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ABSTRACT OF THE DISSERTATION

A Connectionist Model of Sentence Generation
in a First and Second Language
by

Michael Edward Gasser
Doctor of Philosophy in Applied Linguistics
University of California, Los Angeles, l9§8
Professor Evelyn M. Hatch, Co-Chair
Professor Michael G. Dyer, Co-Chair

This thesis preseats the Connectionist Lexical Memo?h::odel. a psychologically
plausible computational approach to sentence generation. system’s knowledge is
contained entirely in a network of simple processing units and weighted connections. All
linguistic knowledge is in the form of subnetworks representing schemas; there are no rules
as such. Processing consists entirely in the parallel spread of activation over the network:
there is no top-level control saucture guiding it, and there are no processes specific o
language. The thesis demonstrates not only that it is possible to accomplish generation
within this constrained framework but also that the approach offers dpﬂmt advantages
over conventional models in modelling features of human generation. In particular, the
model exhibits priming effects, speech errors, robustness with respect to incomplete input
and gaps in linguistic knowledge, flexibility in sequencing, and cross-iinguistic transfer
effects. In addition, the same memory and processing mechanism are usable in
comprehension. -

The input to generation is a set of activated network nodes rgg:senting the
speaker’sgodandthcou:putuetofacﬁuwdnodumpluenﬁn;wads: three major
aspects of the generation process are the selection of linguistic schemas in memory which
mmhimmThmuyMMdmmﬁcm;nMscmmm
semantic roles in the i and the sequencing of words and constituents being output. All
are implemented through spreading activation. . _

Role binding and sequencing are usually difficult for connectionist models to
handle. In the presemt lpgluch. role binding is represented by the simultaneous firing of
the nodes being “bound”. A path of primed nodes connecting the two bound nodes
remains t0 make the association temporarily accessible. Sequencing is handled using
explicit sequencing connections, special nodes represent the ends of sequences, and
mutual inhibition amoag nodes to implement competition for a particular put position.

For multilingual contexts it 13 shown that there are at least four different types of
associations between linguistic units for different languages. Whea a speaker does not
have an appropriate unit in the second language, the existence of 2 matching first language
schema may bias the selection of a particular second-langusge schema






Chapter 1

Overview






1.0 Introduction

In this dissertation [ examine the problem of language generation. [ present a
theory of conceptual and linguistc memory and processing called the Connectionist
Lexical Memory (CLM) model. The theory is implemented in a computer program
called CHIE which generates English and Japanese sentences, exhibiting features of human
language generation including priming, speech errors, robustness with respect o
incomplete input and gaps in linguistic knowledge, flexibility in sequencing, speech errors,
and cross-linguistic transfer effects.

The CLM model offers an approach to geaeration radically different from existing
models. The system’s knowledge is contained eatirel in a network of simple processing
units. All linguistic knowledge is in the form of form-function associations;
there are no rules as such. Mngconﬁmenﬁ:elyinﬁopuﬂldmadoﬂcﬁnﬁon
over this network: there is no top-level conwrol structure guiding it. The dissertation
demonstrates not only that it is possible to accomplish generation within thig highly

Input 10 the generation process consists of a set. of network nodes memin;
features of the speaker’s goal. These nodes “fire”, sending activation to nodes.
Nodes which receive enough activation, in particular thoss where activation coaverges
fmmwommmewmesﬁnandmamn&vaﬁmﬁnﬂnuthm;hrhemm A
senmnceisuwedunodurepreununlwmdsﬁninmmuqm

The maj ess i lemtedbysptudinucﬁvaﬁonistheulecﬁonofomor
more. subnetwjgrrksprfhich?hmaiu the input. During generation subnetworks
representing linguistic patterns are selected. Patterns compete with one another as ways w
refer to a given input Apamissclemdwhenmzhlcﬁnﬁoneonmgumit
for its head node to fire. selection can be viewed as a of simuitaneous
constraint satisfaction implemented with spreading activation murual inhibition. The

Two muﬂmﬂmhothapmﬂdmodekmﬁngmdw;m&m
areme:empgnrybindingofvuhblumdsequenﬁﬂbehavia. IntheCLMmodel.tb_m
axenovariables.mdthauisnow;ytoncmaﬂybindqunodetompthermponnly.
Whumupmdnobindinginmaduthemorbunmuhnpqmﬁmgofhmdgm
be associated. Sequencingishudledthroughthcus_cofexphmuqua_:ceconmnons
between nodes representing cowimenumdcompeuﬁonbetweencqnsm.mdu for
particular output positions. This approach not oaly forces sequential behavior on the
pmﬂdmhhdbnsquendngm@eﬂeﬁbbhuqohnhﬁwm;dm
com&mumymmmmdmmmeymmmm

While the focus of this study is on the network has been designed so
Lhutheknowledgecanbeusedinpqﬁng smmofme;eamgugllnmesym
generates. Parsing is impilemented with exactly the same spreading activation mechanism
used for generation. The only difference is that the input to parsing consists of firing nodes -
representing words rather than conceptual features,



1.1 Requirements for a Generation System

‘Language generation is the process which takes a speaker (or writer) from some
conceprual input to an urterance or set of utterances. In this section I look at what general

types of knowledge a generation system needs in order to carry out this process and what
sorts of features characterize human generation.

1.1.1 Representation of Conceptusl and Linguistic Knowledge

Consider what kinds of knowledge are involved in the generation of an ordinary
sentence such as (1.1).

(1.1) Mary deposited $100 in the bank.

First, there needs to be some way of representing the input to the utterance process, in this
case the notion of Mary's depositing some money in the bank. This notion must be
represented in terms of the general concept of depositing money, which should in tum
provide access to the verb deposiz.! The system also needs knowledge about i
particular knowledge that tells the speaker to refer to partcular elements of i
particular siots in the sentence. For this example, the speaker must know that Mary is to be
refemdminthesubjectpoddmmdmedcpodudmmrindndhugobjectpodﬁon.
Thus the generation process requires three kinds of know about

such as DEPOSIT-MONEY-IN-BANK; knowledge about
associated with the verd deposir; and knowledge about associations between concepts and
patterns, such as the fact that the actor of the is referred to in the subject of the
sentence.

For generation, the most i t concepts to be represented are those direcdy
associated with linguistic forms. include not only concepts which are linked to
lexical items such as deposiz but also concepts which allow the speaker 1o select & general
pattern for an utterance. Consider seatence (1.2), for example. _

(1.2) Could you deposit this money for me?

Here the speaker selects the could you pattern, one of a set of request forms. Speakers
perform requests as & means of getring someone eise (the bearer) to perform an act on their
behalf. In general, morphosyntactic patterns such as the could you form are associated
with types of speaker goais.

A generation system, then, must make reference to concepts associated both with
general patterns and with lexical items. These concepts and the inputs to the generation
process need to be represeated in terms of a set of common conceptual fearures. Since the
inputs are non-linguistic, these features must also be non-linguistic,

Linguistic patterns specify the syntax of the utterances that are generated and fill in
the slots in the unterances with words or grammatical morphemes. Patterns need to include
information sbout coastituency, that is, how the positions in L panems are filled by
smﬂanmﬂMmﬁann v the constituents of 2
pattern are For example, the could you pattern has positions for a MODAL-
AUXILIARY, filled by the word could, and a SUBJECT, filled by the word you, and the
MODAL-AUXILIARY is specified as preceding the SUBJECT.

l1n this thesis I will use italics for linguistic forms, SMALL CA!!?Achmcnoduhth
network memory, boldfacs for new terms, and uaderlining for emphasis,

3



The concept-pattern associations that are needed can be divided into two types,
those joining types of speaker goals with general pattems, such as the could you pattern,
and those jowning concepts with relatively specific panemns, such as the partern with money
in its noun position or the one with deposit in its verb position. Within these basic
associations there need to be connections between parts of the concept and pars of the
pattern. For example, in order to generate sentence (1.1), the deposit pattern needs to

contain informadon associating the SUBJECT position in the pattern with the DEPOSITOR
role in the concept referred to.

1.1.2  Accommodating Both Top-Down and Bottom-Up Processing

In sentence (1.2) we saw the role of the speaker’s goals and plans. However,
utterances also arise in response to the speaker’s perception of contextual events. Consider
scntt;:nce (1.3). The speaker has been talking about Mary when unexpectedly she arrives
on the scene.

(1.3) Speak of the devil.

In sentences such as this one, the context-driven (bottom-up) aspect of generation
predominates; the speaker is more concerned with what is iate to say under the
circumstances than with satisfying a goal. Knowledgs in the system needs to be organized
in such a way that the speaker’s perception of the arrival of the person being discussed
causes the expression 1 occur to her?, _

1.1.3 Robustness: Generation in the .l"au of Deflcient Linguistic
Knowledge S

Sometimes the speaker does not find & word or pattern which matches the
she wants to convey. Consider sentence (1.4), a made-up example. The speaker wants to
leave her jewelry in a bank for safekeeping but has never done this before and does not
know how (o refer 10 the process.

(1.4) I'd l1ike to deposit this jewelry.

She selects the verb deposit, though for her this word has the sense of transferring
money to a bank. However, she is willing to relax this constraint in the hopes that the
word will be appropriate in this slighdy difterent situation: It turns out that the word does
apply in this case. In another case it might not be as appropriate. For example, if the
speaker wanted to lesve some money for safekeeping with a friend racher than putting itina
bank, she might also choose deposit, but here it would sound odd. The point is that a
speaker can often find a word foran i notion even though the meaning of the word that
she has stored doesa’t precisely match that nodon. Thus human generation is robust: it
does not necessarily break down in cases like this.

1.1.4 [Flexibility: Multiple Representations of Concepts

The same input or similar input may result in very different structures. This
phenomenon is especiaily clear when we look at ranslation equivalents across languages.
Sentences (1.58) and (1.3b), for exampie, mean more or less the same thing, yet their
structure is quite different. In the Japanese version the concepts of CAUSE and PREPARE-
FOOD are combined in a single verb which takes three arguments, expressing the CAUSER,
the ACTOR, and the OBJECT of the cooking.

2For conveniencs, | will adopt the convention, as Clark (1979) doss, of referring 10 speakers with feminine



(1.5a) Mary had John cook dinner.

(1.5b) Mary wa John ni yuuhan o :ukur-a.éc-ca.
‘ Mary TOPIC John AGENT dinner ACCUS make~cause-PAST

Examples liks these show that generation needs to be flexible enough to map a single input
concept onto more than one linguistic saructure.

1.1.5§ Parallelism

At the output level genention is obviously a sequendal process, but it is apruemly
not so at deeper levels. Speech errors involving exchanges of elements (Dell, 1986)
provide evidence for one kind of parallelism in generation. Seatence (1.6) is an example of
a switching error.

(L.6) I wrote a mother to my letter.

In sentences like (1.6) the speaker seems to be working on two pwm of the utterance at
once when one of the pieces somehow replaces the other. Thus generation involves some
parallelism in the formulation of the consttuents of clauses, '

Another type of parallelism comes in the selection of linguistic paterns on the basis
of conceprual features. The number of features involved increases with the specificity of
the col If these features were checked sequentially, we would expect more time to be
required for finding lexical iterns for specific concepts than for more concepts. For
example, it would ke longer to select the word wazer than the word Itisin fact the
reverse ordering that occurs; basic-level terms such as wazer are accessed more readily than
their stpemrdinm (Clark & Clark, 1977, p. 470). Thus features must be checked in -
paralle :

1.1.6 Competition Between Linguistic Forms

In selecting the linguistic form which best conveys an input concept, we can expect
a speaker 1o begin + 'h a set of candidate forms which can be viewed as competing with
one another. Speecr :rrors involving substitutions (Dell, 1986) provide evidence for this
competition. Sentence (1.7) is an example of a substitution error. The speaker intends for
the hearer to pass the pepper.
(1.7) Please pass the salt.
Hemmewadsmudpcppa.amekmninp,mwdguwmofmg
the input concept. There is strong pressure o select only one of & competing se¢ of items;
for example, we do not find both salt and pepper used to refer to the same object.

A different sort of competition is illustrated in sentences (1.8), in which there is
variation in the relative position of the direct and indirect objects.
{1.8a) Mary sent John a letter.

Mary sent a laetter to John.

(1.8b) Mary didn’t phone John. She sent him a letter.
?Mary didn’t phone John. She sent a letter to him,

(1.8c) Mary didn’t throw the letter away. She sent it to

John.
’Mary didn‘t th-ow the letter away. She sent John it.

These sentences can be seen as reflecting competition between (wo coastituents, the direct
and indirect objects, for the position following the verb.

5



1.1.7 Priming Effects

Incmmgamnjcmdidawiummcmveyapuﬁcuhrin ut ortofilla
partcular output position, speakers are influenced by previous pmcl;uing. :‘-lor example,
the error in (1.7) may have resulted from priming on the word sals or its meaning, either

beczu.m;l the speaker had been thinking about salt or becayse someone ¢ise had been talking
about salt,

1.1.8 Cross-Linguistic Transfer Effects

When a akerhaowsmon:hmomhnmp.kmwled of one language ma
ix;‘nuence or inms'gv with generation in another language. Semneg (1.9-12) illustrate :hiz
phenomenon.

In example (1.9), spezker A is a native speaker of Japanese. She is referring to the
¢old water faucet.

{1.3) A: The faucet’s broken.
B: wWhich one?
A: Water.

SpeakerA'schoiceofworduppemwbcnhndmmfmhlagmnhum
words for *hot water’ and ‘cold, or default, water’. That is, for her the glish word wazer
isinsomwayuwdaudwiththo'eoldmu‘wing. -

Insentence(l.lO)thespukn.nnaﬁwspukaoﬂmisuyingmdmﬁbea
petson'slenvingmpmpmywi:hl&iendfuafehepin;.
(1.10) He...deposit...his property his friend.
Exhibi:insagooddealofmaainty.shechmmdnwuddcpomtonferblhisacn
While the selection of deposit in this sentence is similar to that which a native speaker
mightmakemdc:similarcircumsms(mmmple(l.ﬂ).itmyﬂaobeu to the
fact that Japanese has a verd, rakusu, with the general meaning ‘leave for safekeeping’,
including the special case of ‘deposit money in a bank’. That is, the speaker may feel that
deposis can be generalized in the same way as takusu,

Example (1.11) is an Ambharic? sentence spoken by a native speaker of Amharic
who also knows English very well.

(1.11) lela kefdl wessede.
other class he:took

‘He took another class.’ _
The Ambaric verb wessade is the appropriate ranslation of English take only in the sense
of ‘achieve conuol’, as in JoAn 00k the book from Mary (Johr mes'hafun keMary

wessede). This verb is aot appropriate for referring to the ‘taking’ of a class. Here,
however, the spesker is tly influenced by the fact that English uses the same verb
for these two concepts. seems (o be tanslating the English verb take directly (and

inappropriately) into Amharic.
. For example (1.12) (from Uyekubo, 1972) the speaker and hearer are both
Japanese-English bilinguals,

3Ambaric is a Semitic language spoken in Ethiopia,
6



{(1.12) ano okanemotli wa ozyoosan o spoil sita
that rich:person TOP daughter ACC spoil did
‘That rich man spoiled his daughter.’

The sentence produced is ordinary Japanese except for the intrusion of the English vert
spoil. The implication of examples like this is that bilingual speakers cannot simply “tum
off” their knowledge of one language when they are generating in another language,

1.1.9 Common Knowledge for Generation and Analysis

As far as possible, the knowledge used in generation should also be usable in
language analysis. Shared knowledge makes more efficient use of memory, and it also
makes sense from an acquisition perspective. Since the units of knowledge used in
generation got into the system originally through the process of parsing, they should be in a
form which is accessible t both processes.

L

1.2 The Connectionist Lexical Memory Approach

1.2.1 Features of the Model
The Connectionist Lexical Memory (CLM) model is a psychologicilly plausible

computational account of sentence generation. The model takes as its input a representation
of & speaker’s goal or the perception by the speaker of an event motivating an utterance and
yields as output a sequence of words. The model is puﬁnnznxmplemented ina

demonstration computer program called CHIE, which generates English and Japanese
sentences. :

The main features of the model are the following:
A. All knowledge as a network

1. Me consists of a network of nodes joined by pairs of directed, weighted
conmons. mm’showledgehembodiedm&dyinﬂ:mm‘;u.

2. Concepts are represented as schemas consisting of subnetworks of the memory.

B. All processing as spread of activation

1. Processing consists entirely in the parallel spread of activation through the
memory network starting with sets of nodes representing inputs. The amount of
acﬁvaﬁonsprudingabngncomecdondependsonlhewq;&“‘mmdwmm
connection and may be either positive (excitatory) or negative (inhibitory).

2. Competition, implemented through sets of mutually inhibiting nodes, is an
impuuntupai;%fpmcadng. Cb‘:peﬁﬁonfamthqulectionofoneohset
of candidase nodes and imposes sequential output behavior on the system.

3. The activation on each node decays over time, representing short-term forgetting.
Priming is modelled as activaton remaining on nodes as a result of recent

y lenien

4. Spreading activation and competition together implement a form of t pattern
matching which makes generation robust.

5. Flexibility derives from the fact that spreading activation automatically finds
alternate ways of conveying particular concepts.



6. Processing is interactional rather than strongly modular, Pragmatic, semantic,
and syntactic information may be involved simultaneously in the selection of units
, of linguistic knowledge.

C. Linguistic knowledge as associations mapping language to conceprs

. The basic units of linguistic knowledge are schematic subnetworks associating
form directly with function. These form-function mappings comprise an
inventory from which selections are made during processing.

2. With respect to fonm, the linguistic units are composed of surface-level patterns of
varying degrees of generality. Relatively specific (lexical) patterns are given
priority in processing.

3. Since linguistic knowledge consists of form-function associations and since

connections come in pairs, one for each direction, the knowledge in linguistic
memory is usabie for analysis as well as generation,

4. There are connections between linguistic schemas for different languages. During
generation a schema for the wrong language may be accessed and then ransiated
Mymmmmmpusnmhdmwdm“unm
connections.

5. Another type of transfer may result when a speaker selects a partally matchin
target language schema on the basis of the existence of a matching schem'ul:
another language. Sentence (1.10) is an example of such a case. In general the
activation of one concept may lead to the activation of other concepts which
overlap with it. For examples like (1.10), the availability of a suitable lexical item
in the wrong language isposes the speaker to select a similar, but not
completely suitable itemn in the appropriate language.

1.2.2 Representation of Concepts

Concepts are represented as schemas, that is, structured chunks of memory. Each
schema has an associated rype and a set of roles, each with a particular value. For
example, the BANK-DEPOSIT schema has as its the general notion of TRANSFER-OF-
CONTROL, and among its roles is an OBJECT with MONEY as its value and & RECIPIENT
with BANK as its value. Inputs to generation are represented similarly. Thus the input to
sentence (1.10) has the concept TRANSFER-OF-CONTROL as its type and BANK as the value
of its RECIPIENT role.

The schema-based memory is implemented in the form of a network of nodes
joined by weighted uni-directional connections. Separats nodes represent schema heads,
roles, and values. Pairs of connections, one for each direction, represent the relationships
berween schemas and their types, beads and roles, roles and their values, and roles and
their types, €.§., the OBJECT of BANK-DEPOSIT and the OBJECT of TRANSFER-OF-
CONTROL. network implementation has three advantages. First, it makes
representations more flexible because roles are treated as concepts not fundamentally
different from schema heads. Second, the degree of associativity between any two
concepts (heads, roles, and values) can vary with differences in connection weight. Third,
the nerwork implementation permits the use of a general spreading activation mechanism
for processing. This mechanism is described in the next section.

Fi 1.1 shows a portion of the network representing the concept of DEPOSIT-IN-
BANK. Nﬁmﬁﬂmbwumwfwmwy:muem
0ot used by the processing mechanisms in the model.
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Figure L.1: Representation of a Concept

In the figures, nodes representing schensits are surrounded by fuzzy rounded
rectangles. Schema head nodes appear at the left side of schemas. Role nodes are labeled
in lower-case. Only two roles are shown for these schemas; in general figures will not
display ail of the roles in schemas. Role names are meant 1 be abbreviations; the two roles
labeled OBJECT in the figure regresem the OBJECT of TRANSFER-OF-CONTROL and the
OBJECT of DEPOSIT-IN-BANK. I will often refer to roles using the head and role names
separated by a colon, e.g., DEPOSIT-IN-BANK:OBIECT. Bach of the lines in the figure
denotes a pair of directed connections. The connections joining TRANSFER-OF-CONTROL
1o DEPOSIT-IN-BANK and TRANSFER-OF-CONTROL:ORJECT to DEPOSIT-IN-BANK:ORJECT
represent is-a (generalization) relations. The connections joining the two schema heads w
their roles represent has-a (constituency) relations. The connections joining DEPOSIT-IN.
BANK:OBJECT to MONEY and DEPOSIT-IN-BANK:RECIPIENT to BANK represent role-value
relations. '

1.2.3 Linguistic Knowiedge

Linguistic knowledge is represented in terms of generalizations of utterances. An
utterance is a meaningful sequence of words, such as a clause or a noun phrase, within a
particular context. An utterance has roles for (a) the words which realize ir; (b) a set of
contextual elements, including a speaker and hearer; and (c) a content, the notion that the
speaker wants (o coavey with the utterance. -

The basic units of linguistic knowledge are generalized utterances (GUs),
schemas which generalize in some way over the utterance roles. A GU defines a linguistic
pattern consistng of a set of constituent roles, which have as their values particular
morphemes or classes of morphemes. Foe example, there is a GU representing clauses
with mewuddcpommmvmmmdthemdmmm:BMmtpw
CONTENT rols. Iwillnfcnod:isGUu'DM—N-lAN!;inmuﬂlwﬂlgnm_sks
to distinguish GU names from concept names. A GU may also have information
mm‘wmmhwhhmofdnm For example, the *DEPOSIT-IN-BANK
GU incl an association between its DIRECT-OBJECT role and the semantic ORJECT role
of its CONTENT. Other GUs define more general partems such as the passive strucmre.

Figure 1.2 shows a of the *DEPOSIT-IN-BANK GU., The GU consists of the
schema at the bottom of Figure 1.2. The CONTENT of the GU, that is, the event thata
clause of this refers to, represents the concept of DEPOSIT-IN-BANK shown in Figure
1.1 mwpaminﬁm 1.2 corresponds to what appears in Figure 1.1. Nodce
that DEPOSIT-IN-BANK is actually embedded in the GU in a sense. In addition to its
CONTENT, the GU has roles for two constituents, the VERB and the DIRECT-OBJECT. The



DIRECT-OBJECT has its own CONTENT, that is, the thing that it refers to, Thus roles can
have their own roles. For this GU the DIRECT-OBJECT refers 1o the thing that i being
deposited, so the nodes for the CONTENT of the DIRECT-ORJECT and the OBJECT of the
clause CONTENT are merged; that is, they behave like a single node, This relationship is
indicated in figures by a “tube” Connecting the nodes. The verb of the clause has a5 it
value the word node "DEPOSIT" 4

TRANSFER. ‘
Gr—comm °°"0

r content | _
N

L object

£ this money
Sfor me?. Speakers use utterances such a3 these for particular reasong. That is, an utterance
can be viewed as a plan to achieve 2 goal of the speaker. The Sysiem needs general
knowledge about what sorts of utterances satisfy what sorts of goals. For this purpose the
model has another type of unit, the generalized illocutlon (GI). Each GI is a
specialization of the general INTEND schema, which has s GOAL and a PLAN role. The
GOAL ofaGﬂIiisnmenn.l mneorbe!n:iorofthahmée?which tbehmu‘:int%m
achieve, and € PLAN is a general type of urterance whi can accompli e
GOAL-PLAN relationshi represented in Gls isthesammc:lrdationshiputhnemoded
in planning schemas for non-linguistic actions such as buying groceries and mailing &
lerter.

Fi 1.3 shows a si leGImpuunﬁnlthefmthnaplmforgeuinuomeom
to undem;kn:‘ lomuhin‘i.l::;?'odncelcould You question refuﬁnnothcin;ended act.
memudmmhmhmhmumdumnnnamacm
memmmmmmnmmdnmmmwmsum
You and MODAL verb could, The sequencing information for these constituents is not
shown in the figure, mmwhoismundmmemnthcmaunphn

‘ﬂﬁsnods:nnﬂymdiﬂ’mfmofmm&m.
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ﬁ' UNDERTAKEI

actor -
B o {acT]
COULD-YOU- ! YESNO-
REQUEST ‘ QuesTIoN |
| Your

Figure 1.3: GI for Requests

Figure 1.4 shows how Gls and GUs fit into the rest of memory.
utterances are treated as acts and their CONTENT may be any type of concept. Nows that

{generalized illocutions)

{generalized utterances}

Figure L4: Relatonship of GIs and GUs to Rest of Memory

1.2.4 Knowiedge about Multiple Languages

For speakers of more than one lan the linguistic schemas for different
languages need to be distinguished. In the model this distinction is made primarily
through the inclusion of restrictions on the HEARER role in the schemas. For example, in
GIs and GUs for Japanese the HEARER role has JAPANESE-SPEAKER as its value.

The GI at the top of Figure 1.5 is just the one shown in Figure 1.4, but with the
additional constraint that the person whom the speaker wants to perform the act is an

1



ENGLISH-SPEAKER. The GI at the bottom of Figure 1.5 is one possible correspondin

for Japanese. This schema has the same GOAL as the English GI except that the AC'I!O?.
that is, the person who is 10 do the act for the speaker, is a JAPANESE-SPEAKER. The GI
PLAN roles differ of course. The PLAN for the Japanese GI takes the form of a yes-no
quesdon with the auxiliary kurenai and the main verb in the re-form.

Figure 1.5 shows examples of English and Japanese Gls for requests.

ENGLISH-
actor L SPEAKER
goal
object L ACT
COULD-YOU- . i ENGLISH-
REQUEST J YES-NO-
! hesrer QUESTION |
content[™
n
su bz
modal *COULD*
JAPANESE-
actor (==
T ‘ SPEAKER
object
1 JAPANESE-
-TE-KURENA- ' YES-NO-
REQUEST Thearer QUESTION
content
verd ~-TE"-FORM
Mx KURENAI

Figure L5: English and Japanese GI for Requests

GhdeUsfudiﬂmthnmgesmbeusocimdwithommdmmvuﬁng
degrees. They may be linked indirectly through their GOAL or CONTENT roles as for the
GlIs in Figure l.S;thnis.they,mymprumpmuw«dsﬁ:hdnmmmﬁongt
meaning. Another 'bilityisadiractpoinm&umaGIwGUinonehnm:oom!n
another language. This type of association enables a speaker t use a translation smategy in
generation.

1.2.5 Use of Linguistic Knowledge

Consider how _Clibl:s and Glsb:re used t;n th‘:‘gleon:?hnon o‘fkte!;e ms:tnttehnc;e could you
deposit this money?. process begins with a e spe ¢ hearer carry
out the requested act. The act is represented as an instance of the TRANSFER-OF-CONTROL
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schema. The sum of money is represented as an instance of the MONEY schems. A portion
of the input is shown in the lower left comer of Figure 1.6,

i
5\—_@ QUESTION *DEPOSIT- .cantent

Figure 1.6: Input to Generation and GI and GUs Selected

The input is an instance of the general INTEND scherta, The head node for the input
is labeled “INTEND1"; in general I will uss names of schemas followed by arbi
numbers to indicate instances. The PLANNER for this intention is CHIR, the system i
TheGOALBMJOENWDERTAﬂ:WMO‘IMinmof
the concept MONEY, MONEY1. Missing in the figure is the information that the
DESTINATION of the intended transfer is a BANK.

Starting from the elements of this input, the system selects one GI and three
separate GUs. TheGIischonnonmebuisofthctyroflodudtthUsonthewu'
of the semantic features of the propositional content of the goal. Figure 1.6 shows the GI
and two of the GUs and how they are connected to elements of the input.

1. The COULD-YOU-REQUEST GI (Fi 1.3) is selected because the goal is that
someone UNDERTAKE somethin H‘ is GI has as its PLAN the could you question
pattern, shown only partially in Figure 1.6

2. The *DEPOSIT-IN-BANK GU is selected to convey the nature of the requested transfer.
It is the combination of the features of the transfer that resuits in the selection of this

GU over others, in i .MmeMONECIhmMNDEFTNATI_ON
is a BANK. The spedﬁesthnthevefbisdcpowndthnmedmctob]a_:t
of the clause refer 10 the money being transferred, that is, to the semantic

OBJECT of the transfer. This relationship is not shown in Figure 1.6, but it appears in
Figure 1.2.

3. The *MONEY GU is selected to refer o the money.

4. The THIS-NP GU is also selected for the money noun phrase. This selection is made
on the basis of the speaker's showing the hearer which money is intended by the noun
phrase. THIS-NP does not appear in the figure. .

13



1.2.6 Spreading Activation

Generation can be thougnt of as consisting of three processes: 1) the selection of
linguistic schemas on the basis of input fearures, 2) the association of schema syntactic
roles with input semantic roles, and 3) the sequencing of words and constituents in the
selected patterns. In the CLM model all three of these processes are implemented by the
spread of activation through the memory network. '

At any dme every network node has an associated activation that consists of a value
between -1 and +1. Each node has a characteristic threshold activation, and when the
node’s activation reaches ity threshold, the node “fires”. A firing node sends activation
along all of its output connections to neighboring nodes. The amount of activation sent on
a given connection is moruom.l to the weight of the connection. Activation on nodes
decays with time; this y implements short-term forgetting,

Input to the generation process is a set of firin nodes representing features of the
speaker's intention or of perceived events, Activation these nodes converges on other
nodes, resulting in their firing. This process continues until a set of nodes representing
words fires in an appropriate order. This constitutes the system’s output.

1.2.7 Schema Selection via Winner-Take-All Networks

' Schemselecdoncmbcvieweduamhingo(dupcmdin t features
against features of schemas in memory. A schema is selected when its node fires.
“%.il node fires when it has received enough activation from its roles. The role nodes
themclvuﬁninnsponnmconupondin;fumofthﬂnpm. For example, if the
input includes the feature that the OB/ECT of a TRANSFER-OPF-CONTROL is MONEY, the
OBJECT roles in all schemas with this same feature will also fire, lending a measure of
support to all of those schemas. :

Figure 1.7 shows simultaneous activation of the OBJECT roles in DEPOSIT-IN-BANK
(the cv:m':'ls.lu"r.'I ;:f the *DEPOSIT-IN-BANK GU) and WITHDRAW-FROM-BANK (the CONTENT
of another GU).

Figure 1.7: Activation of Roles During Schema Selection
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Actvation spreads from the node representing an instance of TRANSFER-OF-
CONTROL. Inital activation sources are shown in black in figures, and the spread of
activagon is indicated by arrows and thick connection lines. The firing of TRANSFER-OF-
CONTROL1 leads to a succession of firing nodes, indicated in the fi with thick borders.
Once a node fires, it is inhibited for a period of time, during which activation from other
nodes does not affect it. Thus activation in the ﬁfun moves in one direction only, even
though each line represents a bi-directional pair of connections. Activation converges on
DEPOSIT-IN-BANK:OBJECT and WITHDRAW-FROM-BANK:OBJECT from two sources,
TRANSFER-OF-CONTROL:OBJECT and MONEY. Once these OBJECT roles fire, they send
acdvation to their head nodes. At this point these nodes do not have enough activation to
fire. Activation below the firing threshold is indicated by & hashed border. Addirional
features of the inputwou]dbenwdadmembluselecﬁonnhammmrr-m-
BANK and WITHDRAW-FROM-BANK. Since the spread of activation is parallel, information
from all role nodes normally comes into schema heads simultaneously.

It is this process that implements the selection of GUs for conceptual
inputs. Activation starting from the input eventuaily converges on the CONTENT rols of 2
suitable GU, and this node passes activation oa 10 the GU head nods. An imporuant feanre
of this process is competition among groups of nodes. Competition is implemented
through winner-take-all (WTA) networks, subnetworks whoss members inhibit each
other through connections with negative weights. Whea ons of these networks is
activated, it will tend to cause one and only one of its members to fire. WTA networks
implement decision making in the system. The firing of the WTA network node with the
highest activation constitutes the decision. For example, the schemas ting noun
lexical entries compets wimoulnmherinmchamythaonlyoum selected for a
given input This competition prevents a person from being referred w0 as Mary, the
woman, and she in the same phrase.

Figure 1.8 shows a portion of the WTA network representing the ca[:&edﬁon
berween different ways of referring to the notion of TRANSFER-OF-CONTROL. ibitory
connections are indicated by fuzzy lines. Competition between the CONTENT roles of the
GUsfmmmesymmulxtjuanUmmfemaﬁvninmdmmmo&
CONTROL. Nmshownintheﬁmmmefmwhichdisﬁnmmediﬂmenm

@’_ﬂ—:@ C *LEND j={ content

Figure L8: Competition Among Generalized Utterances

The schema selection process does not all of the input features 10 be
matched. All that is necessary is for one schema 10 receive enough activation from its
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roles t0 win over other competing schemas. Thuys spreading activation and winner-take-ajl
networks implement a kind of lenient paem matching.

"For multilin speakers the schema selection 8 involves not only elements
of the speaker’s goaﬁ::d 1ts propositional content but m type of hearer. lt'ythe hearer
1$ monolingual, schemas for the Ianglmge that the hearer understands will tend to win out
over schemas for other languages. However, since the speaker has no way of tumning off
knowledge of other languages, we can expect it t0 have an effect under certain
circumstances. For example, for a given concept, a schema for one language may be more
familiar to the speaker than that for another, and that schema is likely 10 be selected over the
other. This may result in language, as in sentence (1.12). Figure 1.9 shows how the rwo
competing GUs would be related for this example.

INDULGE
3 2
content - { content
’r ENGLISH- JAPANESE.
\ hearer SPEAKER I *AMAYAKASL \" Nﬁ} SPEAKE::
ver [~4— *SPOIL° [ verd = “AMAYAXASU®]

Figure 1.9: Competing GUs in a Multilingual Coatext

The speaker intends to refer to an instance of the concept of INDULGE. For
simpﬁcitymeﬁgmdoesnmindimhowmisconceptismmd. The speaker has
rwoGUsmocimdwithmheompt.oneeachwanglhhdem Apparently the
English GU is more familiar to her. In the model this is reflected in the higher weight on
memﬁmmmmmmecommdmznmcu Inthe f1 both
directed connections are shown for the these relationships, and possible weights are
indicated for the downward connections,

Sentence (1.12) was produced in a bilingual setting. When the hearer does not
h!owoncofthupuka"sIanguammducheminthnhnnnpisulmd.mtheoma
hand, the speaker may translate it directly into the aﬁruprian language if this is possible,
This kind of translation is what we see in sentence (1.11).

1.2.8 Role Binding

e, providing Ifbromason s (o oo e e oles ol oles in the
schema iding i i0a that the system in to Vhen a
isuhcﬂmhhﬂdhmmhingmmm&mnmwﬁdmm
GU fire, yielding words or subpanerns that will be part of the uterance.

As noted above, the information in a pattern often includes role associations. For
example, the *DEPOSIT-IN-BANK pattern associates the semantic OBJECT of the transfer
with the DIRECT-OBJECT of the clause (see Figure 1.2). For the generation of sentence
suchucauldyoudcpomxhcmm?.dnsymneedsmbeablpquuthismfaqnno_n
to have the direct object of the utterance refer to the money, which is the OBJECT in this
case. In a connectionist approach such as this one there is no mechanism for actually
binding one node to another temporarily. What corresponds to binding instead is the more
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or less simultaneous firing of the nodes to be associated, for this example, the DIRECT-
OBJECT and the node representing the money. Figure 1.10 shows how this happens. ‘

TRANSFER-
CF-CONTROL

Py brery 1o
S EsATTE

Figure 1.10: Binding of Syntactic and Semantic Roles

The DIRECT-OBJECT node fires as activation spreads through the *DEPOSIT-IN-
BANK pattern. This causes the merged node in the schema to fire, spreading activation in
two directions. In one direction the spread reaches the MONEY2 node. In the other the NP
GU is activated, starting off the generation of the DIRECT-OBJECT constituent. The firing
of MONEY2 and NP iniuates the GU selection process of the DIRECT-OBRJECT coastituent
which will eventually access the GU *MONEY (Figure 1.6).

1.2.9 Sequencing

Because processing in the model is parallel, the sequencing of words to be output is
not a trivial matter. Consider sentences (1.8): Mary sens him a letter, Mary semt it to John,
etc. There must be & way to represent the fact that either the DIRECT-OBJECT, the
consttuent referring to the in this case, or the RECIPIENT-REFERENCE constitueat can
appear immadiately after the verb. To handle this, the verb sends some activation to both
constituents, and these compete via a8 WTA network to fill the position. When the
constituent appearing first is complete, it sends activates the other one. For this to
however, there needs to be a way for the system to signal when a constituent is complete.
For this reason each coastituent or phrase has a separate node representing its end.

Figure 1.11 shows some of the sequencing relationships in the *SEND-MAIL GU,
the one selected for sentences (1.8).
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Figure L.11: Sequencing Relationships in a GU

Each of the squmswithmnndedcommcmom
constituent node in the previous figures. The pairs of squares denots the

end nodes for each or constituent. Note that many of the relationships are
mpmmmwﬁn;emm“mmmamu

The end node for the VERB sends activation to the start nodes for the two constituents
which may follow, and these nodes inhibit each other. One will normally have activation
&mamﬁcwmmﬁcmﬁuﬁﬂﬂhwitwhmmdaoﬁumdﬁnﬁm
nemmfamnmommmmm-mmmmmmn
node for the NP GU, which contains general se?uencing information for NPs. The end
node for the NP GU activates the end nodes for the two phrasal constituents. This
activation effectively signals whichever constiment is being generated that it is complete,

1.3 Method

1.3.1 Cognitive Modelling

Current methodologies in applied linguistics follow not only those ia linguistics,
but also experimental methods from educational psychology, social psychology, and
psycholinguistics and, 10 a lesser extent, traditions deriving mainly from anthropology and
literary criticism. Thinlmiaukunelaﬁvelynovelapprouh.outhuhmclouly
associared with the new field of itive science, and in particular, with cae of its ceatral
disciplins.uﬂﬂdalinﬂnm(%mdwi newly emerging field of connectionism.

This will be referred to as cognitive modelling. The name is often
used for & subfleld of dhdnguishedﬁomochermbﬁeldsinmoﬁucopeemwm
mdmnndingandsimhﬁnghmhwﬂimuwdhudwhe@umchmuhnom
hal\lreimmedimaobviouengineen'nsapplicadom. The approach involves at least the
following:

1. acogniﬁveﬁbemmonmhemodeﬂed.deﬂnedinmdiainpm-ompmbehaﬁor
and evidenced in a body of dats _ .

2. the model itself, consisting of a more or less rigorous description of a set of
procedures and the data that they operate on
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3. acomputer program, which demonstrates for a limited range of inputs and outputs th
the model performs as claimed. ¥ P uP x

1.3.2‘ The Computer Program

What distinguishes cognitive modelling most clearly from other methods is the
program, often referred to as the “implementation”. Uniess the primary goal of the
research is to produce intelligent software, one might ask what function the program
serves. At least three functions can be singled out. First, the pro provides a means of
checking the accuracy of the model. For a complex task such as guage processing, it is
simply too difficult to perform such & check using ordinary pencil-and-paper methods. The
program generates behavior, and the researcher can then compare this behavior with the
predictions of the theory. Second, the act of writing the program invariably brings up
theoretical deficiencies in the model which the researcher would not have discovered
otherwise. As Brandt Corstius (1978) maintains in his Second Law of Computational
Linguistics: “*Any linguistic description, no mamer how precise, if it is itself not a computer
program, will tum out to contain a mistaks if one tries to maks a program of it” (p. 129).
The discovery of problems leads the researcher to make revisions and then attempt to
implement the model in its new form. From the point of view of the day-1o-day activities
of the researcher, cognitive modelling is thus a continual 38 of theorizing,
implementing, revising, reimplementing, and so on. Third, program, once it 13
complete, can also serve as a 1ool for further research, either by the same investgator or by
others, who might modify the program to suit their needs,

However useful the program may be, there are good reasons for distinguishing it
from the model itself. 'Fim.:henngeotinpuu:humhudledhythepmclm'is
necessarily restricted, and simplifying assumptions often need to be made in designing the
program. Second, some aspects of the are irrelevant to the model. Thess include
theeompuwrhnguafeitisminenin. type of computer it runs oa, and various features
of programming style. These aspects are not necemrilyimlevmttothepmm’ asa
whole, however, because, as noted above, the program may be intended to serve i
other than simply demonstrating the validity of the model. For example, if the program is
10 be used by other researchers in evaluating their own hypotheses or if it is to be the basis
for a practical system of some type, then it is important that the code be both readable and
adaptable. :

The implementation of 2 model in the form of a computer program does not
nma:ﬂyimpfyﬁudn“mmha’ofhmmﬁmhbeingnimﬁped. It
is possible to program a computer to behave in ways which are not particularly efficient for
the computer but which reflect aspects of human processing. For example, the panailel
processing which seems 1o characterize much of human cognitioa can be simulated on &
conventional serial computer by breaking the processes into time steps of arbitrarily small
length and ranning each process through one time step at & time.

1.3.3 Coastraints on Cognitive Models

It is not enough to demonstrate that a model (or its implementation in 2 program)
yields the expected output given particular input. In fact, by itself this is of little interest
since it is generally accepted in automara theory that any well-deﬁ:.led behavior can be
simulated by a .very simple automaton, a Turing Machine (Church’s thesis). A model
needs to be constrained in ways other than the accuracy of its output. Types of constraints,
or equivalently, criteria for evaluating models, include the following: .

1. Parsimony: Is duplication of knowledge avoided?
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2. Memory limitations: Are the memory requirements of the model reasonable
considering the storage capacity of the human brain?

3. Temporal limitations: Does the model perform within the range of humanly possible
speeds, or equivalently, does the model perform using more or less the same number
of computational steps as a human might require for the task?

4. Uniformity/generality: Are the mechanisms and representational structures which are
posited applicable to various domains? [s there an attempt to limit the types of
mechanisms and sguctures which are involved?

5. Neurophysiological factors: Is the behavior of the primitive units in the model in line
with what is known about the behavior of neurons or ensembles of neurons?

6. Learnability: Does the model include mechanisms by which the knowledge is

acquired, or is the knowledge that the model is provided with in a form that might have
been acquired? '

_ Some of these constraints agree or conflict with others. Parsimony (constraine 1)
limits the amount of memory required (constraint 2). On the other hand, redundancy in the
representation of knowledge may result in faster processing (conszaint 3), The savings
come when there are compiled chunks of knowledge which allow the system to avoid
accessingeachofmepiecesﬁomwhichmmchunhmm For the human brain,
unlike the conventional computer, relative slowness of i ‘ is a mare important
limiting factor than memory capacity (Feldman & B 1982). redundancy is
desirable when it can speed up processing. For this reason parsimony is not accorded
much importance in the present model. Specific knowledge, which may involve
duplication, has priority over general imowledge because it leads to greater fluency.

Memory limitations cannot be ignored, however. A general concern is whether a
cognitive model will “scale up”, that is, whether the memory requirements would be oo
great if the model’s were extended to encompass all of the knowledge needed for a
wide variety of contexts. %m sort of consideration has not guided the design of the CLM
model, and I return to the problem in Section 11.1.1.

Cognitive models differ considerably in the importance attached to uniformity
(constraint 4). For modular spproaches o cognition (Fodor, 1983), exemplified in
puﬁcﬂuby@omﬂymﬁngﬁsm&ehﬁﬂemnmkmﬁﬁumm
different components of language or between linguistic and noo-linguistic knowledge. By
contrast, one general aim of the present approach has been to develop a cognitive
architecture and a set of esses which can be used in language analysis and non-
linguistic processing as as in language generadon.

Another class of models for which uniformity is not particularly important is those
which are relatively unconstrained in terms of the primitive constructs used. For exampie,
a model may be built out of the set of functions provided by 2 programming language such
as LISP or out of a wide range of computational devices such as production systems,
demons, and discrimination networks.® Models such s these have their place. They excel
at producing desired output behaviors on a computer, and they have yielded many insights
into high-level cognitive esses. However, there is also much to be gained by

attempting t0 implement these same high-level processes using a more limited set of
computational consgucts. In particular, 2 more restricted approach may bridge the gap
between the neural and the cognitive levels, an area of considerable curreat interest in

3See Charniak, Riesbeck, McDermott, & Meehan (1987) for an overview of thess and other Al
programming concepts.
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cognitive science. The present model belongs to the more constrained category. While no
claims are made here about direct correspondences between theoretical entities and
biological entities, the model is “neurally inspired™ in the sense that none of the basic
proc::ds::sl 95;;:;:3 to be incompadble with what neurons are capable of doing (Feldman &
Ball .

It has not been a goal of this project to develop an explicit leaming mechanism
(constraint 6). In Section 11.1.2 some suggestions are made regarding how acquisition
might take place within the general framework of the model.

1.4  Organization of the Thesis

Chapter 2 of the thesis deals with knowledge representation in general. The schema
framework is discussed, and some of the concepts involved in the generaton of example
sentences (1.1-12) are considered in detail. Particular artention is paid to the representation
of goals and plans and to the way in which alternative views of a single concept are

handled. Finally, the implementation of the schema memory in the form of & network is
described.

Chapter 3 is concerned with the representaton of linguistic knowledge. The
hierarchical organizaton of linguistc is motivated through a discussion of a
bottom-up view of language acquisition. - nature of utterances and generalized
utterances is described. Emphasis is placed on the semantic aspects of GUs, such as the
representation of semantic composition and the way in which indexical features, such as
properties of the speaker or hearer, can be referred to in GUs. Generalized illocutions are
also treated, with examples comin% mainly from the category of directives, that is,
requests, commands, the like. is also a consideration of two other types of
linguistic knowledge, generalizations about vocatives, and generalizations associaring
patterns direcdly with the perception of particular event types (as for speak of the devil).

Chapters 4, 5, and 6 deal with the process of geaeration itself. In chapter 4 the
algorithm for the propagation of activation, including the special behavior of winner-take-
all networks, is described, and the implementation of schema selection in terms of this
mechanism is discussed. The generation of substitution errors within the framework of the
model is also discussed. Chapter 5 examines role binding and how it is handled using
spreading activation and merged nodes. The problem of crossulk, that is, confusion
among various paths of activation, is handled using winner-take-all networks to stagger the
firing of nodes which might lead to confusion. The place of role binding in schema
selection is also considered. It figures particularly in selection which is guided by
paradigms in the language rather than by distinctions which the speaker inteads to make.
An exampie of such a paradigm is the singular-plural distinction in English. Finally, the
generation of exchange errors is discussed. Chapter 6 describes how sequencing is dealt
with in the model. Explicit connections are used to represent sequencing rela and
winner-take-all networks implement competition for a particular output position. A further
feature of the approach is the use of special nodes to represent the ends of phrases and
constituents.

Chapter 7 looks at the organization of linguistic memory and the process of
generation for speakers with knowledge of more than one language. Five possible
relationships between GUs for different languages are considered, ranging from none at all
to direct translation associations. Evidence is presented for four types of relationships.
The behavior of speakers who perceive a gap in their knowledge of the target language
during generation is also examined. In such cases the robust matching mechanism may
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allow them to find g partially matwching schema. They may also be aided in this process by
the existence of a mawching schema from some other language.

Chapter 8 considers Ways in which the network and spreading activation
mechanism are applicable to comprehension as well as generation, Schema selection, role

Chapter 9 examines related research. This iy discussed under three headings,
unified cognitive models, generation models, and connectionist models of language
processing.

Chapter 10 discusses the implementation of the model in the program CHIE. A
trace from a sample run of the Program generating a sentence is incllﬂetfm

‘ Chapter 11 summarizes the findings of the thesis and suggests future work, The

rmost promising future directions concern the development of an Acquisidon component:
exploratons in the use of distributed representations, that is, representations in which a
concept is not localized in 3 single node; expansion of the cover:r of the model to other
areas of discourse, syntax, and semantics; and the application i
ansladon. ‘

Thmmdsomappetﬂixcmﬂiﬂngaﬁsﬁngofmmmimlf.
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2.1. A Schema-Based Memory

As we saw in Chapter 1, an account of language generation must build on a system
for representing concepts. In producing a noun phrase such as the chair, a speaker has in
mind a particular object, and she needs 10 be abie to get from her representation of that
object to the general concept of CHAIR in order to locate the word chair, In producing a
sentence such as Mary deposited $100 in the bank, 2 speaker is thinking of an event, and
she must be able to classify it as an instance of the concept of DEPOSIT-IN-BANK in order to
find the word deposi. uttering the expression your honor, a speaker must know
something about the concept of TRIAL and in particular about the role that the presiding
judge piays in it in order to select this expression over some other such as excuse me.

This ch mlmhnmemthhichconupcm?ummdhumﬁmme
CLM model. 'gememoryischmteﬁudhyuimph. iform architecture; all of the
system'’s knowledge is contained in a network of nodes joined by directed connections,
This network can be viewed as an implemenution of a higher-level type of knowledge
represenuﬁon.aschm-t;uedonemmﬁcnewkmemry. Thus there are two leveis at
which the system’'s memory can be described. Ind!iuecﬁonllookuthenpmenndmof
concem a8 schemas, and in Section 2.2, I describe how schemas and their
interre ‘mﬂﬁpsmimplmnwdinthemynetwwkofdumodd

2.1.1. Schemas

One of the most fundamental properties of human cognition to be accounted for is
 the ability to abstract out the essential propeniuinsimtimmdbmthisknowledse
later in recognition, inferring, and planning. Whenlpenonseuachait.ixisenough for
him to identfy a few surface f; .say.l.le;ortwomdtha:enanlshapeoﬁhebuk.
torecogrﬁzzrhuwhuheseesisacha.inndmknowthuitisforsinin'on When a person
hea.rsastoryaboutau'ial,heisabletorecogniuixumhmwimomhearingthewou'd
trial by identifying a small number of key features. Then on the basis of this recognition,
heisabletoﬁninmissingdenﬂsor:obuﬂdexpecaﬁonubmnwhuisnfouowbyusing
the default knowledgethnhehuabqutuws.forexample.thndudefmﬂmtwiﬂbefound

The structured generalizations that are the basis for recognition, inference, and
planning are known as schemas (Minsky, 1986; Rumethart, 1980; Schank & Abelson,
1977). central ideas in schema-oriented approaches concern the internal structure of
schemu,thnuhﬁonsmgschemu.andthauseofschemuinpmng.

