a KEL�sschema. Current proposals (e.g. [GENES 91]) do not offer4 . Representing Informality in a KEL such criteria, so what follows is offered for generalconsideration.We propose that a KEL and compliant systems satisfy thefollowing criteria:a)Conservation of system-specific knowledgeby the KEL:A KEL knowledge base written by a compliantsystem shall be subsequently readable by the samesystem. The resultant internal representation of bothinformal and formal structures shall be functionallyequivalent to that prior to the the writing, i.e. nothingshall be lost.b)Conservation of KEL knowledge by acompliant system:A compliant system X shall be able to read any KELknowledge base originated by another system Y, andshall be able to subsequently write out an equivalentKEL knowledge base that is functionally equivalent tothat which was read, i.e. X shall preserve any special-purpose informal knowledge originated by Y.Criterion a) requires preservation of system-specificsemantics of knowledge despite the fact that the knowledgeis translated to KEL and back. Any semantics not defined inthe KEL standard would have to be transmitted by informalstructures.Criterion b) requires that knowledge structures, includinginformal ones, survive manipulation by a systempotentially different from the one that had originally writtenthe knowledge base.The main conclusion we can draw from the above is thatthe representation of informal elements must have thefollowing properties:¥ Informal elements must be syntactic units that a parserwill unambiguously recognize as such.¥ Specific systems may choose to tag informal elementswith unique flags, (e.g. tags universally understood t mean�Common Lisp�, �Smalltalk block�, �Compressed image�,�Postscript�, �CODE4 term list�).When processing a KEL file, a system should take aninformal element as a whole. Some systems may decide tofurther process the informal element, others would ignoreits contents, preserving it for when a new KEL file is to bewritten.In CODE4, we pre-process informal elements when writingCKB format so they can be expressed in ASCII strings thatdo not include the character that unambiguously terminatesthe parsing of the informal element. When reading CKBformat, some processing is attempted (e.g. to convertcompressed images back into displayable images), but ifthis fails, the informal element is kept as a simple stringand is displayed as such. A given non-CODE4 system thatcould read CKB format might not be able to interpretcompressed-image strings, but no knowledge would be lost.Instead, compressed images could at least be viewed (asfunny strings) by the user in addition to regular strings.In this paper we propose thatserious thought be given toallowing the representation of informality during thedevelopment of a knowledge exchange language (KEL). Ourwork with CKB format in CODE4 has led us to severalimportant conclusions:a) The KEL should be able to store informal elements assyntactically distinct units, and compliant systems shouldbe able to process these or merely store them for lateroutput.b) The informal elements should contain knowledge thathas no agreed-upon formal semantics, but may besemantically meaningful to humans or specific systems.c) The core semantics of a KEL should be very small, suchthat all members of the knowledge representationcommunity can agree about it. The representational needsof systems that go beyond the core semantics can behandled using metaknowledge and/or informal elements.The CODE4 system has beendeveloped by the authors aswell as Ken Iisaka, Danny Epstein and David Corbett. KenIisaka designed the CKB syntax in the appendix. Supportfor this research has been provided in part by the NaturalSciences and Engineering Research Council of Canada.The following is the syntax of the CKB fileformat, by which CODE4 systemsexchange knowledge bases. CKB format is very compact,but includes only printable ASCII characters so it can beemailed and processed easily by other software. It is notdesigned for direct human readability, but can be easilyfollowed if necessary (e.g. for debugging, or developing anew system).In lieu of symbols (which are not strictly necessary),references between concepts in CKB format are made usinginteger labels. The integers are sequentially assigned as aknowledge base is written out, and are discarded on input.CKB format supports informality in four ways,corresponding to the points made in section 2:5 . ConclusionsAcknowledgementsAppendix i. Symbols are all represented in the string of <Term>.This string can be interpreted as a simple character string,or an