2.1.2. Schema Structure .

Schemupniuumﬁalknowlednabommepu. The fundamental relation
involved is one o(“belontin’neu". the association between a head concept and its roles,
A chair is expected to have four legs, a relatively sturdy construction, and the function of
providing a place for people to sit, Acidisexpecwdmhawamofpuﬂqpmu.
including the judge, lawyers, witness, and_defendn'nt: a series of characteristic episodes,
includingtheruﬁgofmecm«.themmum testimony, and the announcing of the
verdict; and a set of functions, including the protection of society from dangerous
criminals. A situation involving a phone call to a wrong number is expected to have a
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caller, an answerer, and an appropriate response made by the answerer. The schemas for
CHAIR, TRIAL, and WRONG-NUMBER-CALL have roles for these characteristic features. A
role associates the head concept with another concept functioning as the “value” of the role.
For example, the PRESIDING-JUDGE role associates a trial with the general category of
JUDGE, which functions as the value of PRESIDING-JUDGE.

Roles and their values are not necessarily defining properties for schemas. A chair
without legs, a beanbag chair, for example, is still a chair, and a triai in which there are no
witnesses 1s still a trial. Schemas are selected for use in processing not through the
identification of any particular set of properties but through the identification of & significant
number of the 1ypical properties in the schema. This view of schemas is most closely
associated with the work on prototypes by Rosch (1978) and her colleagues.

2.1.3. Schema Relationships

Schemas are associated with each other in two ways. First, schemas may be
composed of other schemas. For example, the sentencing episode in the TRIAL schema has
its own roles for the ACTOR and OBJECT of the sentencing. This property gives schemas a
hi hical

Figure 2.1 shows a portion of the TRIAL schema. This figure, like most others,
ts}l;owsoﬂyapwﬂmofﬁeinfmﬁonhnmadimpmmuhwmmfu

(TRIAL is-a ELABORATE-PROCEDURE
{(presiding-judge (JUDGE ?2J)
{(garment ROBE))
(defendant (PERSON 7?D))
(prosecuting-attorney ATTORNEY)
(witnesses SET
(member (PERSON W)))

(eplsodel ASSERT ;i itestimony
(actor W)

{(episoded4 ASSERT ; ;sentencing
(actor 2J)

(object CAUSE
(actor GOVERNMENT)
(obdect SUFFER
{expariencer ?2D)
(time FUTURE)))))

Figure 2.1: Portion of the TRIAL Schema

Rols values follow the role names. Values include names for other schemas and
variables. Schemsa names are capitalized in the figure. Variable names, consisting of a
letter preceded by a question mark, are used to indicate role-to-role equivalences. For
example, the schema needs to include the information that the ACTOR of the act of reading
the sentence is the same as the presiding judge. To show this the roles are
assigned the same variable name, ?J. Some group in types; for in the ~ “IAL
schema there is a set of roles representing EPISODES in the trial. I will denote such roa.by
the role type name followed by a number, e.g., EFISODBI. Two episodes appear xthe
figure, the testimony, in which & member of the set of WITNESSES ASSERTs something,
and the sentence, in which the PRESIDING-JUDGE ASSERTS that the GOVERNMENT will
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CAUSE the DEFENDANT to SUFFER some punishment. [ will sometimes add comments to
indicate what a particular role represents. These follow pairs of semicolons.

‘Schemas may also be related through what is known as the is-a relation (Brachman
& Schmoize, 1985; Fahlman, 1979); that is, one schema may be a specialization of a
higher-order schema. For example, the CHAIR schema specializes the schema for
FURNITURE (CHAIR “is-a” FURNITURE), and the WRONG-NUMBER-CALL schema
specializes the schema for PHONE-CALL. The is-a relation organizes the schemas in a
hierarchical network. The most important aspect of this relation is the correspondence
between the roles at different levels of the is-a hierarchy. For example, the DEPOSIT-IN-
BANK schema is associated through an is-a relation with the more abstract schema
TRANSFER-OF-CONTROL, and there is a mapping between the roles of these two schemas.
The DEPOSITOR in the DEPOSIT-IN-BANK is Just the TRANSFERRER in the TRANSFER-OF-
CONTROL schema, who is in turn just the ACTOR in the even more absract ACT scherma.
Thus we can also refer to the DEPOSITOR as the ACTOR of the DEPOSIT-IN-BANK schema,

Figure 2.2 shows a portion of the DEPOSIT-IN-BANK schema. The relevant is-a
reladonship is indicated following the schema name. In addition to the basic articipants,
this schema show a set of expansions and two purposes. Expansions are subacts which
together realize the larger acy; for example, the act of filling out a deposit slip is an
expansion for DEPOSIT-IN-BANK. Purposes are events which the ACTOR hopes to achieve
through performing the act. For DEPOSIT-IN-BANK, one purposs is keeping the deposited
money safe. '

Is-a hierarchies permit the system to avoid unnecessary redundancy. Any
informﬁonappu:ingin;pardcuhrschamisimplicidyshuedbynﬂofu i i
of that schema, and this information can be inherited if it is needed. Thus each schema
need only record information which does not appear at a higher level of the is-a hierarchy.
For this reason the BANK-DEPOSIT schema shown in Fi 2.2 does not include
information which belongs in the TRANSFER-OF-CONTROL s¢ for example, the fact
that the ACTOR isamJMANlnanARncmmmmmethoeﬂeaohhedepodﬁng
is that the recipient, that is, the bank, now has control over the object, that is, the deposited
money. Inheritance also applies 10 the relation between roles and their values. For
example the PROCESSOR of a BANK-DEPOSIT implicitly inherits all of the properties in the
TELLER schema,

At the bottom of an is-a hierarchy are the representations for instances, that is,
particular objects, events, and states. Instances have the general structure of schemas,
except that their roles tend to have other instances rather than schemas for values. Consider
how a person might encode the memory for a particulsr trial, say one that he has observed.
Information about this trial that duplicates what is found in the TRIAL schema does not need
to be recorded since it can be inherited when needed. What the observer needs to store
about the particular trial is what is unusual or interesting about it. For example, the judge
might have been a dwarf, a fact which an observer would be likely to take note of. Or the
judge might have suffered a heart attack during the trial, an event of considerabie
importance and hence again one which an observer might explicitly encode.

Figure 2.3 shows how this trial, call it TRIAL34, would be represented in the
schema notation we are using.
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{DEPOSIT-IN-BANK {s-a TRANSFER-~-OF-CONTROL
.(actor ?A)
(object (MONEY 20))
{source ?A)
{(recipient (BANK ?B))
{(processor (TELLER ?P))
{duration TEMPORARY)
(expansionl PHYSICAL-TRANSFER ;;gqet to bank

(actor ?A)

(cbject ?A)

(destination ?B))
(expansion2 WRITE ;32411 ocut depoait
: {actor 72A) B slip

(location (PAPER 2L)))
(expansion3 TRANSFER-QOF-CONTROL ::;give to teller
(actor 7A)
(object (?L & 20))
(source 7?A)
(recipient ?P))
(expansiond TRANSFER-OF-CONTROL ;;receive receipt
(actor ?7A)
(object PAPER)
{source 7P)
(recipient ?A))

{purposel PREVENT : ! 1 keep monaey safe
(object LOSE '
{object 20))) _
{purpose2 INCREASE-VALUE ;;eazrn intereast

(object 20)))

Figure 2.2: Portion of Schema for BANK-DEPOSIT

(TRIAL34 is-a TRI. . .
(presiding=3u. ;e (DWARF 2J))
{(episoded8 HEART-ATTACK

(victim 2J)))

Figure 2.3: An Instance of the TRIAL Schema

2.1.4. Schems Use

Schemas function like templates. During processing, appropriate schemas are
“activated” on the basis of par features present in the eaviroament. These schemas
are then instantiated, yi g instances representing particular entities in the processing
context. For example, an instance might represent a particular character or event in a story,
instantiating the schema for a general category of event or person. As a part of processing,
some of the roles in the instantiations which do not already have particular values have
these values filled in. For example, a chair (like any physical object) has a particular
composition; in instantiating the CHAIR schema, a system might specify that the chair in
question is composed of ratan; that is, the COMPOSITION role is associated with the value
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RATTAN. Alternately, if this information is not available, the system might simply fill in,
or inherit, the value of the COMPOSITION role with a default vajue specified in the schema,
say, wQoD.

Schemas need two be indexed in such a way that they can be rapidly accessed during
processing. On seeing a beanbag chair, a person quickly recognizes it as such, without
apparently having to averse the hierarchy of schemas from PHYSICAL-OBJECT to
FURNITURE to'CHAIR. On receiving a phone call dialed 1o a wrong number, a person
rapidly locates the schema for this situation, without necessarily being aware of the
schemas for other kinds of phone cails or dialogue openings. Schema indexing and access
is a complex issue which has generated a good deal of research (e.g., Fahlman, 1979;
Kolodner, 1984; Pazzani, 1988; Rumelhart, Smolensky, McClelland, & Hinton, 1986).
Like many other network models of memory, the present approach makes use of a
aread.ing acdvadon mechanism for schema access. This mechanism is discussed in

apter 4.

Up to this point [ have illusmmd:habuicrepmenuﬂonﬂmdmnﬁd:hnwledge
abouumrs' and bank deposits, but the same points hold for schemas and instances in other
categories. The schema for CHAIR, for example, has roles for parts such as the back and
the legs, roles for its functions, and a roie for the way in which a chair is used. There are
also schemas for specializations of CHAIR, for example, one for ROCKING-CHAIR, which
has a role for the rockers and additional information associated with its MANNER-OP-USE

role.
2.1.5. Representation of Acts and Procedural Knowiedge

For the 9 of this thesis, it will not be necessary w go into details of the
representation of most categories of concepts. Whuwmbelmpunmmhs tagon

of acts because all knowledgeof language will consist of specializations ‘knowledge
about what it means to act. representadon I will describe is based in pan oa ideas of
Schank and Abelison (1977), Dyer (1983), and Wilensky (1983).

Consider first some of the general knowledge that le have about acts. Acts
(like all events) have what I will call effects; that is, they in changes in the world.
For exammple, one effect of giving something 1o someone is that the object is no longer in
the “control” of the giver. Acts, unless they are viewed as primitive acts, are composed of
a set of expansions which realize the act. 'For example, the act of depositing money in a
bank (Figure 2.2)expud.|mamofsub-lcninclud.in;ﬁ.uin'mnamshp.giﬁngdu
slip and the moaey to a teller, and taking the receipt from the tller. In most cases,
including this one, there is & sequence imposed on the set of expansions. Thus filling out
the deposit slip must preceds handing it to the weller.

What distinguishes acts from other events is that they are intentional. Acts have an
actor, an animase participant who has a reason for performing the act. The actor of an act
is of course also the actor of each of the expansions of the act. An act results from the
actor’s intention to achieve a goal. The actor cannot always be sure whether the act will
succeed; it constitutes a plan t achieve the goal. Given a particular goal, 2 plan may be
chosen either because it 13 directly associated with that type of goal or because there is a
mamhbetweenthegodmmdomofmeeffecuof_memthnmku the plan. The
decision to carry out a plan in order to satisfy a goal is also complicated by the fact that
certain preconditions may need 1 be satisfied before the plan can be realized. For example,
say a planner wants to have a new VCR. She will probably decide that a way to achieve
that goal is to buy one. However, she will then discover that buying something requires
having an amount of money equal to the price of the article (assuming for simpilicity's sake
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that credit is not available). If this is more than she has, she will have to plan to get the
money, seek an alternative plan 0 get the VCR, or abandon her goal.

Knowledge about particular types of acts may exist at two different levels. At the
more general level the actor is unspecified, that is, the knowledge applies to acts made by
the system itself as well as by others. Such knowledge 1s usable in recognizing
(understanding, explaining) the acts of others as well as in planning one's own acts. This
would generally be knowledge acquired through observation or formal study. Much
knowledge about language appears o be of this rype. That is, it is learned through the
process of understanding language, and it can be used in both comprehension and
generation. For other kinds of acts, however, knowledge may only be available at the levei
of the system’s own actions. For most peo‘gll:. for example, knowledge about how two
drive a car is largely of this type. They are t0 apply the knowledge when it needed,
butitisdifﬁcultforthemtoexphiuitwothﬂ!.lnditnmuubloinlhomo:nin'onof
others’ actions. Such knowledge is leamed through practice rather than through
observation or formal study. It is what is normally referred to as procedural
knowledge. Procedural knowledge is distinguished declarative knowledge,

consisting of facts which the system can describe and which are acquired mainly through
the process of being twold.

Carrying out (or recognizing) a lex act may the system to access an
number of schemas in memory. Forexampninthscm making a bank deposit, .
may be 2 general schema for filling out forms, another for handing things to
another for taking things from people. On the other hand, if a person often makes
deposits, we would expect the knowledge o be available in & more compact form. In

a case there might be a special schema for iting money in the particular bank where
the planner has her account. This would include particular knowledge about
expansions of the act: how to get to that bank, precisely what needs to be in
deposit slip, and so on. Such a schema is very context-specific, and it does not permi
much variation in the features that it will match. For it would not apply if the goal
were to withdraw money from the bank (though it might help the system make an
analogous plan for this situation). Knowledge in this “compiled™ form is faster to use than
the more general kmowledge, although it m&beredundminthcumthuthcsyswm
could derive evm the context-specific schema using the general schemas. Thus
there is a tradeoff processing i and memory requirements.

- In the CLM model the basic schemas used in planning acts and understanding the
amofommmspechﬁndmsolthemmem.whichhurolufonGOAL'anda
PLAN to achieve the goal. A schema of this encodes the knowledge that a particular
kind of act is a way to satisfy a particular kind of goal. It may be accessed via its GOAL
role (in planning) or its PLAN role (in recognizing or understanding). The PLAN role may
have as its value a schema for a particular type of act, or it may have a set of EXPANSIONS
specifying the steps to be executed as part of the plan. A PLAN may also be another
INTEND with its own goal; that is, the way to achieve one goal may be to pian to achieve
another'ﬁl. An exampie is the knowiedge that & person can get someone to like him by
getting person to pity him. In this case, the PLAN for the goal to be liked is a further
INTEND with a GOAL of being pitied.

FingAillusmbowmephnnin knowledge reiated to making a bank deposit
might be represented in the CLM network. The schema represents the knowledge that a
goal to prevent money from being lost is associated with a plan to deposit the money in a
bank.
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(INTEND-PROTBCT-MONEY is-a INTEND
.(planner ?7p)
(goal PREVENT
(object LOSE

(object (MONEY M)
(plan,DEPOSIT-IN-BANK
{cbjece M})))

Figure 2.4: Portion of Schema for Depositing Money

.

Rather than satisfying her goal through an act of her own, a planner may choose 1o
get another person 1o ommlctthuwinudafylhezodonher Thus the

planner’s original oal may lead in um to an gosl, a goal thas lo;neone else

Inthisformthescbemaisnoucmuyuabhbacmitdounotwifyiu
P!.iA.N. InChapter3wewiumhowdiffaemtypuotmqumschmuﬁninmem
role. )

(AGENCY is-a INTEND
(assignee (HUMAN X))
(assignment (acT ?2Y))
(goal UNDERTAXE

(actor ?2x)
(object 2v)))

Figure 2.8: Schema for AGENCY

2.2. A Localized Connectionist Implementation of Schemas

2.2.1. Connectionist Models

computers, models are characterized by the manipulation of symbols, which are
o S e S e SRR i
s ic model (Newe a composed s uch as
scylranemu.aconml.amofpﬁuﬁﬁvc whichnhlymbouulnpuumdneld
other symbols as outputs (and may also voothceﬂ'eca).udinpmandompqeonn_cu
with the outside world, Symbdkmddsmwhhiﬂ-hvdhnm:nclndpg
logical formalisms such as predicate calculus, f such as ction
Systems, and programming languages such as LISP. These approaches have qQuite
successful at simulating some of the high-level properties of naturai language processing,
problem solving, and memory organizanon,
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However, there are good reasons for questioning the computer hor for human
cognition. Feldman and Ballard (1982) have pointed out the striking differences in the
processing speeds of the basic units of the brain and a conventional computer. They argue
that the only way the brain can carry out the complex behaviors that it does given the
sluggishness of its neurons is for it to operate in a massively parallel fashion, quite unlike a
computer. At the same time, some of the pervasive aspects of human cognitive processing
are simply not handled well by symbolic methods. These include the effect of priming on
processing; robustness, the ability to process even impoverished input and to fill in the
missing portions of an incomplete input pattern; the shading of concepts into one another,
the ability to rapidly integrate a range of knowledge sources in perception and problem

solving; and *graceful degradation”, the ability of the system to survive the destruction of
portions of its memory.,

In response to these problems with the mraditional approach, researchers from
cognitive psychology and computer science have in the past few years been developing (or
reviving) a novel way of viewing and modelling human memory and cognitive processes.
This approach, generally referred to as connectionism, posits a memory consisting of
units modeled to a certain extent on neurons. Unlike the symbols of more conventional
models, these units get their semantic significance eatirely from the connections they have
to other similar units. These connections are weighted and may be either excitatory or
inhibitory. Processing involves the activation of portions of this network in response to
inputs and the parallel spread of the activation along the connections in proportion to their
weights, with inhibitory connections inhibiting the spread. After some time the network
:gtﬂps into a stable configuration of activation which represents the system’s response to

e input.

Connectionist models are clearly better candidates than symbolic models for low-
level processes such as vision and speech recognition. They are able to respond to a
variety of inputs simultaneously in a way that resembles human mﬁn‘ and to respond
appropriately when the input is incomplete or ill-formed. is less clear is the
usefulness of these models for higher-level esses such as parsing and playing chess.
One possibility is that both connectonist symbolic processing occur in cogninon; the
question that arises then is what the interface between the two might look like. A more
attractive possibility, at least from the point of view of uniformity, is that higher-level
processes can also be handled in connectionist terms.

The usual approach in designing connectonist models is to start from the bottom
up, that is, to let the networks themselves develop their own representations of a domain
given a set of primitive features. The representations that result in such cases are
distributed; concepts do not appear at particular places in memory. An alternative, and
complementary, ap h is to begin with the types of representations that have been found
by symbolic to support basic cognitive processes and attempt to implement these
represeatations in a connectionist network. The resulting representatioas are localized;
each concept has a singie network node associated with it. The present model is an
example of the larter type.

2.2.2. Nodes and Connections

Memoary in the CLM model is an example of a semantic network, a network
which represents the knowledge embodied in schemas. It differs from other semantic
nmmmmdamgdglmnwmm‘uwmmof
a content-free spreading activation mechanism for processing.

Memory consists of a network of nodes joined by pairs of connections, one for
each directdon.” Each node is actually a simple processing unit, which computes a current
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acuvauon to other nodes along its Qutput connections. Each connection has an a.ssécia:ed
weight which determines the amount of activation that is spreagd along it. Weights may be

positive of negative, Details of Spreading activation are discussed in Chapter 4,

Each schema and instance consists of a subnetwork of memory. The head and
roles are represented by separate, connected nodes, and the is-a and role-value retationships
are also realized as connection pairs. Figure 2.6 shows s portion of the representation of
the TRIAL schema using the graphical nottion described in Section 1.2.2. Note how
merged roles are used to represent the between-role relationships thar require variables in
the notation used in previous figures. The ACTOR node for EPISODEM, the sentencing of
the defendant, is merged with the PRESIDING-JUDGE node, representing the fact that these
refer to the same person for any instantistion of the schema. Figure 2.8 below presents
another example of a merged node.

[ Py ey

TRIAL episode |

L L episodes =

LIURY-TRIAL

Figure 2.6: Network Representation of Portion of TRIAL Schema

relations, the relation between the AfCTOR of ACT arln=d the a.q,‘r&n of TRAtJ:iS’FER-OF}
CONTROL is represented by a pair o connections. Figure illustrates o
relation fordnulsvelsdghi;;c"hy. Note that there are alternative wa of referring to
roles such as TRANSFERRER, Calling the TRANSFERRER the “ACTOR o TRANSFE-O_ -
comovmmfmmuummomemmwmm Again,
however, it is not the mmchosenthnmmbmnmuthecoqnecmthua
node has to other Ingena:llwiufouowmeconveudono!refemn;norolesby
verygenaummumchummomicr.

Nowmunsahowmedroleszathdrmninl. A single role at one level of
theis-ahimhyisconnectedtomupmmluuahimm Figure 2.8 illustrates
theexam_pleoftheACronandonlECTofaSUlcmn.
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transte
\ thing

BL P

DEPOS

object }
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deposited-
thing

Figure 2.7: Role Hierarchies

ator
KILL
object

oY
actor .|
SUICIDE
Gbm F.

Figure 2.8: Merged Roles.

Merged roles are used in two ways. lf.for;lﬁ'venmm' of killing, the ACTOR
and the OBJBCT are the same person, the system will au access the SUICIDE
schema as activation coaverges on the merged role from two sources. The
selection of the SUICIDR schema sllows the system to maks use of other information in this
schema (and not shown in the figure), for example, information about typical reasons for
suicides. On the other hand, if it is known that a particular event is an instance of the
SUICIDE schema and that a particular person is the OBJECT of that instance, the system will
automatically determine that that person is also the ACTOR because activation spreads from
the merged node to both KILL:ACTOR and KILL:OBJECT.
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2.2.3. Inhibitory Connections

We have seen how subtypes of a schema are Tepresented in the model; each subtype
is a schema joined by a connection to the Supertype schems. It will also be usefui to
represent the notion of i subtypes. For exampie, the system may have
knowledge of various types of trials. We would like to be able to represent the knowledge
that a mial may be a civil u‘il]ora_ct_'imiml trial but not both, that is, that civil trials are

To represent exclusivity, pairs of inhibitory connections, that is, connections with
negative weights, are used. For example, the nodes CIVIL-TRIAL and CRIMINAL-TRIAL are
joined byapairofinhibimconnecﬁou. In most cases, sets of my yinhxbiragnode;
gToup into what are cal winner-take-atl (WTA) networks (Feldman & allard,
1982). During processing, if one or more members of one of these networks become
activated, menomofdmﬁnmmnydnmimmmomu;meﬂmwinningmof
the activation for itseif,




2.2.4. Connection Weights

Theﬁnksconnecﬁngnodesinmenetwmtmpresemmodaﬁombetwmmw.
but obviously concepts have degrees or saengths of association, Consider the TRIAL
schema again. Presented with the word rial, a person would probably be much more
likely to think of the judge than of the bailiff and more likely to think of the reading of the
verdict than of the attendees’ standing when the judge enters the courtroom. We the
same variation with roles of instances. In a particular trial the uting attorney may
have been more prominent than the defendant, and the sentencing of the defendant may
have been more noteworthy than the testimony of the witnesses,

Thus strength of association may be thought of as accessibility of one node, given
the other. Another way to view the notion is in terms of likelihood or confidence, A trial
normaily has both a judge and a defense attorney, but the accused may defend himseif, in
which case there is no defense attomey. Thus given & trial, a person may have more
confidence that there is a judge than that there is a defense attorney.,

. Smgghpfassociaﬁqndsoappliabis-uehﬂmshipa. One basic characteristic of
this reladonship is that there is greater accessibility in one direction than in the other. Given
apnmcularmal.weexpmmmeameﬂknowledpmmmnhinkingabom
trials in general does not usually cause us to remember all of the individual trials that we
know about. Given a particular species of bird, one is quite likely to think of the
BIRD schems, while the reverse process is much less likely. Thers is also variation from
one is-a relationship to another. Anyone who has studied elemeatary biology. will know
that people are mammals, but we are much less likely to access general mammalian
roperr.ifgs when :hinkgfng about pfeoplc th;n when 'ﬁ'.mnking about dogs. A person may

ow of any number of specics of birds, but given the concept BIRD, some subtypes are
much more likely than others 10 be accessed.

Strength of association varies similarly for the role-valus relation. A persoa that the
system is quite familiar with will fill many different roles. For example, 3 ﬁenon may
know of John as Mary’s father, Bill's boss, somebody who likes science fiction, and
somebody who once ate two pizzas at a sitting, but given the instance JOHN, these roles
will probably not be equally accessible to the persoa.

In the CLM model, connections have associated weights between -1 and 1 to
reflect the strength of association between the connected nodes. There are default weights
associated with the connection pairs for the various relation types. In CHIE connection
weights may also be assi explicitly within the procedures that create schemas (see
Chapter 8 and Appendix B), Hgm 2.10 shows some examples of connection weights for
knowledge about trials. In this figure pairs of connections, usuaily denoted by single lines,
are indicated by pairs of arrows, with numbers on the arrows denoting the weights.
TRIAL18 sends more activation t0 TRIAL than TRIAL does to TRIAL18. PRESIDING-JUDGE
sends more activation t0 TRIAL than DEFENSE-ATTORNEY does, and TRIAL activates
PRESIDING-JUDGE more strongly than DEFENSE-ATTORNEY.

A question that always arises when numbers are added to a system such as this is
how:henumbmmurivedu-ina;ﬁncipledmy. In connectioaist systems which leam
(e.g., McClelland & Kawamoto, 1986; McClelland & Rumelhart, 1986), this is not an
issue because it is the general mechanisms in the model itself which assign the weights. In
the present case, however, as in most other localized models, the weights must be
specified. In this regard, it should be emphasized that no claims are being made about the
particular values assigned to connections. The point being made is that there is a need fora
memofindicaﬂngnminsﬂengthsofmingimbthmnodcsmthonem In
selecting particular values for connection weights in the program, there are two
considerations to be made, just as there are for other decisions concerning the particular
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structure of the network. First, what makes incuitive sense? Does it seem plausible, for
example, that the judge is associated more swongly with a trial thaq the bailiff is? A
preferable alternative here would be eXperiments {0 measure with some precision the
relative strengths of association. Second, what works? What set of connection weights
allows the model to perform as it is supposed to0? Obviously, by itself this criterion would

amount to an ad hoc approach. Therefore, it is important to justify the relative link weights
chosen on the grounds of psychological Plausibilicy, = o

( ]
presiding-
1 judge

TRIAL
2
2 .
defense-
5 2 I attomn
o t e )
|TRIAL18 |

Figure 2.10: Connection Weighes for Some Knowledge About Trials

2.3. Flexibility of Representation

The flexibility of human language as well as mayofdndifferenees between
languamcmbeamihmdinfmllyrohmﬁﬂm €W 2 notion in more than one
way. ‘This potential is central 10 language generation, which invoives the process of
“transforming” a gi mwmwammmhnbemwmm
target language. stricdy symbolic representational formars have what amounts to 2
“standard” way of representing a particular notion and are relatively inflexible when it
comestoll;leman'vems. M&sﬁmmhmh&aﬁmmbﬁmmm
about whic representational possibility is most basic, it is impossible to represent
dimdyﬂnm:ﬁnpmmmumdmyl@ﬁcdimmdm

surface structure in a human language, Altmmevimohnoﬁonmmndgssepmw
concepts, with no priority assigned 10 any particular one. In this section I discuss two
mumwﬁchﬂmbiﬁtyisdeunble,menpmenqdonofmbummhngenda and
thepossiumyoteqln'vm:mongmerolesoumglempn

2.3.1. Attridbutes
Consider first the representation of an atribute such as natonality or biological
gender. A natural way of treating thess is a3 roles of concepts. For example, GENDER

CANADIAN and SOVIET. This possibility corresponds to the use of an adjective like female
or Canadian. Another alternative, however, is o have separate schemas representing
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entites with particular values of the arributes. For example, we might have schemas for
FEMALE-ANIMAL, MARE, CANADIAN-PERSON, and SOVIET-BALLET-DANCER. This
possibility corresponds to the use of nouns like woman, mare, Canadian, and Sovier.
There is no point in arguing about which of these representations is right. Both need to be
part of the system because both are ways of thinking about gender and nationality, and both
are reflected in ways of referring to these notions.

Figure 2.11 shows how some of the concepts involved in the gender example
would be related in the CLM network.® GENDER appears first at the ANIMAL level of the
hierarchy. Not shown of course are the features which define the genders. Note that
MARE has two types, HORSE and FEMALE-ANIMAL. What is important is that, given a

particular instance of an animal, it is possible to access both views of gender for purposes
of generaton. .

(ANIMAL is-a ORGANISM
{gender))

(FEMALE~ANIMAL is-a ANIMAL
(gender FEMALZ')

(HORSE is-a ANIMAL)
(MARE is-a (HORSE FEMALE-ANIMAL))

Figure 2.11: Alternate Views of Gender

2.3.2. Role Correspondences

A further type of ntational flexibility concerns the possibility of a single
concept playing several different roles within a schema. This fundamental feature of
human cognition is behind analogy and metaphor, and it provides the basis for theories of
semantic case (e.g., Fillmore, 1968; Foley & Van Valin, 1984; Langacker, 1987; Schank
& Abelson, 1977). The claims of these theories amount to associations of specific roies
with a small set of abstract roles. For example, in an act of transferring control, the
TRANSFERRER might be assigned to an ACTOR and the TRANSFERRED-THING to an
OBJECT role. As we have already seen, however, there is no reasoa to stop with two
levels of the hierarchy. A specialization of TRANSFER-OF-CONTROL such as the DEPOSIT-
IN-BANK schema described above will have roles corresponding to TRANSFERRER/ACTOR
and TRANSFERRED-THING/OBJECT. These relationships are represented in the (1M
network as shown in Figure 2.7.

More interesting cases are those in which there are sets of mutually distinct roles
withinuimschemamdmmanonepouﬁbhmppin? between the roles in the sets.
Jacobs (1985b, pp. 56£1.) discusses the example of acts of giving and taking, which are
specializations, or “views”, of the TRANSFER-OF-CONTROL schema described above. For
such acts, there are, in addition to the OBJECT, that is, the thing transferred, the mutuaily
distinct sets SOURCE/RECIPIENT and AC’UV‘E—PARTICIPANTIPQSSNB-PMGPAITT._ When
the wansfer is viewedugiving.thesmmistheacﬁve-gu:ipmtmddpmpwmthe
passive-participant. When the act is viewed as taking, the reverse mappings hold. For

61 will continue to use the schema notation in figures when it is more convenient. It should be
remembered, however, that what it represents is a network structure of the type described in section 2.2,
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particular subtypes of ransfer acts, the giving and taking views and mappings also hold. A
commercial transacton, for example, may be viewed as either selling or buying, dependin

on whether the merchant or the consumer is perceived as the active partcipant. Figure 2.1%
shows the way in which these relationships are represented in the CLM model. A WTA
network encodes the fact that a transfer event cannot be viewed as both giving and taking at

the same time. For the sake of readability, the nodes and links associated with TAKE are
highlighted with thick lines.

active- qﬂ
o Dlﬂbm
2-PARTICIPANT-
ACT
N passive-
=

\
\ =

TRANSFER-
OF-CONTROL

LT e =
g m P ——
COMMERCIAL- taken-from
TRANSACTION

Figure 2.12: Representation of GIVE and TAKE

In sum, the present h to the representation of roles is flexible in three ways.
First, it permits any number of levels of abstraction in the mle:ht:nmhzt.h Seeolnd. it a_nov::
a particular role, GIVER, for example, to correspond to more one other role. Third,
nc?ted in Section 2.2.4, the strength of head-role and role-value relations can smoothly

vary.
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2.4. Summary

Tn this chapter I have argued that both schema-based approaches and connectionist
approaches to memory organization and access exhibit features that seem to be basic to
human cognition. I have described a representation formalism consistng of a localized
connectonist implementation of 2 schema memory. Like other schema-based frameworks,
the model incorporates two fundamental types of organization, constituency and
generalization hierarchies. In addition, the CLM approach has the advantage of allowing
more flexibility in representations than many other schemna-based models. This flexibilicy
derives in particular from the network structure of the memory. Unlike other semantic
network approaches, memory in the CLM model is composed of nodes functioning as
simpie processing units and joined by weighted connections of a single type. This scheme
permits memory to make use of connectionist processing mechanisms, as discussed in
Chapter 4. In the next chapter I show how the features of the formalism prove useful in the
representation of knowledge about language use.
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3.1. The Organization of Linguistic Memory

3.1.1. Language as Action

[n the last chapeer we looked at the representation of acts and the goals behind them.
Consider now how linguistic behavior can be incorporated into this framework. An act
such as the depositing of money in a bank starts with 2 goal that the act can sausfy, in this
case a goal to protect the money or increase its value. The uttering of a sentence, say,.could
you turn down the TV?, is also an act which ismldainresponsetoazod.inthiscuea
goal that the hearer undertake 0 tum down the television in question. An act itself expands
into a set of subacts, in the bank deposit example, getting to the bank, filling out a deposit
slip, ewc. Likewise in the language case, there i an expansion into subacts: the utterance of
words such as could and phrases such as the TV, The subacts themselves are expanded
further; for example, the filling out of the deposit slip includes the picking up of a pen, the
writing of numbers in the appropriate spaces on the form, etc. In some cases this
expansion involves the further consideration of a goal and lal:n to satisfy it. For example,
ge:ﬁngwthebmkinvolma;od:obenuubmkmdap t0 accomplish this goal, for
cxample, walking there. Similarly, in the language case the expansions may be directly
reaﬁzahleamquuinmfmmtoa:oalmdaphntolchienit. The word could, for
example, expands directly into a series of phonemes, while the final noun hirase in the
sentence requires that the speaker come up with a way to realize the to have the
speaker be aware of a particular television. ' .

The plannirig and executing of an action, linguistic or non-linguistic, involves the
selection of schermas from . schemas are of the INTEND type; they associate
goals with plans in the form of particular acts or sequences of acts. For language the most
important category of this type I will call generslized illocutions (GIs). These

schemas are subtypes of the ACT schema: they specify the features of the participants in
particular 3 of acts. Linguistic schemas which are subtypes of ACT I will call
genenlin?ﬁ:um (GUs). They associate the different fearures of an utterance-its
form, speaker, hearer, and coatexi~with its coatent, the fact or object it is intended 10 refer
to. For example, there is a GU associating the concept of TELEVISION (the content) with a
noun phrase having the word TV as its head noun. Other GUs specify the structure of

syntactic patterns such as passive clauses.

Usually the ﬁu-ldonofa sentence involves the selection of at least one GI and
one GU. For examp in generating the sentence sit down, the tem would select the GI
specifying an imperative utterance to satisfy an agency goal and the GU which associates
theconceptdsiuingdownwithachmthuhn:i:umnnverbanddownuapou-
verbal adverbial particle, _

Bmmuhemmmdhwﬁmnum(imphmed_uwdujoimdby
connecdominhoﬁdimﬁm).thcnhemuudmhnmmmdwuubh
from the analysis direction. Fampb.tclcmbemud&mxtmm(ma
utterance realizing the speaker’s goal) as well as from its GOAL role. The selection of a GI
inlanguqeamlysisonthebnisof:hefmofthaummwwldaﬂowthahumw

infer the goal of the speaker.
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3.1.2. Representation of Sequence

Both language analysis and language generation require attention to the tem
properties of constituent sequences. For example, during generation all of the elements of
a constituent need to be urtered before any element of a following constituent is urtered, and
in the same fashion during analysis a new element should be recognized as either belonging
to the current constituent or signalling the beginning of a new consttuent.

A considerable body of research has been dedicated to problems of this sorr, in
particular for parsing, and a variety of computational techniques have been developed to
handle sequencing along with other aspects of analysis. These include augmented
ransition networks (Woods, 1980), definite clause grammars (Pereira & Warren, 1980),
and demon-based parsers (Dyer, 1983). The goal in the present model has been to deal
with these problems within the connectionist framework and to represent the necessary
relationships in such a way that they are usable in both generation and analysis. The basic
idea is that some degree of sequentiality is imposed on the otherwise parallel processing
through the use of winner-take-all networks and connections representing sequencing
relations. In addition, each constituent or phrasal unit needs to be mmted as a pair of
nodes,onefonhesunanddwocherfordnendofﬂmmu. details of how this
to

works will be spelled out in Chapter 4. For now it will note that the use of start
and end nodes, sequence connections, and winner-take-all networks allows one to
represent that a parti constituent is the first or last in a sequencs and that one or more

constituents follow a given constituent. In this chapter I will simply abbreviate each of

these relations and will treat constituents and phrases as though were single nodes
rather than start-end pairs. :

3.2. Sources of Utterances

Behind most utterances is a goal to influence the hesrer in some way. There are
two general types of goals, those involving a change in the hearer’s knowledge, beliefs,
goals, or overt behavior and those involving directing the attention of the hearer towards a
particular entity. The former , illocutionary acts (Searle, 1969), usually result in
clauses. The latter, which include referencs acts and vocative acts, normally resuit in
noun phrases. The CLM model currently handles illocutionary acts and vocative acts.

In some situations utterances arise out of a set of contextual features rather than as a

result of an explict speaker goal. [ will discuss this type under the heading of context.-
engendered utterances.

3.2.1. Illocutionary Acts

Generalizations about the ways in which utterances can achieve goals involving
hearer’s betiefs, goals, or behavior make up the network of generalized illocutions (Gls).
Gls vary in serms of specificity; the more specific a GI, the more restricted the context in
which it applies and the form in which it is realized.

In its nt state, the model has imowledge about directives and assertives. I will
discuss mainly the former, which are in any case more interesting. A directive is an
illocutionary act with an sgency goal, an intention that the hearer (the ASSIGNEE) undertake
some act (the ASSIGNMENT) on the speaker’s behaif. There is a variety of ways of
achieving such a goal, not all of them linguistic. For example, if the goal is to get an.
unwelcome guest to leave, a host may oy yawning or looking bored. Linguistic means t0
achieve agency goals include requesting, ordering, and persuading.
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3.2.1.1, Context-Specific Conventions

A basic assumption of this thesis is that speakers have 3 good deal of relatively
specific knowledge about langu_age use. If so, we would expect knowledge about how
directives are realized in particular contexts. Figure 3.1 shows 3 simple example
represendng the knowledge that in military contexts an imperative urterance is used to get
someone with lower rank to do something.

(MILITARY~COMMAND is-a AGENCY

(Planner (MILITARY ?P)
(rank 2PR})

(assignee (MILITARY ?H)
(rank ?2HR))

(assignment ?a)

(Plan IMPERATIVE
{content ?A)
(speaker ?p)
(hearer ?H))

(constraintl RANKING
(higher-rank ?PR)
(lower-rank 2HR) ))

utterance) for the verb pee! has as its content the concept of peeling, and on this basis the
Gl can beseleczedformeumbdngw

TthIsinF!,uru il aMS.ngmmna: theyrep!u_ent knowledge about
the use of particular forms for partcular functions, without including the reasons these
parﬁqxﬂgrfmqelppmph_n. Thusthnhm.m\lw-qomrplchemadoummdmu
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acceptable forms for satisfying these functions, whereas other possible expressions are not.
For example, on the basis of general knowledge about directives, one mighpzonclude lhl:a
military, order could be executed just as well using the expression / want you to VERS.
The fact that there is no Gl specifying this expression for military orders means that the
imperadve is preferred.

(REQUEST:I'LL-HAVE is-a AGENCY
(context RESTAURANT-SCRIPT
(customer ?2C)
(waitcer 2W))
{planner 7C)
{assignee ?W)
{assigment PHYSICAL-TRANSFER
(actor W)
{object (FOOD ?F))
(destination 72C))
(plan DECLARATIVE
{speaker 7?C)
{hearer ?2W)
(mocd "I'LL")
{verb "HAVE"™)
{direct-object ()
{(content ?F))))

Figure 3.2: A GI for Ordering in a Restaurant

Speakers probably have such context-specific knowledge for many situations. For
example, a speaker might have the knowledge that a way 0 make a routine request of her
husband is to use the could you VERB? request form. While such knowledge has the
advantage of saving precious processing time, it is of little use when novel situations arise.
A system also needs more general knowledge, knowledge which applies across coawexts.

3.2.1.2. Cross-Contextual Conventions

Many considerations may be involved in selecting an appropriate form for a
directive. These can be divided into two general types. On the one hand, there may be
factors which the speaker perceives as potential obstacles to the success of the directive
(Gibbs, 1986), that is, factors which might prevent compliance on the part of the hearer.
One is the hearer's helumprdinghisabiﬂtymﬁumtbemqmndm For example,
the hearer might not have, or might not believe he the physical streagth to carry out the
act, or might not have access to some object which is necessary for the act. Another

consi is the hearer’s willingness 10 perform the requested act, based on his belief
that the benefits cutweigh the deriments. Benefits to the hearer include the release
of an ob Pdalvoidamofpunishmem.uﬂbemﬁnmtha , if the speaker is
someons the hearer cares about. Demiments include the time and required to perform

the act. Gibbs (1986) argues that speakers select request forms which focus on the
perceived obstacles to the hearer’s compliance. For example, in a situation where the
speaker has doubts about the hearer’s ability to comply, a request with can you, could you,
or are you able would be likely.

Figure 3.3 shows an example of a GI representing a convention concerning a type-
of obstacle. This schema encodes the knowledge that a speaker who wants & hearer to
perform an act, but feels that the hearer’s lack of ability may impede the success of the
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request, can convey his intention by uttering a could you queston regarding the hearer’
ability to perform the requested act. An OBSTACLE roie is g:eanz to nepnaent‘ a stare whicl:
the speaker feels might interfere with the success of the plan.

(REQUEST/ABILITY~OBSTACLE :COULD-YQOU {s-a AGENCY
{planner ?P)
(assignee ?H)
{assignment 2A)
{plan YES-NO-QUESTION
{speaker 7P)
{(hearer ?H)
(modal "COULD"™)
(subject "YOU™)
{content ?2A
(modality ABILITY)))
(obstaclel ABLE
(actor ?H)
(ocbiect 2A)))

Figure 3.3: GI for Request lavolving Doubt About Hearer's Ability

Another class of considerations, discussed by Brown and Levinson (1978), relate
more to the social appropriateness of the forms used. Three i pendent factors combine
to form what Brown and Levinson call the “weightiness” of a directive (or, in fact, any
speech act ), that is, the degree to which the act is seen as threatening the speaker’s and/or
the hearer’s “face™. These are the social distance between the speaker and hearer, the
relative power of the speaker and hearer, and the extent o which the requested act is likely
to be viewed as an imposition by the hearer. In Brown and Levinson's analysis,
weighdness is the sum of the values associated with these three variables, and it is this sum
which determines the extent of the politeness strategies which the speaker will use two
minirnize the threat of the act. That is, the choice of form depends on the combination of
social distance, power, and imposition but not on the particular contributions of each
factor. For example, a somewhat polite request form like 7 was wondering if you could is
appropriaze if either the social distance is great, or the hearer has considerable power over
the speaker, or the requested act is thought to be a significant imposition. "Whea two of the
factors have relatively high values, an even more polite form (or combination of forms) is
called for.

Figure 3.4 shows a GI for & convention involving a politeness level. This schema
represents the knowiedge that one way to perform a request, when weightiness is high, is
to produce an utterance with / was wondering if you could, where the f-clause refers to the
hearer’s ability to perform the requested act.
3.2.1.3. General Knowiedge About Ilocutionary Acts

Speakers ly also have more general knowledge about the strategics used in
performing speech acts and the kinds of inferences that hearers are able 1 maks. Like the
more specific knowledge, this knowledge can relate to cither obstacles or t politeness.
For example, the GI in Figure 3.3 can be scen as a specialization of a more general schema
encoding the knowledge that the hearer’s inability to perform the requested act would be an
obstacie to the success of the request and that a speaker wants to know if there are any such
obstacles.
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Figure 3.5 shows a reladvely general GI for requests involving politeness. This
schema encodes the knowledge that one way to make a polite request (Sn?wi,h relatvely
high weightiness) is to let the hearer know what is desired but to convey pessimism about
the chance of success.

(REQUEST/POLITE: I-WAS-WONDERING is-a AGENCY
{planner 2P}
(assignee ?H) .
(assignment 7?A)
(weightiness HIGH)
{(plan DECLARATIVE
(speaker ?P)
(hearer 7?H)
(subject "I™)
{auxiliary "WAS"™)
(verb "WONDERING"™) '
(direct-object NOMINALIZED-YES=-NO-QUESTION
{conjunction "IF")
(subdject "YOU")
(modal "COULD"™)
(content ZA .
{(modality ABILITY)))))

Figure 3.4: GI for Polite Request Using I was wondering if you could

(REQUEST/PESSIMISTIC is-a AGENCY
{planner ?P)
{assignee 7H)
{assignment 2A)
(weightiness MEDIUM-TO-HIGH)
(plan ()
{(expansionl ILLOCUTE H
{goal BELIEVE ' ;
{believer ?H)

get hearer to belleve
that speaksr intends
hearer to underctake

e
e Wa Wa W

(object INTEND assignment
(planner ?P)
(goal UNDERTAKE
(actor 2H)
(object 2A)))))

(expansion?2 ILLOCUTE ;i 7get hearer to believe
(goal BBLIEVE ;7 that speaker doubts
(believer ?7H) ;2 that hearer will
(ocbject DOUBT ;3 undeztake assignment

~(actor ?P)
(object UNDERTAKE
(actor 7H)

{object 2A)))))))

Figure 3.5: GI for Polite Request Conveying Pessimism
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The PLAN for this GI has no type specified (hence the “()") because the speaker’'s
goal can be realized in more than one way. Two speech acts are involved in the PLAN, both
intended to affect the hearer’s beliefs. One seeks to cause the hearer to believe that the
speaker intends for the hearer t0 undertake the requested act, and the other attempts to get
the hearer 10 believe that the speaker has doubts about whether the hearer will undertake the
act. In the schema both of the subacts are specified only as LLOCUTE; that is, they may be
finally realized as any type of speech act which satisfies the given goals. Examples include
reladvely smaighdorward instantiations of the GI such as /*d like You to proofread this for
me, but I guess that' s too much to ask and those in which the first speech act is missing
and inferrable such as / don't suppose you could proofread this for me and [ was
wondering if you could proofread this for me. This type of knowledge about a very
general strategy for directives would probably only rarely be used to actuaily generate a
sentence; a particular conventon such as the GI shown in Figure 3.4 would be selected
instead. On the other hand, this GI would come in handy in the comprehension of novel
utterances of this type.

It is doubtful that speakers or hesrers would ever need knowled'p more general
than that shown in Figure 3.5. Thus the CLLM model does not include a GI for directives in
general. For assertives, however, there is the 'aonnnl GI shown in Figure 3.6, This
specifies that & way to get someone to believe a act is to produce a declarative utterance
with that fact as content.

{ASSERTIVE is-a INTEND

{planner ?P)

(goal BELIEVE
{believer ?7B)
{(object 20))

(plan DECLARATIVE
(planner 7P)
(hearer ?7B)
(content 70)))

Figure 3.6: GI for Assertives

1.2.2. Voecatives

Noun phrases have two sorts of functions. RefuenﬁalNPsmhurbcjudgg and
the defendans in the sentence the judge sentenced the defendans to hard labor function to
direct the hearer’s attention to partcular eatities. Other NPs are desginéd to get the
atiention of the hearer. An example is your honor in the sentence your honor, may I
question the witness?. ssions such as your honor are known as vocatives. As
Zwicky (1974) has pointed out, vocatives appropriate for getting the anention of 2
partucular person may not be ideatical to the type of NPs that w be appropriate in
reference to the same person. Inh"c‘ﬂlishonemymmew;dmdanuapo te vocative
for a woman, but this word is y appropriate for referring to the woman, unless she
happens to run a bordello. Lahf;uuv;.vmnmdmd:pendm:nﬂzmﬁm:ﬁ
the s -hearer 3 i on the social setting. A j ) ]
Mm?ﬁhmim@wmbmmemhmmymumjmwmm
name outside the courtroom if they are friends.

It is a straightforward marter 1o represent the use of vocatives within the framework
developed thus far, Figure 3.7 shows the schema for the expression yowr honor.
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(VOCATIVE: YOQUR-HONOR ls-a INTEND
{planner ?p)
{context TRIAL
(presiding-judge 2J3))
{goal ATTEND
(actor 2J)
(destinacion 7?P))
{plan NP
(content ?2J)
{det "YOQUR")
(nocun "HONCR")))

Figure 3.7: Schema for Vocative your honor

This, and other vocative schemas, is a subtype of the general INTEND schema. Its
goal is for the hearer, who is the PRESIDING-JUDQGE of the TRIAL which forms the
CONTEXT for the performance of the act, to ATTEND to the speaker (the PLANNER). The
PLAN for achieving this goal is to produce an NP which refers to the HEARER, that is, the
PRESIDING-JUDGE, and takes the explicit form your honor.

3.2.3. Context-Driven Utterances

Thus far we have assumed that all utterances arise out of speaker goals. Goals
themselves originate in the perception of external or internal events or states by the speaker.
Thus a goal to inform the hearer of some fact may result from a question from the hearer
regarding that fact, or, more precisely, from the recognition by the speaker that the hearer
wants to know some aspect of the fact. A goal to get the hearer t0 closs 2 window may be
motivated by the speaker’s perception that she is cold, wogether with the imowledge that the
window in question is open and general knowledge about how the temperanre of a room
can be affected by the opening and closing of the room’s windows.

There are cases, however, in which the perception of an event or state, together
with a set of appropriate contextual features, seems o0 lead directly to an utterance, or at
least to a situation in which a form is available to the speaker. In such cases the utterance
need not be seen as uﬁsfyin%h:'god of the speaker. Consider the generation of the
expression speak of the devil. This expression is appropriate when, in a context in which a
particular person is under discussion, one of the conversants sees or hears that person.
This conversant might then utter speak of the devil, but without the necessity of an
intervening stage in which a search is made uamnsofudsfyingapudmlnm Itis
wue that the expression can perform a function of sorts, that of g the hearer aware of
a particular kind of coincidence, but the speaker need not explicitly want to achieve this
before the expression makes itself available to her. I will refer to such utterances as
context-drives. In order for context-driven generation to work, a phrase such as speak
of the devil needs 10 be associated in memory directly with the event which leads w it

In the CLLM model events may have other events as CONSEQUENCEs. A subtype of
the PERCEIVE schema brings together the features for the utterance of speak of
:h;devilmdhumhmumuacoumm schema is shown in Figure
3.8.



(PERCEIVE:SPEAK-OF-THE-DEVIL is~a PERCEIVE
{perceiver ?7P)
(context CONVERSATION
(topic 2T})
{(object (HUMAN ?T))
{consequence *SPEAK
(speaker ?P)
(subject ZERQ) i represents null subject
(verb "SPEAK"™)
{matter PP
(prep "OF")
(pp=-cb3 *DEVIL
{det "THE")
{noun "DEVIL")))))

Figure 3.8: Schema Specifying Conditions for Utterance of speak of the davil

ThauﬂnunlnllsRlCONWEXTlCONVER&KﬂONlndlsﬁlO!ﬂIﬂT&B;nn:hwd
thing) a person who is the TOPIC of the conversation. The utterance that is the
CONSEQUENCE of this set of circumstances is spokea by the PERCEIVER and is realized as
the sequence of words speak of rhe devil. This sequence is represented as an instance of
the generalized utterance *SPEAK. *SPEAK provides informﬂonabmnthemningofmn
word speak, but this information can be inherited 30 does not need to appesr in the schema
in Figure 3.8. The SUBJECT of the clause is specified as ZERO; this is an unpredictable
peculiarity of this idiom. The MATTER constituent of the pattern sents the thing
spoken about. It is a prepositional phrase with an NP as its object which is represented as
an instance of the generalized utterance *DEVIL. *DEVIL provides information about the
meaning of the word devil. Note that the literal meaning of speak of the devil does not
appear in the schema in Figure 3.8, but the representation of the pattern in terms of the
*SPEAK and *DEVIL schemas enables the speaker or hearer to infer the origin of the
expression from the semantic information appearing in these other schemas.

Other examples of context-engendered utterances are greetings, apologies, and
similar conventional expressions. It is possible, however, to view much of what takes
place in conversational contexts as a combination of the top-down, goal-driven kind of
processing and the bottom-up, context-driven kind of processing, In an argument setting,
for exampie, a ‘s{pnka has a constantly active goal to defend her nt against anack.
This has the effect of priming various ways of achieving this defense, including some
relatively high-level plans and some relatively specific expressions such as you're puiting
words in my mouth and thar's exacily my poinst. When the other speaker says something
that satisfies other conditions for one of these expressions or high-level plans, the relevant
schema receives activation from this contextual change and may then be able to fire.

3.3. Uterances

The schemas for illocutionary acts and vocatives are subtypes of INTEND; they
associate a communicative goal with 2 plan. The plan for each of these schemas takes the
form of an act I will refer to as an utterance. An urterance is realized in tum as a -
combination of words or morphemes. The general schema for utterances is shown in

Figure 3.9.
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{UTTER ACT
t{speaker HUMAN)
(hearer HUMAN)
(cime)
(context)
(content CONCEPT)
{expansions})

Figure 1.9: General Schema for Utterances

Three of its roles, the ACTOR (referred to as SPEAKER for convenience), TIME, and
CONTEXT, are inherited from higher-level schemas. In addition, utterances are
characterized by a HEARER and, most importantly, some semantic CONTENT. The
EXPANSIONSs of an utterance, indicated with braces in the figure because there is generally
more than one, are either words or other utterances. Most of the system's knowledge
about languafa consists of schemas in the hierarchy under this general schema. These [
call generalized utterances (GUs). Of course most of them will not need to maks
reference to all of the roles shown in Figure 3.9. In particular, the deictic roles, SPEAKER,
tﬁmmmcomxr.winmtmmuyboneeded.bmmeymwmhm

y are,

3.3.1. Rlerarchy of Generalized Utterances

GUs are srranged in a generalization hierarchy which brings together the aspects of
lan gethumnors:ilydahwi:hundenhem of syntax and semantics. Figure
3.18\!51usmmmebuicsmmofmohmnyof Us. mmﬂginmaﬂmmm
roles which specify the semantics and morphosyntax for each schema.

=]

“WATER-UNOER- l

Figure 3.10: Structure of the GU Hierarchy
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The most general, or abstract, GUs are those specifying syntactic suctures such as
NPs and clauses. Further down the hierarchy come GUs for more specific structures such
as imperative clauses, transitive clauses, reladve clauses, proper names, countable NPs,
and plural NPs. At this point we begin (0 see grammaticai hemes being filled in in
some of the patterns. For example, the GU for plural NPs specifies that the morpheme -5
is suffixed to the head noun. Further down the hierarchy begins what is normally thought
of as the lexicon. Here we have GUs for the verb take and the noun water. Note that
names of lexical GUs are preceded by an asterisk w0 distinguish them from concept names.
Still further down are GU' specifying entire phrases, with or without some variable slots,
There are, for example, GUs for the expressionstake a shower and tap water. At the
bottom of the hierarchy are GUs for completely specified patterns such as how's it going
and water under the bridge.

An important aspect of the arganization of the hierarchy of GUs is that the schemas
which correspond to lexical entries represent entire phrases rather than single words
(Jacobs, 1986a; Wilensky & Arens, 1980; Zemnik & Dyer, forthcoming). Thus the schema
for water is a generalization about NPs which have the word water as their head noun
rather than about the word wazer in isolaton. Likewise the GU for take is a genemlizasion
about clauses with the verb rake as their head. This feature of the representation allows
lexical GUs to be related directly both to syntactic structures and to idioms: lexical GUSs
;‘eﬁpresem specializations of more general structures and genenalizations of more specific
idioms. :

I:shouldalsobenowdthattcrmlikzchunmdmnphnnmnotbeinguaed
in their ordinary senses. The difference is that here these are more than structures; cach has
associated content, speaker, and hearer roles, though these may not always be explicitly
referred to in particular schemas. _

3.3.2. Utterance Content

An utterance in the sense [ am using the term is a meaningful act; tha is, it has
associated with it a concept, an instance of a concept, or a set of features, which [ will call
its content. The immediate goal behind an utterance could be seen as the activation in the
hearer’s memory of the content node or nodes. However, the speaker never has to be
concerned with this goal because uterances are usually produced as plans o satisfy higher-
level pragmatic goals, that is, the goals contined in schemas for illocutionary acts and
vocarives. Figure 3.11 shows an example of a noun GU. The content of an NP with the
word water as head noun is specified as an instance of the non-linguistic concept WATER.

(*WATER is-a NP
{content WATER)
{noun "WATER"})

Figure 3.11: GU for warer

During tion GUs at the same level of the hierarchy compete with one another
for selecdon. Fore le, in the generation of an NP to refer to a particular eatity, only
one noun GU must be ¢ In order o this competition, the CONTENT roles
of lexical GUs which are similar in meaning form a WTA network. A fragment of sucha
WTA network appears in Figure 3.12. The figure shows only the inhibitory connection
joining the CONTENT roles of two schemas. These roles are also connected to the
CONTENT roles for other potentially competing GUs such as those for *BEVERAGE and
*JUICE.
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>

i |comontﬁ—- content —| :::I
i"WATER "MILK

‘ NounN |1 "WATER"| noun

Figure 3.12: Inhibition Between CONTENT Roles of NP GUs

Analogous to the competition between CONTENT roles in generation is competidon
between the head nodes of GUs in analysis. This competition prevents more than one
sense of a particular word from being selected for a given instance of the word. Figure
3.13 shows an example.

BASEBALL-
“BAT/ cantent BAT *BAT/ pS2en ROPYER
BASEBALL ANIMAL

!ﬂOl.lﬂ b *BAT® noun

Figure 3.13: Inhibition Betweea GUs for Homonyms

Two GUs have the word bat as head NOUN, one referring to the baseball
implement.dnothumtheanimﬂ(ch%uogvrm).wnodufamowhohxhemuinhibitom
another, forming a WTA network. Such WTA networks are required only for homoanyms,
that is, sets of GUs whose head NOUNSs, VERBS, or ADJECTIVES are identical.

3.3.3. Deictic Information in Generalized Utterances

- In many cases there is a deictic, or indexical, element in the content (Anderson &
Kecnan, 1985); that is, the content must make reference to one of the elements of the
speaking context itself. This presents no problem for the CLM framework because the
SPEAKER, HEARER, TIME, CONTEXT roles atlv:a impli3ci{1 part of ﬂ::l GUs. F;_u'st ﬁ‘rn:
second person pronouns are & simple exampie. Figure 3.14 shows the schema for
person singular pronouns. The merged role indicates that the CONTENT and SPEAKER are
the same entity; that is, the NP refers to whoever the current speaker is.

aker

*‘ME | content

noun "ME"

Figure 3.14: GU for me
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Other exampies are the ©Us for the verbs bring and come, which are appropriate
when the direction of the mover..cnt referred 10 is toward the speaker or hem:p.f Pgrtion
of the GU for come is shown in Figure 3.15,

(*CCME is-a CLAUSE
(speaker ()
(location ?2SL))
(hearer {)
(location ?HL))
(content SELF-PHYSICAL-TRANSFBR
(destination (?s5L 2HL)))
(verb "COME"))

Figure 3.15: GU for come

In this schema, the CONTENT:DESTINATION role has connections to both the
SPEAKER:LOCATION and HEARER:LOCATION roles. These coanections represents the fact.
that the DESTINATION of the transfer for a clause with verb come is equi Lt either the
current LOCATION of the SPEAKER or the HEARER. This relationship is what Causes this
GU to be selected over *GO, which is the defauit GU for reference t0 SELP-PHYSICAL-
TRANSFER. .

TheabﬂilytomnkemfenmtodeicﬁcdemnuinhxichUsisdsouquu
deﬁninl:'luial items as suitable for particular kinds of hearers. Figure 3.16 gives two
examples.

(*BUNNY is-a NP
(content RABBIT)
(hearer CHILD)
{(noun "BUNNY"))

(*GLOTTAL-STOP is-~a NP
(content GLOTTAL-STOP)
(hearer LINGUIST)
(adj-modifier "GLOTTAL")
(noun "STOP"))

Figure 3.16: Two GUs Specifying Appropriateness for Types of Hearers

m'WYGU.thuchemnforNPswiththowdbmuMhadmun.hu
uiucommnmmdmnumdmemﬁcﬁonmmmbqacm.
Nowmuhlﬂochuschm,thisrepumuaprowm Tl;nu.then_unommg
preventing the *BUNNY GU from being used when the hearer is not a child, but the
impmssion;iminmhacmi:dmdnhwuismhowhemﬁ;undutcm The
secondGUmd:aﬂmiathorhphrmgW:wp. refers o the concept
ofGLOTTAbGTOPIndsﬁthnlduudniﬁﬂﬁ!kbeahﬂ!ﬂﬂ!h

Refuemmmehemhdnmmmcﬁumgmethhdmmm
he, she, it, and they. Mmappropﬁmwhntherefmupmmedmhepum;ndy
active in the hearer’s consciousness. The hearer becomes conscious of an entity either
because it has just been referred to in the discourse or because he is currently or has just
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been observing or listening to it. Thus a speaker may say, “hg’s an old friend of mine” just
after she has said, “you know the guy who called while [ was out?” or when the hearer is
apparensly looking at the person spoken about. Otherwise another form of reference is
appropriate: “John Smith is an old friend of mine”.

_In the CLM model, there is a type of state called CONSCIOUS-OF to represent this
condition on the use of third person pronouns. The GU for these pronouns is shown in

Figure 3.17. It includes the contraint that the HEARER be currently conscious of the
CONTENT of the NP.

(3IRD-PERSON-PRONOUN is-a NP
{hearer 7H)
{content ?2C)
{constraintl CONSCIQUS=OF
(conscious ?H)
(object ?R)))

Figure 1.17: Enny for Focused Reference

. mcmﬁm'ammlwmu‘mgm'lmm'
doesn’t solve the problem of how this concept gets used. system needs to be sble o
infer that such a fact is true of the hearer and the referent under certain circumstances. One
way in which the hearer becomes conscious of an entity is through reference to it. Thatis,
the production of an NP has as an effect the fact that the hearer (and the speaker) are now
comomdtwmw& to. ThegheneanU fuNPneedsminclnd;thisminfamm'on
0 it can in determining w enapmnounis.arpmpnm' - in later NPs. Fi

3.18 shows the portion of the NP schema containing this infarmation. e

(NP is-a UTTER
(content 720C)
(speaker ?75)
{hearer ?H)

(effect CONSCIOUS-OF
{conscious (2S5 7H))
{object 2C)))

Figure 2.18: Portion of GU for NPs Showing Consciousness Effect

The EFFECT in this GU is an instance of the concept of CONSCIOUS-OF with both
the SPEAKER and the HEARER a3 the conscious entities and the CONTENT of the NP the
OBJECT of their conscious state. When an NP is produced, the presence of this EFFECT in
the NP entry leads to the priming of a set of nodes represeating the fact that the hearer is
conscious of the entity. If another NP referring to the same entity follows soom, this
priming will be strong enough to establish that the CONSTRAINT in the 3RD-PERSON-
PRONOUN entry holds, § 10 the selection of that GU and the generation of & pronoun.

3.3.4. Constituency and Semantic Composition

_ Like other acts that are not primitives, utterances expand into subacts, that is,
constituents. Constituents in turn may expand into further utterances or be realized as
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words. [a the CLM model, words are weated a3 primitives, by it is a straightforward
matter to take this recursive expansion into the domain of phonology and phonetics.

Phrasal constituents, including both obligatory and optional ones, are defined at the

level of the basic phrase types, clause, noun phrase, adjective hrase, and prepositional
phrase. A portion of the GU for English NPs is shown in Fisump3.19.

(NP is-a UTTER

{content THING)

{(det 2D} .

{add-modifier (ADJ-PHRASE 2A)
(<= 2D))

(noun ?N
(<= 2?D)
(<= 27))

(relative-clause CLAUSE
(€<= 2N})))

Figure 3.19: Portion of GU for NPs Showing Constituents

Four constituents appear in dummm.m.m-mnmm
RELATIVE-CLAUSE. The symbol “<-" indicates s sequence relationship; the head NOUN of
the NP, for example, is specified as following the DETERMINER (7D) and the ADJECTIVE.
MODIFIER. Sequence relatonships are discussed in detail in Chapter 6. Two of the

Figure 3.20 shows a portioa of the GU for English clanses, In addition 10 the
SUBJECT and VERB, there is a et of optional constituents, each taking the form of a
prepositonal phrase. Three of these are shown here, LOCATIVE (we chatted on the
subway), TEMPORAL (we chatted on Tuesday evening), and MATTER (we charted
about the elections). Other clause constituents are introduced in subtypes of the basic

CLAUSE schema. DIRECT-OBJECT, for example, appears in the TRANSITIVE-CLAUSE
schema,

(CLAUSE is-a UTTER
(content FACT)
(subject (NP 78))
(verb 2v

(<= 28))
{locative PP)
(temporal PP)
(matter PP))

ﬂwumPaﬁmofGUwammeovm‘dem

An important dmumgmnms.lomamgnwm
ofmemdcwmpmlmmofmep!manges.mni;howmemsdcmmmunhp
semantically to the phrase as a whole, onsider first the clause. What we need is
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something that tells us that the SUBJECT typically refers to the ACTOR of the clause
CONTENT, that the LOCATIVE constituent refers to the LOCATION of the clause CONTENT,
and so en. This kind of information is necessary for the temporary role binding that
goes on in generation, the process by which clause constituents are associated with
arguments of the predicate signalled by the clause itseif. For example, in generating the
sentence Mary loves John, the system must know that the ACTOR of the loving is to be
referred to in the SUBJECT and the OBJECT of the loving in the DIRECT-OBJECT. In the
CLM model. role binding information can appear at any level of the hierarchy of clause
GUs. Some of it belongs in the general CLAUSE schema, for example, that concerned with
the LOCATIVE constituent. Figure 3.21 shows how this knowledge is represented.

.| contontH location .
[ CLAUSE
\ ‘| locative H content |'_'

Figure 3.21: Role Binding Information for Clause LOCATIVE

The merged role represents the equivalence of the CONTENT of the LOCATIVE
phrase and the LOCATION of the clause CONTENT. Thus in the sentence we charted on the

subway, the LOCATIVE constituent on the subway refers to the LOCATION of the act of
charting.

Other role binding information appears in lexical GUs. For exampie, the GU for
deposit specifies associations for two clause coastituents, the LOGICAL-SUBJECT and
LOGICAL-DIRECT-OBJECT. These are the coastituents which are realized as the SUBJECT
and DIRECT-OBJECT respectively of an active clause and the (optional) AGENT and SUBJECT
respectively of a passive clause. For example, Mary is the LOGICAL-SURJECT and $100 the
LOGICAL-DIRECT-OBJECT in both of the following sentences:

(3.1la) Mary deposited $100 in the bank.
(3.1b) 35100 was deposited in the bank by Mary.

The associations are shown in Figure 3.22.

/

*DEPOSIT-
IN-BANK

.

Figure 3.22: Role Binding Information for deposis

The two merged roles represeat the fact that the LOGICAL-SUBJECT refers to the
ACTOR and the LOGICAL-DIRECT-OBJECT to the OBJECT of the clause CONTENT. That s,
in sentences (3.1), MARY, the ACTOR of the transfer, is referred to in the LOGICAL-
SU~ .ECT, and $100, the OBJECT of the wansfer, is referred to in the LOGICAL-DIRECT*
OB ZCT.
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Role binding information for the LOGICAL-SUBJECT and Locxcu-omscr-oamc-r
is also found at a more general level, in the GU for _TRANSITIVE-CLAUSE, where the
CONTENT would be a general TRANSITIVE-EVENT, that 13, any event with an ACTOR and an
OBJECT. If the system did not have the Accessary role binding informarion in the GU for a
partcular verb, the information at the level of TRANSITIVE-CLAUSE would be available,

Consider now the modification relationships in the noun phrase. In the CLM model
adjective phrases have as their CONTENT facts of 'YPe ATTRIBUTE , which take a single
ATTRIB-OBJECT argument, For example, in the phrase the green box, the adjective green is
taken to refer o an instance of the concept GREEN with the box in question as its ATTRIB-
OBJECT. The way this relationship is represented in the Np schema is shown in Figure
3.23. The ATTRIB-OBJECT of the CONTENT of each ADJEC'I'IVE-PHRASE-MODIFIER is the
same as the CONTENT (the referent) of the NP,

(NP is-a UTTER
(content 2¢)
(adj-modifier ADJ-PHRASE
{content. ATTIBUTE
(attrib-object 000

Figure 3.23: Semantics of Adjective Modifiery in the NP GU

. y

terms of constituency but also in terms of absmdon/gemﬁty. With respect to the first
type of hierarchy, there is a lower level, that of urterances, a which linguistic knowledge is
about how parterns are associated with ﬁuticulu concepts, and a higher level, that of
illocudonary acts and vocatves, at which linguistic knowled_ﬁ: 1s about how particular
utierance types can satisfy particular goals of the speaker.

integrate schematic units of knowledge ranging from those specifying fixed lenqal panems
to those specifying VETy general syntactic saructures, The inheritance mechanism that is
implicit in these hierarchies pertnits the sharing of semantic and morphosyntactic
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4.1. Processing in General

In Chapers 2 and 3 we saw how knowledge is represented in the CLM model. In
order for this knowledge to be useful, there must be 3 means of accessin appropriata
pieces of knowledge and then taking actions based on what is found, In the Wn a
single spreading activation process is responsible for locating and making use of
knowiedge in memory. This process is compietety domain-independent: that is, it may be
used in the classification of 2 bird, given a set of features of the bird in question, or in the
generarion of a sentence, given the features comprising the goal behind the sentence. This
chapter describes the algorithm for the spread of activation through the network and how it
is used in accessing schemas of the types described in Chapter 3.

4.1.1, Spread of Activation

Eachnodeinmonetworkhuatmygimﬁmmacﬁuﬁonlevelvm from -1
;_o +1. When the activation :lloanno.dhc r:aches its threshold uﬂvgon. the n;h‘ﬁru, A
iring node sends activation g all of its outpuz connections, Amount of activation
Spreading is equal to the weimontheconnectionﬁmmeﬁdngnodemthsda
node. The wei xouaconnecdmmaybehighenoughmcaun:hnduﬁnmmd.nﬁn
on the basis of activation along that connection alone: that is, the weight may be greater

inat e. Many connections represendng upward is-

relations, for example, have weights of this type. In most Cases, however, the destinarion
noderequi:esacﬁva&on&ommethmmmnoﬁm. :

Fi;ure4.lshomthesmofamaunetworkoveruhmsuewhofdm. In the
f‘ustu‘memterval.nodeAhujustﬁreduamultoflcﬁvadonﬁomamnouhom
mmmmmmﬂmwmmﬁm.mumw«cﬁmmmm
connected to A. Thcconnectionwnodebishighenoughtopemitﬁuimmedimly.
while node B is now activated 1o a level below its threshold, indicated by the hatched
border panern. Connection weighes may also be negative. This relationship is then an
inhibj one because the negative activation Spread lessens the likelihood of the
destination node’s ﬁm:':‘g“° Inhibitory connections are indicared in the figures by fuzzy lines,
When node D fires in mhdﬁnninnrvuintheﬁmitinmbmwucuwm&
Negaﬁvaxﬁvadononanocbilincﬁamdbyafuuybadam

Following firing, a node is inhibited for a length of time referred o ag its
refractory period, During this interval, the node’s sate is unaffected by inputs from
other nodes. This type of wnhibition is also clnncmn:spc of neurons which have fired
(Kuffler & Nicholls, 1976). In the CLM model, inhibition durin the refractory period
prevents activation from spreading back along the path from which it originated and
reverberadn indefinitely, This inhibition is represented in the figures by fuzzy node
border. Inﬂ'nmondﬁmeinmdinﬁmd.l. nodeAuinhbmdheuuauhu.Jpa
fired. Once its paﬂodhupmed.nodsreuinumnumo{pmuve
activation and can be Activated from other nodes. This property is also a
characteristic of neurons (Kuffler & Nicholls, 1976). In the fourth time interval in Figure
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g//J//Ig

Figure 4.1: Firing, Spread of Activation, and Decay.

The model also has a decay mechanism used to represent short-term forgetting
and the importance of recency. The activation level of all nodes decreases at a rate which
may vary from node 10 node. In Figure 4.1 nots the changes in activation on node B
between the second and fourth time intervals. Spacing in the border hatch
decpammdxcam‘ icate different activation levels. The reduction of activation on this node is due

ay.

Since CHIE runs on an ordinary serial compuu.t‘lll:ﬁuudohcﬁvationmbe
broken down into discrete time steps. y the time ired for activation to raverse a
connection would be allowed to take on & range of values, but this is complicated to
simulate. I have found it necessary to maks use of two propagation C‘lﬁd“ Fast
connections are needed so that is-a hierarchies are traversed quickly. In four fast
connectons but only one slow connection can be traversed in a single Gme swep.

During each time step three things happen (ignoring complications due to fast
connecton taversal).

1. Activation propagases from all of the nodes which have just fired.

2. Each node updates its activation level. This is the sum of its previous activation and
the new inputs. If its activation exceeds its threshold, it fires.

3. The activation level of each node is multiplied by a decay factor (<1).

For more details ses Chapeer 9 and Appendix B.

4.1.2. Winner-Take-All Networks

In previous figures winner-take-all networks have been represented by sets of ’
inhibitory pconnec:tions joining the members of the nerworks. In fact, for cach WTA
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network there are two other nodes with special significance. The WTA parent is the node
which sends activation to all members of the WTA network. For the ANIMAL example
illustrated in Figure 2.9, the BIRD node is the WTA parent for the three WTA networks
below it. When BIRD fires, all of the members of these networks receive some activarion
from it, In addition, each WTA network has a special node, the WTA hub, which is
responsible for providing the additional activation that may be necessary for one of the
network members to fire. WTA hub nodes fire under different circumstances than other
nodes, as described below. The basic configuration of WTA networks is shown in the first
diagram in Figure 4.2. Node P is the WTA parent, the node in the shape of a pentagon is
the WTA hub, and nodes M1, M2, and M3 are the network members.

Figure 4.2: Activation and Mutual Inhibition in WTA Networks

The most important of WTA networks is mutal inhibition among the
nerwork members. Whea one me: node reaches its firing threshold, it inhibits all of
the other members, preventing them from also firing, The WTA hub node is also inhibied
when a member node fires. gure 4.2 illustrates this basic process. The parent node P
fires in the first ime step, activating the three member nodes. Two of these already are
primed as a result of activation from other sources. The additional activation from P is
enough to allow node M3 to fire in the second time step, and it then inhibits M1, M2, and
the hub node in the third time step. Fuzzy arrows in the figures indicate the spread of
inhibidon. Note that what determines which member node will fire is the total activation
each node has received from all sources, including the WTA parent node. Thus different
nodes will fire under different circumstances.

If, following the firing of the WTA pareat, none of the WTA members has enough
activation to fire, an interval is allowed to pass, and thea the hub node fires. This “timing
out” feature is what distinguishes WTA hubs from other nodes. interval which must
pass before a WTA hub may vary from node to node. This interval is meant w0
represent the hesitation that occurs when difficulty is experienced in reachin a decision.
\\R::nizﬂru.th.wmhubsenducﬁvaﬁontothemutmbemus y providing
enough for the one which had the highest activation to fire. The firing element then inhibits
the other elements in the normal fashion. This is the sense in which the “winner takes all™,
This possibility is shown in Figure 4.3.

The parent node P fires and sends activation w the members, but in this case nove
has enough priming to allow it fire immediasly. In the fifth time the hub node times
out and fires, providing additional activation to the member nodes. Now M2 reaches its
threshold, fires, ind inhibits the other two member nodes. It is also possible that no node
will achieve its threshold whea the hub node fires. This represents situations in which
there is not enough information for a decision 0 be reached.
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Figure 4.3: Role of the Hub Node in WTA Networks

4.1.3. Phases of Processing

Processing in the CLM model can be thought of as consisting of three
:chema selection, role binding, and sequencing, though only the is involved in
svery process, These three phases are not distinguished formally in the model; they are a
consequence of the way in which nodes are connected to one another and the way in which
spreading activation responds to these connections.

Schema selection amounts o classification. The entity represented by a set of input
features is classified as an instance of the schema which is eventually selected. The input
feature set is normally missing some crucial elements, and the selected schema allows the
system t0 complete the feanmre patem. Saythesysmisinmuudinni:riﬂn;birds,u
a birdwatcher might It begins with a set of features of a particular bird and on the basis of
these features, selects a schema for a particular bird species if one can be found. This
schema yields a species name such as mockingbird or robin. For language generation, the
input fearures characterize a goal of the speaker, and the missing information is the
linguisdc pattern that can be used to achieve this goal The schema that is selected in
response 0 the input (a illocution) ides the speaker with soms or all of the
missing information in the form of a general structure for the utterance to be generated and
possibly somse of the actual words.

Schema selection begins with the spread of activation from a set of firing input
nodes. Each feature of the input is actually represented by two firing nodes, one for the
role that the feature plays in the input sgucture and one for the value of the feature. In the
bird recognition example, one feature might be represented by the firing of the nodes for
HEAD-COLOR and BLACK. In the generation case, a feature might be 4
firing of the nodes for GOAL and BELIEVE if the speaker’s goal is that the hearer believe
some fact. Activatioa from the firing input nodes and con ;
schemas which agree with the features represented by the firing nodes. candidate
schemas compete against one another via a WTA network. The schema whose head node

receives the most activation from its roles, that is, the one which is closest agreement with
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the input features, is selected. Once the head node of the schema fires, activation spreads
to roles of the schema which were not represented in the input. These normally provide the
rrussing information sought by the system.

In the case of language processing, the initial schema selection usually does not
suffice. This schema may in tum call for further schema selections to be made on the basis
of particular elements of the input. For example, when a verb GU is selected, it specifies
that the noun phrases in the positions in the clause refer to particular semantc roles in the
input. This role binding information wanslates to a role bindi g process once the schema is
selectsd. If John is the ACTOR of a particular event to be referred 1o, the systern needs to
associate JOHN with the SUBJECT position in the clause. Role binding works through the
spread of aclcivan'on beginning from the two associated roles, in this case the ACTOR and
SUBJECT roles.

Finally, for processes resulting in actiods taken by the system, such as language
generation, there is the problem of turning the mainly parallel processing into sequental
output. Sequencing makes use of connections representing sequencing relations and WTA
networks to force the selection of one and oaly one constituent to a particular output
posidon. '

4.2. Basic Schema Selection

4.2.1. A Generalized Utterance o - c -

We will first consider the selection of & lexical GU for the generation of a noun
phrase. Wewiﬂumthuthespukuismpﬁngto;emtmphrmmfuﬁn;
to some peppu.faenmple.u%:lnnofdnmeouldyoumsmm?. The input
at this point consists of a set of firing nodes representing this intent: the nodes for NP. :he
CONTENT of NP, and SUBSTANCE4 (see Figure 4.4), the to be referred 0. Note wat
the input concept has not been classified as an instance of the concept of BLACK-PEPPER.
One simplifying assumption is made hefe: the issue of constituent sequencing is ignored.
For the time being, it is assumed that the head noun of the NP can be uttered without
concern for the constituents that must precede it. - :

Figure 4.4 shows the state of the network at the beginning of the process.
SUSTANCES4, the input concep, is represented as an instance of the geoeral concept
SUBSTANCE. SUBSTANCE has many roles, only two of which are shown in the figure,
USE and COLOR. SUBSTANCE4 has as values for these roles ADD-FLAVOR and BLACK
respectively. Other feamures that might be activated in this context include TASTE,
TEXTURE, and the usual LOCATION of the pepper. The *PEPPER GU has as its CONTENT
an instance of SUBSTANCE which has as its USE the value ADD-FLAVOR and as its COLOR
the value BLACK, that is, just the feanures specified for the input.

The initially firing nodes for the selection process are those resenting the input
concept and its USR and COLOR and thoes for the general NP GU and its CONTENT role.
Figure 4.5 shows what happens during the first time step. Activation down the is-

a hierarchy from NP and NP:CONTENT. The CONTENT roles of all noun GUs receive
acdvaﬁon&ommomr.andGUscompenmthommm_:m_g_ WTA netwarks.
For *PEPPER the WTA network is indicated in the figures by the hibitory connections
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emanating from *PEPPER:CONTENT.” Activation also spreads from the nodes representing

the input concept, resuiting in the firing of SUBSTANCE, SUBSTANCE:USE,
SUBSTANCE:COLOR, ADD-FLAVOR, and BLACK.

{ v ADD-
_‘ FLAVOR | |
i,\ ngun _j

—{euack}—

use X

SUBSTANCE

color L

; use
( [ content h— ‘\
- 1 color [

i [-PEPPER N

Figure 4.4: Lexical Selection for an NP (1)

In the next two time steps, activation down from the nodes representing
features of the input and results in the firing of :CONTENT. This process is shown
in Figure 4.6, Activation first converges on the roles of *PEPPER:CONTENT, causing them
to fire. This intersection of paths of activation is a basic mechanism in schema selection
(Quillian, 1968), and intersections on the roles of GU CONTENT nodes are the usual means
by which lexical GUs are accessed in generation. *PEPPER:CONTENT also receives
activation from SUBSTANCE, but the weight on this input connection is small, and the node
cannot yet fire. However, activation from the roles of *PEPPER:CONTENT during the next
time step is enough o bring the node over its threshold, and it fires.

During the next three time steps, we see the selection of the *PEPPER GU, the
inhibidon of GU ttors, and the utterance of the word pepper. These steps are
shown in Figure 4.7. firing of *PEPPER:CONTENT results in the spread of inhibition o
the CONTENT roles of competing GUs such as *SALT and *SUGAR, preventing these nodes
from firing. Activation from *PEPPER'CONTENT als0 causes *PEPPER to fire, and this GU
has now been “selected”. The firing of *PEPPER leads in tum to the firing of
*PEPPER:NOUN, which has been primed from the NOUN role in the NP schema.

71£ each noun GU CONTENT role inhibits every other, and there are a noun GUs, a? connections would be

required, probably an unmanageabie number. Section 11.1.1 discusses one possibie way around this
problem.
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*PEPPER:NOUN then activates the word node "PEPPER". The firing of "PEPPER"
represents the utterance of the word Depper.

O

LAYy /J-w/ use )
% content
. L L EIIIIII A e color
2 -.' vvvvvvv / ‘[
51/185/33/55’
noun £ *PEPPER" |

Figure uzuxicalSelectionfonnNP(Z)

Nonhowduspuddacﬂwﬂonimplemnup&mmnhin Activating an in
withmefeamusnsmb-mvmleadsmthemnacﬁvmo, ith this
same feature. For a given set of role-value pairs in the input, competition via WTA
networks selects the best matching schema. Note also that, because the features are
checked in parallel, an increase in the number of features does not lead to a slowing down
of the process. Lexical selection in the CLM model capitalizes on & well-known

of connectionist a hes, the content Addressability of memory: the semantic
portion of lexical G sisdincdywceuibhﬁmmm&funnuofmeinpu

4.2.2. A Generalized Niocution

Consider the generation of the sentence could you take ous the rash? We assume
thanhespeakaiuhowiﬁeohhohmudlh&fwher.dpcquldmmmfumua
conventional mduﬁn;luhmhndmpufmamkwhphmdmamdmm
of imposition (Brown & Levinson, 1978). The GI is shown in Figure 4.8,

63



* { FLAVOR
~ v
P -1
[ ” A L
o .
}f Use
; contant | <=
3 prresriries. 4 color
Y5777
% noun? [~PEPPER"]
L Dorrrreritt= 7
use
SUBSTANCE4
color 1
~J

Figure 4.6: Lexical Selection for an NP (3)

The speaker might even have conventionalized a form for the specific case of
requesting her husband to take out the wash, but to make the le more interesting, we
will assume that this is not the case. In order for the GI in Figure 4.8 t0 be used, the syem
needs to be able 1o determine when an act is of medium imposition for a particular
ASSIGNEE. We will assume that there is special knowledge about aking out heavy objects,
in particular, the explicit knowledge that for the speaker’s husband to take moderatety
heavy objects out of the speaker’s house is an act of medium imposition. This schema is
shown in Figure 4.9.

As the input to generation, we take the intention of the speaker (SELF) to have the
hearer (OWN-HUSBAND) act as the speaker’s agent (ASSIGNEE) in taking out the trash. This
instance of AGENCY is shown in Figure 4.10.

The input to the ion of the sentence is the firing of the nodes representing
features of AGENCY17. of the role-value pairs match those in the GI REQUEST/OWN-
HUSBAND_MEBDIUM-IMPOSITION directly: PLANNER = SELF and ASSIGNEE = QWN-
HUSBAND, and through the basic pattern-matching mechanism implemented by spreading
activation, the PLANNER and ASSIGNER roles in the GI fire. massmmmgnof
mclnmmm.mmnmmmmmwmmm
matches the HUSBAND-TAKE-OUT-MEDIUM-WEIGHT schema shown in Figure 4.9.
larter process is again a matter of pattern matching. In this case it depends on the
knowledge (not shown in the figures) that the WEIGHT of TRASH4 is MEDIUM. The firing
of the head node of OWN-HUSBAND-TAKE-QUT-MEDIUM-WEICGHT leads to the firing of the
MEDIUM-IMPOSITION node. This in turn provides the extra activation needed for the
ASSIGNMENT role in the GI to fire. Together the PLANNER, ASSIGNEE, and ASSIGNMENT
roles send enough actvation to the GI head node for it to fire. Next the PLAN role fires,
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yielding a portion of the pattern (could you) and initiating the selectiog process for a very -

GU. Figure 4.11 summarizes the Steps in the GI selection process,

.

| ey _§ Content ADD-
IS agp FLAVOR
L noun

N Kiriiinnr P

A =
e
el —————
-
. use
( & § content | i
color
‘PEPPER
A ¥ noun *OEPPER®
use =
SUBSTANCE4 A
o,

Figure 4.7: Lexical Selection for an NP (4)

(REQUEST/ONN-HUSBAND_M!DIUH-IHPOSITION is-a AGENCY
(planner SELF)
(assignee OWN-HUSBAND)
- (assignment (MEDIUM=~IMPOSITION 7))
(plan YES-NO-QUESTION
(speaker SELF)
(hearer OWN-HUSBAND)
(content ?7A)
(modality ABILITY)
{subject "YOU")
(modal “COULD"™)))

Figure 4.8: GI for an Individual Request Convention

67




{OWN=-HUSBAND=-TAKE-QUT-MED~-WT-0BJ is-a (PHYSICAL-TRANSFER
s MEDIUM=-IMPOSITION)
(actor OWN-HUSBAND)

{cbject PHYSICAL-QBJECT
(weight MEDIUM))

(source OWN=-HQUSE-INSIDE)

(destination CWN-HOUSE-QUTSIDE))

Figure 4.9: Specific Knowledge about Level of Imposition

(AGENCY17 is-a AGENCY
(planner SELF)
{assignee OWN-HUSBAND)
{ass.gnment; PHYSICAL-TRANSFER
(object TRASHA4)
(source OWN-HQUSE-INSIDE) ,
(destination OWN-HOUSE-QUTSIDE)))

Figure 4.10: Input to Generation of.a Request

REQUEST/
OWN-HUSBAND_
MEDIUM-IMPOSITION

Figure 4.11: Selection of a GI

The activation of the PLANNER, ASSIGNEE, and ASSIGNMENT roles of the GI takes
place in parallel, though the last takes somewhat longer because it involves an intermediate
step. The numbers in the figure indiawmeaderinwhichthecqnnecmmmvmed.
The PLANNER role fires as a result of activation from PLANNER (in the AGENCY schema)
and SELF. ASSIGNEE fires after activation from ASSIGNEE (in the AGENCY schema) and
OWN-HUSBAND. OWN-HUSBAND-TAKE-OUT-MEDIUM-WEIGHT-OBJECT ﬁrqs because 1t
gets activated by its ACTOR, OBJECT, SOURCE, and DESTINATION roles. Activaton from
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PLANNER, ASSIGNEE, and ASSIGNMENT causes the head node REQUEST_OWN.
HUSBAND/MEDIUM-IMPOSITION to fire. This sends activation to its PLAN role,
representing the utterance to be produced.

4.2.3. Merged Nodes in Schema Selection

Sometimes it is necessary to0 match merged nodes in a schema. For exam le, th
SUICIDE schema has a merged node representing the fact that'the ACTOR and omscg of lh:
killing are the same person, and an instance o killing should be classified as SUICIDE in

case this condition holds for it. Dealing with merged nodes in schema selection involves
several complications.

Consider first the case of an instance of killing which should qualify as suicide,
Note that we are not dealing here with a linguistic classification, but :h:l scl:efyma selection
process is the same, and the example will suffice to illustrae the points. Figure 4.12
shows how selection operates in this situation,

Figure 4.12: Schema Selection Involving Equivalent Roles

Assume that the head node of the killing instance, KILL1, fires and activates both of
its roles but that only the ACTOR role fires. The firing of KILL 1:ACTOR would represent the
fact that this participant in the event was relatively salient. Activation from KILL1:ACTOR
spreads to the node for the value of the role, BOB, which fires and causes KILL]:ORJECT to
fire. The nodes representing KILL1 activate the nodes in the general KILL schema.
KILL:ACTOR and KILL:OBJECT both send activation to the merged node in the SUICIDE
schema, and it fires as a result, seading activation to SUICIDR. This is already primed as a
resultohcﬁuda:&ommuﬂitﬁru,ccmpledn;mudecdmm

Consider now what happens when the ACTOR and OBJECT are distinct. Given the
' inputﬁ-omFiguretlzuommhmiMmdmmuMnnmmlmg
evenmallyinlesuctivuiontothemgednodointhcsmcm!schemmdqoﬂriudme
SUICIDE head node. But what if the ACTOR and the OBJECT of the instance fired
simultaneously as a resuit of their salience or some external sources of activation? Clearly
this would again lead to the selection of SUICIDE, in this case, wrongly. To prevent an
invalid classificadon like this, the ACTOR and OBJECT roles in an instance of KILL inhibit
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each other slightly so that only one can fire at a ime. Figure 4.13 shows the case where
the ACTOR node in the instance fires. It inhibits the OBJECT node, preventing it from firing
also. Activation reaching the SUICIDE schema is then not enough for it to be selected for
this instance.

4 actor
K|

-\

Figure 4.13: Schema Selection Involving inhibidon Between Roles

However, we would like to permit the OBJECT role in KILL2 to fire soon after the
firing of ACTOR 30 that it and its value can participats in the classification process. For
example, if JOHN is an instance of the concept POLITICAL-FIGURE, the ASSASSINATE
schema should be selected for KILL2. In order to prevent the merged node in the SUICIDE

schema from firing at this time, the priming remaining on it from initial activation must
have aiready decayed significantdy. For this reason, the SUICIDE:ACTOR+OBJECT
node, and merged nodes in general, have a relatively rapid decay rate. The rapid rawe
represents the requirement that the two sources of acti come in close succession in

order for the node to fire. That is, if the gap between the arrival of the activation sources is
long, activation from the first source will have decayed to the point that the sum of the wo
inputs will not exceed the node’s threshold.

4.3. Specific and General Schemas

4.3.1. Basie-Lavel Catc;orlu

It is s well-known feature of human language generation (Rosch, 1978) that
speakers have & default level of reference for each hierarchy of concepts. For example,
given a particular dog to refer to, most speakers will the word dog over the more
general mammal or animal and the more specific dachs unless there is some reason 0
assert the referent’s membership in one of the other cassgonies. Dog is the basic-level
term for this hierarchy.

Figure 4.14 shows some of the knowledge needed 1o select the GUs for the nouns
animal, dog, and dachshund. |

70



-
. -

Yy 100 )
SIIIIIEIIIIE P !

. Z hair-! fh
G ANMAL 4 S5

»

Y

¢

N

lengthy -
height-ratio

h)

$
. .
baosv b

I h‘h’-'Eh | ! || SHORTI

. C{”M’”’”mf//t@ il ™ -
_(4,,255”“%9}92'?,2}3»? lengttv

height-ratio { HGH
__-#

Figure 4.15: Selection of *DOG Over * ANIMAL

What happens when features characteristic of dachshunds but not all dogs
activated in the input? Figure 4.16 shows how it is siill possibie for the *DOG GU w
out.
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Figure 4.16: Selection of *DOG Over *DACHSHUND
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Figurs 4.14: *ANIMAL, *DOG, and *DACHSHUND GUs

m-mcummucwmummmmmam
roles. mcowmrrof‘noodsopoinummmunnddidmiupeciﬁufums
specific to dogs. one of which is shown in the figure. The characteristic SOUND of a dog is
a BARK. mcoumof-ommmmmmmmmmmm
which distinguish dachshunds from other dogs, e.g., the fact that their HAIR-LENGTH is
SHORT and their LENGTH/HEIGHT-RATIO HIGH. The figure does not show morphological
portions of the GUs.thuis.meinfm:ionthutheheadNOUstadnschemmme
words animal, dog, and dachshund.

Coasider now the generarion of an NP to refer to a part ANIMAL for whom a
salient feature is the fact that its SOUND is 4 BARK. The G selection process is shown in
Figure 4.15. The input for this example (not shown in the figure) initially activates
ANIMAL and the two nodes representing the barking fearure. In addition, a3 usual for the
generation of NPs, NP and NP:CONTENT fire, ANIMAL and NP:CONTENT send activation to
the CONTENT roles of all three GUs. If the conection from ANIMAL t0 * ANIMAL :CONTENT

were relatively srong, then *ANIMAL:CONTENT would fire at this point. We assume,
however, that the connection has a relatively low weighe, a of the fact that
ANIMAL is not a basic-level category. from ANIMAL:SOUND and BARK leads to

the firing of the SOUND role of *DOG:CONTENT, sending additional activation to
*DOG:CONTENT and causing it to fire. Thismuluinmeinhibaﬁoncfcsvmi_pedngGUl and
the selection of *DOG. If the barking feature had not been present, the WTA hub node for
this set of GUS (not shown in the figure) would have timed out and caused
*ANIMAL:CONTENT to fire, leading to the of *ANIMAL insead,
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joined by excitatory connections. The possibility of both GUs firing allows the system to
store some of the information needed for *BREAK-BONE under ‘BR%AK. In pamZular we
would like to avoid having special schemas for broke a BONE and broken a BONE
because the irregular forms of break are properties of the verb in all its uses. Knowledge
about the forms-of the verb break is stored in sub of *BREAK. For example, the GU
~BROKE, which is also a subtype of the general GU PAST-CLAUSE, provides the irregular
form broke. To get broke a BONE, both *BREAK-BONE and *BROKE fire. Figure 4.18
shows how this process takes piace.

Figure 4.18: Combining a Phrasal GU with One Specifying an Irregular Form

acti It is assumed that the PAST-CLAUSE schema has ah;ag fired ";h: :eault of
vation ing from nodes representing wmporal features input. BREAK-
BONE GU is selected on the basis of input features. The head node for this schema
activates the more *BREAK GU. *BREAK and PAST-CLAUSE both send activation
to the *BROKE GU, which fires as a result of this convergence of activation. This later
yields the appropriate form of the verb for the clause being generated.

4.4, Features of the Schema Selection Mechanism

4.4.1. Robustness: Coping with Novel Input

In the examples thus far the input notions perfectly matched the content roles of
particular schemas. However, we cannot always count on perfect mawhes, In cases where
there is no matching schema, competition between two or more schemas may result..
Consider sentence (1.4), repeated here: '

(1.4) I'd like to deposit this jewelry.
The system ends up selecting deposit to refer to the desired act even though the meaning

associated with this verb involves the transfer of money to a bank. A portion of the GU for

deposit is shown in Figure 4.19,
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For the example, assume the nodes representing the short-hair and long-body
features of dachshunds are activated in the input. This leads w0 the firing of the nodes
ANIMAL:HAIR-LENGTH and SHORT and ANIMAL:LENGTH/HEIGHT-RATIO and HIGH and as a
result the firing of the HAIR-LENGTH and LENGTH/HEIGHT-RATIO roles of
*DACHSHUND:CONTENT. These nodes activate *DACHSHUND:CONTENT, but the weights
on the connections are not high enough to cause the node to reach its threshold.
*DOG:CONTENT wins out again, and the basic-level term is used. '

How might it ever be possible to generate the noun dachshund then? If DOG is the
basic-level category, this shoulid happen only when there is an explicit inwent t0 make
reference to the breed of the dog. The node for BREED would be activated in the input in
such cases. This node activates nodes such as *DACHSHUND:CONTENT and
*COLLIE:CONTENT, but more importantly, it inhibits *DOG:CONTENT, causing it w lose out
in the winner-take-all competition which selects one lexical CONTENT node. Figure 4.17
illustrates how this would result in the selection of *DACHSHUND with the same set of input
dog features as in the last example. *DACHSHUND:CONTENT fires cither as a result of the
addidonal acdvadon it receives from BREED or as & resuit of activation from the firing hub
node (not shown in the figure) for the WTA network linking it to related CONTENT nodes.

Y o~ -
L.- . vt

APPIIPS ”I”

.‘
Ze
Zz ANI%’ -- : - am
rrrrrerirdVl b E D

Iy SIOPIPIIP/ .
R e
o X o

lﬂ&

Figure 4.17: Selection of *DACHSHUND Over *DOG

4.3.2. Pattern Specificity

There is another sense in which relative generality is an issus in schema selection.
mem“mymymﬁnm&mdvmtmdm&w. For
example, there may be a GU for the expression break a BON, as well as a more general
one for break. In order to be useful, the specific GU must be selected when appropriate.
This type of situarion differs in an important way from that discussed in the last section,
however. The GUs *BREAK-BONE and *BREAK do not inhibit each other; in fact, they are
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The CONTENT role of *GIVE, like that of *DEPOSIT-IN-BANK, is an instance of
TRANSFER-OF-CONTROL. [t also includes the information that the ACTOR and SOURCE of
the transfer are the same and the tendency for the DURATION of the transfer to be
PERMANENT. For the example, *GIVE:CONTENT receives input from TRANSFER-OF-
CONTROL and from the firing merged role representing the ACTOR and SOURCE. The
CONTENT of *DEPOSIT-IN-BANK, on the other hand, receives input from its RECIPIENT and
DURATION roles (and others not shown in the figure) in additon 0 TRANSFER-OF-
CONTROL and the merged ACTOR+SOURCE node. *DEPOSIT:CONTENT wins out over

*GIVE:CONTENT because of the activation received from a greater number of maiching
- roles. ‘

Of course, a GU other than *DEPOSIT could also be selected in this situation. A
speaker might use the verb leave instead, for example. The point is that the system is able
to cope with input that does not precisely match any of the in memory.

4.4.2. Generating Substitution Errors

A common type of speech error involves the substitution of one element for
another, as in pass the salt for pass the pepper$ Like other errors, these have beea a major
source of data for research on human language generation. The assumption has beea that
errors are a reflection of the basic processes that are behind error-free generation.

Like most speech errors, those involving substitution can be accounwed for in terms
of priming. When it comes time for the target clement 10 be selected, other elements
belonging to the same general category compete for selection. One of these has more
activation than the target and is selected (fires, that is) in ity place. Consider what goes on
in the substitution of salt for pepper. The normal selection process for the *PEPPER GU
was illusmrated in Figures 4.4, 4.5, 4.6, and 4.7. The CONTENT role of the *PEPPER GU
receives activation from the firing SEASONING node. This role competes through a WTA
network with the CONTENT roles of other noun GUs with similar CONTENT, including the
one for the *SALT GU. *SALT:CONTENT will also have received some activation from the
firing of the representation of the desired pepper. In particular the node for SEASONING
will send some activation to *SALT:CONTENT. *PEPPER:CONTENT will still have more
activation, however, because of the features of the input uniess either 1} "¢ nodes
in the *SALT schema already had some activation left over other proces: 1§ or 2)
random noise in the system left *PEPPER:CONTENT with less activarica and/or
*SALT:CONTENT with more activation than normal. In either of these unusual cases,
*SALT:CONTENT would win out over *PEPPER:CONTENT, leading to the selection of the
*SALT GU and evenmally the production of the the word sals.

Figures 4.21 and 4.22 illustrate two stages in the generation of the error. [n 4.21
we see some of the ways in which the CONTENT of the two GUs is relazed. They share a
general SUBSTANCE, and their USE feature has the same value, ADD-FLAVOR. For
another their COLOR, the two concepts differ. In this figure the *SALT:CONTENT
node is shown as primed, that is, already activated for ons reason or another. Figure 4.22
shows the spread of activation the NP and NP:CONTENT nodes and also from the concepeual
nodes that are associated with the inputinsmenof&?a.whmhunashownmm
figure. The conceptual activation sources shown in gure represent the fact that the
input concept is a SUBSTANCE with ADD-FLAVOR as its USE and BLACK as its COLOR.
Activation converges on the role nodes of the CONTENT roles of the two GUs. Both the
USE and COLOR roles fire in the *PEPPER schema, but only the USE role in the *SALT
schema matches the input. Both *PEPPER:CONTENT and *SALT:CONTENT receive

8See Dell (1986) for a more complets classification of errors. The examples discussed in this thesis are
from Dell’s list (p. 285), which includes some errors gathered by other researchers.
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(*DEPOSIT-IN-BANK TRANSITIVE-CLAUSE
{verb "DEPOSIT")
(content TRANSFER=-OF-CONTROL
{actor 2A)
(objece (MONEY 20))
{source ?A)
{recipient BANK)
{duration TEMPORARY)
{purposel PREVENT ;s keep money safe
(object LOSE
(object 20)))
(purpose2 INCREASE-VALUE ;;earn interest
(object 20))))

Figure 4.19: Portion of GU for deposis

At the point in generation where the verb GU selection is w0 take place, 2 aumber of
nodes representing the input concept will have fired. As activation spreads from these
nodes, it will intersect on the roles of some GUs. Within the CONTENT of *DEPOSIT, the
ACTOR, SOURCE, RECIPIENT, DURATION, and PURPOSE1 (pmncd:’ the transferred
property) roles will fire, while the OBJECT role, which is an instance of JEWELRY rather
than money, and the PURPOSE2 (eaming interest) role, which is not applicable to the
jewelry, will fire. The firing roles send activation to the CONTENT node of the GU, which
also receives activation from TRANSFER-OF-CONTROL. The CONTENT node competes via a
WTA network with the CONTENT roles of all other verd lexical GUs, including some which
will also have significant activation, such as the one in the GU for give. The WTA
network sees to it that only one of the CONTENT nodes fires. Figure 4.20 shows s portion
of two of the GUs whose CONTENT roles are competing.