arbitrary image. Concepts can have any number ofterms, including none.ii. Order is preserved in collections. At the current timethere is no provision for storing general spatial arrangementor other graphic attributes, but it is planned to add this toCODE4 without changing CKB format: Graphicinformation about a concept would be stored as a term(recognizing the fact that appearance or orientation is ameans of conveying information symbolically).iii.Arbitrary strings can be entered in the <head> of<CleartalkNode>. CODE4 may or may not be able to parsethis string to obtain <semantics>. In fact, the parsabilitymay dynamically change as knowledge is altered: Theformality thus dynamically changes.iv.Comments can be associated with any concept.The internal syntax of strings (which can be compressedimages) is not shown. It was not considered necessary todistinguish this functionality in the semantics of theexchange languageSome 30 small knowledge bases have already been producedwith CODE4 in our laboratory. An extended version ofCODE4 is now also being developed by Boeing [BRAD91], and they plan to use CKB format. We anticipate theywill be able to store their extensions in informal elements,so that their knowledge bases will still be readable by theoriginal system.CKB format is still under development: We do not proposeit as a KEL, we merely hope it stimulates ideas. Althoughit has syntactic markers for specific types of concepts usedin CODE4, these could very easily be removed.<KB File>::=<header> <conceptLists><header>::=’’COMMAND KB’’ <cr> <systemVersion> $, <KBversion> <cr><systemVersion>::=$V <digits> $. <digits><KBversion>::=<digits><conceptLists>::=| <conceptList> <conceptLists><conceptList>::=$( ( | <concepts> ) $)<concepts>::=<conceptRecord>| <conceptRecord> $, <concepts><conceptRecord>::=( <Type> | <Instance> | <Property>| <Statement> | <Term> | <PrimitiveType>| <PrimitiveProperty>) <terms> <sourceProperties><Type>::=$Y <subconcepts> <disjunctions><subconcepts>::=<collection><disjunctions>::=<collection><collection>::=$[ ( e | <elements>) $]<elements>::=<nil> | <digits> | <digits> $ <elements><nil>::=$@<Instance>::=$I<Property>::=$P <subproperties> <superproperties> <statements><subproperties>::=<collection><superproperties>::=<collection><statements>::=<collection><Statement>::=$O <subject> <predicate> <value> <status> <modality> <comment> <knowledgeReference><subject>::=<collection><predicate>::=<collection><value>::=<collection><status>::=<string><modality>::=<string><comment>::=<collection><knowledgeReference>::=<collection><Term>::=$T <string><MetaConcept>::=$M <submetaconcept><PrimitiveType>::=$y <subconcepts> <primitive><primitive>::=<string><PrimitiveProperty> ::=$p <subproperties> <superpropertise> <statements> <primitive><terms>::=<collection><sourceProperties>::=<collection><CleartalkNode>::=$C <CleartalkClass> <semantics> <head> <CleartalkInstVars><CleartalkClass>::=<classKey>

<semantics>::=<collection><head>::=<string> | <digits><CleartalkInstVars> ::=| $[ <CTInstVarList> $]<CTInstVarList>::=<CTInstVar> | <CTInstVar> $, <CTInstVar><CTInstVar>::=<nil> | <digits> | $( <collection> $)[BRACH 91]Brachman, R., McGuiness,D., Patel-Schneider, P. and AlperinResnick, L., �Living with Classic: When and Howto Use a KL-ONE-Like Language�, in Sowa, J ed.,Principles of Semantic Networks: Explorations inthe Representation of Knowledge, MorganKaufmann, pp 401-456[BRAD 91]Bradshaw, J.M., Ford, K.M. and Adams-Webber, J., �Knowledge Representation forKnowledge Acquisition: A Three-Schmataapproach�, proc. 6th Banff Knowledge Acquisitionfor Knowledge-Based Systems Workshop, Banff,October, pp 4-1:4-25.[GENES 91]Genesereth, Michael R. and Fikes, Richard,�Knowledge Interchange Format, Version 2.2,Reference manual�, Logic-90-4, Logic Group, C.S.Dept, Stanford Univ., March.[LENA 90]Lenat, D. and Guha, R. Building LargeKnowledge Based Systems. Reading, MA, AddisonWesley[LETH 91]Lethbridge, T.C., �Creative KnowledgeAcquisition: An Analysis�, 6th KnowledgeAcquisition for Knowledge-Based SystemsWorkshop, Banff, October[MUND 91]Mundie, D.A., and Shultis, J.C., proc.Workshop on Informal Computing, Santa Cruz,May, Incremental Systems[SCHMO 91]Schmolze, James A. and Mark, William,�The NIKL expreience�, Comput. Intell. 6, 48-69[SKUC 91]Skuce, D., �A Wide Spectrum KnowledgeManagement System.�To appear in: KnowledgeAcquisition : 49 pp[SKUC 92]Skuce, D., and Lethbridge, T.C., �AKnowledge Represenation for Interactive KnowledgeManagement�, in preparation[SOWA 84]Sowa, John, Conceptual Structures:Information Processing in Mind and machine,Addison-WesleyReferences