TRANSFER- : {monev]
OF-CONTROL t m

I TEMPORARYE | PERMANENT

-

—1

duration

Figure 4.20: Selection of a Partially Matching GU
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selection process works in the comprehension as well as the
sarne network of conceptual and linguistc knowledge.

generaton direction using the

<

\

L

Figure 4.22: Generation of a Substitution Error (2)

78




activation from NP:CONTENT, from SUBSTANCE, and from their firing role
*PEPPER:CONTENT receives more because two of its roles have fired, but tge prim:‘no:eo’n
*SALT:CONTENT gives it enough activation to predominate anyway, resuiting in the
selecton of the wrong GU.

CeHe])

ANE
{ ADD-FLAVOR
{Buack] [whE]

(suasnncs —
‘l color [
[‘PEPPEH content —Luse [ 2 o E l
color = * color |

Figure 4.21: Generation of a Substitution Error (1)

4.5. Summary

In this chapter [ have described the processing characteristics of the nodes in the
CLM network and shown how they enable units of linguistic knowledge to be accessed
during language generstion. Important features of processing are (1) firing thresholds on
nodes to check the of activation and implement the making of decisions, (2)
refractory periods fo g firing to prevent the repeated firing of nodes, (3) priming
T et compation oy soupy o mared oncep. d (9 8 vrying
) competition among groups concepts, a varying
dggynﬂbodlbimphmﬂshm-mqugetﬁn;mdnﬁabbmmummed
nodes.

The schema selection process is accomplished without any of the domain i
rules that would be part of a traditional symbolic account. More importan y, the
mechanism exhibits five ies which are desirable in a model of human generanon.

(1) It accesses schemas y from conceptual features of the in @It its the

system to find a schema evea when the input does not mach it y. (3) It produces
occasional substitution errors as people do. In addition, as will be shown in Chapter 7, the
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5.0. Introduction

Some aspects of language generation are trivial in convenronal symbolic models.
The process which associates syntactic arguments with semantic arguments, for example,
SUBJECT with MARY in the generation of the sentence Mary deposited $100 in the bank,
can take the form of a low-level rule which explicitly binds local variables to values.
Similarly, the process which sequences words and constituents can be carried out by a rule
which simply prints out the items which are currently bound to the constituents in a pattem
sequence. For example, if the sequence specifies SUBJECT + VERB, the rule would
generate whatever is the current subject and then whatever is the current verb.

Things are not so simple in a connectionist approach. No variables are available, so
there is no way to temporarily link the SUBJECT node o the node representing the entity that
should be referred to in the SUBJECT position. Sequencing requires not only some means
of binding variables, but also a way of representing sequencing information and of making
it available at the appropriate time. It is not at all obvious how this might be done in a
system where processing is basically parallel. This chapter and the next one are concerned
with the way in which role binding and sequencing are implemented in the CLM model.

5.1. The Basic Role Binding Process

Role binding in generation is the process which associates particular roles in a
schema with particular values. The value can then be used in the selection process for
further schemas. In the LM the explicit variable binding that would be used in a
symbolic model is replaced by i i i
proximity. If the direct object of a clause is to refer o the semantic object of the fact being
predicated, then the DIRECT-OBJECT node and the node representing the object fire at more
or less the same time. Because there is a path of primed nodes connecting the role and
value nodes, the binding remains temporarily accesnible.

Comidudnusmiaﬁmofﬁedhectobjeﬂwiﬂaﬂ:fpappcintbepnumqnofm
sentence could you pass the pepper? Role association information may be available at
different levels, that is, in the general GU for transitive clauses or in a lexical GU. For this
example, we will assume that it is found in the lexical GU for pass. We start at the point
whemﬂﬁsulglgynhn'mhennﬁ@u?mﬁmf;{gm ofoft_!uc&useum
is taken care a GI specifyin could you pattern getting the hearer to
do something for the speaker. Xtﬁsmm:mmegqm;aﬁw,anumbuofnodeshnve
either fired or been activated. For our purposes, it is important that the node for the
semantic OBJECT of the PHYSICAL-TRANSFER instance being referred to is primed at this
point because it has received some activation from its head node during the selection
process for the verb GU. Figure 5.1 shows the relevant portion of the networi In this
figure and Figure 5.2, node activation and activation spread are only indicated where they
are of interest.

80



"’-

[TRANSITIVE- .
; CLAUSE |, A
| dir-obj == content - PHYSICAL-
content —
o~ object
| 'PASS
—""tl subject =] content
L 1 dir-ob} —] contemp——
PEPPER4
PHYS'CN-' [
TRANSFERS

Figure 5.1: Binding a Referent to a Syntactic Role (1)

The passing action that the hearer is expected to perform is represented in Figure
5.1 as PHYSICAL-TRANSFERS, an instance of the general concept of PHYSICAL-
TRANSFER. This concept in turn is associated with the *PASS GU. This GU also contains
the role association information necessary to generate the subject and direct object.? For
the direct object this information is contained in the merged node which equates the
CONTENT of the DIRECT-OBJECT with the semantic OBJECT of the CONTENT of the clause.
*PASS is in turn a subtype of the general TRANSITIVE-CLAUSE GU. This schema is where
general propersties of the SUBJECT and DIRECT-OBJECT are stored, though this information
does not appear in the figure. Both the SUBJECT and DIRECT-OBJECT point off o the
general GU for NPs.

Figure 5.2 shows how the activation of the role association information for the
direct object leads to the firing of PEPPER4 and DIRECT-QBJECT. When the head node of
the *PASS GU fires, it activates *PASS:DIRECT-OBJECT, and this in turn activates the
merged node representing the role association information for that constituent, The merged
node sends activation out in two directions. In one direction this resuits in the firing of the
DIRECT-OBJBCT, NP and NP:CONTENT nodes. In the other direction it leads to the gof
PHYSICAL-TRANSFER:OBJECT, _PHYSICAL-‘I'RANSFERS +OBJECT, and PEPPER4. The firing

ofNP.NP:CONTmT.andm4nmeorlessthesamedmepmvidutheinputmthc
lexical selection process for the final NP in the sentence.

9For simplicity, [ will assume that the verd entries apply oaly to active clauses and have roles such as
SUBECT:MMMWMWCAL&W“WW.
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Figure 5.2: Binding a Referent to a Syntactic Role (2)

Recall that the *PEPPER GU is selected as a result of activation intersecting on its
CONTENT role from two paths, one beginning with NP:CONTENT, the other with the
instance of PEPPER being referred to. In the example, if PEPPER4 is activated long before
NP:CONTENT, then the activation which PEPPER4 provides to *PEPPER:CONTENT will not
be great enough for the firing threshold to be reached when additional activation arrives
from NP:CONTENT. Thus the limiting factoe for the time difference in the firing of the
nodes representing bindings is the decay of activation.

Note that the success of the binding process here depends on the existence of an
explicit connection from PHYSICAL-TRANSFERS:0BJECT PEPPER4. A general problem
for localized connectionist models is where such links come from in the first place. There
is no account of the origin of these role-binding connections in the CLM model, and I
speculase on possible mechanisms in Chapter 9.

5.2. Using Binding Paths in Schema Selection

In other cases, a binding that is made at one point must be accessed later on. For
example.thaselecﬁonofsomeGUsdependsondncmntvdmofdudeicucmles
SPEAKER and HEARER. Exmpluofmchschemwhichwghaveakudymmm
include the GUs for ME, BUNNY, and BRING. In this section I look at four types of
situations in which bindings are used after they are first created.

82



§.2.1. Paradigm-Driven Schema Selection: Pronouns

As we saw in Chapter 4, finding schemas in linguistic memory that match the
pragmatic/semantic input features is an essentially bottom-up process. Activation
propagating from input features intersects on roles of one or more schemas, one of which
finally predominates. The process need not be guided by rules or paradigms built into the
language. If the generation of an utterance were to stop here, however, the result would
have the character of pidginized speech. This is because, within the system of each
language, some distnctions are made which are in a sense imposed on speakers, whether
they intend to make such distinctions or not. These take the following general form: ‘a
phrase of type X must be either of subtype Y or subtype Z' or, from a generation point of
view, 'if you want to use a phrase of type X, you will have to0 decide whether it should be
of subtype Y or Z°'. Thus, in English a clause must be either perfect, progressive, or
unspecified for aspect; a noun phrase must be either definite or indefinite; a countable noun
phrase must be either singuiar or plural. This is the paradigmatic aspect of language
which linguistic theories have tended to focus on; I will refer to this tymof processing as
paradigm-driven. Note that it appears not only in the grammar of the a similar
type of knowledge forces speakers to choose between come/bring (roughly ‘towards the
speaker or hearer’) and go/take when generating clauses referring t a physical transfer.

A portion of the paradigm for English NPs is shown in Figure 5.3. An NP is either
a pronoun referring to the speaker (me), a pronoun referring to the hearer (you), a pronoun
referring to something other than the speaker and hearer which the hearer is currendy
conscious of (him, her, it, them), or a full NP (the pepper).10

LW |

. "3RD-PERSON-
[me _r:;a“z‘_ PRONOUN

Figure 5.3: Porton of English NP Paradigm

Thewayd:epuadigmcomesintophyinthegemﬁonofquPisroughlyu
follows. If the referent (the thing currently bound to NP:CONTENT) is the speaker, then
*ME will be selected, and it will inhibit the alternatives. If the referent is the hearer, then:
*YOU will be selected, and it will inhibit the alternatives. If the referent is something which
the hearer is thought to be currently conscious of, then 3RD-PERSON-PRONOUN will be
selected, and the aiternatives will be inhibited. This GU has su specifying him, her,
it, and them. If neither *ME, *YOU, nor 3RD-PERSON-PRONOUN fires, then the hub node

101n mos:ofmeempminmmmumnyumpmmnummcmmnu
*PEPPER inherit directly from NP.
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for the WTA network joining the nodes fires. This sends activation to all four members,
but FULL-NP, the default, gets the most and fires, inhibiting the others.

In what follows [ illustrate the selection of *YOU and *HIM for the sentences Mary
loves you and Mary loves him.

Early on in the generation of any sentence the HEARER role for that sentence is
bound. The process is essendally the same as that described in the last section, but here the
role association is based on information contained in a GI rather than a GU. If the
speaker’s goal is to get a person to perform an act for him, then that person becomes the
hearer of a request or command. If the speaker's goal is to get a person to believe some
fact, then that person becomes the hearer of a declarative unterance.

Consider the binding_of the HEARER role for the sentence Mary loves you, an
example of the latter type. Fi 5.4 shows the representation of the input and the role

association process that takes place once the Gl is selected.

| DECLARATIVE'
believer K.,
BELIEVE
Object =y
\ $
e
betiev
goal
ob
) |
an
\ conment
4 ==l

actor -—{ MARY |
object ‘
\ . jobject

Figure 5.4: Binding of the HEARER Role for an Assertive

The input to the generation is INTENDI, an instance of the general INTEND schema
which has as i?.s GOAL that JOHN believe that MARY loves JOHN. Note that JOHN fills two
roles in INTENDI; he is the intended BELIEVER of the fact and the OBJECT of MARY's love.
It is this dual role that later results in the use of you to refer to JOHN. The GI selected for
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the utterance is ASSERTIVE, which associates a GOAL that someone believe a particular fact
with a PLAN to produce a DECLARATIVE utterance with the fact as its CONTENT and the
person who is 10 believe the fact as the HEARER. The merged node in the ASSERTIVE GI
represeits the association of the HEARER with the intended BELIEVER. When ASSERTIVE
is selected, the merged node fires, resulting in a role binding grocess. Activation ing
in one direction leads to the firing of JOHN and in the other direction to the firing of
CLAUSE:HEARER.

The binding of JOHN to CLAUSE:HEARER serves no function at this point. It playsa
role later in the selection of a GU for the final NP in the sentence, the one that refers to the
person that MARY loves. The binding is accessible then because there is a temporary path
of primed nodes connecting JOHN and CLAUSE:HEARER. [ will call this the binding
path. In this case it consists of JOHN, INTEND1:GOAL:BELIEVER, BELIEVE:BELIEVER,
ASSERTIVE:GOAL:BELIEVER (the merged node), and CLAUSE:HEARER. These nodes are
primed because the firing of a node always results in residual activation following the
refractory period of the node. Figure 5.5 shows how the binding path is used in the
selection of the *YOU GU for the last NP in the seatence.

The selection process begins as always with the firing of the nods for the referent,
JOHN, and the nodes NP and NP:CONTENT. The NP GU has a subtype *YOU which
includes the information-that the HEARER and CONTENT are the same person. A merged
node encodes this knowledge. Some activation spreads from NP:CONTENT to the merged
node at this point but not enough for it to fire. Activation from JOHN reactivates the binding
path, resuiting eventually in the firing of CLAUSE:HEARER. In the figure we see in the
CLAUSE GU the additional information that the CLAUSE:HEARER is the same person as the
HEARER for each of the consrtituents of the CLAUSE. Thus CLAUSE:HEARER itself is a
merged node. The firing of CLAUSE:HEARER then sends enough activation to NP-HEARER
for it to fire, and this node in tum sends additional activation to the merged node in *YOU,
which can now fire. The merged node then leads to the firing of the head node *YOU and
eventually to the production of the word you.

Note that the generation of this sentence involves two separate role equivalences.
One, represented by the merged node in the ASSERTIVE schema, equates the BELIEVER, the
person who is supposed to believe that Mary loves John, and the HEARER, the person the
sentence is being spoken to. This equivalence is true for any assertive, and in generating
an assertive, a binding path will always be created which joins the CLAUSE:HEARER role to
the value of the BELIEVER role in the input intention, ¢.g., JOHN in Fi 5.4 and §.5.
The other equivalence, represented by the merged node in the *YOU sc equates the
NP:CONTENT, the thing currently being referred to, and whoever the HEARER is. In
generation this equivalence is used in the opposite way from the other one. Rather than
being accessed once a schema has been selected, it is a condition for selecting the schema.
In comprehension, oa the other hand, the information represented by the merged node in
the *YOU schema is used after that schema is accessed, resulting in a role binding process
associating the hearer with the refereat.
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Figure §.5: Using the Binding of the HEARER Roie in Selecting *YOU
Now consider how an anaphoric pronoun is selected. This decision is based on

whether the referent is currently in the hearer’s consciousness, for le, because it has
just been referred to. Thus in generating the sentence Mary loves him, speaker selects
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him over John if the previous sentence was, say, remember John?. The assumption is that
the first reference to John makes the hearer temporarily conscious of him and that while this
consciousness lasts, a pronoun is appropnate for another reference to John. The speaker
needs a way of recognizing this when she wants to refer to John in the second sentence. In
brief, the process works as follows. The producton of every NP has as its EFFECT a state
of the type CONSCIOUS-OF with the current HEARER a3 its CONCIOUS argument and the
current referent (NP:CONTENT) as its OBJECT. This state is not explicitly instantiated,
however; it is represented as a pair of binding paths for the roles of the general
CONSCIOUS-OF schema. Thus for a short time the fact is accessible. If, during this time,
the speaker chooses ta refer to the same referent again, the CONSCIOUS-OF schema will be
reactivated and will send activation to the 3RD-PERSON-PRONOUN schema, causing it to be
selected over the alternatives.

Figure 5.6 shows how the CONSCIOUS-OF fact is created during the generation of
the first NP.

Figure 5.6: EFFECT of an NP: The HEARER is Conscious of the CONTENT

We have already seen how the CONTENT of an NP (the le in Figures 5.1 and
5.2) and the HEARER of an NP (the example in Figures 5.4 and 5.5) are associated with
particular values during the generation of a sentence. In both cases a binding path of
primed nodes is left behind, making the associations temporarily rewievable from one end
of the path or the other. Tosin:pﬁfyﬂnmmﬁningﬁg\nulwmindicacabimingpuhby
a pair of connected squares joining the role and its value. This is not meant to indicate that
:hepamconninstwonodu:itmyconninmynumherofnodn.

The NP GU has an EFFECT role which points off to the CONSCIOUS-OF schema.
ThemhsdmsmcrmmpdwiththemmmmmmmofmeNP.
WhenmNthuerBCrmhﬁ:u.unﬁngmemluincomam-OFmﬁm
m&vh&bﬁngmﬂs,hmﬂuwﬁngmcmmmw. For
our example, the CONTENT is JOHN, and the HEARER is BILL. The result is two somewhat
longer binding paths connecting the CONSCIOUS and OBJECT roles of CONSCIOUS-OF to
BILL and JOHN respectively. As long as the nodes on these paths remained primed, the
associations are retrievable.

Figure 5.7 shows these paths and the relevant portion of the IRD-PERSON-
PRONOUN schema.
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Figure 5.7: 3RD-PERSON-PRONOUN GU and Binding Paths Remaining After an NP

The 3RD-PERSON-PRONOUN schema has a CONSTRAINT role with the same form as
the EFFECT role in the NP schema, shown in Figure 5.6. In this case, however, the
information will be used in matching the GU rather than as a consequence of selecting it.

Figure 5.8 shows some of the network involved in the generation of the sentence
Mary loves him. As in the example shown in Figure 5.4 and 5.5, the ASSERTIVE GI has
been selected on the basis of the speaker’s goal. In this case, however, the CONTENT of
the last NP is not the same as the current HEARER, 30 we do not get the activation of a path
of nodes leading to NP:HEARER and eventually the selection of the *YOU schema.

Figure 5.9 shows what happens when the generation of the NP is initiated.
Activation from NP and NP:CONTENT primes the head and one of the merged nodes in the
3RD-PERSON-PRONOUN GU. Activation spreading from JOHN, the referent of the NP,
along the primed binding path causes CONSCIOUS-OF:OBJECT and then CONSCIOUS-OF to
fire. CONSCIOUS-OF:OBJECT sends additional activation to the primed merged role in the
3RD-PERSON-PRONOUN GU. At this point half of the constraint is satisfied.

The remainder of the process that selects 3RD-PERSON-PRONOUN appears in Figure
5.10. The head node of the CONSCIOUS-OF schema sends some activation to the
CONSTRAINT role in the 3RD-PERSON-PRONOUN GU and also causes CONSCIOUS-
OF:CONSCIOUS to fire. This node activates the other merged node in the GU and initiates
the activation of the other binding path. This results in the firing of NP:HEARER, providing
the additional activation needed for the second merged node Now both parts of the
constraint are satisfied, the CONSTRAINT role fires, leading to the firing of 3RD-PERSON-
PRONOUN and the inhibition of the other subtypes of NP. The generation of him resuits
- from the later selection of the *HIM schema, a subtype of 3RD-PERSON-PRONOUN which
specifies that its CONTENT be MALE and SINGULAR.
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Figure 5.8: Generation of an Anaphoric Pronoun (1)

§.2.2. Flexibility: Coping with Alternative Input Representations

AmmhmumnmmvmmygmwmnhMmm
may prefer one over another. In cases when the input is in the form ich does not match
any schemuinﬁngnisﬁcmy.thuaneed:mbeaoompmﬂ“mhﬁm’:dm.
Spreading activation, including the role association process I have described, can
accomplish this without any additional mechanisms.
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Figure 5.9: Generation of an Anaphoric Pronoun (2)

3RD-PERSON-

Figure 5.10: Generation of an Anaphoric Pronoun (3)

Consider again sentences (1.5), repeated here as (5.1).

{5.l1la)
(5.1b)

Mary had John cook dinner.

Mary wa John ni yuuhan o tukur-ase-ta.
Mary TOPIC John AGENT dinner ACCUS make-cause-PAST
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Whereas English uses have with an embedded complement clause to refer to the cooking,
Japanese has a special causatve form of the verd meaning ‘cook’. There is no embedded
structure in the Japanese sentence, which would translate literally into English as “Mary
caused-to-cook dinner by John'.

Figure 5.11 shows how the different GUs are represented. The causative form of
the Japanese verb is given its own schema, *TUKURASERU. Both GUs have as their
CONTENT an instance of the concept CAUSE-ACT, which has an ACT as its OBJECT. For the
Japanese GU the OBJECT of the CONTENT points to the PREPARE-FOOD schema.!! The
English GU has a COMPLEMENT constituent, whose CONTENT is the OBJECT, that is, the
ACT being caused. This information is represented by a merged node. The figure aiso
shows the English GU *COOK, which is also needed for sentence (5.1a).

ACT

CAUSE-

ACT o
THAVE/ _A content =" object |
]
CAUSE [N complement H{ com.nt‘jJ_
Py PREPARE-
COOK content FOOD
([FuurasERy H anten /

2/

Figure $.11: English and Japancse GUs for Causing

Figures 5.12 and 5.13 show how schema selection occurs for sentence (3.1a). The
input to the selection process is the instance of CAUSE-ACT shown in the lower right comer
of the figures. The CAUSE-ACT node is activated, .and this leads to the ﬁm;? of
*HAVE/CAUSE:CONTENT and the selection of that GU. On the basis of the OBJECT the
input concept, *COOK:CONTENT also receives some activation, but this arrives somewhat
later than for *HAVE/CAUSE:CONTENT, so *HAVE/CAUSE wins out. Note that the two
CONTENT roles inhibit one another.

In Figure 5.13 we see the selection process initiated for the complement of the
clause. The merged node representing the equivalence of the COMPLEMENT:CONTENT and
the OBJECT of the causing fires spreading activation to CLAUSE:CONTENT in one direction
and to the input OBJECT and PREPARE-FOOD in the other. Ac_twmonfrom these two nodes
converges on *COOK:CONTENT, leading to the selection of this GU.

11Theve:bmtum(camﬁvemhr¢sm)isacmaﬂymnchmemdmmis.bui:ismmblew
assume that there is a specific GU for this sense.
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Figure 5.12: Selection of the *HAVE/CAUSE GU n

Figure 5.14 illustrates the comparable process for the Japanese sentence, (5.1b).
On the basis of CAUSE-ACT, the CONTENT roles of all causative verb GUs are activated,
but none can fire at this point. Activation starting from the OBJECT of the input concept,
however, provides the extra amount needed for *TUKURASERU:CONTENT to fire and inhibit
1S competitors.

5.2.3. Contgxt-Drinu Generation

In Section 3.2.3 I discussed the type of generation which is driven by contexmal
features rather than by a goal of the speaker, Consider again the example of speak of the
devil. Briefly, what we want to happen is the followin During a coaversation, an
association is set up between the node for the thing under ion and the TOPIC node.
Whenthuthingisdnnuenbyoneoftheconmmn,acﬂudonconvermonme
PERCEIVE:SPEAK-OF-THE-DEVIL schema from two directions. One source of activation is
the general PERCEIVE schema, The other is the TOPIC role which fires because the node for
the thing seen has fired and its association with TOPIC is still accessible via a primed
binding path. :
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Figure 5.14: Selection of 2 Japanese Causative GU
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In order for this process 10 take place, we need 10 add to the model the means by
which the current context is updated to reflect the occurrence of and recognition of new
external events. First, the system needs to be frequently reminded of what sort of context it
is in. This reminding consists of causing the generic node for CONTEXT (a role in the
EVENT schema) and a set of nodes representing the current context to fire at fxed intervals.
Contexts are situational entities such as BASEBALL-GAME, CLASSROOM, and
CONVERSATION. During a conversation, the generic CONVERSATION node fires along with
the CONTEXT node.

When a conversarion is taking place, the conversants are aware of changes in topic.
This awareness corresponds to a role association process of the type described above: the
node representing the new topic and the TOPIC node in the CONVERSATION schema both
fire, and a path of activated nodes is temporarily left behind, representing the associarion.
Precisely what a conversational topic is has not been aidressed in the model; that is, the
connectons that enable the association process do not actually appear in memory.
Presumably they would associate the content of certain types of noun phrases with the
TOPIC node. For the purposes of generating speak of the devil, 1 will simply assume that
the association of TOPIC has somehow taken place.

We also need a way to represent new events that the system is aware of. In the
model this is simulated by causing the nodes in the schema for a event type to fire
along with the appropriate values for the roles in the schema. instance, pe:
cvents are represented by the firing of the following nodes: PERCEIVE, PERCEIVE:OBJECT
plus the value for this role, and PERCEIVER plus SELF (the node for the system itseif).
Because of the spreading activation, which autornatically takes place as a resuit of the firing
of these nodes, the system in effect classifies the new event as an instance of a lower-level
schema on the basis of the features of the event.

It is through this process of automatic classification that the system accesses the
schema which yields speak of rhe devil. Figure 5.15 shows a portion of the network just
before the event which triggers this expression. A conversation is underway, so the
CONVERSATION and CONTEXT nodes have fired. The current topic of conversation is
John, so JOHN is temporarily associated with TOPIC via an unspecified binding path.
Missing in the figure are the details of the CONSEQUENCE role of PERCEIVE:SPEAK-OF-
THE-DEVIL. This is the utterance which results from the perception.

The perception of John is represented in the system by the firing of PERCEIVE,
PERCEIVER, PERCEIVE:QOBJECT, SELF, and JOHN.!2 What foilows is shown in Fi
5.16. PERCEIVE:OBJECT activates the merged node representing the equivalence of the
OBJECT role and the CONTEXT:TOPIC role in the PERCEIVE:SPEAK-OF-THE-DEVIL schema,
and JOHN activates TOPIC because of the existing association. When TOPIC fires, it sends
cnough additional activation to the merged node in the PERCEIVE:SPEAK-OF-THE-DEVIL
schema for this to fire. 'lhiscansestheheldnodeoﬁheschemnoﬂnmdthenthenodg
for the CONSBQUENCE of the perception, which leads to the utterance of speak of the devil
by the perceiver.

12 Actunlly.mavoﬁamkhmuhnbhyhum(a)m&h;dmdmm!umdia
value and (b) the firing of the other role and its value w0 avoid crosstalk. SeuinnSJdimgimuubhm
and a way in which the necessary delay can be implemented. For the purposes of the discussion here, we
can ignore this complication.
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Figure $.18: Context-Driven Generation: speak of the devil (1)
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Figure 5.16: Context-Driven Generation: speak of the devil (2)
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5.2.4. Generating Exchange Errors

A common type of speech error involves the switching of two elements of a
partcular type. For example, tn the following sentence the speaker exchanges two nouns:

(5.2) I wrote a mother to my letter.

Errors such as this can be explained if we assume that features relating to elements later in
the sentence are primed relatvely early on, presumably at a stage when the eventual order
of the elements is not yet known. Thus in (5.2) the speaker begins thinking about her
mother before she gets to the direct object of the sentence. When she reaches the direct
object position and looks for a noun GU to fill it, the GU for mother has more priming than
the one for letter and it wins out. The schema for letter retains some activation, however,
and is selected over the correct alternative for the final position.

Let us consider the error in more detail. Figure 5.17 shows what takes place as the
GU selection process begins for the clause.

—6 NP content p’—

*MOTHER

content

“WRITE-
LETTER §™ dir-obj ment

A N actor

object

1.4

Figure 5.17: Generation of an Exchange Error (1)
Activation spreads from the input concept WRITE-LETTER]. For simplicity, this is

represented as an instance of a concept which is directly associated with a GU. The roles’
ofpwm'rh‘-wmnl all receive enough activation to fire, sending activation to the nodes
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representing their values. Both LETTER and MOTHER fire, priming the CONTENT roles f;
the GUs *LETTER and *MOTHER. For the clause the GU ‘WRIT%-LE‘ITER is select:; c?r:
the basis of the type for the input concept.

For the generation of the direct object, activation spreads first to the DIRECT-
OBJECT role in *WRITE-LETTER. What follows appears in Figure 5.18.

v I
==
=

S

\J/

= [ wrrTE
{1 CLAUSE |4 corntent ’ LETTER | S
content
“WRITE-
1 LLETTER P dir-ob comentis 14
[ | actor SELF |={ mother
WRITE- )
LETTER! oct
recipient

Figure 5.18: Generation of an Exchange Error (2)

Activation reaches the merged node representing the role association, here the fact
that the direct object should refer to the OBJECT of the writing. This leads to the firing of
NP and NP:CONTENT. NP:CONTENT activates the CONTENT roles of all noun GUs,

activationuoﬂzcnnﬂspdm.bmif‘mzcom:mwdoutmhebeﬁnningofm
sentence with some priming, then it might fire. If it does, it inhibits *LETTER:CONTENT
(and the CONTENT roles of other noun GUs), and the error results. Note that
*1 ETTER:CONTENT would have fired otherwise because of the additional it would receive
from LETTER as activation spread from the merged node via the instance concept.



5.3. Dealing with Crosstalk

There is a serious difficulty with the approach to role binding outlined above. In
the example, we assumed that the subject had already been taken care of; that is, the
SUBJECT role of the lexicali GU had fired and was inhibited. In many cases, however, both
the subject and direct object would need to be associated with semantic roles at this point,
and there would be nothing to prevent the two processes from happening simultaneously.
That is, in the above example, *PASS:SUBJECT and *PASS:DIRECT-OBJECT would fire at
more or less the same time. The problem arises because the nodes for the referents of the
two NPs would also fire at more or less the same time, and the system would have no way
of knowing which was the appropriate referent for which clause argument. It is easier to
appreciate the confusion for sentences in which the arsg'\lmcms are of the same general
semantic type, for example, Mary loves John. Figure 5.19 illustrates the problem.

LOVE"

Figure 5.19: Crossulk in Role Binding

Withacﬁndonspudingmdusunmcrmdnm-omcrndpmﬁmmd
from thers to the two merged roles, the result is the firing more or less simultancously of
MARY and JOHN. Clearly there would be nothing to prevent the system from generating
John loves Mary. :

This lem is known as crosstalk; it is a familiar one in connectionist models
(Feldman, 1986). It surfaces in comprehension as well, where, given a sentence such as
Mary loves John, the system may be unable to decide who loves who. Crosstalk may also
arise in schema selection when two or more roles of an input concept are of the same
general type. In selecting a GU to refer to a transfer of , for example, the fact that
the RECIPIENT is a BANK contributes to the selection of the GU *DEPOSIT-IN-BANK. If the
SOURCBmdmmmhsindwinpmﬁmumealeutheumemhowem.me

systemwiubeunablewdisdnguishinfomﬁonaboutthetworolu. Thus if the SOURCE
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of the transfer is a bank, this information could wrongly contribute to the sclection of
*DEPOSIT-IN-BANK. Figure 5.20 illustrates the confusion.

T4l

*DEPOSIT-
IN-BANK

gk,

¢ i e

Figure 5.20: Crossialk in Schema Selection

In this figure an instance of TRANSFER-OF-CONTROL has as its SOURCE a BANK
and its RECIPIENT MARY. An & iate GU for this concept would be *WITHDRAW (if
the RECIPIENT is also the ACTOR) but certainly not *DEPOSIT-IN-BANK. Activation spreads
simultaneously from TRANSFER-OF-CONTROL3 to its SOURCE and RECIPIENT roles, and
these activate the nodes for their values, BANK and MARY, and their general role types,
SOURCE and RECIPIENT in the TRANSFER-OF-CONTROL schema. Activation converges on
the RECIPIENT role of *DEPOSIT-IN-BANK:CONTENT from BANK and TRANSFER-OF-
CONTROL:RECIPIENT, but these two nodes are not actually associated with one another in
the input concept. The result is that *DEPOSIT-IN-BANK:CONTENT:RECIPIENT fires and
sends activation to its head, providing some support for the use of deposit to refer to the
transfer. Together with activation from other roies, for example, the one representing the
temporary nature of the transfer, the CONTENT roie might fire, leading to the erroneous
selection of *DEPOSIT-IN-BANK.

A way to handle crosstalk is to arrange for the interfering to be staggered.
In the example of role binding for the sentence Mary loves John, this would mean the firing
of MARY and SUBJECT together and then, slighly later, the firing of JOHN and DIRECT-
be accomplished mk-Ser nenting e . ‘““"ﬁa‘:‘fm m:mm“ oA
be acc j explici nting the sequence relati ips, roughly as s in
FiguremSI?Zl. le arTow Mdicaw the directions of single connections. The
connection from PHRASE to CONSTITUENT! has a greater weight than that to
CONSTITUENT?2, so CONSTITUENT! is more likely to fire first. Once it has fired, it sends
additional activation to0 CONSTITUENT2, causing it to fire. Sequencing in the CLM model is
discussed in detail in Chapter 6.

In other cases, sequencingisinAppmpﬁnnaunwayofagoidingmmlkbecaus_e
there is no convention for which role should precede. For the firing of conceptual roles in
schemaselecﬁon.mueisnoteasontoforceaparﬁcumseqmondnmsﬁmuoqof
these roles. Anthuisneoeuaryinsuchcmsissomemingwpnvpnttbemlegﬁomﬁnng
simultaneously and to insure that all do fire. A way to accomplish for the instances of
TRANSFER-OF-CONTROL is shown in Figure 5.22.
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Figure 5.21: Preventing Crosstalk Using Sequencing

Figure 5.22: Preventing Crosstalk Using a WTA Network

ThnsouncsmdmrolesfamaWTAuetwukwthnonlyonecmﬁ:eu
a time. ThismofWTAnetworkdiffm&omothen.howem.indmeachofthe
members must .Whenzhcﬁmroleﬁm.itdnunotinhibinheWTAhub,uinmost
WTA networks. Instead the hub fires when it times out, sending activation to the network
member(s), causing one to fire. Atmispointmeﬁmmlewillnotﬁ:eapinmitisin
its refractory period. This process continues until all of the roles have fired. The WTA
hub is inhibited only when all of the member roles have fired and sent inhibitory activation
toit. Note that this approach would fail forlargenumbusofmlesbecausethcm&acm
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periods would not last long enough to prevent roles from refiring. In most of the cases
encountered, however, the networks had only two members.

5.4. Summary

This chapter has examined the process of temporary role binding in generation and
how it can be implemented in a processing model with no variables and no dynamic
creation of links. Role binding takes part in two sons of processes. On the one hand,
when a GI or GU is selected, it normally contains information in the form of merged nodes
which associate pairs of roles. These associations provide the input to further schema
selections. On the other hand, schemas may required particular constraints to be satisfied
before they can be selected. The matching of these conswaints often requires accessing
bindings which are aiready available.

In the CLM model role binding is implemented in terms of the firing of role and
value nodes in relatively close temporal proximity rather than through the formation of
explicit links. The binding remains temporarily accessible in the form of a path of primed
nodes connecting the role and value nodes. crosstalk problem, which arises when
there is confusion as to the source of a path of activation, is handled through the use of
winner-take-all networks which force the source nodes to fire in sequence.
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6.1. The Problem of Sequencing in Generation

The order in which the constituents of an utterance appear depends on two kinds of
factors: language-specific conventions and more or less universal tendencies. Examples of
convenuons are the placement of relative clauses after nouns in English and the reverse
ordenng in Japanese. Some conventions are absolute: relative clauses always follow nouns
in English. Others are only tendencies and can be overridden. For example, in English
direct objects usually follow verbs, but they may also come at the beginnings of clauses,
for example, in the sentence rhat / like. Universal tendencies include in particular the
appearance relatively early in a clause of material which is pri in some way (Bock,
1982). Such psychological considerations may be the sole factor determining an item'’s
position, as often happens in languages with relatively free word order, such as Finnish.
But they also come into play when there is a linguistic sequencing convention which is a
tendency rather than an absolute constraint.

Sentences (1.8), repeated below as (6.1), illustrate some of the variation that is
possible in the ordering of constituents in English. Ditransitive sentences such as these
generally refer to an instance of 2 TRANSFER-OF-CONTROL from one to another.
The argument referring to the semantic OBJECT may precede or foliow the argument
referring to the RECIPIENT of the transfer. Other things being equal, if one of these
arguments refers to something which has been mentioned recently, it will tend to come
first. This wndency explains the swangeness of seatences (6.2b) and (6.3b).

(6.1a) Mary sent Johao a lsatrar.

(6.1b) Mary sent A latrer to John.

(6.2a) Mary didn’t phone John. She sent hlm a letter.
(6.2b) ?Mary didn’t phone John. She sent a_latfer to LiD.

(6.3a) Mary didn’t throw the letter away. She sent At to
Jabno.

(6.3b) ?Mary didn’'t throw the letter away. She sent John it.

One way to view this variation is in terms of competition between the two
argumnents to fill the position following the verb. One argument may have a head start if it
has been primed in some way, in particular if its referent has just been mentoned. In the
example sentences, the givenness of the referent results both in the priming that leads that
NP to come first and in the realization of the NP as a pronoun rather than a full noun
phrase.

Me:phmﬁm.inmofcomped&mfaomrupodﬁmacapm:fao@m
types of constituent order variation as well. An examp is the alternative orders possible
with mnsiﬂwvub—plurpuﬁchoombimﬁmsmangmhzmhmmmmm

Thus sequencing is a phenomenon involving competition and quantitative
tendencies mheg than agsolute constraints. These properties make it reasonable to deal
with sequencing within the framework of connectionist models. At the same time, it is nat
a straightforward matter to implement sequential behavior within the confines of a system
consisting of simple processing units that are activated in parallel. Alongside the basic
problem of creating emergent sequential behavior from a fundamentally parallel process,
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there is the need for sequencing informadon of two types o be ransmitted. When it is time
for a constituent to be produced, it needs to signal its own daughter constituents 1o be
produced in the appropriate sequence and, when these are completed, to signal sister
constituents, which follow it, to be produced.

6.2. Sequencing in the CLM Model

The thrust of the CLM approach o sequencing is that it can be modelled like the rest
of language processing, that is, as a series of selections made on the basis of interacting
quantitative factors. Consider first how the parallel acdvadon spread is umned into a
sequential process during generation. Activation spreads initially from nodes representing
the semantics and pragmatics of the utterance to nodes representing the lexical and
grammarical parterns to be used, but the consutuent nodes of these patterns often require
activaton along connections specifying sequencing relatons for their firing thresholds to be
reached. When more than one constituent may follow a given consttuent, there are
sequencing connections to all of the alternatves. The weights on these connections
represent degrees of syntactic expectation regarding which constituent will follow, and the
constituent nodes inhibit each other through 8 WTA network whict:‘fermiu only one ata
time to fire. It is the combination of the activation from syntactic and other sources which
determines which constituent wins out over the others and fires. The firing of the winning
consttuent represents the selection of an item to fill the next.output positon.

A second problem involves the need to know when & constituent begins and when it
ends. This probliem is handled by having two nodes for each constituent or phrase, one
representing the start and the other the end of the unit. The start node signals daughter
consttuents to be produced, and the end node signals remaining sister constituents to be
produced. [ will refer to start and end nodes using the name of the phrase or coastituent
followed by a slash and the word “start” or *‘end”, ¢.g., NP/start.

Figure 6.1 shows some of the basic sequencing connections that are part of a
phrasal GU, in this case the one for the phrase over the hill. Start-end node pairs are
denoted by pairs of small squares surrounded by rectangles with rounded comners. The
upper square represents the start, the lower square the end of the word or phrase. Single
directional connections are indicated by arrows. For example, there is a connection from
*OVER-THE-HILL/start to CONSTITUENT 1/start but no corresponding connection in the
opposite direction. As elsewhere, lines without arrow heads indicate connections in both
directions.

The start node for the whole phrase activates the start node for the inital
constituent, and the end node for each constituent activates the start node for the next
constituent or the phrase end node. Thus in the example CONSTITUENT1/end has a
connection to CONSTITUENTZ/start, and CONSTITUENT3/end has a coanection t0 *OVER-
THE-HILL/end because it is the final constituent in the phrase. Each constituent start node
activates & node for the word or phrase filling that constituent, and this node in turn
activates the end node for the consttuent. For example CONSTITUENT3/start has a
connection to the word node "HILL", and this node has a coanection to
CONSTITUENT3/end. Ap!nsasuchasowrtlnhiﬂisdunmphutypeofmhbecmse
there is no variaton in the word order of the pattern.
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Figure 6.1: Sequencing Connections in GU for a Fixed Pattern

At the other extreme are cases where all possible orderings of construents are
possible, for example, among clause constituents in a language such as Finnish.!3 Figure
6.2 shows the connections needed to handle sequencing in such cases.

4 ™
content

|

verd

|

d

\, /

Figure 6.2: Sequencing Connections for a Phrase with Free Constituent Order

13Acmnym«!nmummmomdhd'mnwﬁwd'hnwmum
Australian language Waribiri (Hale, 1981). Nuaﬂymchmwnﬁmminmmhm
hngmm.thehmnﬂdmhcmﬁm:mybemwmmmncm Muﬁnlo(scal
markingindicmwhidlwmimawrdbebnpw. InMImgmmuuom.llsm'mvm
cmsu'mmtsbegmndendudl.sosmmdendnodewouidb:di:wmdwid:haW:bmvmo{me
CLM model.
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The start node for the entire phrase activates all constituents which can appear in
initial posidon, for this exampie, the VERB and SUBJECT. Because only one constituent
may appear in the clause-initial positon, the consttuent start nodes form a WTA network,
indicated in the figure by the inhibitory connections joining them. The start node with the
highest activation fires and inhibits the other start nodes. Even a language such as Finnish
has preferential orderings, so the weights on the phrase-start-to-constituent-start
connecdons will not be equal. However, activation on constituent start nodes may also
come from non-syntactdc sources, so we find variability in the final ordering.

When a constituent is complete, its end node sends activation to the start nodes for
all consatuents which may follow it. These connections are shown on the right side of the
figure. For example, VERB/end has a connection to SUBJECT/start. Note that these are
unidirectional connectons rather than pairs of bi-direcdonal connectons. Constituent end
nodes also activate the end node for the whole phrase. These connections represent the fact
that any constituent can be the final one. The end node for the entire phrase aiso
participates in the WTA network linking the constituent start nodes. That is, following the

end of a constituent of the phrase, the beginnings of other consttuents compete with the
end of the whole phrase.

The network must be arranged in such a way that every obligatory constituent is
produced and that no constituent is produced twice (unless it is an iterating constwent). To
ensure that every constituent is produced, we must make sure that the end node for the
whole phrase does not fire prematurely. Thus the weights on the connections into this
node must be small enough so that its threshold is not reached before it has received input
from the end nodes of all obligatory consttuents.

To ensure that no constituent is repeated, the refractory periods for the start nodes
will do for relatively short intervals. But a constituent such as SUBJECT may be very long.

That is, if the VERB in the GU in Figure 6.2 appears first, by the time the SUBJECT/end
node fires, it is likely that the refractory period for VERB/start will have ended.!4 Two
features of the model work to prevent the repetiion of constituents in such cases. First, the
residual activation, that is, the activation that remains on a node after its refractory period
ends, is set very low for constituent start nodes. Second, the end node for each constiruent
inhibits the start node for that constituent. These inhibitory connections are shown in
Figure 6.2. Both of these features have the effect of g::;lucing relatively low level of
activation on constituent start nodes which have already in the current phrase.

A final constraint concerns the need o have general syntactic networks, such as the
one in Figure 6.2, reusable following a short interval. For example, the NP schema may be
required five or more times for a single sentence. Since there is no mechanism for
initializing the activation oa sets of network nodes, the nodes making up schemas such as
NP and CLAUSE must have their set in such a way that their actvation returns
quickly to values close 1 zero. Two parameters are involved, the refractory periods and
decay rates of the nodes. The refractory periods must be relatvely short to prevent the
nodes from being inhibited whea they are needed, and the decay rates must be relatively
fast to prevent a coastituent from firing out of turn simply because it recently appeared in
another phrase of the same type:

Thus the behavior of networks such as the one shown in Figure 6.2 is sensitive not
onlymdwconmcﬁonundtheirweighu,butalsomdndacaynqz,mﬁmmwmd.md
resumptive activaton of the nodes. A good deal of careful tuning is necessary before these
syntactic networks yield appropriate behaviar. The need for meticulous tuning is a problem
for a system in which weighnando:hetnodeandoonnecuonpmm:msetwlely by

14The defauit refractory period in CHIE is 6 time steps.
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the prograramer. But in a learning system, correct values for the parameters would be
discovered through experience and reinforcement (see Section 11, 1.2).

6.3. Competition for an Output Position

Consider now the generadon of the second sentence in (6.2a): She sent him a lerter.
As always, generauon begins with the firing of a set of network nodes representing a goal
of the speaker. In this case the goal is that the hearer believe that a letter was sent. This
type of goal results in the selection of the ASSERTIVE GI, which has as its PLAN the
generation of a DECLARATIVE sentence referring to the sending,

The lexical GU that is selected for this clause, *SEND-MAILL, includes informaton
regarding the ordering of the OBJECT-REFERENCE and RECIPIENT-REFERENCE
consttuents. A portion of this schema is shown in Figure 6.3.

2 e\

& T senoe]
(object- )

.

Figure 6.3: Sequencing Information in a Portion of *SEND-MAIL

Both the OBJECT-REFERENCE and RECTPIENT-REFERENCE can appear immediately
after the VERB, 0 there are connections from VERB/ead to the start nodes for the two
constituents, but oaly one can appear in this position, so the two start nodes compete
through a WTA nerwork. Note also that the start nodes for these constituents activate the
NP/start node, and the NP/ead node activates the end nodes for these constituents. These
connectons ide a way for each constituent to “call” the NP GU when it is ready to be
produced and for the NP GU to signal the constituent that the phrase is complete.

mmmbﬂeﬁundminchechuseisnpmenwduaqimmofmegenem
TRANSFER-OF-CONTROL predicats with MARY as the ACTOR, an instance of the concept
mmuhom.:%u&mmm.ﬂmghms&dnmsfe;-.
We ignore time and tense in order to simpiify the discussion. Figure 6.4 shows this
portion of the network.

The sentence which preceded the one we are generuting was Mary didn’t phone
John. The utterance of that seatence resuited in ssing involving the concepts MARY
and JOHN, so there is residual activation on these nodes and the nodes immediately
connected to them. Other nodes in the figure would also be activated, but in this figure and
those following, activation (and inhibition) will only be indicated for nodes which are
relevant to the discussion.
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Figure 6.4: Portion of Input to Generaton of she sens him a lerter

Activation spreading from TRANSFER-OF-CONTROLS (i.e., the specific mansfer
instance) converges on a set of verb lexical GUs that may be used to describe the input
notion. Competition among the CONTENT roles of these schemas eventually forces one to
win out. For this example, we assume that the *SEND-MAIL GU would predominace
because it specifies that the MEANS of the transfer is by MAIL, as in the input. A simplified
view of this lexical GU selection process is shown in Figure 6.5.

Figure 6.5: Selection of *SEND-MAIL Schema for Generation of she sent him a lester
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Figure 6.5 also shows another process taking place at the same time, which resuyjrs
in the priming of the RECIPIENT-REFERENCE constituent. Activation Spreading from
TRANSFER-OF-CONTROLS causes the primed RECIPEENT node to fire, leading to the firing
of the merged RECIPIENT/CONTENT node in *SEND-MAIL which represents the role
association informaton for the RECIPIENT-REFERENCE constituent. Activation then
spreads from this node to RECIPENT-REFERENCE/start.

of these facts (the sending of the letter), the consdtuent that is to refer to JOHN was primed.
In this way the givenness of JOHN has provided an advantage (o the constituent which will
refer to JOHN. Note that the OBJECT-REFERENCE constituent will not be primed because
there was no initial activation on the OBJECT node in PHYSICAL-TRANSFERS.

Once the *SEND-MAIL GU has been selected, activation spreads through it,
resulting in the priming of the nodes representing the consttuents of the clause. At the
same nme activation has also Spread to the constituent nodes of the higher-level CLAUSE
GU. The connections within this schema determine the order of the SUBJECT and VERB in
the sentence. The fact that the event referred to occurred before the time of Speaking also
leads to the selection of the PAST-CLAUSE GU, and this in combination with the *SEND-
MAIL schemna results in the firing of the node representing the word sear. For the purposes
of this discussion, we ignore the details of these processes.

When the verb has been produced, the VERB/end node in the *SEND-MAIL schema
fires. From here activation spreads to0 the nodes representing the beginnings of the two
possible following constituents: RECIPIENT-REFERENCE/start and OBJECT-
REFERENCE/start. These nodes compete with one another via 8 WTA network. In this
case the priming on RECIPIENT-REFERENCE/start leads this constituent 10 win out over
OBJECT-REFERENCE/start. The situation at this point is shown in Figure 6.6. The portion
of the sentence already generated is given below the network in this and the next two
figures.

verd I ‘

' She seat

Figure 6.6: Selection of Constituent to Follow Verb in she sens him a letter
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When the NP is complete, activation is sent back to RECIPIENT-REFERENCE/end
which fires, leading to the beginning of the OBJECT-REFERENCE constituent. Figure 6.7
shows what then takes place.

" [ TRANSFER. |
L OF-CONTROL )
v
T TRANSFER )
[BEER e g

She sent hia

Figure 6.7: Start of Generaton of Reference to OBJECT in she sent him a lester

In general, there are two possibilities for what follows the RECIPIENT-REFERENCE
constituent in an instance of the *SEND-MAIL schema. In a sentence such as she senra
lenter to John, the RECIPIENT-REFERENCE is the last constituent, and the clause is complete.
In a sentence such as the one we are generating, on the other hand, the RECIPIENT-
REFERENCE is followed by the OBJECT-REFERENCE. RECIPIENT-REFERENCE/end
activates the nodes representing these two possibilities, the end node for the whole clause
and the OBJECT-REFERENCE/start node. Note that it is not possible to encode this
information in the form of a rule such as “if the OBJECT-REFERENCE has already been
produced, then §o to *SEND-MAIL:END” because the system has no explicit memory for
what has or has not already been generated. All of its decisions are made completely
locally.

The weights on the two output connections from RECIPIENT-REFERENCE/end are
such that OBJECT-REFERENCE/start is the default and will be preferred in this case. Thus
OBJECT-REFERENCE/start fires. This initiates a role co-activation process, resulting in the
firing of the LETTER node.

Again control is passed to the NP schema. Here two further selections take place.
As there is no evidence that the hearer knows the referent, the INDEFINTTE-NP schema 1s

110



selected over the DEFINITE-NP schema by default.!S INDEFINITE-Np provides the article a.
Finally, the lexical GU *LETTER is selected as a result of activation spreading from the
LETTER node. This schema provides the noun lester for the OBIECT NP.

Once the final constituent is complete, activation is sent back to the OBJECT-
REFERENCE/end node, and the clause is complete. Since the System has no memory for the
fact that the RECIPENT constituent has already been produced, however, there must be a
way to prevent it from following at this point. Figure 6.8 shows how this is done.

\

object-
reference

( recipient-)

reterence

e
.L e

She sent him a letter

Figure 6.8: Completion of Generation of she sent him a legter

In general, there are two possibilities for what may follow the OBJECT-REFERENCE
constituent, the end of the clause or the to case marker and the following RECIPIENT-
REFERENCE constituent. The case marker is re ted as a constituent of the
clause, RECIPIENT-MARKER. As before, the $ representing the two alternatives, here
*SEND-MAIL/end and RECIPIENT-MARKER/start, form a WTA network. We need a way to
prevent the RECIPIENT-MARKER from being generated in the current sentence; otherwise
we might get she sent him a lester 1o him. appearance of the RECIPIENT-REFERENCE

RECIPIENT-REFERENCE. To accomplish this, there is an inhibitory connection from
RECIPIENT-REFERENCE/end to RECIPIENT-MARKER/start. When RECIPIENT-
REFERENCE/end fires, it inhibits RECIPIENT-MARKER/start, and this inhibition allows
*SEND-MAIL/end to win out later when OBJECT-REFERENCE/end fires in the current
exampie. The fuzzy border on RECIPIENT-MARKER/start in the figure indicates that the
node 18 inhibited.

6.4. Using Sequencing Information in Syntactic Schemas

In the previous hmhavemtbmofuquendngigfumdonfomdin.the
lexical GU *smmﬂ: sort of information also appears in more general lexical
GUs such as *SEND and in non-lexical schemas such as DITRANSITIVE-CLAUSE, the

13This process is not yet completely implemented in the model because there is no adequate means of
dealing with inferences sbout what the hearer knows.
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general GU for clauses with both OBJECT-REFERENCE and RECIPIENT-REFERENCE
constituents. If a specific schema lacks the required information, a more general one is
used automatically.

Most noun GUs have no sequencing information, so generation operates somewhat
differently for NPs than for clauses. The generation of an NP involves seiecting one or
more GUSs on the basis of the content of the NP. For example, in generating the box, the
speaker selects the *BOX scherna because what is referred to is an instance of the concept
BOX and the THE-NP schema because the box is known to the hearer. Each of these GUs
provides a part of the morphology of the NP, but general information about how the
constituents of the NP are sequenced is not repeated in each GU. Rather it appears in one
place at the level of the general NP schema. The NP schema is activated whenever an NPis
generated (normaily through its input connecdons from constituent nodes such as SUBJECT

and DIRECT-OBJECT), and its function is to guide the selected specific GUs in sequencing
the words that they provide.

Figure 6.9 illustrates the connections that enable the NP GU to control the output of
words in other GUs. For simplicity, however, it does not show the sequencing
information in the schema. Two lower-level GUs appear here, (1) THE-NP, the schema for
NPs with the determiner the, and (2) *BOX, the lexical schema for the noun box. The THE-
NP schema is matched when the CONTENT is something that is explicitly associated with the
KNOWLEDGE-BASE of the HEARER. This characterization is an oversimplification of the
semantics of the, but this will not affect our discussion of sequencing.

The connections from start nodes in the NP schema to start nodes in the lower-level
schemas carry activation which signals the words when it is time for them to be uttered.
The connections from end nodes in the lower-level schemas w end nodes in the NP schema
carry activation which signals that a word has been uttered and that & new constituent can
begin. In the next section there is an example which illustrates these processes.

6.5. Handling Optional and Iterating Constituents

The mechanisms which handle competition for a particular output position are also
used in the generation of optional constituents, such as adjective phrase modifiers in NPs.
In such cases, there is competition between the optional constituent and one or more other
constituents which either follow it or replace it.

Here we will consider the generation of the NP the empty box. Figure 6.10 shows
more of the NP schema, including information about the semantics of adjective phrase
modifiersl®. The attribute that the adjective refers to has as its ATTRIBUTE-OBJECT the
referent of the NP. This information is embodied in the connection from the NP:CONTENT
node to the ADJECTIVE-MODIFIER:CONTENT:ATTRIBUTE-OBJECT node. Itis through this
larter node that activation reflecting the need to generate an adjective enters the NP schema.

ﬁgmﬁ.lOdnshomwmeofﬂwdkecmdcmnecﬁongmedpdfqu\mmgm
NPs. There are two alternatives for what follows the determiner directly, an adjecuve
modifier or the head noun of the phrase. These possibilities are represeated as coanectuons
from DET/end to both ADJECTIVE-MODIFIER/start and NOUN/start. These two nodes form a
WTA network so that only one can follow the determiner If an NP does have an adjectve
modifier, it may be followed either by another adjective phrase or by the head noun. Again

l&ntemodelcmenuyhmdluaﬂysingle-wudadjecﬁvephmlihmdﬂi&thuuhmmhfan
adjective phrase modifier such as completely.
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the possibilities are handled by explicit sequence connections, in this case from ADJECTIVE-
MODIFIER/end to ADIECTIVE-MODIFIER/start and NOUN/start. Note that the same WTA
nem:iqrg can handle the decision regarding what follows the determiner and what follows
an adjective.

4 Mcontent |-
FULL- / det
N
noun
\,
(" | hearer }rkmhe
THE- content
NP
det
e
L 1
~
content | [eox]
*BOX
noun

80X |

-

Figure 6.9: Sequencing Connections Between the NP GU and Lower-Level GUs

DuﬂnnheselecdonphneformNPlexicalGU.femofthsmfmmmeive
activation. OmdeybemATmmm-onmcrmleofmAmmmm That
is.therefe:entmybemu;umentofnfactofrypesm.onm.wthelike. In such
cases the ADJECTIVE-MODIFIER coastituent in the NP GU is primed. Figure 6.11 shows
how this process occurs for the phrase the empty box.
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Figure 6.10: Adjective Phrase Madifiers in the NP GU

BOX4, the referent of the NP being generated, is represented as empty, that is, the
BOX4 node is connected to the EMPTY:ATTRIBUTE-OBJECT node. When generation begins,
activation spreads from BOX4 and from NP:CONTENT, as for all NPs. From these two
sources, activation converges on the ADJECTIVE-MODIFIER:CONTENT:ATTRIBUTE-OBJECT
role in the NP GU. The firing of this node leads to the firing of ADJECTIVE-
MODIFIER:CONTENT and the priming of ADJECTIVE-MODIFIER/start.

Atﬂwmﬁme.acﬁvaﬁmspmdingdnwghdnwschemcamdwdem
for the phrase to be produced. At this point the THE-NP GU has aiready been selected on
the basis of the fact that BOX4 is known to the hearer. In the current implementation this
knowledge is represented as an explicit connection from BOX4 to the KNOWLEDGE-BASE
role associated with JOHN, the hearer for this NP. The DET/start role in the THE-NP schema
is primed, and when it receives activation from DET/start in NP, it fires. This in tum
initiates the generation of the adjective. Figure 6.12 shows the sequencing processes.

AcﬁvaﬁonsptudsﬁomNPIsmmthonodesmunﬁngthcsmnoduofthe
constituents of the phrase. DET/start fires because the connection to it has the highest
weight. This sends activation to the DET/start roles of ail of NP. In this case, we
assume that the THE-NP GU has been activated on the basis of the fact that the referent is
. known to the hearer, so its DET/start node has been primed. This node now fires,
activating the word node "THE". The firing of this node represents the utterance of the
word. The word node sends activation back to DET/end in THE-NP, and this node in tur
activates DET/end in the NP schema, signalling the end of this constituent. DET/end
activates two nodes, ADJECTIVE-MODIFIER/start and NOUN/start, which compete for the
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next position. In this case the priming on the former node leads it to win out. ADJECTIVE-
h:EDIFTERJstan then activates ADJECTIVE-PHRASE/start, and the AD%-PI-RASE GU
takes over.

-~
{

{ [ATTRIBUTE

[] ¥

oy
PHRASE contant
AR
>
content

Figure 6.11: Priming of ADJECTIVE-MODIFIER/start in the Generation of an NP

' .‘I'heGUforthoadjecﬁveempryhubeenpﬁﬁedbythisﬁmcuamultof
activation comting from the referent, and additional actuvation from the ADJECTIVE-PHRASE
GU now results in the production of the word empry.

Figure 6.13 shows what happens when the adjective phrase is complete.
ADJECTIVE-PHRASE/end fires and send activation back to ADJECTIVE-MODIFIER/end in the
NP schema. There are again two possibilities for what may follow, either another adjective
or the head noun of the phrase, and the two connections from ADJECTIVE-MODIFIER/end
represent the alternatives. Another adjective follows if there is additional priming on
ADJECTIVE-MODIFIER/start from & further ATTRIBUTE of the input concept. For example,
if the box is red, then RED:ATTRIBUTE-OBJECT would fire, leading to activation of -
ADJECTIVE-MODIFIER/start in the same way that it happened for EMPTY:ATTRIBUTE-
OBJECT. However, there are still unsolved problems in the generation of iterating
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constituents such as ADJECTIVE-MODIFIER. The major stumbling block is that some of the
same nodes are involved in the paths representing the different attributes. Thus uniess the
activation for different arributes is separated quite widely, the paths will interfere and only
one adjéctive will be generated. For this reason currently it is difficult for the model to
produce adjective sequences, such as in the big red empty box.17

ADJ-
| | PHBASE contant

,’
content
det
v AL
NE
adj-mod
noun
. w

Figure 6.12: Generation of the empiy box (1)

. l’mmbnmnmmdnmummmammmw:u
dom.famph.mﬂnmwmﬁmmm&WIM). Thus there might be a
wwn-m-mmmmssmmmwmmmm
Mmymmummmmmgmmwwmuumwmmg
primed from conceptual features. nispouibi]ilyiscmdybeingpuwud. Note, however, that this
solution does not actually maks use of iteration.
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Figure 6.13: Generation of the empty box (2)

In this example NOUN/start wins out because ADJECTIVE-MODIFIER/start has
received no additional activation on the basis of other salient attributes of the referent. The

firing of NOUN/start results eventually in the utterance of the head noun box and the end of
the phrase.

6.6. Summary

This chapter has looked at the problem of achieving sequential behavior in a model
of language generation which is fundamentaily parallel. Sequencing invoives competition
among various quantitative factors, so it can be profitabl modelled within a connectionist
model, such as the CLM model. Key features of the approach to sequencing are (1)
the representation of units and their constituents as pairs of network nodes, one for
the start and one for the end of the sequence; (2) the representation of ordering constraints
and tendencies as uni-directional weighted connections; and (3) the use of wmqu-ukc-an
networks to impose wq on the parailel spreading activation mechanism and to
implement competition constituents for particular output positions.
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Chapter 7

Multilingual
- Generation






. 7.0. Introduction

A basic assumption of the present approach is that generation in a language other
than the speaker’s first!® works more or less like generation in the speaker’s first language
(L1). It invoives the selection of appropriate units of knowledge from an inventory in
memory by means of the spread of activation from nodes representing input. If the speaker
is not well acquainted with the target language, the inventory will be a relatively skimpy
one, and we will see an unusual amount of hesitation and other evidence of difficulty in
achieving particular communicative goals, but these are processes that also occur, to a
tesser degree, in L1 generation. Of course, the units in the speaker’s inventory for the L2
cannot be expected to correspond precisely to those in the memory of a native speaker of
the L2. For that matter, no two native speakers of a language will have the same set of
units. The point is that the units are used in essentially the same way regardless of whether
the language is the speaker’s (or hearer’s) first, second, or eighth.

What is special about L2 generation is that there are units of linguistic knowledge in
memory for the L1 as well. Thus, at a minimum, schemas need to be distinguished for
cach language. Because there is no need to make a sharp distinction between LlandL2
generation, we can consider the general case of generation in any of a speaker’s languages,
given knowledge of more than one. The evidence from errors in L1 generation in
bilinguals (Sharwood Smith, 1983) seems to bear out the usefulness o this general
categorization. Thus what I will be talking about in this chapter is multilingual
generation, the memory organization that supports it, and some of the consequences of
this organizaton.

7.1. Distinguishing Schemas for Different Languages

In multilingual generation the speaker has two special sorts of problems, selecting a
target language for an utierance, and selecting schemas from linguistic memory which
match the target language. In order to look at these processes, we first need to consider the
question of how knowledge of different languages is © be distinguished in memory.

In the early stages of language acquisition, children clearly have no notion of “a
language”. That is, while a child may be able 1o understand and use appropriately any
number of words, phrases, and structures, she does not yet have the sort of meta-
knowledge required to talk and reason about a language a$ an entity in itself. In fact, when
this sonofknowledsehnqumnwinpmbcblyhnvcﬁnleumeffectophowhnmge
is used by the learner. In other words, there is no real sense in which a language
learnerfuser has “a language”, as opposed to pieces of knowledge about how o do things
with words. .

When a young child is first ex to two or more languages, the units that the
child acquires are certainly not filed under categorics like ENGLISH and JAPANESE,
categories which she does not yet have. What the child is concerned with leaming is the
circumstances under which the words and phrases that she hears are appropriate. She may
make genenlimionsonthebuisofmyupectsofﬂwqonmntputendtoco-oocurmth
the items she is learning, including features of the physical seting and perhaps even the
time of day. In particular, however, she soon discovers that some of the words and

18] will generally refer to any language other than the speaker’s first as a “second language” or “1.2".
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phrases are used by particular speakers and not others and that those items get their
message across when spoken to those same people. For example, we might imagine a

cl::hﬂd M:;hlm English-speaking mother and a Japanese father leaming schemas like those in
igure 7.1.

{*DOG is-a NP
(speaker MOMMY)
{(content DOG)
{noun "DOG™))

{*INU is-a NP
{speaker DADDY)
(content DOG)
{(noun "INU™))

Figure 7.1: Possible Early GUs in a Bilingual Learning Context

The child then makes generalizations regarding the sorts of people the different
words and phrases are associated with. In the end she arrives at a category of
speaker/hearer for each of the languages she is learning. The units now begin to look like
the one shown in Figure 7.2. )

(*DOG is-a NP
{speaker ENGLISH-SPEAKER)
(hearer ENGLISH-SPEAKER)
(content DOG)
{(noun "DOG"))

Figure 7.2: GU for dog in a Bilingual Context

As the child begins to genenlize aspects about the syntax of the languages, 3
schema such as that shown in Figure 7.2 will not suffice because it associates the lexical
schema with a generic noﬁonofNthertha.nwiththecmgoryofEnglishNP:.whichof
course have their own special properties. Thus, for higher-level categories such as NP,
there need to be language-specific schemas. One Bossible representation of these
relationships is shown in Figure 7.3. There is a cross-linguistic NP schema representing
the general notion of NPs and subtypes for each language providing language-specific
pmperdesmhuwhuednvmconsdmnugo.

In second language learning (as o to the simuitaneous acquisition of two or
more languages) the siruation is a litte different. Here the pieces of knowledge for the L1
cannot indicats that the speaker and hearer are speakers of that language since this
information would not have been relevant when the units were | It is also
umeasombbmummmmisinfamadmismhowaddedmmmsctnqmwhenthe
learner begins to acquire the L2. Therefore, only the L2 schemas will have the
speakerlhearerinformnﬁon.andthel.l will behave as the default during processing. That
is, unless there is reason to assign the hearer to the category of L2-speaker, L1 schemas
will be selected. :
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Figure 7.3: GUs for NPs in a Bilingual

Note that the inclusion of category restrictions on the speaker and hearer in schemas
extends to expressions within a language as well. Baby talk provides one example; here
the hearer or speaker is specified as a child. Other cases involve terms known only to
people in particular areas of expertise. Thus a dentist might have separate GUs for caries
and (tooth) decay, both pointing to the same concept. The former would include the
additional information that the speaker and hearer are dentists. These restrictions would

normally prevent the word caries from being produced when the speaker knows that the
hearer is not a dentist.

7.2. Schema Selection by Multilinguals

In Chapter 4 we saw how the selection of GI and GUs in generation can be viewed
as a partern matching process. The schema or schemas which are selected are the ones
which best match the set of input features. The most important of these features are aspects
of the concepts to be referred to and of the goal behind the utterance, but they also include
features associated with the hearer and the speaking context. In the multilingual case the
latter categories become more significant because they distinguish schemas in one language
from those in another.

Thus schema selection by multilinguals differs from schema selection in the
monolingual case only in the number of input features that are matched. No explicit
decision needs to be made sbout the target language; appropriate schemas are selected
automatically as activation converges on those schemas whose HEARER roics match the
current hearer.

During generation in a language other than the speaker’s first, there is the
possibility that 8 GU will be found which matches the input adequately except for the
restriction oa the HEARER. In such cases, the speaker may cither ignore this schema and
continue searching for a GU for the appropriate language or may choose to use it, either by
translating it -for-word into the target language oc integrating it directly into the target
language utterance. We shall see examples of these alternatives laer.

Another possibility is that contextual factors will ourweigh characteristics of the
hearer, resulting in the selection of an inappropriate schema A native speaker of Amharic,
whom [ am acquainted with, is a fluent speaker of English but has a tendency to speak
Ambaric in informal settings, even when the hearers know no Ambharic. In the terms of the
CLM model, this speaker wouid have some degree of formality associated with the
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contexts in which English is appropriate. When the context is informal, there is less
likelihood of English schemas being matched and her defauit language sometimes wins out
even when there are other features that would call for English, such as the language abilities
of the hearers.

When both speaker and hearer are bilingual, code switching, that is, the mixing
of languages both between and within sentences, often occurs. This mixing is a
straightforward consequence of the way in which schemas are distinguished on the basis of
the HEARER role, Since the hearer in a bilingual context is a speaker of both languages, all
schemas in linguistic memory will match on their HEARER roles, and selection will be
based entirely on relative appropriateness or strength.

In a monolingual context, GUs have to inhibit one another through their CONTENT
roles in order that only one gets selected for a given input concept. These inhibitory
connections represent the knowledge that there is a single best lexical item for referring toa
particular concept. When there are GUs for more than one language, on the other hand,
there is usually an appropriate lexical item for a given input in each language. Thus the
CONTENT roles of the schemas do not inhibit one another across languages. They may in
fact support one another in cases of lexical wransfer. That is, the CONTENT role of a8 GU in
the L1 may tend to activate the CONTENT role of a corresponding GU in the L2. We will
see an example of this phénomenon in Section 7.4.1.

We still must ensure, however, that only one lexical item actually is produced for an
input concept. Thus a speaker who knows both Japanese and English may actvate both
*DOG and *INU in referring to a dog, but either dog or inu is y generated in the NP.
Two features in the model achieve this behavior. First, as we saw in 6, words are
actually generated only when consituent nodes in a lexical GU receive activation from
constituent nodes in a high-level GU such as NP. There are synuctic schemas for each
language. Thus when it ime for the noun in a English NP to appear, it is the NOUN/start
node in ENGLISH-NP which fires. This activates the NOUN roles in English lexical GUs
only, preventing activated GUs for other languages from having an e Figure 7.4
shows these relationships for the GU *DOG and the corresponding Japanese GU *INU.

Second, the model has inhibitory connections between words of different languages
with the same or similar meanings. For example, when noun GUs for more than one
language are activated for a given NP, only one of the word nodes filling the NOUN slots
may fire. In multilingual contexts, words are distinguished for language. Thus in Figure
7.4, the word node "DOG" is joined to the general ENGLISH-WORD node. When a native
speaker of Japanese is speaking English, the English words will all receive some priming
and will tend to win out over Japanese words.

7.3. Relationships Between Schemas From Different Languages

When generating in one language, a multilingual speaker may find herself
influenced by knowledge of another language. Cross-linguistic effects in generation are
reflected in the use of t language words and structures which appear to be direct
translations of non-target language words and structures, and in the actual intrusion of
words from the non-target language.
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Figure 7.4: Relationships Between ENGLISH-NP and a Lexical GUs

Accounting for these cross-linguistic ransfer effects requires consideration of the
ways in which schemas from different languages can be associated. This section looks at
five logical possibilities for these relationships, mm&om none at all to direct word-to-
word translation associations. 1 examine evidence multilingual generation that bears
on which types of relationships actually occur. Note that, for a givea speaker, there is no
reason to assume that ail L2 schemas wouid be related to L1 schemas in one or the other of
these possible ways. There could be variation according to the type of item, the context in
which the eictLem was learned, or the stage in the overall acquisition process at which the item
was leam

7.3.1. No Direct Relationship
GivenncheminﬂnLl.ﬂmisdnpossibilitydmupukzwinhwnoschem

in her L2 with any direct correspondence to it. In such cises lexical items in the L1 must

be rendered as eatire phrases in the L2. In Ambharic, for example, there is a verb

tegderedderg which could be defined as ‘to refuse, out of excess politeness, something
which one really wants’. Other examples are represented in the CLM model as GIs

appropriae in highly specific siruations. Consider the English phrase te/l me about it in the
sense ‘I've had & similsr unpleasant experience’. According to cne Japanese informant,
there is no correspondin ion in Japanese. In a simation where tell me about it

such as the English expression. For example, the speaker might say something that would .
ransiate as { can understand your complaining because I've been through the same thing
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myself. Expressions like tell me abous it are interesting because of the challenge they
present to second language leamners.

7.3.2." Schemas with Common Content

When two schemas in different languages do correspond, at least to at certain
extent, there are three possibilites for how they might be related: (1) Their CONTENT roles
(or GOAL roles for GIs) might point off to the same concept or the same set of features. (2)
Both schemas might inherit from a general schema which applies to both languages. (3)
One schema might be treated as the translation of the other.

Figure 7.5 illustrates the general picture for GUs with common CONTENT. Here
the CONTENT roles point to the same general concept (A), and corresponding roles (B and
C) of the CONTENT roles have the same concept (D) as their values.

Figure 7.5: GUs with Common Content

Consider a case where an error does seem to be due to a common-content
relationship. In example (1.9), repeated here as (7.1), A is a native speaker of Japanese.
Her error is apparently related to the fact that Japanese has one single-morpheme ward, yu,
meaning ‘hot water’ and another word, mizu, meaning something like ‘default water' .19
Clearly water for this speaker means much the same as mizu.

(7.1) A: The faucet’s brokan.
B: Which one?
A: WNater.(= ‘cold water’)

For Japanese speakers, unlike English speakers, the concepts associated with yu
and mizu are basic-level categories (Rosch, 1977). That is, a speaker will always select yu
when it is appropriate even when the hotness of the water is not at issue. For example, in
generating a sentence cosresponding to the English you put 100 much water in the tub,
Japanese requires yu when the water is hot even when this is obvious to the hearer.
Compare this to the distinction between ice and water for English speakers. Figure 7.6
showshowdnknowbdpdmhpamsespukmhawistepmadintbeCIMmodeL

The concept WATER has two su , HOT-WATER, defined in terms of its
TEMPERATURE, and NOT-HOT-WATER, de: in opposition 10 HOT-WATER. A WTA
network represents the fact that WATER must be either HOT-WATER of NOT-HOT-WATER.
COLD-TAP-WATER is viewed as a specialization of NOT-HOT-WATER. The linguistic
knowledge consists of two GUs, *YU, with CONTENT poinung to HOT-WATER, and
*MIZU, with CONTENT pointing to NOT-HOT-WATER. In generating a Japanese utterance

19Unless otherwise indicated, examples wege collected by the author.
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corresponding to the English one above, the speaker would access *MIZU via COLD-TAP-
WATER and NOT-HOT-WATER.

WATER
f HOT- - NOT-HOT-
i WATE {emperature >35 WATER
APy 1
F ]
COLD-
TAP-WATER |

e

§ conten conent

vy (Mzu]

{ noun Yy [ noun |

Figure 7.6: Some Knowledge Used in Talking about ‘Water’ in Japanese

: What then is the source of the English error? One possibility is that the speaker
accesses the English word via the Japanese word, that is, that she first finds thesgtl for
mizu and there finds an association with wazer. This translation approach appears unlikely
in this case, however, because the speaker is an advanced leamer of English who narmally
does not rely on her first language. She has made the same error a number of times and
does so without any nt hesitation. It is also clear that the problem behind the error is
a deep-seated one. The speaker is in fact fully aware that this is an error, but this
awareness seems to have no effect on her behavior (except when she is clearly monitoring
her speech and is able to catch the error before it is utered).

In the CLM model this speaker’s error is accounted for in terms of a GU for wazer
which points through its CONTENT role to the same concept as the Japanese GU for the
word mizu. That is, for this speaker warer means NOT-HOT-WATER, rather than WATER.
The relationships are shown in Figure 7.7. Note that the L1 schema is not accessed at all
during the generation 33, 30 we are not really seeing linguistic transfer in the usual
sense, but rather the i of a different conceptual categorization system.

7.3.3. Cross-Linguistic Schemas

A somewhat closer association than the common-content relationship is one
involving & cross-linguistic schema which has schemas of the two languages as
specializations. Figure7.8 i ustrates the general case. Here there is information about the
COMENTandoucofﬂnconsﬁmnuinﬂwmbﬁng\ﬁlﬁcschem.mdthumfmnmu
shared by the two subtypes.

One use of cross-linguistic schemas is to represent know about words that are
recognized as cognates. F‘:’eumple. a person who knows English and French
would have a cross-linguistic GU for important, wlnchv_vou}dmuﬂ:hccowmmc_lthe
spelling of the word. The different phonological realizations of the word would either
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appear in language-specific subtypes of the cross-linguistic GU or be derivable from
general grapheme-to-phoneme associations for the two languages. Figure 7.9 shows the
relationships among these schemas. Here [ assume that both words refer to a concept
*IMPORTANT, which I have not bothered 10 analyze.

I WATERI

NOT-HOT- |
WATER

COLD-
TAP-WATER

content
*WATER
noun "WATER

Figure 7.7: Source of Transfer Error in L1 Japanese, L2 English

CROSSLING- ntemt H—1__1
ENTRY =H—
L1-ENTRY 12-ENTRY

Figure 7.8: Cross-Linguistic Schema

Intra-sentential code-switching provides some evidence for a cross-linguistic notion
of pa:ticull:.r syntactic roles. Sentence (1.12) (Uyekubo, 1972), repeated here as (7.2), is
an examp

(7.2) ano okanemoti wa ozyoosan o spoll sita
that rich:person TOPIC daughter ACCUS spoil did
‘That rich man spoiled his daughter.’

Other than the inn'usionofmeEnglishverbspoil.dﬁsisanwpnble Japanese
sentence. I[n a code-switching context such as this, both speaker and hearer are bilinguals.
Faommam&uﬂhmhl%&.dwspeakum:puﬁmlnhnmmwhhh
to produce an utterance. In the example, the target language is Japanese. a suitable
GU in the other langualgu is accessed during generation, however, there is no reason (©
discard it as there would be for a monolingual hearer. In the example, the speaker has in
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mind a concept which I'll call INDULGE (without atternpting to represent it). The English
GU *SPOIL/INDULGE is selected on the basis of this concept, because for this speaker it is
more strongly associated with the concept than the appropnate Japanese GU. result is
the integration of GUs from separate languages into a single utterance.

( J¢°m°N .' h { IMPORTANTI

[FIMPORTANT .
1\ noun t=| speiling { IMPORTANT"|

[ um' partant]

*IMPORTANT/ *IMPORTANT/
FRENCH noun pmmnciaﬂon) o noun ]-FprownciaﬁonD

ENGLISH

s
; 5

Figure 7.9: English-French Schema for Meaning and Spelling of important

What we are interested in here is the fact that the reference to the daughter in the
sentence is made (appropriately) in the accusative argument of the clause. Knowledge
about which constituent in a clause should refer to which semantic argument is embodied in
the role binding information found in clause-level schemas. For example, the
*SPOIL/INDULGE GU includes the information that the DIRECT-OBJECT refers to the
semantic OBJECT, that is, the person being indulged. However, this is information about
English. How does the speaker end up with the Japanese accusative marker on the phrase
referring to the OBJECT?

Apparently the speaker recognizes a general correspondence between the English
DIRECT-OBJECT and the Japanese ACCUSATIVE. Both appear in clauses referring 10 what
we might call TRANSITIVE-EVENTS, that is, events with semantic OBJECT? in addition to
ACTORs. This English-Japanese correspondence is represented in the cross-linguistic GU
for TRANSITIVE-CLAUSE. Figure 7.10 shows the spread of activation during the role
binding process for the argument referring to the daughter in sentence (7.2).

The sequencing of clause constituents is guided by the JAPANESE-CLAUSE (not
shown) and JAPANESE-TRANSITIVE-CLAUSE GUs because Japanese is the warget language
for this sentence. When it comes time for the ACCUSATIVE constituent to be produced, the
ACCUSATIVE node? fires, sending activation to the OBJECT-REF roie in the cross-linguistic
schema. This in turn sends activation to the DIRECT-OBJECT node in the ENGLISH-
TRANSITIVE-CLAUSE schema, which activates the DIRECT-OBJECT role in the
»SPOIL/INDULGE GU, initiating the role association process. The merged node activates
the OBJECT role in the INDULGE schema and, though this is not shown in the figure,
eventually the node representing the daughter to be referred t0. Note that there is a seeming
conflict because both the English DIRECT-OBJECT and Japanese ACCUSATIVE nodes have
fired. The onlymalconfﬁc&however.isintheposiﬁonoftheconsumnbefmthcverb

2°AcmﬂywhuﬁmumhmmumoACCUSAmmhmmmﬂdn@mwmha
ignoredha-eandehewhuehthischapusimaitismtmnunimm&m
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for Japanese, after for English. With respect to position the Japanese schemas will
dominate because Japanese is the target language. '

§
| | TRANSITIVE-
1 EVENT
{r
. | TRANSITIVE-
{| CLAUSE
7
( JAPANESE-
11 TRANS-CLS
AL
INDULGE
~
f
*SPOIL content ob
INDULGE dir-object content

Figure 7.10: Cross-Linguistic Syntactic Role for an English-Japanese Bilingual?!

7.3.4. Schema-to-Schema Translation

An even closer association between schemas from two different languages is one
which treats a schema in one language as a translation of a schema in another language.
This is implemented using TRANSLATION roles in schemas. Figure 7.11 shows the general
relationship. Note that there is a directionality to the association. The relationships shown
inFigure‘?.lOwouldbausedto from the L1 schema to the L2 schema but not in the
reverse direction. However, for fluent speakers of a second language, there may also be
translation relationships in the other direction.

( [ZENTRY]

Figure 7.11: Schema Translation Relationship

Zlemmmﬁmnmmmmdumwnsnm
mdlapm.mp.ﬁcultmefttmadwlwmsnmthMMo.
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One place where we might expect to find schema transiations is in the
representations used by experienced mansiators. The TRANSLATION role would allow a
translator to get from input in one language to output in the other in a relatively direct
fashion, in some cases without making any reference to the content of the input utterance.

The translation assocations also seem to have a role in generation contexts where
explicit translaton is not called for. The process is similar to the kind of intra-sentential
code-switching seen in sentences like (7.2), except that, instead of directly making use of
the schema from the wrong language, this schema is translated into a target language
schema. Say a Japanese speaker wants to generate an English NP referring to some
pepper. She can either access the English schema directly, access it through the

corresponding Japanese, or use a combination of these paths. Figure 7.12 shows what
would happen in the second case. '

4 : 2 < 3 v
(= :
3 L - \ noun

' +

,/{,,,,),,,,,,,,
T noun S PELEERS

—| ‘KOSYOO‘l

Figure 7.12: Lexical Selection Using a Translation Relationship

The schema selection process starts with the firing of a node representing the
referent (not shown in the figure), resulting in the firing of the general node for BLACK-
PEPPER (or a set of feature nodes). For this speaker this concept is associated with only a
Japanese GU. The ﬁrm&g the ENGLISH-NP node activates the TRANSLATION node in the
JAPANESE-NP GU, and this primes ail TRANSLATION roles of J noun GUs. In this
case the TRANSLATION role in the *KOSYOO GU can fire an activate the appropriate
English GU, *PEPPER. Since two GUs have been selected, two word nodes, “KOSYOO"
and "PEPPER", are both candidates for the head noun of the NP. These inhibit one another
viaaW'I‘Anztwurk.mdtheEngﬁshwﬂpﬂoﬁn&mbecmuofdwpﬁmingthatan
English words receive when the hearer is an English speaker.

Faﬂumtbiﬁngmhdnmshﬁmmgymydmhquaedinmem&mm
from the L2 to the L1. Sentenoe(l.ll),repeawdhueu(‘lﬁ).ummle where the L1

is Amharic and the L2 English, but this typeofpmeessoecmnmongh%:uaspeakm_'s
who have been immersed in an English-speaking environment as well. uterance is

ordinary Amhaﬁcexccptfmtheuseofﬂaevabwasad& This verb corresponds to one of
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the general senses of English take, roughly ‘transfer control of an object to the actor’.

Thus wessede would be appropriate in the Amharic versions of the English sentences Mary
took John's watch and take my coat, I don’t need it, but not in the translations of the
sentences I'll take you to the airport, he took a shower, and he took another class.

(7.3) lela kefel wessEdE.
other class he:tock
‘He took another class.’

. _Apparently the speaker has accessed the English GU for taking a class while
intending to produce an Ambharic utterance and then literally wranslated the English

expression into Amharic. Figure 7.13 shows the path that is followed in the schema
selection process for the verb.

ENGLISH- AMHARIC-
TRANSITIVE-CLAUSE TRANSITIVE-CLAUSE

*TAKE- “KIFL-
(cuss Sontant (TEKETATTELE )

Figure 7.13: A Translation Relationship in an English-Ambharic Bilingual

Activation from the input concept leads to the firing of the PARTICIPATE-IN-CLASS
node (or a comparable set of features), and this in tum sends activation to the two GUs
which this speakerhnfatheconcept,onefaeachhnm?a. In this case, the connection
to0 the Amharic GU, *KIFIL-TEKETATTELE, is too weak for it to fire immediately..The
connection 10 *TAKE-CLASS, on the other hand, is strong, and *TAKE-CLASS fires as a
result. There is no translation specified for this GU, but is one in the more general
*TAKE GU. Activation from *TAKE-CLASS spreads to this *TAKE GU, and the translation
association yields the Amharic GU *WESSEDE. In this case the associarion is a faulty one
because it implies equivalence between two verbs whose senses are quite different despite
some

1.3.5. Word-to-Word Translations

The closest association possible between units of knowledge in two languages is a
wranslation association between words, as opposed to schemas. Figure 7.14 shows the
what this would look like for a person who knows the English noun pepper only as the
anslation of the Japanese noun kosyoo. Note this relationship leaves the English word.
pepper completely isolated from any general knowledge of En noun phrases. That is,
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knowledge in this form would only be useful for a word-for-word replacement of L1
patterns.

BLACK-
PEPPER

P

T “KOSYOO" |- transiation )]—{ "PEPPER" |

Figure 7.14: Word Translation Relationship

We might expect word translation relationships to develop in very low-level
learners, in particular those studying in formal contexts where the memorization of lists of
translation pairs is encouraged. The early utterances of second language leamners and
pidgin speakers are often described as relexifications of first language utterances, and we
might look there for evidence of word wanslation relationships. The following is an
example of a Hawaiian Pidgin English sentence produced by a native speaker of Japanese
(Bickerton, 1981).

{7.4) da pua pipl awl poteito it.
‘The poor pecple only ate potatoes.’

Japanese verb-final word order is apparent in this and other of Bickerton's examples. One
possible account would have this sentence generated using Japanese schemas entirely,
including the high-level GU JAPANESE-CLAUSE, specifying clause-final position for the
verb, and the lexical GU *TABERU, specifying a VERB which transiates to English eas.
This relexification view of the generation of sentence (7.4) is shown in Figure 7.13.

Figure 7.15: Generation of (7.4) Using Relexification: The Wrong Account

The open-headed arrow is an abbreviation for a relationship; here the
ACCUSATIVE constituent of the Japanese clause is i aar]recedm; the verb. The
generation is driven by the JAPANESE-CLAUSE and *TABERU GUs. When it comes ume

forﬁwvmuobe;mdmed.itismpkcedbyﬂwﬁnglishmhdmm

There is a problem with this account, however. These associations leave no room
for the later integration of the knowledge into the syntax of the L2. If we hold to the view
that syntax is just generalized lexical patterns (Peters, 1983; Wong Fillmore, 1977), then
there is no way for syntax to ever arise in a system like the one in Figure 7.13.
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A more reasonable account is to have full-fledged phrasal schemas in the L2 which
contain relatively little syntactic information in the early stages of acquisition. This
alternative is shown in Figure 7.16 for the present cxampie.

JAPANESE-
CLAUSE

Figure 7.16: Generation of (7.4) Using a Cross-Linguistic Schema: A Better Account

The speaker has a schema for eaz pointing to the schema ENGLISH-CLAUSE, but this
high-level GU currently has nothing to say about constituent order. ENGLISH-CLAUSE is in
turn a specialization of the cross-linguistic schema CLAUSE, which at this stage stll
specifies Japanese word order. On this view, the utterance gets its ordering from what is
currently known about constituent ordering in general, namely, what is known about
constituent ordering in Japanese clauses.

7.4. Coping with Gaps in L.2 Knowledge

In Section 7.3 we saw how some of the errors made by second language leamers
can be accounted for in terms of faulty associations which have been acquired. There is
another possible source or errors: a speaker may have no association at all for a given
concepta.ndwillhavetocopawid:mis(hﬁcitinawaythatislikelymmultinanm. In
many cases an error can be interpreted in more than one way. In this section I consider
some errors which apparently result from missing linguistic kmowledge.

Gapoinlinguisﬁcknowledgeleadtotwomofm. On the one hand, there
are errors with grammatical hemes which express largely redundant meanings in the
target language. Speakers yseemmbemwmofsuchum,thm:hcyneedno
pardcuiaxsmgiumdedwithmeppsthamuhmm;m There are two of them
m:hefouowmgumnce;nocdmﬂxeydonainmfmsigmﬂcmdymmmmam

(7.9) He wonder because thers are only two basket.

In terms of the CLM model, the missing knowledge_iqmchcamisofthepundigqnﬂc
type, wmchfmsmemeakammbpﬂcmnmm«mmeymmbuw
1o her communicative goals. Thus baskez is not plural in this utterance either because there
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is no WTA network which forces a COUNTABLE-NP 1o be either a PLURAL-NP or a
SINGULAR-NP or the WTA connections exist but are sdll weak. I will not be concerned
further with this type of error.

7.4.1. Lexical Gaps

On the other hand, there are errors which are potentially more serious because a
misunderstanding may result. The problem may be iexical or grammatcal. Sentence
(1.10), repeated here as (7.6), is an example of a lexical gap. The speaker is referring 10 a
person’s leaving property (some iron bars) with a friend for safekeeping.

(7.8) He uh keep uh he kept his ... property so he
deposited uh .. his friend.
Do you understand?

This appears t0 be an example of ransfer from L1. Japanese has a verb takusu which has
the general sense of ‘leave something for safekeeping’, including money in a bank.
Interestingly, the speaker of (7.6) used this verb when describing the same event in
Japanese.

The following, from Takahashi (1985), is another example of lexical
overgeneralization, apparently under the influence of the L1.

(7.7 I don’t like this tea because it’s too thick
{= ‘strong’).

Japanese has an adjective koi which, when used to describe a solution, has the general
sense ‘concentrated’, corresponding to both English rhick and strong.

Let us consider (7.6) in some detail. As already noted, the error may be a result of
an existing faulty GU. This possibility is shown in Figure 7.17. The GU for deposit, like
the GU for the Japanese verb rakusu, is associated with the general notion of LEAVE-FOR-
SAFEKEEPING, which includes the type of act referred to in (7.6) as well as the depositing
of money in the bank. With this GU in memory, the generation of (7.6) is straightforward
since the event referred to is an instance of the concept LEAVE-FOR-SAFEKEEPING. This
account would expiain the error in the same way as I explained the error in (7.1), for which
the speaker has an English GU *WATER which points to the wrong concept, NOT-HOT-
WATER.

{*DEPOSIT is-a ENGLISH-~CLAUSE
{content LEAVE-FOR-SAFEKEEP ING)
(noun "DEPOSIT"))

Figure 7.17: Faulty GU for deposit

On the other hand, based oa the speaker’s dysfluencies, a more likely account is
that the error results from some sort of coping behavior. Let us assume that the speaker
hasleamedd:egpomnn' meaning for deposit in the sense of putting money in a bank. A
portion of the GU is given in Figure 7.18.
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(*DEPQSIT is-a ENGLISH-CLAUSE
{hearer ENGLISH-SPEAKER)
{verb "DEPQSIT™)

{content TRANSFER-QF-CONTROL
(actor ZA)
(object (MONEY 20))
{source ?A}
(recipient BANK)
{duration TEMPORARY)
(purposel PREVENT
{ocbject LOSE
(object 20}))
(purpose2 INCREASE-VALUE
(object 20))))

Figure 7.18: GU for deposit

In order to see how this GU might have been selected, we need to consider what
features there are to be matched in the input. A possible representation for the input
concept for (7.6) is shown in Figure 7.19.

(TRANSFER-QF=-CONTROL3 is-a TRANSFER-QCF-CONTROL
(actor MANG) '
{object IRON-BARSY)

(recipient MANS)
{(duration TEMPORARY)
(purposel PREVENT
{object LOSE
(object IRON-BARS9))))

Figure 7.19: Possible Content for Sentence (7.6)

The GU in Figure 7.18 matches this instance on some features. Both are of type
TRANSFER-OF-CONTROL, and both have TEMPORARY DURATION. A purpose of the act in
both cases is the prevention of the loss of the transferred object. Where the GU does not
matchisfonhescipulatiomthutheobjectismoney.thmmerecipizntisabank.ammata
further purpose of the transfer is the earning of interest.

Given a particular set of connection weights, activation from this input structure
may not be enough to cause the CONTENT of *DEPOSIT to fire. However, recall that this
role is linked to the CONTENT roles of other clause GUs through a WTA network. When
the WTA hub node is activated, it first waits for one of the network elements to fire on its
ow@ﬂﬁs@smmhmwnﬁuﬁmnwmmm
the one with the highest activation normally fires. mmhcau.dnspmecomof
*DEPOSIT. Thisdehyinﬁﬁngisinpmawayofmodeuingm_emn;yp ! by
the speaker in generating a sentence such as this. Note that this account i3 identical to that
used in explaining the comparable example for L1 generation described in section 4.4.1: I'd
like to deposit jewelry.

This explanation of the error in (7.6) makes no reference to the L1 system, though.
That is, the fact that there is a Japanese GU for a verb with the general meaning ‘leave for
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safekeeping’ had no bearing on the speaker's decision to use the verb deposit in more or
less this sense. Based on the frequency of errors like those in (7.6) and (7.7), it appears
that the existence of the Japanese word does have an effect. That is, all other things being
equal, we would expect an error like that in (7.6) to be more likely from a Japanese speaker
than from a speaker of a language which does not have a verb like rakusu with the general
sense of ‘leave for safekeeping’. How can this effect be achieved within the context of the
CLM approach to L2 generation?

The explanation depends on the sharing of conceptual features between the GUs for
deposit and rakusu and also on the possibility that, given a particular input notion, only a
subset of the relevant features of the notion will result in firing nodes. Figure 7.20 shows
some of the relationships berween the two schemas.

MONEY
IBANKIr
PREVENT-
LOSS
4 object
recipient'
TRANSFER- P
QF-CONTROL ~{ duration :
Y purpose [F
7
\ object
duration { | \ reciplent
*TAKUSU content *DEPOSIT content
purpose [I durstion [T
st
\ purpo

Figure 7.20: Lexical Transfer in Generation (1)

Only four features are shown, the OBJECT, the RECIPIENT, the DURATION, and one
PURPOSE. For both GUs the DURATION is TEMPORARY, and one PURPOSE 13 the
prevention of loss (here abbreviated as a single PREVENT-LOSS node). *DEPOSIT also has
the feature that the OBJECT be MONEY and the RECIPIENT be a BANK.

Figures 7.21 and 7.22 show the series of cvents thas would lead to *DEPOSIT firing
for sentence G.G)inawaymnisdzpendemondnememeofﬂm.
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BANK
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PREVENT-
LOSS
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>
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P
r 7l
/III el d
A % duration U \d [recipient
YAIAISPIIISSY, n il BB Uil i
TR SEESSIT)
purpose I e ’\ duration
L purpose

Figure 7.21: Lexical Transfer in Generation (2)

Assume first that only a subset of the relevant features is activated. To keep the
example simple, we will assume that the only activated features are those for the OBJECT
and the DURATION of the input concept, as well as the fact that it is an instance of
TRANSFER-OF-CONTROL. The result is the firing of the blackened nodes in the figure.
Activation from these nodes converges on the CONTENT nodes of both GUs and on some
of the roles of the CONTENT nodes. Note that the OBJECT role in the *DEPOSIT GU does
not fire because it received no activation from its value node MONEY. At this point
*TAKUSU:CONTENT is more likely to fire than *DEPOSIT:CONTENT because a greater
proportion of its roles have fired. )

Figure 7.22 shows how the firing of *TAKUSU:CONTENT can result in the selection
of *DEPOSIT. Once *TAKUSU:CONTENT fires, it sends activation t0 those of its roles which
have not yet fired: in the figure, the PURPOSE! role. The firing of this node and the node
for its value, PREVENT-LOSS, in turn lead to the firing of the corresponding role of
*DEPOSIT:CONTENT, increasing the likelihood that *DEPOSIT:CONTENT itself will fire. If it
does, the *DEPOSIT GU will be selected, as indicated in the fi Note that the Japanese
GU *TAKUSU i also selected because its CONTENT role has but it will not compete
with *DEPOSIT because it is a the high-level GU ENGLISH-CLAUSE which is guiding the
generation of the sentence. Thus when the verb of the clause is to be generated, the
VERB/start node in ENGLISH-CLAUSE will activate VERB/state in *DEPOSIT, but not in.
*TAKUSU.
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Figure 7.22: Lexical Transfer in Generation (3)

Note that it is only the probability of this sort of transfer that is affected by the
presence of the more general L1 schema. In the example, if the full set of features common
to the two schemas had been activated from the input, *DEPOSIT would have fired whether
or not *TAKUSU had been available.

7.4.2. Syntactic Gaps

In other cases where there is a perceived gap in the speaker’s knowledge of the L2,
the problem is the unavailability of an appropriate syntactic pattem to a particular
relationshh;.‘ Sentences (7.8) illustrate such a problem with the English relative clause
pattern. The native Japanese speaker has read a story in Japanese and is retelling it in
English and in Japanese. The story concerns two men who have found a hatwchet lying on
the ground. Atthupointmenmmrwmumusenthefacuhnmemmwhohadlostm
hatchet was searching for it. Inrehdngttwstoryinlapanese,sheumamhﬁvechusew
distinguish this man the other two:

(7.8a) Sosite sono teono (o} otosita otoko ga
then that hatchet ACC dropped man NOM
‘Then the man who dropped the hatchet

sonc teono o] sagasite imasita.
that hatchet ACC was seeking
was looking for the hatchet.’
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In the English version, however, she seems to be unable t use a relative clause to perform
the function and instead produces two sentences:

(7.8by And then that saw is somebody’s.
Somebody’s looking for its saw.

There are. of course, problems with these sentences other than the one which interests us
here: saw is used for ‘hatchet’ and its for ‘his’, and somebody in the second sentence
incorrectly indicates a definite reference. To facilitate comparison with (7.8a), then, it will
help to correct these other errors and recast (7.8b) in the following form:

(7.8b’) And the hatchet was somebody’s.
(Somebody had dropped the hatchet.)
He was looking for his hatchet.

The effect of the two sentences is to imply to the hearer that he cannot infer the existence of
the owner of the hatchet or of the act of losing. In this context this effect is clearly not what
the speaker intended.

In what follows I will sketch an account of this error in terms of the CLM model.
There are complications reiated to the planning of a description for the NP, however, which
have not yet been worked out in the framework of the model.

What we have in (7.8) is an intent to produce a reference to a person to whom a
particular fact is to be atributed. A fact auributed toa referent as part of an NP normally
takes the form of an adjective phrase or a relative (adjective) clause. The form in which the
modifier is realized depends on the way in which the fact is lexicalized. If there is an
adjective lexical GU forthefacnﬂtmodiﬁawﬂluketheformofmadjecﬁv:tpm if
there is a verb (clause) lexical GU for the fact, the modifier will take the form of a relative
clause.

For this example, the referent, whom I will call MAN4, has several facts associated
with him in the speaker’s memory. One of these represents his ownership of the hatchet.
In the generation of the NP in question, activation spreading from MAN4 activates the
OWNER role of this fact, and I will assume that this activation constitutes the decision to
attribute the ownership fact to the referent in the NP. Figure 7.23 shows how the NP
might begemwdcmecdybyupeakuwimauoﬂhemq\miuefmofdnhnmg&

Activation spreading from the ENGLISH-NP node primes the SUBJECT-RELATIVE-
CLAUSE node, re ting relative clauses in which the referent of the subject is the same
as the referent of the NP that the clause is embedded in. This relationship is indicated by
the connection from ENGLISH-NP:CONTENT to ENGLISH-NP:SUBJECT-RELATIVE-
CLAUSE:SUBJECT:CONTENT. Activation from the referent of the NP being generated,
MAN4, leadstotheﬁﬁn.ofowm:owm.thenthegenenlomme.mdthenm
merged role in the *OWN GU representing the equivalence of the SUBJECT:CONTENT and
the CONTENT:OWNER for this schema. This node fires because it has also reccived
activation from ENGLISH-NP:CONTENT. At this point the *OWN GU is selected. This
provides one way to talk about ownership in English: he owned the hatchet. Activatuon
from *OWN:SURJECT leads to the firing of ENGLISH-CLAUSE:SUBJECT, which thea supplies
extra activation for SUBJECT-RELATIVE-CLAUSE.
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Figure 7.23: Initial Stages in Generation of the man that owned the hatches

Since dﬁspmssnkuphuwiminmeconmndmemﬁmofmm.the
clause should not be generated immediately, but should appear in the appropriate relative
clause slot following the head noun of the NP. ENGLISH-NP inhibits ENGLISH-CLAUSE,
preventing the own clause from being generated when *OWN i3 selected. Activation
spmadingmmghm-NPsequemesmeconsdmtsintheNP. When the head noun
has been produced activation passes to the start nodes for optional foilowing consutuents,
including prepositional phrases and relative clauses. Since the SUBJECT-RELATIVE-
CLAUSE has priming, it fires at this point, sending activation to ENGLISH-CLAUSE and
initiating the generation of the relative clause that owned the hatchet. Note that SUBJECT-
Rmmmmspedﬁuthniusubjecmkadufomoﬁrdﬁwpmmmm

The problem in (7.8b) could be due to one or more gaps in the :tpeaker‘s
knowledge of English. One possibility is that the speaker has no knowledge English
relative clauses. Another is that she is unfamiliar with the own pattem and instead knows
only the pattern found in the actual utterance, X be Y's. This is, of course, a leginmate
way to convey ownership in English, but in this sentence it would force the use of the
relatively complex possessive relative clause form: the man whose hatchet it was. A
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speaker at this level of proficiency would be very unlikely to know such a pattern. Figure

7.24 shows a possible picture of what this speaker knows and part of the path of activation
resulting in the first clause in (7.8b). P

ENGLISH-
CLALSE

I__‘ ENGLISH-
DECL-CLAUSE

ENGLISH-
INTERR-CLAUSE

(

subject

(2

-
owner HS
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=

Figure 7.24: Intial Stages in the Generation of (7.8b)

With *OWN missing, the *BE-SOMEBODY’S GU is the only way to refer to the
ownership of the hatchet. With the various relative clause patterns missing, the only way
to realize the clause is through the available subtypes of CLAUSE. Let us assume that this
speaker has knowledge of two clause pattems: declarative and interrogative clauses. The
schemasfothypuwouldbepmofaWrAmakthnfummeubcﬁondoneor
the other. For this example, there is no reason to produce an interrogative clause, so the
default form, the declarative, wins out.

AssuningthespeahuhunMyetbemwgemmﬁwNP.medecwveclause
will be uttered at this point: the hatchet was somebody's. Once this has happened, the
generationo(therefmncecanbeginagnin.bmnowducondiﬁmhavechmpd. The
referent is now assumed 10 be activated for the hearer because it has just been referred to.
As a result, the reference is now appropriately realized as a pronoun. Here another gap in
the speaker’s knowledge of the language leads to a further ermor, the repetidon of
some in place of he. mmnofdwwmmmmdmmhﬁj). It represents
apanofalinguisﬁcpuadigm&omwhichnnanvqspeakuofth:ghggu_upufomedto
choose, even when the selection has nothing to do with her communicative intett. :
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Note that the strategy used in (7.8) is not the only possibility for dealing with a gap
in syntactic knowledge of this type. The main concern of the speaker in this case is the
position of the relative clause (rather than any sort of morphological marking it might
have), and she might simply choose to place the English relative clause in the Japanese
position, that is, before the head noun. This occurs in the example in (7.9b), in which the
speaker has been asked to translate the Japanese sentence in (7.9a).

(7.%a) pittyaa wa booru o nageru sensyu desu.
pitcher TOP ball ACC throw player \is
‘The pitcher is the player who throws the ball.’

(7.9b) The pitcher is throw the ball player.
Whether this sort of ransfer would occur in a more natural context is not certain.

7.5. Summary

In this chapter I identified four types of cross-linguistic memory relationships
suggested by the CLM approach, one involvin? only a shared concept, one a shared
schema, and two direct translation connections of different types. Evidence from second
language errors, code-switching data, and first language “loss” indicates that three of these
types of associations are needed to account for the behavior of second ianguage leamners
and bilinguals, while the direct word-to-word translation association seems to be
unnecessary. [ also discussed ways in which the CLM model handles the behavior of
speakers whose knowledge of the L2 is deficient some way. In this regard it is i t
to distinguish gaps in the knowledge which the speaker needs to realize her g from
gaps in the grammatical knowledge which is built into the language but which often has
nothing to do with the realization of the speaker’s goals. In the former case speakers are
generally aware of the deficiency and must cope with it in some way. For lexical gaps one
option is to select a schema which partially matches the input. In doing so, the speaker
may be guided by any available L1 schemas. The result may be the typical errors of
overgeneralization. For syntactic gaps, one option is the selection of an alternate realization
of a high-level pattern type, what would be a “sister” of the desired structure in the
generalization hierarchy.
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Chapter 8

Comprehension






The focus of this thesis is the generation of language, but an artempt has been made
to develop a system which allows much of the same knowledge to be used in
comprehension as well. Corresponding to the three aspects of generation in the CLM
model, there are accounts of schema selection, role binding, and sequencing in
comprehension. These are the topics of this chapter.

8.1. Schema Selection

Schema selection for comprehension in the modet makes use of exactly the same
knowledge structures and spreading activation mechanism as it does for generation. The
only difference is in the nature of the input.

Consider what would be involved in lexical selection for the word bank in the
sentence Mary deposited $100 in the bank, assuming the system has GUs for two senses
of bank. ‘financial institution’ and ‘river shore’. The selection process is illustrated in
Figures 8.1 and 8.2.

The input at this point in the sentence consists of the firing of the word node
"BANK". This is strongly connected to the NOUN nodes in both GUs, *BANK/RIVER and
*B ANK/FINANCE, and both of these nodes fire, sending activation to the head nodes for the
GUs. These compete with one another via'a WTA network so that only one will be
selected for a given context. The situation at this point is shown in Figure 8.1.

RIVER-
BANK

Figure 8.1: Lexical Selection in Parsing (1)

Attheumﬁm.tbcwmmleofthe'BANWANCEGUwiuhaverweived
activation on the basis of the semantics of the clause. The *DEPOSIT-IN-BANK GU
specifies that the DESTINATION of the depositing appears in a prepositional phrase with in
and that this DESTINATION is & FINANCIAL-INSTITUTION. Hence at this point we would
expect the FINANCIAL-INSTITUTION node to have fired and seat activation to
*BANK/FINANCE:CONTENT. The situation at this point is shown in Figure 8.1

*BANK/FINANCE:CONTENT is a member of 2 WTA network, and when the WTA

" hub for this network times out and sends activation to all of the members,

*B ANK/FINANCE:CONTENT is most likely to fire. It then sends additional activation to the
*BANK/FINANCE node, causing it to win over *BANK/RIVER (Figure 8.2).
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Figure 8.2: Lexical Selection in Parsing (2)

Note that whereas generation requires extensive WTA networks linking CONTENT
roles, comprehension seems to need WTA networks only for homonyms such as bank.

8.2. Role Binding

Role binding comprehension is somewhat more complicated than in generation.
Here conceptual entties are assigned to roles in other conceptual entities on the basis of the
role association information in accessed schemas. The CLM approach works here as well,
but it is limited in two ways. First, intersecting paths of activated nodes may prevent a set
of associations from being available simultaneously. Second, there is currently no way of
permanently storing the associations in long-term memaxy.

Consider the comprehension of the sentence Mary loves John. The word Mary
leads to the firing of the nodes in the *MARY GU and the MARY node so that these nodes
are primed when the word loves appears. Figure 8.3 shows a portion of the network at
this point. The *LOVE GU includes the role association information for both the SUBJECT
and DIRECT-OBJECT constituents, one merged node for each association. For simplicity I
have omitted the TRANSITIVE-CLAUSE schema shown in Figures 5.1 and 5.2 and shown
the SUBJECT and DIRECT-OBJECT of *LOVE connected directly to the NP schema.

Figure 8.4 shows what happens after the word love is recognized. The word loves
activates the *LOVE GU, resulting in the firing of the node for the concept LOVE. Since the
SUBJECT is cxpecwdwprecedstheverb.meSUBIECTroleintheschemalsoﬁresndﬁs

point. This activates the role association information for the SUBJECT, represented by the
node merpngthecoqrmrofthespm_ﬁcrwitpme_mon. Activation spreads from the

the LOVE schema and in the other to the firing of the MARY node. I;isdxemomotless
simultaneous firing of these two nodes which implements the role binding.
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Figure 8.4; Role Binding in Parsing (2)
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This binding should be accessible later because it will leave a binding path
connecting MARY and LOVE:ACTOR. That is, after the refractory periods of the nodes on
the path have ended and before their residual activation has disappeared, the system can
access MARY by activating LOVE:ACTOR or LOVE:ACTOR by actvating MARY. For this
example, there is a problem with crosstalk, however. Role binding must next take place
for the DIRECT-OBJECT of the sentence as well. This will correctly associate the
LOVE:OBJECT and fOHN nodes, but the binding path for these two nodes includes
NP:CONTENT, which was also on the path for the binding of LOVE:ACTOR with MARY.
That is, the earlier binding is now inaccessible. Within the present framework there is no
way around this problem. In Chapter 11, I will discuss an adaptation of the model that
would enable the two bindings to co-exist.

8.3. Sequencing

In Chapter 6, [ discussed the use of sequencing information in the generation of the
sentence she sent him a lerter. Consider how the same information would be used in the
parsing of the sentence. Input in this case consists of the spaced firing of nodes
representing the words of the sentence. The firing of "MARY" leads to the selection of the
*MARY GU and the consequent firing of the MARY node. The firing of "SENT" results in
the selection of the *SEND GU, which is similar to the more specific *SEND-MAIL GU
described in Chapter 6. The latter schema wouid also receive some activation and might
fire if there were expectation-based priming regarding the wnw of a letier. Activation is
sent immediately to the SUBJECT constituent of the *SEND (and/or *SEND-MAIL) schema,
resulting eventually in the firing of the ACTOR node. It is the close proximation of the
firing of MARY and ACTOR which represents role binding, though there is currently no way
to record this binding permanently in the system’s memory.

The firing of VERB/end in the *SEND schema leads, as in the generation of the same
sentence, to the activation of nodes for both of the constituents which may follow. At this
point neither of these constituents has enough activation to fire. The activation that is
present represents the expectation that there will now be a reference to either the RECIPEENT
or the OBJECT. The state of the network at this point is shown in Figure 8.5.

=EE:,"-II

=) Y =)

. e/,

She sent

Figure 8.5: Comprehension of she sent him a legter (1)
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Next "HIM" fires, leading to the activation of nodes representing all male humans
that are currently in focus. There is only one such entity, John, and the JOHN node then
fires. Activation spreads to nodes for features of John including the HUMAN node. Since
humanness is a default property of the RECIPIENT of a TRANSFER-OF-CONTROL, this last
node is connected to the RECIPIENT node, which can now fire, sending activation in turn
eventually 10 RECIPIENT-REFERENCE/start in the *SEND entry. The additional activation
now causes this node to fire, representing the system’s recognition that the current
constituent refers to the RECIPIENT rather than the OBJECT of the TRANSFER-OF-CONTROL.
Figure 8.6 illusmates this sequence of events.

OF-CONTROL 1

obj
reference

_C

v

She sent him ...

Figure 8.6: Comprehension of she wrote him a letter (2)

From this point on, the process, at least with respect to sequencing, is similar to
what goes on during generation. After the firing of "HIM", activation spreads from
RECIPIENT-REFERENCE/end to the nodes representing the two possible alternatives, the end
of the clause or the appearance of the OBJECT-REFERENCE. The latter will predominate for
this example once the beginning of the NP rthe lerter is recognized. Following the
completion of this NP, there will again be two alternatives. In this case the CLAUSE/end
option will win out, as in the generation case, because of inhibition on RECIPIENT-
MARKER/start.

8.4. Summary

This chapter has looked briefly at ways in which the CLM network and processing
algorithm apply to comprehension as well as generation. Schemas are accessed in
comprehension through words and the roles for constituents rather than CONTENT or GOAL
roles, as in generation. There is competition between schemas with identical forms for
particular constituents, ¢.g., the two BANK GUs, rather than between schemas with similar
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meanings as in generation. Otherwise schema selection in comprehension proceeds exactly
as in generation. In comprehension, role association information in a selected schema
allows the system to bind roles in the concept that is behind the utterance. Sequencing
information in comprehension comes in part from the ordering that is built into the input

and in part from the same sequencing connections and WTA networks which play a part in
generation.
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Chapter 9
Related Work






9.1. Overview of Related Work

The CLM model is concerned primarily with explaining human language
generation, but the goal has been to carry out generation using mechanisms and
representational primitives that are common to other domains. Thus there is a large body of
research which is related in one way or another to the present work. [ will discuss it under
two headings: computational models of language generation and general models of
cognitive processing. Rather than surveying the work, [ will treat three illustrative models
from each category. The models chosen for discussion are those resembling the CLM
model most in terms of goals or general approach.

9.2. Language Generation Models

Existing work on generation can be conveniently divided into two categories, that
done in linguistics and psycholinguistics and that done in Al mdcompumiomlﬁ:tﬁsﬁcs.
In general the linguistic and psycholinguistic models tend not to be formalized to the extent
that they could be implemented as computer programs.. Dell (1986) and Kempen and
Hoenkamp (1987) are partial exceptions in this regard. On the other hand, for the models
in AI and computational linguistics the main concem is generally the development of a
working pro and psychological launbtl_{‘xg takes a backseat. Again there are partial
exceptions; for Conklin (Arbib, ConkYm, & Hill, 1987} in &mculn , psychological issues
are an important consideration. The present model is in the middle of the two extremes.
The twin concems here have been 10 produce a model which generates language in a way
that is consistent with human behavior and to implement the model as a program.

In this section [ examine three computational models of generation, each sharing
certain important features with the CLM L

9.2.1. Jacobs

Paul Jacobs’ KING generator (Jacobs, 1985b), in many ways a descendant of his
earlier PHRED system (Jacobs, 1985a), focuses on the importance of knowledge
representation in generation.

The KING symmkesuwofasemmﬁcnetwotkschemecﬂledm Both
conceptual and linguistic knowledge are represented in terms of Ace structures. In addition
to the usual is-a and has-a relationships, Ace includes VIEW and REF relations. VIEWSs
are designed to add ntational flexibility. For example, GIVE and TAKE are related
through seperate constructs to the more general TRANSFER-EVENT. REF links
associate concepts with linguistic forms. For example, the lexical caregory LEX_SELL is
linked to the concept SELL.

Jacobs' work, in pard dmond:eearlierPl-IREpzmiswithindpM
Lexicon approach (see Wilensky & Arens, 1980; Zemik & Dyer, forthcoming). The
basic units of linguistic knowledge are partern-concept associations. That is, linguistic
knowledge is oriented around phrases rather than single words, and the patterns are linked
directly with meanings.

The generation process in KING consists of three phases. First, input concepts are’
mapped om?)e alternative concepts until one or more are found which have associated with
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them the linguistic forms needed to generate a sentence. The mapping process may traverse
is-a links, but more importantly it may also make use of VIEW links. Thus an input
represented as an instance of TRANSFER-EVENT would first be transformed 10 an instance
of GIVE or TAKE because there is no linguistic form associated with TRANSFER-EVENT.
Next, mapping continues with the traversal of REF links, yielding a set of linguistic
relations and constraints. For example, for the sentence John gave Mary a hug, the set
includes: LEX_GIVE, VOICE_ACTIVE, VERB-INDIR-RELATION (IOBJ MARY1), and VERB-

OBJ-RELATION (OBJ HUGGING1). Note that at this point much of the linguistic work of the
generator has aiready been done.

The next phase is pattern selection. The relations and constraints resulting from
mapping could be potentially realized in more than one way, and pattern selection chooses a
syntactic pattern which best satisfies them. Panerns, like the rest of knowiedge in the
system, are represented in an is-a hierarchy, which is searched during this phase. For the
sentence John gave Mary a hug, the DATIVE-VP pattern is selected. The final phase is

restriction, which takes the output of both mapping and pattern selection and fills in the
elements of the pattemns.

Like Jacobs’s KING system, the CLM model emphasizes commonalities between
linguistic and conceptual knowledge, direct links between linguistic and conceptual units,
and alternative representations of basic conceptual notions. However, whereas Jacobs
makes use of specific VIEW and REF links, these relationships are handled in the CLM
model using the same simple connections that implement is-a and has-a relations. Thus
GIVE and TAKE are joined by exciu%:onnectiom to TRANSFER-OF-CONTROL and to0
cach other by inhbitory connections. This arrangement results in the selection of at most
one of these concepts when TRANSFER-OF-CONTROL is activated. - Alternative views, then,
are accessed not through a sPecul mmfnpmcedm but through the spread of activation.
The same is true for Jacobs’ REF links. In the CLM model are associated with
patterns through the GOAL roles of GIs and the CONTENT roles of GUs, but these nodes are
weated like any others by the spreading activation mechanism.

The CLM model also shares with Jacobs’ work and other work within the Phrasal
Lexicon traditon the sentation of linguistic units as phrases rather than isolated words
and the organization of these units in is-a hierarchies. However, in the CLM model the
patterns are associated not only with concepts (their CONTENT) but also with the deictic
elements of an utterance, the speaker, hearer, time, and context.?2 I have shown how the
avaﬂabﬂityofdnsemlumowsd\edirectmpmsemdonofthemninpofwuﬂs such as
me and come. In addition, the CLM mode! expands the hierarchy of units to include
phrases at the level of illocutionary acts. This enables the generation system to take into
account the goals of the speaker, as is done in systems that handle speech acts (e.g.,
Appelt, 1985; Perrauit & 1980).

The CLM approach differs from Jacobs’ systems.andﬁomocpetAlmoglehof
language d;u‘lnon. most significantly in the use of spreading activation to achieve all
aspects of the process. The mapping of concepts to alternative views, the selection of
patterns, the binding of roles such as Dmscr-omscrzpmmpuuquhr input entities,
m&mmgdmmdmnmwhkhmmwmmamm
model such as Jacobs’, are ide effects of the spreagd O CUVALON [rom . ]
the CIM model Furthermore, no instantiations of intermediate concepts or patterns are
 made during processing.

22Zernik (1988) also includes a context in his phrasal units.
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9.2.2. Dell

Gary Dell’s work on language generation (Dell & Reich, 1980, 1981; Dell, 1985;
Dell, 1986) has focused on modeling human speech errors, particularly those at the

hmorp hological and phonological levels. He has carried out several computer simulations of
is theory.

Dell makes two fundamental distinctions in his model. First, as in nearly ail
linguistic models, he distinguishes between levels of linguistic knowledge: semantic,
syntactic, morphological, and phonological. Dell gosits a representation at each of these
levels for the generation of a given utterance. Second, he distinguishes between the
“lexicon”, and *“generative rules”. The lexicon is composed of a network associating
elements from the different levels. Thus it includes elements which would not be
considered lexical in most models, for example, nodes representing phonemes. Each level
has its own set of generative rules defining possible combinations of elements at that level.
The rules apparently look a good deal like phrase structure rewrite rules, except that they
operate at levels other than syntax as well. example, at the phonological level there are
rules defining the possible combinations of phonemes in the syllable.

During generation, the same basic process takes place at each level. Using the rules
for that level, a “frame” is generated which is consistent with information from the next
higher level. (How the rules operate for the semantic and syntactic levels is not cleari
spelled out.) Next a lexical seiection process accesses a set of items from the lexicon o
the slots in the frame. For example, at the syntactic level, words are selected, and at the
phonological level, phonemes or phonological features are selected. Each of the nodes in
the lexicon is marked for its class so that the seiection process will be able to choose items
which fit in the slots in the frame. Thus a word node with the feature NOUN would be a
possible filler for a NOUN slot in a syntactic frame. There is a separate set of “insertion
rules” responsible for associating lexical nodes with slots in frames.

The lexical selection process operates through spreading activation. Activation
spreads from lexical nodes when they are selected at a particular level to lexical nodes
belonging to the next lower level. For example, the morphological node "SWIM" activates
the phonological nodes /SW-onset/, /I-nucleus/, and /M-coda/, representing the segments
making up the morpheme. When the phonological frame for the morpheme swim is being
filled, these three nodes will normally exceed other phonological nodes in activation and
will be selected for the three slots in the frame.

The representation that is built at each level is not actuaily an instantiation of a
frame. Rather it consists of a set of lexical nodes that are tagged for their positions in the
frame. For example, in the gencration of the sentence some swimmers sink, the word
nodes SOME, SWIMMER, PLURAL, and SINK would have the tags l, 2,3, and 4
respectively to indicate their positions in the current syntactic frame. There is also & tag
indicate the current node at each level that is being expanded into a frame at the next level.

An important feature of the model is feedback between the levels, which plays a
role in “output bias” in errors. Output bias is the tendency for phonological errors to result
e Ot A (o e o o e s i I fo i rip, i morpherme
sentence. For in tion error ip for A
nodes "LEWD" and "RIP" activate the set of &‘bonologld nodes for these words, and these
nodes in turn send some activation back to the morphological level. In this case the result
is the activation of the morpheme nodes "RUDE" and "LIP". The model predicts correctly
thaterronsuchuthisomuemaecommonmmthouwhichmﬂtmmn-wduuchu
ruke lisk for Luke risk.
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Dell's model bears a number of similarities to the CLM model. In particular, both
models make use of spreading activation over a network of nodes representing linguistic
constructs. Both are what Dell calls type-only models; rather than instantiate patterns, the
models use the pattems themselves to represent particular pattern tokens. While Dell does
not make use of inhibitory connections, he does use WTA networks to select from among

candidates to fill a frame slot. For Dell’s syntactic level, this is analogous to the selection
of lexical GUs in the CLM model.

There are impornant differences, however. Most significantly, Dell's model
requires two sets of rules and two types of markers in addition to the spreading activation
mechanism. In the CLM model, patterns are selected, pantern slots are “filled” (through the
role binding process described in Chapter 5), and items are sequenced appropriately using

the same spreading activation mechanism. Thus the CLM model has the advantage of
greater simplicity.

The CLM model does not make the distinction between generative rules and static
lexical knowledge which is basic to Dell’s model. Instead, GUs, which correspond to
lexical entries in other models, incorporate syntactic information because they are phrasal
units. Thus the selection of a GU entails not only the selection of one or more morphemes

but also of a syntactic pattern. Parterns also appear as the PLAN roles of Gls which are
selected on the basis of the speaker’s goals.

The two models also differ in terms of emphasis. While the CLM model focuses
on illocutionary acts and lexical selection, Dell is more concemed with morphoiogy and
phonology, and he has nothing at all to say about pragmatics. Dell is interested mainly in
accounting for speech errors, while the present model handles other phenomena such as
robustness, flexibility, and cross-linguistic transfer, in addition to some types of speech
errors. In future work it will need to be demonstrated that the model can handle the range
of errors that Dell’s model can. With the exception of certain perseveratory phonologi
errors (see Section 11.1,1 for a discussion of a possible account within a modified CLM
model), there is no reason to believe that the present model will fail in this regard. In
particular, output bias effects are accommodated because activation flows in both directions
across linguistic levels.

A final difference concerns the fact that the CLM network and processing

mechanism are usable for comprehension as well as generation, an issue which Dell does
not artempt to address.

9.2.3. Kalita and Shastri

Jugal Kalita and Lokendra Shh:::i (1987) ha:rledtf;el alocall;z:fdcon;ecuoms}
approach to language generation which is apparently y examp such a mode.
other than the pme‘:t model. This research appears to be at & relatively early stage of
dcvelopmﬂ.mdnmaﬂdmcdenilsmclurﬁomzhcsinghpubﬁshadpapuonin

Kalita and Shastri’s network has five levels, each corresponding to a separate
aspect of processing. At the input level are concept nodes representing notions such as
EAT and BANANA1 and constraint-specification nodes representing syntactic features such
as ACTIVE-VOICE. There is no conceptual memory as such, however; the concept nodes
are not connected to each other. Ing}apslevel nodes connect to nodes at the realization
class level representing clauses and NPs, and these are connected to nodes at the choice
level representing more specific structures such as passive clauses and indefinite NPs.
Choice level nodes activate nodes at the constituent level representing constituents such
as subject and determiner, and these are in tum connected to nodes at the morphological
level representng morphemes.
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As in other work within the localist connectionist framework defined by Feldman
and Ballard (1982), nodes exhibit relatvely complex behaviors. Connections join with
nodes at “input sites”, each of which has an associated site functon. For example, one
type of site computes the maximum of the inputs coming in at that site. Nodes in the
network have several input sites. Nodes are either active or in one of two types of inactive
states. Nodes are in the “inital-inactive” state when processing begins. A node becomes
active as a resuit of input activation on the appropriate connections, and it remains so untl
its “expansion-completed” site is activated. At this point it becomes “final-inactive”. Mos:
final-inacnve nodes cannot be re-activated undl the network is initalized for the generation
of a new sentence. The nodes in the NP network, however, have a special “reuse site”.
When this is activated, these nodes change from “final-inactive” to “initial-inactive” and can
be used for the generation of further NPs in the same sentence.

As discussed in previous chapters, a connectionist model of language generation
must concern itself with three aspects of the problem, the selection of linguistic units, the
binding of syntactic and semantic roles, and the sequencing of items being output. With
respect 10 the selection of units, Kalita and Shastri’s model has little to offer. Since there is
no real conceprual memory, lexical selection involves a direct mapping from input concepts
to words. This deficiency in the model is recognized by the researchers. Selections of
syntactic patterns are made, but this is done in part on the basis of rather implausible
syntactic input constraints such as the stpulation that the current clause be active.

A good deal of the special machinery designed by Kalita and Shastri is involved in
the work of role binding. mechanism is quite complicated and requires at least four
special node types in addition to the nodes actually representing the semantic and syntactic
roles themselves. Each combination of a possible input object and a semantic role has its
own special binder node (e.g., OBJECT-BANANAL). h semantic role also has a “giobal
enable” node with connections to the set of binder nodes for that role. When processing
starts, certain of these connections are turned on to specify input semantic role
assignments. I[n addition, there is a “driver” node for each syntctic role, an “NP
expansion driver” node, and a “binding completion” node which finally wransmit activation
to the NP network and initiate lexical selection for the constituent.

As discussed in Chapter 5, sequencing in a connectionist model involves two
separate problems, a way to represent sequential relationships and a way to have
constituents signal others when they are complete. For the first problem, Kalita and Shastri
make use of special sequencing nodes. The operation of these nodes is not made
completely clear in the paper, but they function not only to order output words but also to
deactivate units which have already been used. The second problem is handled by the
special “expansion-completed” sites on nodes which were referred to above. Once a
constituent 13 complete, the node for that coastituent is activated at its expansion-completed
site, the node becomes final-inactive, and a sequencing node is activated to start off the
generation of the next constituent. In the case of NPy, the sequencing node also turns on
the NP nodes again by activating their reuse sites.

There are two reasons for wanting to implement a particular cognitive task using a
connectionist approach. One is to demonswate that it is possible to accomplish what is
accomplished in symbolic models within the highly constrained framework of
connectionism. Alternately, or in additon, one may wish to demonstrate that the
connectionist account has advantages over the symbolic account for the task being
modeled. While both goals are behind the CLM model, the wark of Kalita and Shastri
seems only to be based on the first. Their model does not exhibit any interesting features
which would not be exhibited by symbolic generation systems. It simply shows that, for
the range of structures they consider, it is possible to generate sentences by propagating
activation through a network of simple processing units.
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As in other work within the localist connectionist framework defined by Feldman
and Ballard (1982), nodes exhibit relatively complex behaviors. Connections join with
nodes at “input sites”, each of which has an associated site functon. For example, one
type of site computes the maximum of the inputs coming in at that site. Nodes in the
network have several input sites. Nodes are either active or in one of two types of inactive
states. Nodes are in the “initial-inactive” state when processing begins. A node becomes
active as a result of input activation on the appropriate connections, and it remains so untl
its “expansion-completed” site is activated. At this point it becomes “final-inactive”. Most
final-inactive nodes cannot be re-activated undl the network is initalized for the generation
of 2 new sentence. The nodes in the NP network, however, have a special “reuse site”,
When this is activated, these nodes change from “final-inactive” to “inital-inactive” and can
be used for the generation of further NPs in the same sentence.

As discussed in previous chapters, a connectionist model of language generation
must concern itself with three aspects of the problem, the selection of linguistic units, the
binding of syntactic and semantic roles, and the sequencing of items being output. With
respect 1o the selection of units, Kalita and Shastri’s model has little to offer. Since there is
no real concepial memory, lexical selection involves a direct mapping from input ¢
to words. This deficiency in the model is recognized by the researchers. Selections of
syntactic patterns are made, but this is done in part on the basis of rather implausible
syntactic input constraints such as the stipuiation that the current clause be active.

A good deal of the special machinery designed by Kalita and Shastri is involved in
the work of role binding. mechanism is quite complicated and requires at least four
special node types in addition to the nodes actually representing the semantic and syntactic
roles themselves. Each combination of a possible input object and a semantic role has its
own special binder node (e.g., OBJECT-BANANAL). h semantic role also has a “global
enable” node with connections to the set of binder nodes for that role. When processing
starts, certain of these connections are turned on to specify input semantic role
assignments. In addition, there is a “driver” node for each syotactic role, an “NP
expansion driver” node, and a “binding completion” node which finally ransmit activation
to the NP network and initiate lexical selection for the constituent.

As discussed in Chapter §, sequencing in a connectionist model involves two
separate problems, a way to represent sequential relationships and a way to have
constituents signal others when they are complete. For the first problem, Kalita and Shastri
make use of special sequencing nodes. The operation of these nodes is not made
completely clear in the paper, but they function not only to order output words but also 10
deactivate units which have already been used. The second problem is handled by the
special “expansion-completed”™ sites on nodes which were referred to0 above. Once a
constituent is complete, the node for that constiruent is activated at its expansion-completed
site, the node becomes final-inactive, and a sequencing node is activated to start off the
generation of the next constituent. In the case of NPs, the sequencing node also turns on
the NP nodes again by activating their reuse sites.

There are two reasons for wanting to implement a particular cognitive task using a
connectionist approach. One is to demonstrate that it is possible to accomplish what is
accomplished in symbolic modeis within the highly constrained framework of
connectionism. Alternately, or in addition, one may wish to demonstrate that the
connectionist account has advantages over the symbolic account for the task being
modeled. While both goals are behind the CLM model, the work of Kalita and Shastri
seems only to be based on the first. Their model does not exhibit any interesting features
which would not be exhibited by symbolic generation systems. It simply shows that, for
the range of structures they consider, it is possible to generate sentences by propagating
activation through a network of simple processing units.
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The most serious deficiency of the model is its failure to deal with the issue of unit
selection. This is an aspect of generation involving the satisfaction of multiple constaints,
and hence, as I have argued, connectionist models are well suited to the task. Thus it is
somewhat surprising that Kalita and Shastri have chosen to ignare the selection issue.

Kalita and Shastri have developed a novel approach to the role binding problem, but
it is much more complex than the mechanism I described in Chapter 5, The CLM approach
depends crucially on the fact that node activation decays over time and that recently
activated nodes are more readily reactivated than those activated earlier. Kalita and
Shastri’s model does not have a decay mechanism, however, and they are forced to resort
to their complicated network of binding nodes. The most serious problem with this
approach, as they themselves note, is the use of separate binding nodes for each concept-
role combinaton. This greatly increases the memory requirements of the system.

On the other hand, there are some similarities in the w:llz‘}ln which sequencing is
handled in the two models. The expansion-completed sites on Kalita and Shastri's nodes
perform the same basic functions as the end nodes of the CLM model. Both signal that a
constituent has been completed so that the next constituent can begin and at the same time
prevent the overlap of constituents. One advantage to the CLM approach is that start and
end nodes can have separate output connections to other nodes. For example, some
constituent end nodes activate the end nodes for the phrases which they belong to. Tharis,
the completion of a constituent may provide evidence that the larger phrase has been
completed or is near completion. The division into start and end nodes also makes special
sequencing nodes unnecessary; the start and end nodes do the sequencing themselves
through sequencing connections joining end nodes to start nodes of different constituents.
A further weakness of Kalita and Shastri’s model, which the authors recognize, is the
inability to handle optional constituents. In the CLM these are simply constituents which
fire only when they receive activation from semantic sources.

A final drawback to Kalita and Shastri’s model is the need to reinitialize the network
each time a sentence is to be generated. All nodes must be returned to the initial-inactive
state, and connections representing role assignments must be enabled. The need for
separate initial-inactive and final-inactive states in the model is not made clear in the paper.
A type-oniy model such as this should allow nodes of all types, not just those used in
generating NPs, to be reused in the generation of a single sentence.

9.3. General Cognitive Models

In recent years there have been several attempts nqhnndleawicbnnpofeogﬁd_ve
phenomena within the framework of a single theory. As in the CLM model, these theories
emphasize commonalities between language 'p;ocessing and other types of cognitive tasks
such as the solving of geometry problems. In this section I discuss three models which
share other aspects of the CLM model as well: all make extensive use of spreading
activation over a network memory.

9.3.1. Anderson

John Anderson's ACT* model of human cognitive processing (Anderson, 1983;
1985) is a computational theory developed over more than a decade. The model accounts
for an impressive array of data from recognition, recall, planning, and learning, and
Anderson’s research includes many computer simulations of the key aspects of his model. -
ACT?* is certainly unparalleled in the psychological literature, and this is no place to attempt
a comprehensive review.
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Anderson makes a fundamental distinction between declarative and procedural
knowledge, and I will focus on this claim in the discussion here. Declarative knowledge
is knowledge about facts and things. It can be acquired through observation or by being
told. Declarative knowledge is represented using three different “codes™ abstract
propositions, spatial images, and temporal strings.

Propositions, comprising the semantic knowledge that is involved in interpreting
and generating language, are cmbodied in a network of nodes with associated strengths.
Facts in the network are accessed through the spread of activation starting with a set of

source nodes. The degree of spread is governed by node strengths. There is a decay
mechanism to keep activaton in check.

Procedural knowledge is knowledge about how tasks are performed. Procedural
knowledge about driving, for example, would be what is used during the act of driving,
whereas declaratdve knowledge about driving would be what is necessary to explain how to
drive 1o someone else. Note that the one does not presuppose the other; it is possible to
drive perfectly well without being able to describe what one is doing.

PrDC:dunl cll:lnowled e takes the form of prﬁ:mm. wm rules each
co of a condition and an action component. ition specifies a pattern of
dam.oftenincludingawreofgod.thnmustbeavaihbbinthesymm'swo:ﬁngmemy
for the production 0 appiy, and the action specifies the procedure that is executed when the
production applies. An action may add elements 10 working memory or carry out some
sort of motor activity. For example, the following is a production that would be used in
generating a sentence (Anderson, 1983, p. 262):

Condition the goal is to describe RELATION
and RELATION describes ongoing ACTION
and ACTION is currently happening

Actian set as subgoals
1. to generate is
2. to generate the name for ACTION
3. to generate ing

When the speaker wants to describe a relation which describes an ongoing action, this
production would “fire”, resulting in a goal to say is and the verb representing the action
together with an ing suffix.

Productions make use of facts in declarative memory. For example, one of the
actions taken by the above production is 1o access a nams for the concept being referred to.
This retrieval is effected through the spread of activation from the node representing the
concept. By itself declarative knowledge is useless. It is only through the retrieval
processes (that are part of productions) that it is put to use.

Procedural knowledge is acquired differently from declarative knowledge.
Declarative know| is learned on an all-or-none basis. For example, on being told that
more men are bald women, the system might simply add this fact to its database.
Productions, on the other hand, are acquired over time. With practice, the system is better
able to match the conditions in productions, and the procedures become more and more
automatc.

A further difference between declarative and proceaﬁn;ln knowledge concerns
directionality. Procedural knowledge is asymmetric; it conditions to actions,
but not vice versa. Adeclutﬁvefact.onthaodierhmu accessed from any of its
component elements.
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Like Anderson’s ACT* model, the CLM model makes use of a semantic network
and a spreading activation mechanism for memory access. The major difference lies in the

fact that the Wmummm

Collapsing the two components simplifies the system and at the same time makes it
easier to conceive of its implementaton in the hardware of the brain. Itis a trivial marter 1o
encode rules in the form of a schema: the condition and action would correspond to roles in
a rule schema. But is such a schema usable in a way that simulates human procedural
knowledge? One probiem is that schemas are normally accessible from all of their roles.
That is, there is no specified direction to a schema; a rule could proceed from action t
condition just as well as from condition to action. A direction can be enforced, however, if
there are weights on the role-to-head connections. If the weights on connections from
condition roles were higher than those from action roles, the rule schema would normally
be accessed more readily via its condition than its action.

At the same time, the lack of directionality of schemas is an advantage, even for
certain types of procedural knowledge. Consider language generation, an example ofa
skill which Anderson would like to represent in terms of productions. The ability to
generate language is acquired mainly through the observation of others. In this process the
learner makes generalizations about what sorts of intents are behind the linguistic actions of
speakers. In other words, the learner creates schemas that can account for the behavior of
other speakers but which can also be used by the learner herself in generating language.
These schemas resemble productions in that they associate particular goals (conditions)
with particular actions, but they differ in two significant ways. First, they are usable in
either direction. Given a particular type of linguistic act, a hearer recognizes it as the action
component of a schema and infers the goal behind the act on that basis. Given a particular
goal, a speaker accesses the same schema and executes the action specified in it to realize
the goal. Secondly, these linguistic schemas represent knowledge about how speakers
behave, not only how the learner herself behaves. This is clear from the fact that people
have knowledge about the speech patterns of groups to which they do not belong,
knowledge which they are quite capable of using when they are quoting or mimicking
speakers who are members of those groups. Thus Japanese women have no difficulty in
using the personal pronouns which are characteristic of Japanese men’s language when
they are imitating or quoting men. At least for linguistic knowledge, schemas seem to do a
better job than rules.

It appears that Anderson may be making an important distinction, but making it in
the wrong place. There are two ways to icarn a general fact, such as that men are more
often bald than women. One is to be told, in which case the fact either is or is not added ©
memory. The other is to build up a generalization about human baldness over time by
observing a number of men and women. This is the type of knowledge that would be
encoded in a schema. There is no reason to believe that the former type of knowledge
would have the same form as the latter. The generalization alternative would correspond
closely o Anderson’s procedural knowledge, and like procedural knowledge it might be
relatively inaccessible to consciousness. Yet it does not represent know about doing
in the usual sense. The distinction Anderson makes is an important one, but it does not
argue against the use of schemas to represent rule-like knowledge.

9.3.2. MacKay

Donald MacKay’s Node Structure theory of human action and perception (1987)
has its origins in MacKay's work on language generation, but the theory in its present form .
has been extended to encompass not only language perception, but non-linguistic action
and percepton as well.
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MacKay posits a network memory containing three types of nodes. “Content
nodes” represent concepts and linguistic constructs, “sequence nodes™ control the serial
output of ictions, and “timing nodes” handle variations in overall tempo. A spreading
activation mechanism operates on the network memory. Nodes must be primed two
sources before firing (which MacKay calls “activadon™) can take place. After firing, nodes
are initially inhibited and later recover some residual activation. WTA networks
(“domains” operating under the “most-primed-wins principle”) implement competition
between nodes.

Consider how the model generates the subject of the sentence theoretical predictions
guide research. A content node representing the meaning of the entire sentence fires, and
this activates a node representing the meaning of the subject NP. The node for the NP then
activates lexical content nodes for the adjective theorerical and the noun predictions. These
nodes do not fire immediately but pass some activation along to the sequence nodes for
ADJECTIVE and NOUN, which are members of the domain A network) of sentential
sequence nodes. ADJECTIVE inhibits NOUN. Next additional activation is sent to the
sequence nodes from firing timing nodes for the sentential domain, but only the most
primed wins, in this case, ADJECTIVE. ADJECTIVE then sends activation back to the lexical
node for theorerical, which can now fire. Activation on ADJECTIVE is reduced, releasing
inhibition on the NOUN node. Thus when the timing node fires again, NOUN will be the
most primed sequence node in the sentential domain. The process is repeated at the
phonological level, initiated in this case through activation from the firing lexical node for
theoretical. This level has its own content nodes representing syllables, phonemes, and
features; its own sequence nodes; and its own timing nodes.

Node Structure Theory provides an account of & wide range of phenomena from
language generation and perception as well as from non-linguistc skills such as typing.
However, MacKay has not run simulations of his theory, presumably because it is not yet
formalized to the point where this is possible.

Similarities between Node Structure Theory and the CLM model include the use of
spreading activation, the use of the same network and processing mechanisms for
generation and comprehension, and the refractory period and residual activation following
the firing of nodes.

SeqmminginNo:bSuucmﬁwydsobemsimﬂuiﬁumdwmechmimund
in the CLM model. MacKay's sequence nodes serve some of the function of the start
nodes for syntactic roles such as DETERMINER, SUBJECT, and NOUN. For example, in the
gcnemﬁonofﬂnNPthcmdcdpudicﬁomintheCleuch.meNOUleqmﬂuGU
forthenounprcdicdouisprimedwbenmilGUiuelecwd.andwhenitconmnn:pforme
head noun to be uttered, this node receives additional activation from the generic NOUN
node in the NP schema., much as in MacKay’s account. It is not clear, however, what does
the wark of the end nodes of the CLM model. How would MacKay's system know, for
example, when the subject NP in the sentence theoredcal predictions guide research was
compleasothndnmbcmﬂdbegintobeunﬂad? It seems that in MacKay's model there
is the possibility of overlap between the constituents. A further problem with MacKay's
approachmsequencin;is:hnMeseenntobenowayfonequeumngwdcpendon
semantic or pragmatic factors, as it can in the CLM model.

Denﬂedﬁnﬁngsmnmmmedinthecmntd.MmodgL One straightforward
way to add timing, however, would be to require nodes governing sequencing to have
activation from one more source before their threshoids are reached and to have separate
timingnodes.asMacKaydou.topmvidemiuddinomlmwofmm

Nodes in MacKay’s network fire on the basis of how many sources of activation
they have received rather than the sum of the input activation. That is, the connectons
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joining nodes have no numerical weights associated with them. Thus it is impossible to
represent differences in degrees of associatvity between concepts.

MacKay’s model lacks an explanation of the higher-level aspects of generation, for
example, how the phrase theoretical predictions is selected in the first place. In general,
MacKay has little to say about the semantic and pragmatic aspects of processing, which are
a major focus of the CLM model.

A further deficiency in Node Structure Theory, shared by Dell’s generation model
and many connectionist models, is the lack of anything representng roles. Thus MacKay
requires separate nodes for /M-onset/ and /M-coda/ to represent the phoneme /oy in syllable-
initial and syllable-final position. A model with roles would have ONSET and CODA role
nodes which could take phoneme nodes such as /M/ as their values. This lack is more
serious when we attempt to use the same approach for representing concepts, something
MacKay does not discuss. For example, he would apparently need a separate JOHN-
ACTOR node to represent the fact that JOHN is the ACTOR of some event because there is no
ACTOR role which can take on different values. Such an apProach may make sense in
disaibuted models, but in a localized network such as MacKay's it will obviously result in
an extremely inefficient use of memory.

9.3.3. Shastri

Lokendra Shastri (1987) has developed a localized connectionist implementation of
‘a semantic network which can be used for two basic kinds of inferencing: recognition,
the assignment of an input concept to a particular type on the basis of its features, and
inheritance, the determination of the vaiue for a feature of a concept dh the basis of the
concept’s types. Shastri argues convincingly that these two basic processes are at the heart
of all intelligent behavior.

Like other connectionist networks, Shastri’s network consists of nodes joined by
weighted connections. Connection weights reflect relative frequency. For eu.mtple, the
weight on the connection from REPUBLICAN to PERSON is the just the proportion o people
who are Republicans. As in the model of Kalita and Shastri described above, nodes have
input sites with their own input functions. Nodes are either “inert” or “active”. Inert nodes
produce no output, while active units ransmit an activation level (“potential’) computed by
an output function which varies from one node type to another.

The network embodies is-a hierarchies, head-role relations, and role-value relations
using several node 3” A general role such as TASTE (actually HAS-TASTE in Shasmi's
system) is represented by a single “property node”, while lower-level instantiations of such
a concept, ¢.8., HAM:TASTE and PEA:TASTE, are represented by pairs of “binder nodes”,
one each for use in recognition and inheritance. :

Shastri presents the network with inheritance or recognition problems. An example
ofasimphhhuimgoblemisonemqtﬁrinsmmtwakmdeddcwlnﬂqdwyalmof
the TASTE role of some food is SALTY or SWEET, given the fact that the food is an instance
of HAM. In this case activation spreads from the nodes representing the food, TASTE,
SALTY, and SWEET, and the result is different levels of output from the SALTY and SWEET.
Thesemﬂxtmedegeedeﬁdememndwmmhufumcmmtpbwspmm An
example of a recognition problem is one asking the network to determine whether some
_ foodisHAM.PEA.orsomethingelseonmebuisofmefactthang\SﬁuSALTYunm

COLOR PINK. Here activation spreads from the nodes representing the food, TASTE,
SALTY, COLOR, PINK, HAM, and PEA, and the result is output from the HAM and PEA.
nodes reflecting confidence in assigning the food to the one or the other category.
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Like Shastri’s model, the CLM modet is designed to rform both recognition and
inheritance. Recognition is what is involved in selecting a G‘? or GU on the basis of input
features, Inheritance is what is invoived in accessing word forms, role binding
information, and sequencing information from a schema or its types once the schema has
been selected The result in both cases is a decision represented by the firing of a node.
No information regarding relative confidence in two or more aiterartives is provided as in
Shastri's model. At the same tme, Shastri’s approach is considerably more complicated
ft_ae:causc it makes use of node sites with their own input functions and a variety of output
unctions.

Although the CLM model appears to be unable to solve some of the complex
problems which Shasti handles, at least some of Shastri’s problems are accommodated by
the model. One type invoives multiple inheritance, in which a single concept inherits
propertes from two or more parent concepts. Consider the following problem:

Given that DICK is a REPUBLICAN and 2 QUAKER and that known proportions of
REPUBLICANS and QUAKERS are PACIFISTS (i.c., have for their BELIEF roles the

value PACIFIST), is DICK more likely to be 2 PACIFIST or 8 NON-PACTFIST?
Figure 9.1 shows the network used to represent the necessary knowledge and the paths of
acgvation. ,

Figure 9.1: Multiple Inheritance

Activation spreads initially from DICK and BELIEF. Both REPUBLICAN:BELIEF and
QUAKER:BELIEF fire because they receive activation frony two sources. Each is connected
t0 both of the nodes representing the values but with differeat weights on the connections.
These weights would be based on the known proportions. In the figure this is indicated by
the thicker arrows from REPUBLICAN:BELIEF t0 PACIFIST and from QUAKER:BELIEF t0
NON-PACIFIST. PACIFIST and NON-PACIFIST compete with each other in a WTA network.
Either one will receive enough activation from the BELIEF nodes to fire, or the firing WTA
hub node (not shown) will cause one to fire. In either case one node will win on the basis
of information from both of the types associated with DICK, as we would liks.

One feanure of the WTA model not found in Shastri’s model is a decay mechanism.
This is not necessary for the types of problems he coasiders, but any processing which
takes place over time should take into account short-term forgetting as well as errors
resulting when activation remains on interfering nodes.
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[t is not clear how (or whether) Shastri can handle crosstalk that can interfere with
recognition. For example, if the task is to determine whether a particular instance of killing
is an instance of the concept ASSASSINATE, the OBJECT of the killing must be a POLITICAL-
FIGURE. If the ACTOR is a POLITICAL-FIGURE, a system might erroneously classify the
killing as assassination because activation from POLITICAL-FIGURE would spread to both
the ACTOR and OBJECT roles of the ASSASSINATE schema. In the CLM model this
problem is dealt with through the use of WTA networks which stagger the firing of the
interfering role nodes in the instance.

9.4, Other Relevant Work

9.4.1. The Lexicon in Linguistics

Linguistics has tended to draw lines between more general syntactic knowledge and
more specific lexical knowledge, but once one recognizes that lexical knowledge exists at
different levels of generality, it is a logical next step to attempt to integrate grammar and
lexicon into a single hierarchy as is done in the model. While this is still not a
popular view in linguistics, it can be found in the work of Hudson (1984) and Langacker
(1987), who have developed network models of linguistic knowledge.

Linguistics and the fields that it influences have tended to downplay the significance
of knowiedge at the level of lexical patterns. There are recent signs, however, that
relatively specific linguistic knowledge is finally receiving its due. Within linguistics
Fillmore (Fillmore, lxd.a?:;nmlmothe :e.ady.&O' , 19 .:::devotedmuch oﬂ:‘i:f
recent energy to elucidating ial pragmatic, semantic, syntactic mperu ]
partcular constructions and expressions such as let alone. Langacker (1987) has proposed
a hierarchical organization for linguisdc knowledge which incorporates all levels of
generaliry, including specific Phnm. Pawley & Syder (1983) have argued convincingly
rhatagooddcﬂofaspenkusknowledgemmtbeinthefmofmm?ibdphmal
chunks in order for speakers to achieve the fluency they do. Peters (1983) and Wong
Fillmore (1977) have demonstrated the role of relative specific phrase-length units in first
and second language acquisition.

The CLM model differs from these models in representing lexical and syntactic
schemas as types of acts with roles for the participants as weil as the constituents and the
meaning. The linguistic and psycholinguistic theories also suffer from a lack of
formalizaton and a disregard for the processing issues which are central for the present
effort.

9.4.2. Speech Acts

Many of the ideas regarding illocutionary acts and reference in the CLM model are
related to computational hes to the gemﬁonmdmeogitioanspeech K1, in
particular the work of Appe. (1985) and Perrault and Allen (1980). This research builds
on the basic work on speech acts by Austin (1962) and Searie (1969), who taught the
impmnceo{vicudngumminmofmeeﬁecttheyhaveonmewqruughum
(or in addition to) their truth value. The distinction between the level of illocutions and
ummcesmmepmmtundelmspondswmumadebemn“ﬂlocuumm and
“surface speech acts” by Appelt and by Perrault and Allen. The CLM approach differs in
makingpemuseofrehﬁvelyspeciﬁcschemuandmtheuseofsptudmgacuvmmfor
accessing schemas.
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9.4.3. Language Transfer and Bilingualism

Research on transfer in second language acquisition has focused mainly on the
issue of when transfer will occur and when it will not. Among the hypotheses made, for
example, are claims that the extent of ransfer depends on the “perceived distance” between
the L1 and the L2 (Kellerman, 1977), that lexical transfer tends to occur only for the “core
meanings” of words (Kellerman, 1978), and thar mansfer presupposes the potential within
the L2 input for generalization along the lines of the transfer (Andersen, 1983). While
these researchers have provided what appear to be interesting constraints on the process of
transfer, the problem with their worik is that the principies they have arrived at do not relame
direcdy to processing. For example, it is not clear how the “semantic equivalence
hypothesis” that is ascribed to L2 learners by ljaz (1986) would translate to & heuristic that
is applied during comprehension or generation. Sharwood Smith (1979) is an exception in
this regard. Taking the perspective of cognitive modeling, he considers how mansfer might
take place during comprehension.

Several researchers (e.g., Corder, 1983: Adjémian, 1983) make a distinction
between ransfer as an acquisition process and transfer as a generation strategy. The later
tends to be viewed as relatively unimportant for leamning or even theoreticaily interesting
(Adjémian, 1983; Krashen, 1983). The present study, by contrast, views the transfer and
other processing that are involved in coping with gaps during generation as a source of
progress as well as potentially harmful misgeneralizations.

the model. In this re asigniﬁcmtdiffmmehemthiundodm:pwmhuisme
anternpt to have aﬁnnanamﬂoonsqmofdnbaﬁcmchmminvolvedin
comprehension and generation, There is no place in such a model for rules o heuristics
peculiar to ransfer in second language acquisition. :

Research on bilingualism that is relevant to the present model concerns
intrasentential code switching, the organization of bilingual memory, and the nature of the
“switch” mechanism which permits speakers t0 change rapidly from one language to
another.

Linguistic and psycholinguistic work on code switching (e.g., Joshi, 198S:;
Nishimura, 1986; Pfaff, 1979) has focused on issues such as whether there needs to be a
separate grammar for switching, in what ways switching is constrained, and whether a
sentence involving code switching can be assigned unmbigously to one “matrix
language” or another. Some of the research is oriented owards formulation of formal
models. Joshi (1985), for example, has posited a set of constraints on which syntactic
categories are switchable. However, there has been little or no atrempt o integrate the
models into theories of generation and analysis,

Aawidupeachmmdmfer.thod.Mmodelyunotdeﬁpedphm@le;he
rangeofcodcmﬂchi:,phumu. Again the differs from others in beginning
with a general model processing and memory aempting to account for behaviar of a
specific type in these general terms. Within the CLM framework there is no explicit code
grganized and the way in which the spreading
input and contextual ‘ ,

Itrcmaimwbeseenhowwenmemdelwinhqndlethepmnd_“gommnf'on
switching, but preliminary considerations are encouraging. One of the striking resmictions

AL QGG A L YWY tRAN IR e

mechanism responds w© ootu_a}
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appears to be the lack of instances in which only a closed-class item such as an article is
switched. For example, a Spanish-English bilingual would apparently rarely produce a
sentence such as put it on la table. Within the CLM model, this follows from the fact that
the schémas specifying such words are normally selected in a wn, paradigm-driven
fashion (see Secdon 5.2.1) and the fact that the processing of in a clause is driven in

part by the verb GU. That is, given an English verb, all top-down selections for NPs in
the clause will be English GUs.

Another interesting phenomenon is the tendency for switched items to take on the
syntactic properties of their translations in the other language. For exampie, when
Spanish-English bilinguals insert English nouns in an otherwise Spanish sentence, they
tend to take articles with the grammatcal gender of the Spanish ranslations of the nouns
(Cornejo, 1973), e.8., una bike (una biciclera). But this is just what would be expected in
a spreading activaton model of processing. That is, in the generation of una bike, though
the English GU *BIKE is the one finally selected, the Spanish GU *BICICLETA would also
receive activation, sending some activation in turn to the general GU for feminine noun
phrases. This priming would enable the feminine schema to win out over the masculine
schema with which it competes.

Psycholinguistic research on the organization of memory in bilinguals and second
language learners (e.g., Dalrumpie-Alford, 1984; Hummel, 1986; Kirsner, 1986) has
focused on the degree to which the iexicons for the two languages are integrated. In
general, the orientadon of the CLM model is towards a view of the bilingual lexicon as not
fundamentally different from the monolingual lexicon. To a certain extent, this is in
agreement with Kirsner’s (1986) position that there is only one lexicon in bilingual
memory. On the other hand, lexical GUs from different languages that correspond roughly
to the same concept can point to distinct semantic features through their CONTENT roles.
This would help to explain experimental results which require some degree of
independence for the linguistic systems. For example, Hummel (1986) showed that
bilinguals remember the content of a text much bener if it appears in a bilingual rather than
unilingual form. As Hummel argues, this is probably related to the degree of elaboration
involved in processing in two languages. When schemas from two languages are used in
comprehension, contact should be made with a greater variety of concepts than would be
the case with only one language.

9.5. Summary

This chapter has contrasted the CLM model with related research, in particular in
the areas of language generation and more general models of cognitive processing. Unlike
most theories MMMMMItﬁQOwWMmm
pattern of connections in its network memory. processing is camried out through 2
procedure which spreads activation without regard to the sorts of concepts represented by
network nodes. Two spreading activation models of generation have also been discussed,
Dell (1986) and Kalita and Shastri (1987). These are closer to the CLM model in
approach, but neither accounts for the range of effects or of linguistic phenomena covered
by the CLM model. For example, neither of these models deals with the problem of
robustness with respect to deficient linguistic imowledge or the representation of linguistic
knowledge in a form that permits it to be used in comprehension as well as generation.

In comparison to other general cognitive models, the CLM approach is unusually
simple in terms of the primitive objects and operations it works with. The view taken is
that knowledge is representable in a single declarative format, making extensive use of
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winner-take-all networks, and that spreading activation and short-term

_ decay can impiement
the recognition and inheritance that undertie complex processing.
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Chapter 10

Implementation






10.1. Running the Program

The CLM model has been impiemented in a uter program called CHIES. The
program consists of three parts: (1) the functions for creating memory nodes and
connections, (2) the procedure for spreading activation through the network, and (3) the
actual memory network used in generating the examples.

To generate a sentence, the gram requires general conceptual and linguistic
knowledge and, in addition, pieces of the network representing particular people, objects,
and facts to be referred to. The user calls the top-level function propagate, which
spreads activation through the network. The argument to this function is a list of lists of
nodes to be activated “externally”. Each sublist of nodes is activated on a different time
step. The interval between the external activations is a variable which the user can sex.

The spreading activation algorithm can be used for recognition (classification) tasks
as well as for tasks involving action. For example, the user can define schemas for
different species of birds, then propagate activation a set of bird features and have one
of the schemas selected.

10.2. Sample Trace

What follows is a trace of the as it generates the sentence could you rake
the empty box to the garage?. Some lines have been left out to shorten the example, but

ommsememappmexacdyuitispinndombythcpmm

This example illustrates GI and GU selection, role binding, and sequencing. The
generated sentence is intended to be addressed to the speaker’s husband. The speaker has a
very specific GI for the purpose of etﬁnghethnsbundtowqhuvyob;moutofthe
house, and this schema is mawched y the input. This schema is shown in Figure 10.1.
The GI has the could you question form as its PLAN.

(REQUEST-HUSBAND-TAKE-QUT-HEAVY-0BJ is=a AGENCY
(planner CHIE)
(assignee JOHN)
(assignment (OTHER-PTRANS ?7A)
{actor JOHN)
{object MEDIUM-WNEIGHET-OBJECT)
(source CHIES-HOUSE:INSIDE)
(destination CHIES-HOUSE:VICINITY))
(plan YES-NO-QUESTION
(subject *YOU)
(aux "COULD™)
(content 7A)
(hearer JOHN)))

Figure 10.1: GI for Generating could you take the empty box to the garage?

BChie is the Japanese word for ‘wisdom’ and also a women's given name.
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The GU selected for the clause is *TAKE/PTRANS (take in its meaning of
PHYSICAL-TRANSFER rather than TRANSFER-OF-CONTROL). This selection takes place
through the GU *OTHER-PHYSICAL-TRANSFER, a schema whose CONTENT is the general
concept of transferring something other than the actor of the ransfer himself. This GU has
two subtypes, *TAKE/PTRANS and *BRING. *BRING is selected if the DESTINATION of the
transfer is toward the LOCATION of the SPEAKER. Qtherwise, *TAKE/PTRANS, the default
is selected. For the DIRECT-OBJECT and DESTINATION constituents, there are role binding

processes to determine what concept is to be referred to in each constituent. Figure 10.2
shows the GUs mentioned.

{*OTHER-PTRANS is-a TRANSITIVE-CLAUSE
(content QOTHER-PTRANS
{actor 7A)
{object 20)
{destination ?D))
(subject ()
{content 7?7A))
(dir-obj ()
{content: 20))
(destination~-conatit PP
(destination-marker "TO")
(destination-np NP
(content ?D})})

(*TAKE/PTRANS is-a *QTHER-PTRANS
{verb "TAKE"))

(*BRING/PTRANS is-a *OTHER-PTRANS
{speaker ()
{location ?L))
{content ()
(destination ?2L))
{verb "BRING™))

Figure 10.2: GUs for PHYSICAL-TRANSFER With ACTOR Different From OBJECT

For this example, there is specific knowledge in memory about CHIE herself; JOHN,
her husband; BOX4, the box which is 10 be taken out; CHIES-HOUSE, CHIE's current
location; and CHIES-GARAGE, the intended locarion of BOX4. The act that the hearer (JOEN)
is to perform is represented as an instance of the concept OTHER-PHYSICAL-TRANSFER.
The representation for this act is shown in Figure 10.3.

(PHYSICAL-TRANSFERS is-a PHYSICAL-TRANSFER
(actor JOHN)
(object BOX4)
({scurce CHIES-~-HOUSE:INSIDE)
(destination CHIES~-GARAGE:INSIDE))

Figure 10.3: Intended Act for Request could you take the empty box 1o the garage’
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_ The sentence is generated with a call to the function Propagate. The nodes 1o
be activated externally are in two groups. The first group is activated on the first time step,
the second group on the second time Step. The nodes in this case represent the speaker’s
intentidn. AGENCY is the general type for the intention. The ASSIGNEE (the person who is
to perform the act) is JOHN. This relationship is represented by the co-activation of these
nodes. The ASSIGNMENT s PTRANSS, the instance of OTHER-PHY-SICAL-TRAN SFER
described above, This relationship is also represented by co-activation. Nodes in -
mANgg are also activated. Figure 10.4 shows the intention represented by the firing
input nodes.

(AGENCYJ is-a AGENCY
(planner CHIE)
{assignee JOHN)
(assignment PTRANS6E))

Figure 10.4; Input o Generation of could you take the empiy box 10 the garage?

One feature of the implementation has not been discussed elsewhere in the thesis.
Sometimes there is a need 1o quickly obtain the current value of the HEARER or SPEAKER
roles. For example, in order to decide whether an NP can take the article rhe, the system
must recognize that the referent is known 1o, or at least identifiable to, the hearer. The role

argued that for deictic notions such as HEARER, the cognitive system needs perceptual

routines which can access the values of the roles direcdy. I have assumed that the

SPEAKER and HEARER roles in some schemas call such routines, Of course, the program

doesnmacmaﬂycmyom&ma&u;im&udthemhﬁmplyuhdmtypeindwm

%t!']the vaslue for the given role. Other role bindinpmhnndledinthewayducﬁbedin
apter 5.

Since the spreading activation mechanismisavuyﬁullone.dleemnumn
the program prints out are not as informative as would be for a conventional symbolic
Al program, where there are procedures for ific symbolic processing ions. To
claﬁfywhatishappening.lhaveaddedaddidomlcommnummm appear in
italics.

> (Propagate ' ((agency
assignee john
assignmant ptransé
ptransé:actor
ptransé:source)
(ptzansé:destinacion
ptzangé:obj
agency:planner chie))
‘action)

TIME STEP 1
At:hcbeginningq‘mhdnw:upacﬁvmionanaumdadnan.

Decaying...
done
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Each time step is broken into four increments. During each increment activation can
traverse one “fast” connection. Only one “slow” connection can be traversed in an entire
time step.

Time increment 1

The 7 nodes listed below fire here because they make up the head of the list of nodes
passed to the function PROPAGATE. :

AGENCY firing from external activation

ASSIGNEE firing from external activation

JOHN firing from external activation

ASSIGNMENT firing from external activation

PTRANSS firing from external activation

PTRANS6:ACTOR firing from external activation

PTRANS6:S0URCE firing from external activation

Time incremant 2

For each firing node which is not activated “externally”, the irace prints ouwt a list of
acnvarion sources. For example, INTEND fires as a result of activation from AGENCY.
INTEND firing from
(AGENCY)
UNDERTAKE :WANTER firing from
{ASSIGNEE)
ACTOR firing from
(ASSIGNEL)
MAN firing from
{ JOHN)

The GI REQUEST-HUSBAND-TAKE-QUT-HEAVY-0BJ is a very specific schema which
applies when the speaker (CHIE) wants her husband to take something heavy out of the
house. Here the ASSIGNEE role in this schema fires as a result of the co-activarion of
ASSIGNEE and JOHN.
REQUEST-HUSBAND-TAKE-OUT-HEAVY-OBJ:ASSIGNEE firing from
{ASSIGNEE JOHN)
UNDERTAKE :WANTED firing from
(ASSIGNMENT)
OTHER-PTRANS firing from
(PTRANS6)
OTHER-PTRANS:ACTOR firing fzom
(PTRANS6 : ACTOR)
SQURCE fizing from
(PTRANS 6 : SOURCE)
CHIES~HOUSE:INSIDE firing from
(PTRANS 6 : SOURCR)
AGENCY:GOAL firing from
(AGENCY ASSIGNER ASSIGNMENT)

Time incresent 3
WANTER firing from
{UNDERTAKE : WNANTER)
HUMAN firing from
(MAN ASSIGNEE)

The HEARER and the ASSIGNEE in a request GI are the same person.

HEARER firing from
(REQUEST'HUS!AHD-TAKI-OUT-HEAVT-OBJ:ASSIGNl‘)

WANTED firing from
(UNDERTAKE : NANTED)
PTRANS-ACT firing from
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(OTHER-PTRANS)
PTRANS:ACTOR firing from
" {ACTOR OTHER-PTRANS : ACTOR)

The ACTOR of the ASSIGNMENT is JOHN, which matches the condition in the GI.

REQU!ST-HUSBAND-TAK!-OUT-HEAVY-OBJ:ASSIGNHENT:ACTOR tiring from
{OTHER=-PTRANS : ACTOR JOHN)
INSIDE firing from

(CHIES-HOUSE:INSID!)

The SOURCE of the ASSIGNMENT is CHIES-HOUSE:INSIDE, which also matches the GI.

REQUEST-HUSBAND-TAKI-OUT-HEAVY-O!J:ASSIGNH!NT:SOURC! firing
from
(SCURCE CHIES-HOUS!:INSID!’

Acrivation often converges on nodes high in the is-a hierarchy such as ACT. The firing of
such nodes usually is not crucial to the workings of the System because these schemas
contain only very general informarion. These nodes pass very linle activation back down 1o
their subtypes (since the weights on the connections are very low), so their firing does not
disturb processing. To shorten the trace, I will eliminate further comments on the firing of
very general nodes.
ACT firing from
(INTEND ACTOR UNDERTAKE :WANTED ASSIGNMENT)
UNDERTAKE tiring from
(UNDERTAKE : NANTER UNDERTAKE : NANTED)

Time increment ¢
PTRANS firing from ‘
(PTRANS=-ACT PTRANS : ACTOR SOURCE)

TIME sSsTEP 2

Decaying. ..
done

-

Time increment 1

In this time step the second sublise of nodes passed to PROPAGATE is activated. In the
case of the DESTINATION node Jor PTRANSG, this staggering is necessary in order 1o avoid
crossialk from the activation of the SOURCE node for the same CORCept.

CHIE firing from external activation

AGENCY:PLANNER firing from external activation

PTRANSG:0BJ firing from external activation

PTRANSG : DESTINATION firing from external activation

GOAL firing from .

(INTEND AGENCY:GOAL ARG)

Time inorement 2

WOMAN firing from
{CHIR MAN HUMAN)

Inmmmmmdumaﬂmabkmﬂm

Time increment 3

Time increment 4

TIME STEP 3
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Decaying...
done

Time imcremsnt 1

PLANNER firing from
(AGENCY : PLANNER INTEND ACTOR)

OTHER-PTRANS:0BJ firing from
(PTRANS6 :OBJ OTHER-PTRANS CTHER=-PTRANS:ACTOR)

80xX4 firing from
(PTRANS 6 :OB.J)

DESTINATICON firing from
(PTRANS6:DESTINATICN ARG PTRANS)

CHIES-GARAGE:INSIDE firing from
(PTRANSG:DESTINATION INSIDE)

Time increment 2

The second role in the Gl fires, but this GI requires activarion from its ASSIGNMENT role as
well before it is selected.
REQUEST-HUSBAND~TAKE-OUT-HEAVY-OBJ :PLANNER firing from
(PLANNER CHIE)
PTRANS:0BJ firing from
(OTHER-PTRANS : 0BJ OBJ PTRANS)
BOX firing from
{BOX4)

BOX4 is an empty object.

EMPTY:ATTRIB-OBJ firing from
(BOX4}

BOX4 is represented as an instance of an object of medium weight.
MED=-WT-0BJ firing from
(BOX4)
CHIES-GARAGE firing from
(CHIES-GARAGE : INSIDE)

Time increment 3
SPEAKER firing from
(REQUEST-HUSBAND=TAKE=-QUT-HEAVY=0ORJ : PLANNER ACTOR)
ATTRIB-OBJ firing from .
{EMPTY :ATTRIB-ORJ ARG)
PHYS-OBJ firing from
(BOX MED-WT-OBJ INSIDE)}

The OBJECT of the ASSIGNMENT is an object of medium weight. This matches the
corresponding role in the Gi.
REQUEST-HUSBAND=-TAKE~-QUT-HEAVY-OBJ : ASSIGNMENT :OBJ firing from
{MED~WT=-0BJ OTHER-PTRANS:OBJ)
EMPTY firing from
(EMPTY : ATTRIB=-OMJ)

Time increment 4

TIME STEP 4

Decaying...
done

Time incremsnt 1
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CHIES~-HOUSE:QUTSIDE :PART firing from
(CHIES-GARAGE)

CHIE's garage is in the vicinity of CHIEs house.
CHIES-HOUSE :VICINITY: PART firing from
{CHIES-GARAGE)
JOHN:K-BASE firing from
(BOX4 CHIES-GARAGE JOHN)
GARAGE firing from
(CHIES~GARAGE PHYS-OBJ)
ATTRIBUTE firing from
(ATTRIB=OBJ EMPTY)

Time incremeant 2
K-BASE firing from
(JOEN:K-BASE HUMAN)
CHIES~-HOUSE:OUTSIDE firing from
{CHIES~HOUSE : QUTSIDE : PART)
CHIES~HOUSE:VICINITY firing from
(CHIES-HOUSE : VICINITY :PART)

Time increment 3

Time increment 4

TIME sTEP 5

Decaying...
done

Time increment 1
QUTSIDE firing from
(CHIES-HOUSE:QUTSIDE PHYS-OBJ)
VICINITY firing from
(CHIES-HOUSE :VICINITY PHYS-OBJ)
The DESTINATION of the intended transfer is a place which is in CHIES-HOUSE :VICINITY,
matching the DESTINATION role for the ASSIGNMENT in the Gl.
REQU!ST-HUS!AID-TAKI-OUT-HIAVY-OBJ:ASSIGNH!NT:D!STINATIOH
firing from
(CHIES=-HOUSE:VICINITY DESTINATION)

Time increment 2
Now the ASSIGNMENT role in the GI has enough activation Jfrom its roles and its parent,
OTHER-PTRANS, 10 ﬂn
REQURST-HUSBAND-TAKE-~OUT~HEAVY-OBJ : ASSIGNMENT firing from
{REQUEST-HUSBAMD-TAKE ~OUT -HEAVY -0B.J : ASS IGNMENT : DESTINATION
REQUEST~-HUSBAMD-TAKE -OUT-HEAVY-OBJ : ASS IGNMENT : OBJ
ASSIGNMENT OTHER-PTRANS
REQUEST-HUSBAND ~TAKE ~OUT~HEAVY=-0BJ : ASSIGNMENT : ACTOR
AREQUEST-HUSBAND~TAKE~OUT~HEAVY-0B.J : ASS IGNMENT : SOURCE)

Time increment 3

Time increment 4

TIME STE?P 6
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Cecaying...
done

Time increment 1

CLAUSE:CONTENT fires because the intended ASSIGNMENT is the same as the CONTENT of
the utterance which is the PLAN of the GI.
CLAUSE:CONTENT firing from
{REQUEST-HUSBAND-TAKE~QUT-HEAVY-OBJ : ASSIGNMENT FACT)

The head of the GI now has enough activation to fire. This represenss the selection of this
schema.
REQUEST-HUSBAND-TAKE-QUT-HEAVY-OBJ firing from
(REQUEST-HUSBAND-TAKE~QUT-HEAVY-OBJ : ASS IGNMENT
REQUEST-HUSBAND -TAKE -OUT -HEAVY-0BJ : PLANNER
AGENCY REQUEST~-HUSBAND~TAKE-OUT-HEAVY~OBJ:ASSIGNEE)

Time increment 2

The CONTENT role for the general *OTHER-PTRANS GU fires as a result of activation from
OTHER-PTRANS, the general rype of the intended act in the input, and CLAUSE:CONTENT.
~OTHER-PTRANS :CONTENT firing from
(CLAUSE : CONTENT OTHER-PTRANS)

Time increment 3

*OTHER-PTRANS is a supertype of the GUs for bring and take. Selection between these
two GUs is made on the basis of the DESTINATION of the transfer. If it is toward the
SPEAKER, then *BRING is selected; otherwise *TAKEI/PTRANS is selected. The
DESTINATION role in the *OTHER-PTRANS GU fires 1o start off this selection process.
*QTHER-PTRANS : CONTENT :DESTINATION firing from
(*OTHER-PTRANS : CONTENT DESTINATION)

Time increment 4

TIME STEP 1

Decaying...
done

Time increment 1
The () in the list of activasion sources indicates that the node fires partly on the basis of
residual activation following a refractory period.
AGENCY fizing froma
(REQURST-KUSBAND=-TAKE~OUT-HEAVY-0BJ ())
OTHER=-PFTRANS firing from
(*OTHRR=PTRANS : CONTENT ()}
DESTINATION firing from
(*OTHER-PTRANS : CONTENT : DESTINATION (})
The PLAN role in the Gl fires. This represenis the utterance that will be used to accomplish
the goal.
gzquzsr-susm-rm-om-unw-oaamm firing from
(REQUEST-HUSBAND-TAKE-QUT~HEAVY-OBJ
REQUEST-HUSBAND~-TAKE -OUT-HEAVY~0BJ : ASS IGNMENT
REQUEST-HUSBAND~TAKE-OUT~HEAVY~OBJ : PLANNER
REQUEST-HUSBAND~TAKE ~OUT ~-HEAVY-0BJ : ASSIGNEE)

173



Time increment 2
Time increment 3

Time increment 4

TIME STEP 8

Decaying...
done

Time increment 1
PTRANS6:DESTINATION firing from
(DESTINATION ())
The general syntactic type for the unterance is YES-NO-QUESTION. This GU includes the
sequencing information for the AUXILIARY and SUBJECT constituents.
Y-N-QUESTION firing from
(REQUEST~HUSBAND - TAKE -OUT -HEAVY~-OBJ : PLAN)

Time increment 2 .
CLAUSE firing from
(Y~N=-QUESTION CLAUSE:CONTENT)
The start node for the AUXILIARY in the YES-NO-QUESTION schema fires. In the trace start
nodes are indicated simply by the node name, while end nodes have “_end” at the end of
the name.
Y-N-QUESTION:AUX firing from
(Y-N-QUESTION)

Time incrament 3
UTTER firing from
{CLAUSE ACT SPEAKER HEARER)
The head node of the *OTHER-PTRANS GU fires. This activases its two subtypes, *BRING
and *TAKE/PTRANS, which inhibit each other via a WTA network. The WTA hub node is
also acrivazed at this time,
*OTHER-PTRANS firing from
(CLAUSE *OTHER-PTRANS : CONTENT)

Time increment 4
*OTHER-PTRANS is a subtype of the general TRANSITIVE-CLAUSE schema. This GU has
general information abous the DIRECT-OBJECT constituens.

TRANSITIVE-CLAUSE firing from

{YOTHER-PTRANS CLAUSE)

The head node of *OTHER-PTRANS is connected strongly to its SPEAKER role. This fires to
test for an insersection with the DESTINATION. If there is one, then *BRING will be selected
over *TAKE/PTRANS. '

*OTKIR-’?IAI!:SPIIRII-ti:inq from
(*QTHER~-PTRANS SPEAKER)

TIME STE?P 9

Decaying...
done
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Time increment 1

It is assumed that the *OTHER-PTRANS:SPEAKER node starts up a perceprual routine thar
determines the current speaker, activating the node for that person. In the program, the
user is simply asked to type in the name.

Give the value of *OTHER-PTRANS:5PEAKER: chiae

CHIE firing from

(*OTHER-PTRANS : SPEAKER () )

Activation beginning with the *OTHER-PTRANS:CONTENT . DESTINATION node has reached
the DESTINATION of the activated instance of OTHER-PTRANS. If this were the current
location of the speaker, this would lead to a chain of firing nodes which would activate the
*BRING schema.

CHIES-GARAGE: INSIDE firing from
{PTRANSGE :DESTINATION ())
AUX firing from
(CLAUSE Y-N-QUESTION:AUX)
SPEAKER firing from
(UTTER *OTHER~-PTRANS:SPEAKER ())

Time increment 2
WOMAN firing from
(CHIE ())

Time incremant 3
HUMAN firing from
(WOMAN ())

Time increment 4

TIME STEP 10

Decaying...
done

Time increment 1

The start node for the AUXILIARY in the GI PLAN fires. This node is directly connected 1o
the word node /COULD.
REQUEST-HUSBAND-TAKE~-CUT-HEAVY-OBJ:PLAN:AUX fizing from
(AUX REQUEST-HUSBAND=TAKE-OUT-HEAVY-OBJ : PLAN)
REQUEST-HUSBAND~TAKE-OUT-HEAVY-OBJ : PLANNER firing from
(CHIE SPEAKER {))

Time increment 2

The word mode fires, representing the utterance of could.

/COULD fizing from
{REQUEST-HUSBAND-TAKE -OUT-HEAVY-0BJ : PLAN : AUX)

JCOULD utteraed

Time increment 3
WORD firing from
{/COULD AUX ACT)}
The end node for the AUXILIARY in the Gl fires.
REQU!ST-HUSM-TN-OU‘!-H!:AW-OBJ:PLAN:AUX_!ND firing from
(/COULD RBQU!ST-HUSBAND-TME-OUT-HEAW-OBJ:PLAN:AUX)
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Time increment 4

The end node for the AUXILIARY in the general CLAUSE schema fires.
AUX_END tiring from
(REQUEST-HUSBAND~TAKE-OUT-HEAVY-0BJ : PLAN : AUX_END AUX)

TIME STEP 11

Decaying...
done

Time increment 1

The end node for AUXILIARY in the YES-NO-QUESTION schema fires. This node sends
activarion to the SUBJECTIstart node in the same schema.
Y-N-QUESTION:AUX_END firing from
(AUX_END Y-N-QUESTION:AUX)

Time increment 2

The SUBJECT constituent is initiqred.
Y-N~QUESTION:SUBJECT firing from
(Y=N-QUESTION:AUX_END Y-N-QUESTION)

Time increment 3

The start node for SUBJECT in the CLAUSE schema fires.

SUBJECT firing from
(Y-N-QUESTION:SUBJECT CLAUSE)

Timea increment -4

The general NP schema fires as a result of activation from SUBJECT.
NP firing from .
(SUBJECT UTTER)
*OTHER-PTRANS : SUBJECT firing from
(SUBJECT *OTHER-PTRANS)

The SUBJECT!start node in the Gl PLAN fires.
REQUEST-HUSBAND=TAKE=QUT-HEAVY-OB.J : PLAN: SUBJECT firing from
{SUBJECT REQUEST-HUSBAND-TAKE=-OUT-HEAVY=-0ORJ: PLAN)

TIME STELEP 12

Decaying...
done

Time incremsent 1
The SUBJECT role in the Gl is associated directly with the *YOU schema, so no selection
process is required for this constituens.
*YOU firing from
(NP REQUEST-HUSBAND~TAKE-CUT-HEAVY-OBJ:PLAN: SUBJECT)
NP:HEARER firing from
(NP HEARER)
NP :CONTENT firing from
{NP)
DET firing from
{NP)
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*OTHER=-PTRANS : SUBJECT :CONTENT firing frem
{*QTHER-PTRANS : SUBJECT)

Time increment 2
[n the *YOU GU there is a strong connection to the NOUN/start role becguse this is the only
constituent in the NP,
*YQU:NOUN firing from
(Yo

Tima increment 3

Time increment 4

Activation from the SPEAKER and DESTINATION has not converged, so *BRING has not
fired. The hub node for the WTA neswork composed of *BRING and *TAKE/PTRANS fires,
sending activation to the two members. The default member, *TAKE/PTRANS, receives
more.

TAKE-BRING-WTA timing ocut and firing

TIME STEP 13

Decaying...
done

Time increment 1
Itis assumed that there is a perceptual routine which accesses the current hearer every time
the NP:HEARER node fires. This is required to determine whether the referent is known to
the hearer, though this is not relevans for the currenst NP.
Give the value of NP:HEARER: Jjohn
JOHN firing from
(NP :HEARER (})) )
OTHER-PTRANS :ACTOR firing from
(*OTHER=-PTRANS : SUBJECT ; CONTENT OTHER-PTRANS ())
NOUN firing from
{*YOU:NOUN NP)

The word node for you fires.
/YOU firing from
(*YOU :NOUN WORD)

/YOU uttered

*TAKE/PTRANS fires as a resuit of new activarion from the WTA hub node.

*TAKE/PTRANS firing from
{TAKE-BRING-WTA *OTHER-PTRANS)
*YOU:COMTENT firing from
(*YOU N¥:CONTENT)

Time increment 2
A number of nodes fire as a result of the firing of JOHN, the currens hearer. None of these
is important for the generation of the sentence.

MAN firing from

(JOHN HUMAN ())
REQUEST-HUSBAND =TAKE-OUT-HEAVY-OBJ:ASSIGNEE firing from

(JOHN ASSIGNEE ())
REQUEST-HUSBAND~TAKE-OUT-HEAVY-0BJ:ASSIGNMENT :ACTOR firing from
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(JOHN OTHER-PTRANS : ACTOR ()}
PTRANSG:ACTOR firing from
(JOHN OTHER-PTRANS:ACTOR ())

The end node for the NOUN in *YOU fires.
*YOU:NQUN_END firing from
(/YOU *YOU:NOUN)

Time increment 3
NOUN_END firing from
{(*YOU:NOQUN_END NOQUN)

Time incremeant 4

The end node in the NP schema fires because the NOUN is complere. (The NP network does
not include post-nominal modifiers.)
NP_END firing from
(NOUN_END NP}

TIME STEP 14

Decaying...
done

Time increment 1

The SUBJECT of the clause is complete. SUBJECT!end activates VERB/siars.
SUBJECT_END firing from
(NP_END SUBJECT)
*YOU_END firing from
(*YOU:NOUN_END NP_END *YOU)

Time increment 2

The VERB of the sentence is initiated.
VERB firing from
(SUBJECT_ZND CONSTITUENT AUX_END CLAUSE)
Y-N-QUESTION:SUBJECT_END firing from
{SUBJECT_END Y-~-N=QUESTION:SUBJECT)
*OTHER-PTRANS : SUBJECT_END firing from
(SUBJECT_END *OTAER-PTRANS : SUBJECT)
REQUEST-HUSBAND~TAKE ~OUT-HEAVY-OBJ : PLAN: SUBJECT_END firing from
(SUBJECT_END REQUEST-HUSBAND-TAKE-OUT=-HEAVY~OBJ:PLAM: SUBJECT)

Time increment 3
TRANSITIVE-CLAUSE:VERD firing from
(VERB TRANSITIVE-CLAUSE)
The start node for VERB in the *TAKE/PTRANS schema fires. This is connected directly to
the ITAKB node. ‘
*TAKE/PTRANS :VERB firing from
(VERB *TAKE/PTRANS)
Y-N-QUESTION:VERB firing from
(VERB Y-N-QUESTION:SUBJECT_END Y~-N-QUESTION)

Time incremsnt 4

Take is uttered.
/TAKE firing froa
(*TAKE/PTRANS : VERB WORD)
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/TAKE uttered

Fl

TIME STEP 15

Decaying...
done

Time increment 1
*TAKE/PTRANS:VERB_END firing from
(*TAKE/PTRANS : VERB /TAKE)

Time increment 2
VERB_END firing from
{*TAKE/PTRANS : VERB_END VERB CONSTITUENT_END)

Time increment 3
Y-N~-QUESTION:VERB END firing from
(VERB_END Y-N-QUESTION:VERB)
The firing of VERB/end in the TRANSITIVE-CLAUSE schema activates the DIRECT-
OBJECT/start node.
" TRANSITIVE-CLAUSE:VERB_END firing from
(VERB_END TRANSITIVE-CLAUSE:VERS)

Time increment 4

The DIRECT-OBJECT is initiated.

DIR-OBJ firing from
{TRANSITIVE-CLAUSE:VERB_EIND CONSTITUENT NP TRANSITIVE=-CLAUSE)

TIME STEP 16

Decaying...
done

Time increment 1

The NPistart node fires again to be reused for the second NP in the sentence. This node has
a short refractory period and a low reswmprive activation level to make this reuse possible.
NP firing from
(DIR-0BJ ())
*OTHER=-PTRANS :DIR-OBJ firing from
(DIR=OBJ *OTHER-PTRANS)

Time incresant 2

NP:HEARER fires whenever NP is selected. Together with the firing of NP:CONTENT, this
will determine whether the referent is known o the hearer. If it is, THE-NP is selected.
NP:HEARER firing from
(NP ()
NP :CONTENT firing from
(NP () _
The DETERMINER is the initial constituent in the NP so it receives enough activation to fire

now,
DET firing from
(NP {))
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The CONTENT role for the DIRECT-OBJECT of the *OTHER-PTRANS GUJ fires, initiating a
role binding process. This is a merged node combining the DIRECT-0OBJECT:CONTENT with
the CONTENT:OBJECT of the GU.
*OTHER-PTRANS : DIR-OBJ:CONTENT firing from
(*OTHER-PTRANS :DIR-OBJ NP :CONTENT)

Time increment 3

Time increment 4

TIME STEP 17

Decaying. ..
done

Time increment 1
Give the value of NP:HEARER: joha
HEARER firing from
(NP : HEARER {())
JOHN firing from
(NP : HEARER)
Next step in the role binding process for the direct object.
OTHER-PTRANS :0BJ firing from
(*QTHER=-PTRANS :DIR-OBJ:CONTENT ())

Time increment 2
PTRANSG:08J7 fires as a result of activation from OTHER-PTRANS:08J and resumptive
acrivation following firing. The role binding process has reached the input conceps.
PTRANS6:0BJ firing from
(OTHER-PTRANS :0BJ ())

Time increment 3

Role binding for the direct object is complete.
BOX4 firing from
(PTRANS6:0BJ ())

Time increment 4

Nodes representing features of BOX4 fire.
BOX firing from
(BOX4 ())
EMPTY:ATTRIB-OBJ firing from
(BOX4 ())
MED-WP-OBJ firing from
(80X4 ())
The node representing JOHN's KNOWLEDGE-BASE fires as a result of activation from BOX4
(the referent) and JOHN (the hearer). This represents the fact that the hearer knows of the
referent, so the THE-NP GU will be selected.
JOHN:K~-BASE firing from
(BOX4 JOHN ())

TIME STEP 18

Decaying...
done
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Time increment 1

The CONTENT role of the lexical GU *B0X fires.
*BOX:CONTENT firing from
(BOX NP :CONTENT)

The general ATTRIBUTE-OBJECT node in the ATTRIBUTE schema fires because BOX4 has an
antribute (empriness) which has fired.
ATTRIB-0BJ firing from
(EMPTY:ATTRIB-QBJ ())
REQUEST-HUSBAND~TAKE-~QUT-HEAVY-0BJ :ASSIGNMENT :OBJ firing from
{QTHER-PTRANS : CBJ MED-WT-CQBJ (1))
K-BASE firing from
{JOHN : K=BASE HUMAN ())
EMPTY firing from
(EMPTY:ATTRIB-QBJ {))

Time increment 2
The firing of this role in the NP schema signals that an adjective is appropriate.
ADJ-MOD :CONTENT :ATTRIB-OBJ fizing from
(ATTRIB-0BJ NP :CONTENT)
This node fires when the CONTENT is known to the HEARER. The THE-NP schema is
selected as a result.
THE-NP : HEARER:X-BASE firing from '
(K=BASE NP :HEARER)

The *80X GU is selected.
*BOX firing from
{ *BOX:CONTENT NP)

Time incremsnt 3
THE-NP:CONTENT firing from
(THE-NP : HEARER : K=-BASE NP : CONTENT)
The firing of ADJECTIVE-MODIFIER:CONTENT primes ADJECTIVE-MODIFIER/start in the NP
schema. Later this priming will cause the adjective to win out over the roun for the
posirion following the determiner.
ADJ=-MOD:CONTENT firing from
(ADJ-MOD : CONTENT : ATTRIB-ORJ)
THE-NP :HEARER firing from
(THE-NP : HEARER : K~BASE HEARER)

Time incremant 4

The THE-NP schema is selected.
THE-N? firing from
(THR=MP ; CONTENT NP *YOU)

TIME STE? 19

Decaying...
done

Time increment 1
ADJ-PHRASE : CONTENT fizing from
{ADJ=-MOD : CONTENT ATTRIBUTE)
ATTRIBUTE firing from
(ATTRIB=-QBJ EMPTY ())
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The DETERMINER/start node in the THE-NP GU fires. This node is connected to the node
for the word the.,
THE-NP:DET firing from
(THE=NP DET)

Time incrament 2

The CONTENT role for the *EMPTY GU fires on the basis of a property of BOX4.
*EMPTY:CONTENT firing from
(ADJ-PHRASE : CONTENT EMPTY)

Time increment 3

Time increment 4

TIME STEP 20

Decaying...
dene

Time increment 1

The word the is uttered.
/THE firing from
{THE=NP : DET WORD)

/THE ut tered

Time increment 2
WORD firing from
{(/THE {))
THE-NP:DET_END firing from
(/THE THE-NP:DET)

Time increment 3
DET_END firing from
(THE-NP :DET_END DET NOUN NP_END)

Time incrament 4

Actrivation from DETEREMINER/end activates both ADJECTIVE-MODIFIER/start and
NOUN/start, which inhibit one another via a WTA network. In this case ADJECTIVE-
MODIFIER/start wing ous because of the activation it received along the path beginning with
EMPTY:ATTRIBUTE-OBJECT.

ADJ-MOD firing from
(DET_EMD ADJ-MOD:CONTENT NP)
NOUN can't fire because of competition

TIME STEP 21

Decaying...
dene

Time increment 1
The general ADJECTIVE-PHRASE schema is activazed from ADJECTIVE-MODIFIER/start.
ADJ-PHRASE firing from
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(ADJ-MOD ADJ-PHRASE :CONTENT)

Time increment 2

ADJECTIVE-PHRASE!start causes the primed *EMPTY GU to be activazed.

*EMPTY firing from
(ADJ-PHRASE *EMPTY:CONTENT)

The ADJECTIVE constituent in the ADJECTIVE-PHRASE schema (the only constituent in the
current version of CHIE) is activated.
ADJ firing from
(ADJ-PHRASE)
Time increment 3

Timea increment 4

TIME STE?P 22

Decaying...
done

Time increment 1

ADJECTIVEIstart in the *EMPTY GU fires. This is connected to the |[EMPTY word node.
*EMPTY:ADJ firing from
{(*EMPTY ADJ)

Time incremant 2
Time increment 3

Time increment 4

TIME STEP?® 23

Decaying...
done

Time increment 1l

" The word empty is uttered.
/EMPTY firing from
(*EMPTY :ADJ WORD)

/T uttecred
Time increment 2
*EMPTY:ADJ_END firing from
(/EMPTY *EMPTY:ADJ)
Time increment 3
ADJ_END firing from
(*EMPTY :ADJ_END ADJ)

Time increment 4
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The end of the adjective phrase. Control is now sent back to the NP schema.
ADJ-PHRASE_END firing from
(ADJ_END ADJ-PHRASE)

TIME STE®P 24

Decaying. ..
done

Time increment 1l

The end of the ADJECTIVE-MODIFIER constituent in the NP schema.
ADJ-MQD_END firing from
(ADJ-PHRASE_END ADJ=-MOD NP_END)
*EMPTY END firing from
(*EMPTY :ADJ_END ADJ-FPHRASE_END *EMPTY)

Time increment 2

Activation from ADJECTIVE-MODIFIER/end causes NOUN/start to fire.
NOUN firing from -
{ADJ~MOD_END DET_END NP NOUN_END)

Time increment 3

The primed NOUNi/start node in the *B0X GU now fires.
*BOX:NOUN firing from
{NCUN *BOX)

Time incremant 4

The word box is uttered.
/BOX firing from
{ *BOX : NOUN WORD)

/BOX uttered

TIME STEP 25

Decaying...
done

Time incremsnt 1
*BOX:NOUN_EMD firing from
( *BOX : NOUN /BOX)

Time incremsnt 2

The end of the NOUN portion of the NP.

NOUN_END firing from
(*BOX:NOUN_END NOUN CONSTITUENT_END)

Time increment 3
The NOUN is the last constituent in this simplified NP, so the NPiend node fires.

NP_END firing from
(NOUN_END UTTER_EIND ADJ-MOD_END DET_END)

Time increment 4
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TIME STEP® 26

Decavying...
dene

Time incremant 1

The end node for the DIRECT-OBJECT in the TRANSITIVE-CLAUSE schema fires.
DIR-OBJ_END firing from
(NB_END CONSTITUENT_END DIR-OBJ)
THE-NP_END firing from
(NP_END THE-NP:DET_END THE-NPF)
*BOX_END firing from
(*BOX:NOUN_END NP_END *BOX)

Time increment 2
The DIRECT-OBJECT/end node in the *OTHER-PTRANS GU fires, sending activation to the
consriruent which refers to the DESTINATION of the transfer.

*OTHER-PTRANS :DIR-QBJ_END firing from
(DIR=-QBJ_END *CTHER-PTRANS:DIR-OBJ)

Time increment 3
The start node for the DESTINATION-CONSTITUENT in the *OTHER-PTRANS schema fires.
This constituent has two of its own constituents, the DESTINATION-MARKER, realized as
to, and the DESTINATION-NP, an NP referring to the location.
DESTINATION~-CONSTIT firing from
{*OTHER~PTRANS : DIR-OBJ_END *OTHER-PTRANS)

Time increment 4

The start node for the DESTINATION-MARKER fires. This is connected to the word node
ITO.

DESTINATION-MARKER firing from
(DESTINATION-CONSTIT)

TIME STE?P 27

Decaying...
done

Time increment 1

The word to is uttered
/TO firing from
(Dll?!lASIOﬂ-Hllllg WORD)

/T0 uttered
Time increment 2

WORD firing from

(/70 )}
DESTINATION-MARKER_END firing from
(/TO DESTINATION-MARKER CONSTITUENT_END)

Time incremant 3
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The start of the DESTINATION-NP.
DESTINATION-NP firing from
(DESTINATION-MARKER_END CONSTITUENT DESTINATION-CONSTIT)

Time increment 4

The NP schema is used once more.
NP firing from
(DESTINATION-NP NOUN)
The CONTENT node for the DESTINATION-NP fires, starting another role binding process.
DESTINATION=-NP:CONTENT firing from
(DESTINATICN-NP NP:CONTENT)

TIME STEP 28

Decaying. ..
done

Time increment 1

The next step in the role binding process for the DESTINATION-NP,
*OTHER~PTRANS : CONTENT :DESTINATION firing from
(DESTINATION-NP :CONTENT)
NP :HEARER firing from
(NP ()
NP:CONTENT firing from
(NP DESTINATION-NP:CONTENT ())
DET firing from
(CONSTITUENT NP (})

Time increment 2

Part of the role binding process.
CESTINATION firing from
(*OTHER-PTRANS : CONTENT : DESTINATION PTRANS)

Time ilncrement 3

The role binding process reaches the input concept.
PTRANS6 :DESTINATION firing from
(DESTINATION ())

Time incremsnt 4
The role binding process is complete. CHIES-GARAGE:INSIDE is “bound™ to the CONTENT

of the DESTINATION-NP.
CHIES-GARAGE:IMSIDE firing from
{FTRANSE : DESTINATION ())

TIME STEP 29

Decaying...
done

Time increment 1
The user is asked for the HEARER again. This will determine whether the referent, CHIES-

GARAGE:INSIDE, is known to the hearer.
Give the value of NP:HEARER: john
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HEARER firing from
(NP:HEARER (})
JOHN firing from
NP :HEARER ())
INSIDE firing from
(CHIES-GARAGE : INSIDE PHYS-0BJ)
CHIES-GARAGE firing from
(CHIES-GARAGE: INSIDE)

Time incremeant 2
MAN firing from
{(JOHN HUMAN ()}
PTRANS6:ACTOR firing from
(JOHN ()}

Time increment 3
HUMAN firing from
(MAN HEARER ())
OTHER~-PTRANS :ACTOR firing from
{(PTRANS6:ACTOR (})

Time increment 4
PTRANS :ACTOR firing from
{OTHER~-PTRANS :ACTOR PTRANS ()}
REQUEST-HUSBAND-TAKE-QUT~-HEAVY-OBJ:ASSIGNMENT :ACTOR firing from
(OTHER-PTRANS : ACTOR JOHN ())

TIME STEP 30

Decaying...
done

Time increment 1
GARAGE firing from
(CHIES~-GARAGE PHYS~-0BJ)
CHIES-HOUSE:QUTSIDE:PART firing from
(CHIES~-GARAGE)
CHIES-HOQUSE:VICINITY:PART firing from
(CHIES~GARAGE)

CHIES-GARAGE is known to JOHN.
JOHN:K=BASE firing from
(JOHN CHIES=GARAGE ())

Tims increment 2
The CONTENT role of the *GARAGE GU fires as a result of activation from the general
GARAGE schema.

*GARAGR : CONTENT firing from
{GARAGE NP :CONTENT)

Time incremant 3

The *GARAGE GU is selected for the NP.
*GARAGE firing from
(*GARAGE : CONTENT NP)

Time increment 4
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TIME STEP 3l

Dacaying...
done

Time increment 1
K-BASE firing from
(JOHN:K~BASE HUMAN {))
REQUEST-HUSBAND-TAKE-OUT-HEAVY-OBJ:ASSIGNH!NT:DESTINATION
firing from
(CHIES=-HOUSE:VICINITY DESTINATION)

Time increment 2
THE=NP : HEARER : K-BASE firing from
(K=-BASE NP :HEARER ()

Time increment 3
THE=-NP : CONTENT firing from
(THE-NP : HEARER : X-BASE NP : CONTENT )
THE-NP : HEARER firing from
{THE-NP : HEARER : K=-BASE HEARER ())

Time increment 4
The THE-NP GU is again selected on the basis of activation originally from
E

JOHN KNOWLEDGE-BASE.
THE-NP firing from
{THE=NP : CONTENT NP THE-NP_END)
TIME STEP 32

Decaying...
done

Time increment 1
THE-NP:DET firing from
{THE-NP DET THE-NP:DET_END)
Time increment 2
Time increment 3

Time incremant 4

TIME STEP 33

Decaying...
done

Time increment 1

The word the is uttered,
/THE firing from
(THE-NP:DET WORD {))

/THE u t t ered
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Time increment 2
WORD firing from
(/THE ())
THE-NP:DET_END firing frem
{/THE THE-NP:DET THE-NP_END)

Time inc:eﬁent 3
DET_END firing from
(THE-NP :DET_END DET NP_END)

Time increment 4

H
TIME STE®P kY }

Dacaying...
done

Time increment 1
For this NP ADJECTIVE-MODIFIER/start does not receive activation on the basis of a feature
of the referent , 50 NOUNistart fires directly gfter DET/end.

NOUN firing from
(CET_END NP NOUN_END)

Time increment 2
*GARAGE :NOUN firing from
{NOUN *GARAGE)

Time incrementc 3

The word garage is uttered.
/GARAGE firing from
(*GARAGE : NOUN WORD)

/GARAGE u &t t e red
Time increment 4
*GARAGE :NOUN_END firing from
{/GARAGE *GARAGE : NOUN}
TIME STEP as

Decaying...
done

Time incremsat 1
NOUN_END firing froa
{NOUN *GARAGE : NOUN_END)
Time increment 2
NP_END firing from
(NOUN_END DET_END)

Time increment 3
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Time increment 4

s

TIME STETP 36

Cecaying. ..
dona

Time increment 1

The end of the DESTINATION-NP.
DESTINATION=NP_END firing from
(NP_END DESTINATION-NP)
THE-NP_END firing from
(NP_END THE-NP:DET_END THE-NP)
*GARAGE_END firing from
(NP_END *GARAGE :NQUN_END *GARAGE}

Time increment 2
DESTINATION=-CONSTIT_END firing from
(DESTINATION-NP_END DESTINATIOH-HABRIIHFND
DESTINATION-CONSTIT)
Timea increment 3

Time increment 4

TIME STEP 37

Decaying...
done

Time increment 1
*OTHER~-FTRANS_END firing from
{DESTINATION=-CONSTIT_END *OTHER-PTRANS)
Time increment 2

Time increment 3

Time increment 4

TIME STEP?P k] ]

Decaying...
done

Time incresmsnt 1
TRANSITIVE-CLAUSE_END firing from
{*OTHER-PTRANS_END TRANSITIVE-CLAUSE)

The end of the CLAUSE.
CLAUSE_END firing from
(*OTHER-PTRANS_END CLAUSE)

Time increment 2
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Time increment 3

Time increment 4

.

Without further external acnivation, no more nodes fire beyond this point.

10.3. The Program

CHIE is written in the T language (Slade, 1987), a lexically scoped dialect of LISP,
and runs on Apollo workstations. The memory building portion of the program takes up
about 700 lines of code, the activation spreading portion about 300 lines of code, and the
memory necessary for the generation of the sentence in the race above about 700 lines of
code. The memory created in order to generate the example sentence consists of 292 nodes
and 1374 connections. Of course much of this memory is general knowledge usable in
generating many sentences. The generation of the example sentence requires approximately
200 seconds in real time on an Apollo 3010.

CHIE is currently capable of generuin; phrases and sentences of the types listed as
examples in section 1.1. In terms of soucture, it can handle clsuses with any number of
NP or PP arguments, NPs with or without single adjectives, and personal pronouns,

A version of CHIE is given in the Appendix.
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Chapter 11

Conclusions






11.1. Limitations and Future Work

This section discusses some of the shortcomings of the CLM model and possible
ways in which these can be remedied in future research

11.1.1. Distributing the CLM Network

Localized representations such as those used in the CLM mode! suffer from two
general drawbacks, representational brittleness and memory limitations (Feldman, 1986).
While localized connectionist models are robust with respect to incomplete or faulty input,
they are fragile with respect to damage to the network itself. The destruction of a single
node in such a2 model means the elimination of an entire conc Consider the absurdity,
for example, of the elimination of all of the system’s knowledge of itself through the
removal of the single SELF node. The second problem relates to the demands placed on
memory by a system in which each concept has an associated node. While the supply of
neurons in the human brain dwarfs the memories in ¢ ters, it is of course not
unlimited, and the supply might very well run out. A y Toublesome aspect of
this issue is the question of where the nodes and connections come from which are needed
to represent new facts and objects that the system leams about.

There are two distinct senses in which representations be distributed. On the
one hand, each concept and formal linguistic endty (phrase, syllable, ctc.) needs w0
be represented as a pattern across a group of units rather than a single unit. This type of
representation achieves graceful degradation. On the other hand, each unit must participate
in the representaton of a number of conc or linguistic entities. This type of

representation, sometimes called coarse g (Hinton, McClelland, & Rumelharr,
1986), achieves economy of stworage.

Rather than scrapping the localized one solution lies, as Feldman (1986)
suggests, in superimposing some soret of distri representation scheme on the network.

In what follows I consider one way in which this might be achieved and what advantages it
would bring in addition w0 those related to robustness and memory economy.

In order to solve the problem of representational brittieness, each CLM node could
simply be distributed over a set of units. However, this move does aothing to solve the
problem of constraints on memory size; it actuaily compounds the problem by multiplying
thenumbcrofuniuﬂuhed. To deal with this issue, each unit must participate in the
representation of multipie CLM nodes.

One useful idea in this re which hag been suggested by several researchers
(e.g., Feldman & Ballard, 1982; Hinton, McClelland, & Rumelhart, 1986; McClelland &
Kawamoto, 1986), is conjunctive coding, by which each unit represeats a conjunction
of primitive features. One possibility is to have units represent conjunctions of role and
value features. For a high-level schema role, such as ACTOR (in the general ACT schema)
or NP:CONTENT, there would be a large number of units, each representing an ACTOR or
NP:CONTENT of a very specific type. Roles further down the hierarchy such as
LOVE:ACTOR and *PEPPER:CONTENT would be represented by subsets of these larger sets,
that is, just those units not inconsistent with the more specific senses of these roles. Roles
of instances, such as the ACTOR of a particular instance of LOVE, or the CONTENT of &
particular use of the noun pepper, would correspond to subsets of these smaller sets.
Figure 11.1 illustrates this for the ACTOR example.
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Figure 11.1: Distributed Representation of Role Hierarchy

Since the number of nodes involved in the representation increases with the
generality of the concept, the loss of a group of nodes is more likely to disrupt memory and
processin foramthzriﬁcmmnmgewﬂcompt Note that the generat ACTOR
group in the figure include units representing features which are not necessarily true
of all actors but which gouid be true of a given actor, for example, MALE.

Recall that in the CLM model there is also the need for a itively large number
of connections, in particular joining the CONTENT roles of GUs. A way around this
problem, in a distributed model like the one illustrated in Figure 11.1, would be to replace
these connections with connections that join the units represeating coastrasting role-value
pairs. For exampie, a small set of mutually inhibiting units might represent the
conjunctions of a single role with different values. With this approach, we would still get
the inhibition we need between similar concepts such as *DEPOSIT:CONTENT and
*GIVE:CONTENT (as in Figure 4.20) as welil as dissimilar concepts such as
*MOTHER:CONTENT and *LETTER:CONTENT (as in Figure 5.18). The former would be
based on the inhibition between units such as DURATION=TEMPORARY and
DURATION=PERMANENT, and the latter would be based on many different competing pairs,
for example, AGENTIVITY=HIGH and AGENTIVITYsNIL. Fewer connections would be
required than in the localized approach because units would only need to inhibit those
representing similar conjunctions of concepts.

It is desirable to be able o new facts in terms of the units and connections
that already exist because the store of neurons does not grow in adults. Givea the approach
illustrated in Figure 11.1, we might represent the fact that Mary loves John as shown in
Figure 112. The subset of units in the LOVE:ACTOR group representing features of MARY
have relatively strong comnections to the subset of units in the LOVE:OBJECT group
represeatin features of JOHN. These units and connections are highlighted in the figure.
There are also sets of units representing features of MARY and JOHN independeat of their
being ACTORS in pasticular events. These units, includingpb—vdueomhnmsuchas
HAIR-COLOR=RED, would also participate in the representation of other people.
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LO_VE:ACTQH LOVE.OBJECT

Figure 11.2: Distributed Representation of a Fact

Note that, as in other distributed approaches, there is no need for a schema head
node or a set of units representing the head node. A schema or a schema instantiation here
would just consist of the set of units representing the role-value pairs that characterize the
schema and the reiatively strong connecgons linking these units.

The distributed analogue of the CLM network would exhibit some special
properties. For example, there would be nothing corresponding to the all-or-none selection
process that is implemented by the firing of nodes in the localized model. For a concept to
be selected in the distributed version, a significant subset of the nodes representing it would
need to fire, but there would be no threshold in the sense that there is for the individual
concept nodes in the localized model. An advantage of this approach is that it permits a
concept to activate associated concepts even when it has not been selected. This property is
necessary to handle some speech errors involving anticipatory effects.

Phonological exchange errors are of this type, for example, flow snurries for snow
flurries. The effect is apparently due to the priming of a component of the second word
before the first word is produced. In the example, there must be priming on the role for the
initial consonant cluster (/fl/) in the second noun (flurries) when the first noun (snow) is ©
be produced. However, this priming can take place only if the role for the second noun
itself has already fired. If it had fired, then the word flurries would have been produced
intact before the word smow. The problem is that activation cannot spread along a path of
nodes unless each fires in succession. There is no activation leakage. Within the CLM
model, the only way to get exchange errors is to posit extra, redundant connections which
skip over intermediate nodes, for example, one from the head node of the *SNOW-FLURRY
entry to the consonant cluster node /FL/. In this case, two intermediate role nodes would be
passed over by the new connection.

In the distributed alternative, on the other hand, some activation leakage would be
the norm. Figure 11.3 shows two sets of units corresponding to localized nodes. The
fn-ingofnochinthelocalizednetwoutisrep:uentadmthedimbumdnpmkbyth_e
firing of some threshold number of units in the A set. But even before this threshold is
artained, some activation can spread to units g parts of other localized nodes. In
the figure, only one of the A units has fired, b this is enough for one of the B units 1o
receive some activation. In this fashion, activation could even spread beyond B before A's
«threshold” is reached. Thus the distributed version seems better able to handle
anticipatory phenomena such as exchange errors.
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Figure 11.3: Distributed Alternative t0 Activation Spread Between Localized Nodes

The distributed network we are considering also offers a soiution to the problem of
crosstalk in parsing discussed in Section 8.2. Figure 11.4 illustrates the problem for the
sentence Mary loves John.
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Figure 11.4: Crossualk in Parsing

Once the sentence has been parsed, there are role binding for both MARY and
JOHN. These are indicated in the figure by the hatched nodes and connections; those with
upper-right-to-lower-left hashing pattern are on the MARY-ACTOR path, and those with the
other pattern on the JOHN-OBJECT path. The problem is that NP:CONTENT is on both paths,
so the bindings interfere with one another.

In the distributed alternative, on the other hand, NP:CONTENT would comprise a set
of units, only a subset of which would participate in each of the two binding paths. Figure
11.5 illustrates how this arrangement solves the crosstalk problem. The two paths are
indicated by the hashed units and connections.
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LOVE;AQTOR LOVE:OBJECT

MARY . JOHN

Figure 1L.8: Distributed Representation for Handling Crosstalk

Note also that some of the intermediate nodes in the localized network are
eliminated here. The CONTENT roles of the specific entries *JOHN and *MARY are
represented by subsets of the NP:CONTENT set of units, and the merged nodes encoding the
role binding information are replaced by connections joining a subset of the NP:CONTENT
units to subsets of the LOVE:ACTOR and LOVE:OBJECT units.

The role bindings shown in Figure 11.5 are still temporary because they depend on
the priming that remains on the shaded units. Once this activation decays, the bindings will
become inaccessibie, and for much of the informaton that the system receives, this short-
term forgetting is an accurate reflection of human processing. However, people are aiso
capable of storing new facts in long-term memory for later use. Without the addition of
new nodes and connections, the localized model has no way of modelling this learning.
How might it be dealt with in the distributed alternative?

Recall from Figure 11.2 that there are connections joining the units in LOVE:ACTOR
to those in LOVE:OBJECT and joining the units in both of these groups o the MARY and
JOHN During the role binding process a subset of the nodes in each of the four
groupsw' fire, and will be connections joining these nodes and representing the fact
that Mary loves John, as shown in Figure 9.2. A simple leaming algorithm (Hebb, 1949)
used in soms connectionist models involves smengthening a connection whenever the units
at both ends of it fire. If applied in this case, the strengthening would amount to an
increase in the likelihood that this fact would be recalled later on. Thus the learning is a
consequence of the role binding that takes place automaticaily during parsing.

Omwobhmmnmhewhedbdmdndmﬁmmdmamm
can be implemented is thas of what the individual units actually represent. What set of
features, for example, would suffice to distinguish LOVE:ACTOR, say, from ACTOR in

genenal?
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11.1.2. Learning

Certainly the major weakness of the CLM model is the lack of a formai learning
comporent. There are two reasons that the development of this component should be the
major thrust of future work. First, the assignment of connections weights by hand is a
tedious task, and it slows down the development of such models and renders them
impractical for real-world applications. More importantly, any cognitive model shouid
include an account of how the knowledge that is used got into memory in the first place.

One possible direction to take is to build a learning mechanism directly into the
current localized model. This could operate in much the same way as back propagation in
some distributed models (Rumelhart & McClelland, 1986). For each set of t?u'ing input
nodes, it would require a teaching pattern representing the appropriate response for this
input. Then if an output node fired when it should not (according to the teaching pattem),
the weights on connections leading into it would be decremented by some factor, with this
weight adjusoment process propagating back as far as the input nodes.

Leaming about new facts and objects would require a more elaborate mechanism
involving the creation of new nodes and connections. This would not be difficult 1o
implement. Consider, for example, the case where the sentence Mary loves John has is
being parsed. As a role binding path is created, a permanent trace of it is recorded by
copying the generic role node and connecting it to the value node and the generic role node.
For the LOVE example, a new ACTOR instance would be created and connected to the
LOVE:ACTOR (or ACT:ACTOR) and MARY nodes. That is, for each binding, one new node
and two new connections would be required. In addition, once a node or is-a hierarchy of
nodes is activated for the general fact type, a further node would be called for to represent
the whole fact, say, LOVE23. This node would be connected to a parent, LOVE in this
exampie, and to all of its existing role nodes.

While the algorithm would be fairly staightforward, there are problems with such a
learning mechmisng?:om the point of view of neurophysiological plausibility. nd
infancy the number of neurons declines rather than increases (Kuffler & Nicholls, 1976),
S0 we cannot assume a store of unused units to be recruited for the learning of new
concepts. Similarly, while new connections are created, this clearly does not happen often
enough for it to re nt the learning that goes on whenever a new sentence is
comprehended (Kuffler & Nicholls, 1976). If a learning model is ever to be implemented
in brain-like hardware, then the system must make do with the units and, for the most part,
with the connections that already exist.

Another possibility is to handle leaming within the framework of the distributed
version of the model discussed in Section 11.1.1. This would have the clear
advantage of avoiding the need for new nodes and connections as knowiedge is added 1o
the system, In addition, the research could rely on the considerable body of work done on
learning in distributed paradigms.

In either case, the leamning procedure could start as a simple aid in the mning of the
network. Bmlamitcouldpwi!uhebuisfaabng-umupdeldhn acquisiton.
At this stage it is only possible to sketch out what would be involved. 1 sgcquu{d
begin wimknowledpofmpnandmdthemmnnpx_uhm linguistic
means. Early acquisition would consist of Gls representing associations of goals specific
to particular contexts with very specific pattemns, ¢.g., give me wazer. Later the system
would begin 10 associate patterns with concepts, for example, the expression take g bath
with the concept of bath-taking. That is, the GUs would be acquired. In both cases,
acquisition would proceed from more specific patterns and contexts to more general
patterns and contexts. Thus syntax would arise out of the learning of lexical patterns
(Peters, 1983).
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when unfamiliar words or sauctures appeared, the system would often be able to dec
them through the use of contextual information. Generation goals would also be 32;
as input, and these would sometimes stretch the linguistic capacity of the system in such a
way that it is forced to generalize existing knowledge. In this way, generation would also
result in leamning, though the generalizations wouid not always be appropriate.

Within the context of this general model, two specific directions suggest
themselves. One is to attempt to simulate the development of pidgins by continuaily
presenting the system with communicative needs, beyond its capacity, in the second
language. Another is to test the effects of various lybpu of input on the development of the
different types of associations discussed in Chapter 6.

11.1.3, Coverage of Linguistic Phenomena

In terms of the actual variety of forms that is handled, the model falls short of
existing generation systems. The emphasis in this project has been on determining whether
simple sentences could be generated within this new framework. As a result, many of the
linguisdccommassociuedwimntypicd pnendonpmjecthnvebeenneglccted. Onlya
small fragment of English and Japanese grammuar is covered by the model. Simple clauses
and noun phrases including adjective or prepositional phrase modifiers are all thar the
model currently generates. Aspects not adequately wreated include quantification,
negation, coordination, and long-distance dependencies such as in English relative clauses,
though there is no reason 1o believe that these areas of language cannot be accommodated
within the model.

11.1.3.1. Reference

md)eptuemvusionofmemdcutisuamddmeomﬁmumhum
andDmEcr-OBIEcruereﬂizeddimcdyuNP:. The firing of the node for the referent of
meNPludstodleselectionofoncormelmG s for the NP being generated.

But the formulation of NPs is clearly more involved than this, as the work of
Appelt (1985) has shown. The problem for the is ammiving at a description, the
set of semantic features of the referent which will be the basis for entry selection for the
NP. Thusthmneedsmbeaupmtephnninglevelabovethuofthemnenu-y
sclecrion. Thisdivisioncorruponduowhnthesymmdmdyhufachmd_nm
level, representing knowledge about which r{ru of plans are associated with particular
communicative goal types, and the (verb) GU level, which realizes GI plans. For NPs
there would be a level of generalized references for knowledge about which types of
plans are associated with goals to make the hearer aware of particular referents. Noun GUs
would then realize the plan roles of generalized references. .

Particularly complex are definite NPs, such as Arnold, him, and the guy I
introduced you to last night, which mdcsignedtogettheheugtoldenufy the referent.
Two basic problerns are involved. One is that of determinin whtheaumof_therdqem
are known to the hearer. It is not enough for the speaker to ve & name associated with a
hmmcmmmuummmmmmmnuww
with that person. Themumoffumuhﬂn;amnhhm(m;dumpumuman
determining what set of features is sufficient for the hearer to identify the referent. This
often reduces to determinin wheﬁmthmuemyrefum that is, entities
other than the referent which the hearer knows of and which the 0 in the
NP. Inoneconth.thcwommybeenou;hforthehegmwknoww is being -
referred to0. In another, rhe other woman may suffice. In a third context, the woman that
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we met on the plane last week may be required to distinguish that woman from others the
hearer might think of.

‘Handling these two key aspects of definite reference, hearer knowledge and referent
competition, seems to require further additions to the basic CLM framework. It needs to be
possible to indicate (for any relation represented in the nerwork) whether that relation is
known to a particular person and to make inferences about what someone knows when
there is no explicit indication. One promising approach is to make use of connection
“scoping’ (Fahlman, 1979; Feldman & Ballard, 1982). A special scope connection would
join a given connection to the node representing the knowledge base of a person, and the
scoped connection could only be activated when the knowledge base node is active. Note
that this mechanism requires that connections have their own “handle” so that other
connections can be attached to them. Many of the details of this ap h need to be
worked out, in particular, how inferences could be made on the basis of knowledge that a
whole category of people are assumed to have (Clark & Marshall, 1981). For example, we
would like to be able to infer from the fact that a person lives in a particular town that he
will understand a reference by name to the mayor of that town.

Referent competition is also tied up with the speaker’s representation of what the
hearer knows or has in mind. In deciding whether rhe car suffices for the hearer to know
which car is being talked about, the speaker does not need to concern herself with all of the
cars that she might think of, but only those which the hearer might think of (or which the
hearer might expect the speaker to be referring to in the current context). Thus only certain
of the set of possible competitors should be “turned on”. Again some sort of scoping
mechanism seems cailed for.

11.1.3.2. Syntax

The CLM model is currently limited in the variety of syntactic constructs it can
generate. Structures involving long-distance dependencies, such as relative clauses;
coordination; and recursion have not been implemented. The difficulty of handling certain
types of structures in this model comes from two facts. First, nodes in the nerwork have
no memory other than their decaying activation levels. Once the NP node fires, for
example, it does not remember from what direction it was activated. Second, structures are
not instantiated during processing; this is what is known as a type-only model (Dell,
1985). For example, in the NP my older sister’s husband, the same NP entry must do for
both the embedded phrase my older sister as well as for the entire phrase. Thus the basic
processing mechanism in this and similar models is significantly less powerful than those
in other computational approaches. It is possible, however, that this weakness may rum
out to be a better reflection of the kind of language that people are capable of processing.
There are questions, for le, about the extent to which people can nd and
generate recursive structures ( & Kawamoto, 1986). One area of future work
will be concerned with exsending the model into uncovered areas of syntax. In this regard,
it will be inseresting to determine how well the model handles structizres that are known to
be difficuit for people, such as center embeddings.

11.1.3.3. Figurative Language

With respect to the lexicon, a fruitful area in which to extend the model is that of
figurative language. Network models of the lexicon have been shown to be effective ways
of looking at metaphor and figurative language (Jacobs, 1985a; Makiai, 1972; Marun,
1986). In the context of the present study, metaphor is especially interesting because it is
related to the issue of what gets transferred in second language generation. Kellerman
(1978) has shown that second language speakers are sensitive to the degree of idiomaricity
of expressions in their first language when they are trying (o decide whether the
expressions can be translated literally into their second language. It should be possible to
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represent degrees of idiomaticity with varying weights on the connections from idiomartic
entries to the higher-level enmies from which they are composed. That is, the extent to
which an exg;cssion like take a shower is viewed as idiomatic can be translated into the

question of how strong the connection is from the *TAKE-SHOWER entry to the general
*TAKE entry.

11.1.3.4. Morphology and Phonology

The CLM model currendy treats words as the primitive units of linguistic form.
However, it should be possible to extend the model into the areas of morphology and
phonology using the same basic ideas. It is encouraging that other work within similar
frameworks (Dell, 1986; Stemberger, 1985) has been relatively successful at modelling
phonological and morphological processes, including typical errors

Figure 11.6 shows how the GU for water might be expanded to incorporate
phonological information,

(*WATER NP
{content WATER)
{noun TWO=-SYLLABLE-~-WORD
(first-syllable SYLLABLE
(onsat /W/})

(coda /3/Y)

(second-syllable SYLLABLE
(onset /L/)

(coda /@/))))

Figure 11.6: GU for water Showing Phonological Features

The NOUN role points to the node for TWO-SYLLABLE-WORD and it has roles of its own for
the two syllables it is composed of. Each syllable role in turn has roles for the segments of
which it is composed, that is, the ONSET and CODA positions in the syllable.

11.1.4. Repairs

Speakers are often aware of errors soon after they have made them, and there are
characteristic ways in which they correct themselves (Levelt, 1983). The CLM model
currently has no way to recognize that an ervor has been produced, nor to correct itself if
one is discovered.

Consider what might be involved in getting the model to recognize that it has
produced a substitution error, such as the production of salf in place of pepper. When a
GU such as *SALT is selected, its CONTENT role fires early on. But it is reasonable to
assume that it would fire again in response to activation from the node representing the end
of the phrase. The firing of the CONTENT role would in turn activare role-value node pairs
representing the feamres of the concept associated with the entry. In this case, pairs such
as COLOR and WHITE, CONS[STENCYMGRANULAR.&MTAST_BIMSALTY wou@dbe
expected to fire. But a subset of these features would conflict with features of the input
notion, here the pepper to be passed. Preciselyhow_d:epercepuonofthuconﬂictwonﬂd
beimplemenwdunotclur.bmitiuppmdyuthnpammnupukabemsawm
of an error like this.
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11.1.8. Planning What to Say

The CLM model in its present form has little to offer concerning decisions that
speakers make about what they will talk about. The notions of relevance and
interestingness are very complex ones (Schank, 1979; Sperber & Wilson, 1986). Initial
attempts at selecting relevant topics for generation through the use of spreading activation
show promise, however (Fuenmayor, 1988; Hasida, Ishizaki, & Isahara, 1987).

Some way of representing the hearer’s knowledge is the key to decisions about
what aspects of a referent to mention, but is also involved at higher levels. Thus decisions
about what facts to include in a narrative depend on what the hearer can be expected to
know already about the participants and the setting. Even more important is what the
speaker believes the hearer can infer, but this too is related to the kind of general
knowledge the hearer is thought to have about comparabie situations,

Knowledge about knowledge is special in the sense that it can potentially modify
anything that is encoded in the network. As noted in the discussion of reference in Section
11.1.3.1, a possible way of accomplishing this is through the use of scoping connections
attached to connections themselves. There is also the need to be able 10 represent two or
more embedded layers of knowledge or beliefs. Thus a speaker seems o be at least
capable of reasoning about what the hearer believes the speaker believes. There is
considerable literature on this area (e.g., Appelt, 1985; Clark & Marshall, 1981; Sperber &
Wilson, 1986). As with syntax, this is an area in which the relatively constrained approach
adopted here may offer insights into the limits of the human capacity to deal with
embedding and recursion of belief contexts.

11.1.6. Conscious Knowledge

An important distinction made in some approaches to second language acquisition
(e.g., Krashen, 1981) is tha: between formally learned imowledge and knowledge acquired
through experience. The learner is conscious of the former type and can sometimes make
use of it during generation when there is time to monitor the output, but it tends 10 be
reladvely ineffective. The latter type includes nearly all of what people know of their first
languages and of second languages if they have been leamned in natural settings. A major
question has been whether formal knowledge can through practice become
indistinguishable from the namrally acquired type of knowledge.

Within the CLM approach, the units of linguistic knowledge do not really represent
knowledge about language at al; rather they encode imowiedge about how certain kinds of
actions accomplish cermin goals for speakers. There are no explicit rules referring to
linguistic objects such as words, morphemes, or phrases. Formal knowledge, on the other
hand, looks more like the rules of a transformational grammar. It eacodes procedures such
as “if you want to produce a NOUN, then check to see whether it is a COUNTABLE-
NOUN and whether it refers to more than one thing; if so, make sure the noun has the
PLURAL form”. In the CLM framework, such rules can be encoded as schemas like the
aste! GUs and gn lings Hmm'w'ien"p:?:mm mﬁm@tﬁ;m :313:
from the GUs in linguistic memory. i s e ou
of generation as it is currently handled in the model. That is, they would have to check
words that are about to be uttered.

11.1.7. Translation
Machine translation resesrchers have generally shown little interest in the behavior
of human translators. Thus this is an area that is ripe for the insights to be gained from

looking at what people do. Anundmtandingofhumanujanslaﬁon.udlelevelthn\yould
be req%ired, involves questions of the type addressed in Chapter 7: How are units of
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knowledge for the different languages related in memory, and in what way do the units
interact during generation?

‘A general contribution that might be made is the development of a flexible approach
to machine translation. Existing systems tend to divide into two categories: those
employing some form of direct transfer between the lexical items or swuctures in the
languages (e.g., Nagao & Tsujii, 1986) and those which parse all input into an
interlingua from which the output is generated (e.g., Carbonell & Tomita, 1986)
Certainly human translation has both types of processes. While it will often be necessary
to achieve a deep understanding of the input in order to translate it, there will also be
shortcuts of the type described in Chapter 6, which can speed up processing by providing
direct associations between units of the languages. A machine translation system, based on
human transiation processes, would need to be able to find the cross-linguistic associations
if they exist but be ready to parse the input into a non-linguistic conceptual form for
generation when no such associations are available. A spreading activation mechanism like
that in the CLM model would provide a way of performing this kind of processing without
the need for special procedures 1o guide the system. That is, the entire process of
tanslation would be a consequence of activation g through the network encoding
the system’s knowledge of the source and target languages and the content domain. Of
course, significant additions need to be made to the model before it could be applied 1o
machine transiaton, particularly in the area of parsing.

11.2. Summary and Implications

The subfields of cognitive science are currently in the throes of what some consider
a revolution. Radical connectionists (e.g., Rumelhart & McClelland, 1986; Smolensky,
1988) suggest that their models will one day replace all or most of what has beea done by

the practitioners of symbolic cognitive science. nts of symbolic models counter
that the new approach is really just a revival of di ited associationism, that it will never
be able to handle fundamental of cognition such as recursion and the rype-token

distinction, and that at best it will be viewed as a way of implementing symbolic notioas
(Fodor & Pylyshyn, 1988; Pinker & Prince, 1988).

Those in the middle believe that both sides have something to offer and that a
fruitful is to attempt & synthesis of the two types of models (e.g., Feldman, 1986;
Walz & Pollack, 1985). The model presented in this dissertation is an example of such a
synthesis. It starts with conceprual and linguistic categories based on those developed in
symbolic models, but it treats them as nodes in a network of neuron-like processing units.
The result has advantages over models at both extremes. It performs a more complex task
than any distributed connectionist model, and it does this in a more human-like fashion than
any symbolic model that performs the sk

In addition 10 features that all generation models must exhibit (e.g., the selection of
lexical items on the basis of input concepts and the outputting of words and phrases in an
appmpﬁmaﬂa)ma.MmhmodeuomephemmcMsﬁcofhm
generation that have been generally ignored in other work. These include (1) the direct
accessofﬁng:ﬁsdcuniuontlh;:buisoffut(lg)uofmmmn (2)mbusme::1$
respect 10 incompiete input or linguistic gaps, (3) sccommodation of context-driven a
as goal-driven processing, (4) flexibility in sequeacing, (5) transfer effects in multilingual
contexts, and (6) substitution and exchange errors. In addition, the same knowledge used
in generation supports parsing.
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The simplicity of the model can be appreciated best in terms of what it does ot
make use of. There are no special data sguctures for particular types of linguistic units and
no global variables such as CURRENT-HEARER or CURRENT-REFERENT to be bound during
processing. There are no rules to be applied in a fixed sequence by a central control
mechanism. No temporary phrase structures are built during processing. There is in fact

, gor] &

. ] The model accomplishes what it does using an
approach in which all knowledge resides in the pattern of connections among simple

threshold processing units. Generation is a side effect of a mechanism (spreading
acuvauon) that is geutral with respect to generadon, i.e., it can be (and is) used for non-
linguisac processing.

Likewise, the features that the model exhibits are not a consequence of a set of
domain-specific rules. Rather they emerge out the connectivity of the network and the way
activation spreads over it. The system is robust with respect to incomplete input or gaps in
linguistic knowledge simply because of the way in which nodes respond to the sum of their
inputs. Variability in sequencing is achieved because output ordering depends, not on a set
of all-or-none rules, but on the total weight that constituent nodes receive from syntactic
and semantic sources. The tendency for L2 speakers to make generalizations in the L2 that

resembie those in the L1 is based, not on a specific language acquisition rule, but on the
overlap between concepts that is a natural property of the CLM network.

Two problems that arise in connectionist models concern the association of
temporary values with roles such as HEARER and SUBJECT and the sequencing of output
forms. Both are handled here in novel ways. Role binding is implemented in terms of the
firing of nodes representing a role and its value in close temporal proximity. The result of
this process is a path of primed nodes which makes the binding temporarily accessible from
either end of the path. The problem of crosstalk in role binding is avoided by forcing
certain role nodes to fire in sequence rather than simultaneously. Sequeatial output is
achieved by (1) using winner-take-all networks o prevent more than one constituent from
being produced at a time and (2) introducing special end nodes whose firing represents the
completion of a constituent or phrase.

The model has implications for theories of linguistic knowledge and processing and
for general theories of human action. As in speech act theories, a basic distinction is made
between knowiedge about illocutioas, that is, how language satisfies communicative goals,
and knowledge about uuerances, that is, how language maps onto concepts. However, the
units within each of these components do not correspond neatly to any of the traditional
categories. They represent generalizations that associate features of a pattern with semantic
or pragmatic features. Thus syntax and morphology are bound together intimately with
pragmatics and semantics.

Another traditional distinction (which serves no function in the model) is that
berween lexicon and grammar, Both syntactic and lexical parterns make up the hierarchy of
GUs. Syntactic patterns are those at the more general end of the hierarchy, while lexical
patterns are those at the mare specific end, but there is no clear line separating them. This
relationship, of lexicon to grammar, is assumed to reflect what goes on in acquisiaon, &
process that begins with the highly specific patterns at the bottom of the hierarchy and
yields more and more general patterns as knowledge of specific patterns accumuiates
(Peters, 1983; Wong Fillmore, 1977). Thus the pattern [PERSON BREAX OLASS)
generalizes to the patern [ANIMATE-THING AREAK BREAKABLE-OBJECT], which later
generalizes to the pattern {ANIMATE-THING TRANSITIVE-VERS PHYSICAL-OBJECT).

Theinaegnﬁonoﬂexiconandgnmmninasingleuetworkmohuimpm

implications for processing. A more general enzry can control the sequencing of elements
appearing in a more speci.%c entry because corresponding elements in the two entnes are
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joined directy. Similarly, when a relatively specific entry is selected, the

system
automatically has access to the features of all of the more general entries it is assoziated
with,

Language generation in the model is treated as a form of action. Speakers have

goals which they satisfy by producing utterances that match up with the contextual and
semantc features of the goals. Utterances are just acts that are realized as sequences of
subacts consistng either of words or further utterances. Thus, in this model, there is ng
separate language faculty

. Linguistic behavior differs from other types of human action in
degree rather than in kind.

Connectionist models and other approaches making use of spreading activation and
marker passing have been applied mainly to tasks involving perception or recognition.
What this dissertation has demonstrated is that one such approach can also be applied
successfully and fruitfully to a complex type of action. The implication is that other tasks

involving planning and acting may also be modelled similarly, as a process of the
simultaneous satisfaction of multiple constraints.

The challenge now for cognitive science is to bridge the gap between the symbolic
and the neural. On the one hand, cognitive models will have to be capable of achieving all
of the behavior that the symbolic approaches do, for example, in the area of complex
syntactic structures. On the other, the models will need to “scale down”, that is, 1o map
onto the level of highly distributed approaches, with their ter neurophysiological
plausibility and straightforward leaming algorithms. The model presented in this thesis is a
promising step in this direction.
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Appendix:
CHIE: the Program

CHIE currently resides in the directory /ucla/ai_research/gasser/Chie
on the Apollo COGNET network at UCLA (cognet .ucla.edu on the Arpanet). The
program CHIE consists of three components: a set of functions for creating memory nodes
and connections, located in the file net .t; procedures t'dr spreading activation through
the network, located in the file propagation.t; and sampie memory files which build
the network needed for generation of certain sentences, located in the directory Memory.
The file misc.t contains miscellaneous help functions,

What follows is a listing of the program, including the memory files needed for
generating the sentence could you take the empty box o the garage? (see the mace in
Chapter 10). Each file begins witha herald clause.

(herald net)

FRRIIIRINRIRRINRNRNINNRIRIIINNNISINNRNIRIIIDNRIRLIIIIICIEEIIII NS
PRFFIGIININININRRIRRRININZINRIIIIINNNNRNNINIINORIZRRRNRIINNIZIGGIIEIOING
HF I
HE THIS FILE CONTAINS THE FUNCTIONS USED IN CREATING NETWORK ;:;
] NODES AND COMMECTIONS. P
HF I
PR IRRRRRNR RN AN RIRI NP RRNRNRNNINNNIIRINIRIIIINIIINIG
FRIFIRRRRRIRIIRNNNIRINRRINRGIICRNNICRRGIININRNNRINIRIIIVINNNIG NI}
FIIIIERRNININRNRINNINNRRRMCIISNNNIINRIRDNNNNNZNNIGNNNVIIIIIIRGIROIIIYY
H NODE STRUCIURE TYPE i
FIIIERINRIRINNINNNNRRINNISNISIGINNiGiiddNRRNIININNNRGINGIIIIGNIGEGG

: Creates the structure type for network nodss. UDefines the
; function MAKE-NCDE, which creates new nodes (but it is MAKE-NCDE!
;; that is actually used).

.
*
.
’
’

{define=-structure-type nods
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.
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A list of CONNECTION-LISTS, each representing an
excitatory or inhibitecry connection to another node.
Each connection=-lisc is of the form

(DESTINATION WEIGHT CONNECTION-TYPEZ DECAY . SPEED)

DESTINATION is the node at the other end cf the
connection.

WEIGHT is a number between -1 and 1.

CONNECTICN-TYPE is PARENT, CHILD, HEAD, ROLE, AFTER,
BEFORE, EQUIV, INHIS, or PRIME. The connection-
type has no function in processing.

DECAY is the rate at which activation coming into
the destination node along the connection decays
on sach time scep.

SPEED is an cptional argument. If present, the
connection i3 "fast"; that is, it can be
traversed in 1/4 of a time step (a "time
increment™) .

A list of the following form
(ACTIVATION-KEY ACTIVATION-LIST®)

ACTIVATION-KEY is
a negative integer if the nods is in its
refractory period
a positive integer if the node is a WIA hub which is
waiting to time item
NIL otherwise
Each ACTIVATION-LIST represents activation remaining
from what came in on a single connectien.
ACTIVATION-LIST has the following form:

(ACTIVATION DECAY SOURCE)

ACTIVATION is the current value of the activation
due to this connection.

DECAY is the dscay rate for this connection.

SOURCE is the scurce of the activation, that is, the

noda

at the other end of the connectien.

An association list specifying properties of the node,
including properties used in processing:
REFRACTORY,
a negative integer, representing the numbe of time
steps the node remains inhibited following firing
RECOVERY,
the amcunt of activation remaining on the ncde
following its refractory period
DECAY,
the decay rate for the recovery activation on the
node
LIFE {for WTA hub nodes only),
the number of time steps a hub node waits before
timing
out,
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.
’

and properties which have ne role in processing: MAP,
INDIV, SEQ, START, END, and SEQ-END (the asscociated end
for a Start node), and SEQ-START (the associated start
for an end node) .

L TR T

name ; An atom associated with the node to make the node
; accessible for the network building functions.
; Names have no role in processing,.

({{print self stream)
{print {(node=-name self) stream)
repl-wont-prine) )}

Sees to it that a node's
name will also be its
print name.

-~

-

Initializes the components of ncdas to NIL.

{let ((m (stype-master node-stype)))

-----------

(set (node=-connections m) nil)
{sat (node=-activation m) nil)
{(set (node-attzribs m) nil})

PRIIIIIRREIRRIIRIIINNNNINIFRNIGRINIIININIGIRINRIVNICINNZOYZIIGI}GI
CREATING NODES AND CONNECTIONS USING S CHEMA!'! AND i
SEQ-SCHEMAMA'. HH

PRI EIIIIIIEIRRNMSIIIIRIIGRIGNNNNRIIIOROCGRILIIVRROINRNNIGGGOGIICINGG

We We W We NP %R e N We Wy %a W Wa %a Ve Ne e

.

s wa ms we % e

e wa We Wy

s we

b

The functions SCHEMA! and SEQ-SCHEMA! are used to create subnetworks
consisting of a "head” and a "role” hierarxchy, along with the
connections joining them to each other and to nodes in other
subnetworks. (Note that

all functions which add or delete nodes or connections are followed
by "'™.) Calls to SCHEMA! and SEQ-SCHEMA! are of the fomm:

(FUNCTION NAME PARENT . OPTIONS)

FUNCTION i3 either SCHEMA! or SEQ-SCHEMA!

NAME i3 a name for thae head of the schema. This is checked first to
see whether it is already assigned to an existing node.

PARENT is the name of a nods which the schema head is to be connectad
to.

OPTIONS is an optional association list with sublists specifying
1. attributes of tha head
2. connections joining the head to other nodes
3. roles associated with the head.

Examples:
(SCHEMA! 'BOX 'PHYS-OBJ)
This creates a new node BOX and connects it to its parent
PHYS-OBJ.
Two connections are created, one from BOX to PHYS=-0OBJ, another
from PHYS-OBJ to BOX.
(SCHEMA! *MARY 'WOMAN

' ({INDIV)
* (REFRACTORY ~4))
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This creates a node MARY with the attribute INDIV and a
refractory period of 4 time steps.

{SEQ-SCHEMA! '*DOG 'NP)

This cresates a start node named *DOG and a node named *DOG END.
*DOG is connected up to NP and *DOG_END to NP_END. (Of course
the schema has nothing in it. We will see a Eomplo:o *D0G
schema below.)

The functions are recursive in that OPTICON sublists specifying
connections or roles may have their owner CPTION arguments specifying
further connections, roles, or attributes.

SEQ-SCHEMA! differs from SCHEMA! in that a stazt and end nocde are
created for the schema head.

CREATING ROLES

Roles are created within calls to SCHEMA! and SEQ-SCHEMA! using
option sublists beginning with the keywords ROLE, TYPE-ROLE, MAP,
SEQ-ROLE, and SEQ-MAP.

For the purpcses of creating connectiona and assigning defauit
paramaters, two sorts of distinctions are made for roles. First,

a role is either a top-level role, e€.g., the ACTOR in thae ACT schema
or the NATIONALITY in the PERSON schema, cor a "map®, that is a

copy of a high~-level role in a schema lower in the is-a hierarchy,
e.g., the ACTOR in the PHYSICAL-TRANSFER schema or the NATIONALITY
in the ILLEGAL-ALIEN schema. Second, a role is either a type, that
is, a prototype for a set of roles within the schema, e.g., ORGAN
in the ANIMAL schema or PLAYER in the GAME schema, or an individual,
e.g., HEART in the ANIMAL schema or NET in the VOLLEYBALL~-GAME
schema. Very little is currently made of the type-individual
distinction for roles, but it is felt that the two kinds of nodes may
require different default values for node parameters. Both
distinctions are based on those made by Fahlman (1979).

Top-level roles are created using sublists beginning with ROLE,
TYPE-ROLE (if they are types), and SEQ-ROLE (if they are
constituents). The sublists have the following form:

(ROLE-TYPE NAME PARENT . OPTIONS)

ROLE-TYPE is either ROLE, TYPE-ROLE (if it is a type), or SEQ-ROLE
{if it i3 the constituent of sequence). SEQ-ROLE creates a start
and an end node and connects them in the appropriate ways to the
sctart and ends nodss for the head of the schema. (The individual-
type distinction is noct made for sequence zoles.)

NAME is the name of the role. This is checked to determine whether
it is already assigned to another node.

PARENT is a parent node which the role is to be connected to. The
for a top-level role is always a type-role. For example, the
parent for HEART is ORGAN, and the parent for ACTOR is ARG.

OPTIONS is an optional association list of the sams type as used
with SCHEMA! and SEQ-SCHEMA!. The OPTIONS list following SEQ-ROLE
may contain (FIRST), {(LAST). {ITERATE), or (OPTIONAL). These havae
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different sets of default parameters for the sequence connections.

Examples:

(SCHEMA! 'FISH 'ANIMAL
'({TYPE~-RQLE FIN CRGAN)
'{ROLE DOQRSAL~-FIN FIN))

This creates a node FISH, connected to ANIMAL: a type-role
FIN, connected to FISH (its head) and ORGAN (its parent);
and an individual role DORSAL-FIN, connected to FISH and FIN.

(SEQ~SCHEMA! 'CLAUSE 'UTTER
'"{SEQ-ROLE VERB CONSTITUENT)})

This creates the CLAUSE schema and two roles, VERB and VERB_END
and % connections,

Maps are created using option sublists of the following form:
{MAP-TYPE PARENT . OPTIONS)

MAP~-TYPE i3 either MAP or SEQ-MAP. SEQ-MAP creates a start and an
end node and the appropriate connections. \

PARENT is the role parzent of the map role. For example, for the
HEART in the ELEPMANT schema, the parent i3 the top-lsvel HEANT
role in the ANIMAL schema.

OPTIONS is an association list of the same type as the one used with
SCHEMA and SEQ-SCHEMA. As with SEQ-ROLE, the OPTIONS list
following SEQ-MAP may contain (FIRST), (LAST), (ITERATE), or
{OPTIONAL) .

The nams assigned to a map role is a concatenation of the head name
and the role parent name with a separating colon. Tor example, the
HEART map in the ELEPHANT schema is assigned the nams
ELEPHANT :HEART.

Maps of individual xoles automatically inherit the individual
property so that they can be distinguished from type maps (such as
the ORGAN role in the ELEPHANT schema) .

Examples:

(SCHEMA! 'CLYDR 'ELEFPHANT
' (INDIV)
' (MAF TRUNK))

This creates a schema for ELEPHANT CLYDE and a role for
his TRUNK. The role is connected to the CLYDE node nnq
the general TRUNK rcle in the ELIPHANT schema.

{SEQ-SCHEMA! *DOG NP
! (MAP CONTENT
(RECOVERY .03))
' (SEQ-MAP NOUN))

This creates a schema for *DOG and three map roles in it,
*DOG:CONTENT (with recovery level .03), *DOG:NOUN, and
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*DOG : NOUN_END .

CREATING CONNECTIONS

Some connections are built automatically when schemas or roles are
creaced. For example, a call to SCHEMA' creates a connection from
the new node te the specified parent and ancther from the parent to
to the new node.

Other connections are created using opticn sublists beginning with
keaywords spacifying the type of cennection. It should be noted that
the these types have no role in precessing. They simplify the
setting of connection paramester because different types have
different default value for the parameters. The types are also
useful in debugging. The general form for option sublists creating
connections is as follows:

{CONNECTION-TYPE DESTINATION . OPTICNS)

CONNECTION=-TYPE L3 of the following: IS=A, INSIDE-IS-A, MAP-IS-=A,
SEQ-IS-A, EQUIV, INSIDE-~-EQUIV, DISTINCT, FOLLOWS, MERGE.
INSIDE-IS-A and INSIDE-EQUIV connect roles to aother roles in the
same schema. MERGE differs from other types in that the
DESTINATION node i3 merged with the source node (sea MERGE' below).
FOLLOWS creates sequencing connections from start and snd source to
start and end deatination nodes.

DESTINATION specifies the node at the other end of the connection,
This may either be the name of a nods which already exiasts or a
*path™ to a map role which is then created before the connection is
created. A role path is a list with the head of a schema as its
CAR and a list of role names as its CDR. TFor example, (TRIAL2?
PRESIDING-JUDGE NAME) is the path for the rols TRIAL2T:PRESIDING-
JUDGE :NAME, that is, the NAME of the PRESIDING-JUDGE of TRIAL27.

OPTIONS is an association list of the same type as the one used with
SCHEMA and SEQ-SCHEMA.

Examples:

(SCHEMA! °*PHYSICAL~-TRANSFER7 'PHYSICAL-TRANSFER
' {INDIV)
' (MAP ACTOR
(EQUIV MARY))
' (MAP OB
{IS=A BOX))
' (MAP DESINATION
{EQUIV (TABLE} TOP-SURFACE)}))

This creates a schema for an instance of PHYSICAL-TRANSFER. The
ACTOR of the event is MARY, and the OBJECT is a BOX. The
connection from BOX to PHYSICAL-TRANSFER7:0BJ has weight .3. The
DESTINATION of the event is TABLE3:TQOP-SURFACE, a map role which is

created here.

(SEQ=-SCHEMA! ‘'*DOG
. ' (MAP CONTENT
{IS-A DOG))
' {SEQ-MAP NOUN
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(SEQ=IS=A "DOG™)))

This creates the scheama *0OG. Its CONTENT role is created and
connected to the DOG node. Its NOUN 4nd NOUN _END roles are also
created and connected to the node “DOG". =

(SCHEMA! 'SUICIDE 'KILL
' (MAP ACTOR
(MERGE (SUICIDE 0BJ))))

This creates the SUICIDE schema. The ACTOR and OBJ roles within
the schema are merged into a single role which has connections to
boch the general ACTOR node {in the ACT schema) and the OBJ node
{in the general FACT Schema) .

CREATING WINNER=TAKE-ALL NETWORKS

WTA networks are created using an option sublist within the code
which creates the WTA parent of the natwork. The sublist has the
following form:

{WTA NAME . OPTIONS)

NAME is a name to be assigned to the WTA hub nods. It is checked
first to determine whether it already belongs to an exiating node.
The hub node i3 created and connected to the WTA parent nodae.

OPTIONS is an options association list. It i3 used for asaigning a
LIFE to the WTA hub or setting one of the connection waights.

Nodes are made members of a WrA network using the folilowing option
sublise:

(WTA-MEMBER HUB-NAME . OPTIONS)

HUB-NAME is the name of the hub node for the WTA network. The new
member is connected to the hub and to all existing members of the WTA
network (with inhibitory connections.

OPTIONS is an options association list. It is used for setting the
waights on the connections joining the member to the hub node.

Examples:

(SCHEMA! 'ANIMAL ‘ORGANISM
' (WTA MALE-FEMALE))
(SCHEMA! 'MALE-ANIMAL ‘ANIMAL
' (WTA-MEMBER MALE-FEMALE) )
(SCHEMA! 'FEMALER-ANIMAL 'ANIMAL
' (WTA=-MEMBER MALE-FEMALE))

This set ¢f schemas represents the knowledge that an ANIMAL is

either a MALE-ANIMAL or a FEMALE-ANIMAL, In addition to ANIMAL,
MALE-ANIMAL, and FEMALE-ANIMAL, the WTA hub node MALE-TEMALE is
crzeated and connected to ANIMAL, MALE-ANIMAL, and PEMALE-ANIMAL.
Inhibitory connections are also created between MALE-ANIMAL and

FEMALE-ANIMAL.
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SETTING CONNECTION WEIGHTS AND DECAY RATES.

Connection weights and decay rates are specified in option sublists
with the following form?

{(PARAMETER-TYPE PARAMETER-LIST*)

PARMMETER~-TYPE is either WEIGHTS or DECAYS.

Each PARAMETER-LIST consists of a CONNECTION-KEY and a VALUE.
A CONNECTION-KEY is atom identifying thae connection that the
weight or deciy rate is to be assigned to. For exanple, the
connection-key ->PARENT assigns the parameter to the connection
from the node being defined to its parsnt. When a weight or
decay rate for a connection is not spacified, it i1s assigned a
default value for the particular connection type.

Examples:

{SCHEMA! 'PHYSICAL-TRANSFER7 'PHYSICAL-TRANSFER

' (DECAYS (=->PARENT .3))
'{INDIV)
' (MAP ACTOR -

(WEIGHTS (~->HEAD .2))

(EQUIV MARY})
' (MAP OBJ

(IS=-A BOX

(WEIGHTS (<=-PARENT .3)))))

In this schema all connections have default weights and
decay rates except the connection from PHYSICAL-TRANSFERT
to PHYSICAL-TRANSFER (decay .5), the connection from
PHYSICAL-TRANSFER7:ACTCR (waight .2), and the connection
from BOX to PHYSICAL-TRANSFERT:OBJ (waight .3).

;: The genecal function for defining schemas.

(define {(schema! name parent . options)

-
)

.
(]

(let ((node (node2! name parent .5 .2 options)))
{and node
(do-options node options))))

Defines a "sequence schema”, in which the head actually conaists
of a start-end pair of nodas.

(define (seq=-schema! name parent . options)

e e % e Wy

e We we wg We

(let ((n® (seq-ncde! nams parent ‘head cptions)))

(and ns
(do-options (car ns) options)
(car ns))})

Roles and maps are normally created in option sublists within
calls to the schema family of functions. The following three
functions are used when there is reason to create a role or map
ocutside the function creating the head. Thog. functions take
OPTIONS arguments like the schema-type functions.
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(define {+role! name head parent . options)

{role! 'role name (get-nods head) parsnt options))
{dafine (+type-role! nama head parent . opticns)

(role! ‘type-role name (get-node head) parent options))

(define (+map! head parent . options)
{map-role! (get-ncde head) parent options))

:; Handles the CPTIONS argumant of functions such as SCHEMA!,

;; ROLE!, and IS-A!. OPTIONS i3 an association list, each sublist of
;; wnich either creates a role/map in NODE, creates connections joining
:; NODE with another node, or adds an attribuce to NODE's attribute

;¢ list, Complains if it doesn't understand a sublist keyword.

(define (do-opticns ncde options)
(do ({cptions options (cdr optiona)))
{{null? options)
node)
{let {(next (car options)))
(case (car naxt)
{(role type-role)
(role! {(car next) (cadr next)
node (caddr next} {cdddr next)))
{(map) {(map-role! node (cadr next) (cddr next)))
({(wta-mamber) (wta-mamber! node (cadr next) (cddr next)))
({wta) {wta! node {(cadr next) (cddr next)))
((is-a) (is-a! nods (cadr next) {(cddr next)))
({merge) (merge! ncde {(cadr next) {cddr next)))
({equiv) (equiv! node (cadr next) (cddr next)))
{((ins-equiv) {equiv! node (cadr next)
(cons '{inside) (cddr next))))
({ins=is=a) {(is-a! node (cadr next)
{cons '(insida) (cddr next))))
{(distinct)} {(distinct! node (cadr next) (cddr next)))
( (map~parent map-is-a)
{map=is~a! node (cadr next) (cddr next)))
((exec action) (executabla node (cadr next)))
{(follows) (sequance! {(cadr next) node (cddr next)))
{ (seq=zole)
(seq-role! (cadr next) node (caddr next)
'role (cdddr next)))
( (seq-map)
{seq~role! (cadr (assq 'nams {(cddr next)))
node {cadrs next) 'map (cddr next)))
{(seq=-is-a) {(seq-is-a! node (cadr next) (cddr next)))
{ (seq-end end) {do-options (seq-end node) (cdr next}))
{ (recovery refractory life decay -)p.:coptioq role indiv
action)
(add=atrib nodse next))
((waights decays first last optional iterate only nama)
t)
{else (mag "I don't know what " (car next) " means” t)

L))

The following functions are not normally called by the user.

.
roe



;; Thay get called within the schema-type functions defined above.

;; Creates node with name NAME and with basic connections (either
;: PARENT==CHILD or MAP-PARENT--MAP-CHILD) connecting it to the node
;: named PAR. WEIGHTS specifies the weighta on these connections, This
;; procedure checks £irst tc sese whether there is already a node with
;; name NAME; if so, it asks the user whether to kill that node. If
; NAME ia NIL, a gensymed name is created from PAR. If there is no
;; node with name PAR, the procedure returns NIL.

{define (ncde! name par typsel typel weaightl weight2
decayl decay2)
(and (check-name name)
{nodel! nams par typel type2 weightl weight2
decayl decay2)))

;; Like NODE'!, except it does not check the name firat.

{define (no-check-node' nams par typel typel weightl weight
decayl decayl)
{(let ({node (get-node nama)))
{(if (node? node)
node
(nodel! name par typel type2 weightl weight2
decayl decay2)}))

{define (nodel! name par typel type2 weightl weight2
decayl dscay2)
{let ({node (make-node!
{or name (generate-symbol (symbol->string par)))))
(parent (get-node par)))
{(if (or (not parent) (check-noda parent))

(block {if parent

(link! node parent typel type2 weightl weight2

decayl decay2 '(fast))
{set (node=-connsctions node) nil))
node)

nil)))

(define (node2! name parent def->par def<-par options . map?)
(let ((weights (cdr (assq 'weights options))}
(decays {(cdr (assq 'decays options))})
(nede! name parent (if map? 'map-parent 'parent)

(if map? ‘map-child 'child)
(find~weight weights '->parent def->par)
(£ind-weight weights '<-parent def<-par)
(find-decay decays '->parent nil)
(2ind-decay decays '<-parent nil))))

; Creates a start-end palr of nodes. Each node is accessible

; from the other through the SEQ-START and SEQ-END attribute lists
; in the NODE-ATTRIES component. Several othar coennections are

; created in addition to the usual PARENT--CHILD connections.

N wy e Wy

(define (seg-nods! nams par type options)
{and (check-nams nams)
{let ((parent {(get-ncde pac)})
{and (check-nocde parent)
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{let ((nl (make-ncde' nams))
{n2 (maxe-node!
(concatenate-symdol nama ' end)))
(parent2 (seq-end parent)}) -
(linkl! nl parent 'parent ‘child
'->pazrent (if (eq? type 'role) .15 .44)

'<=parent

(case type ((role) .0%5)
((map) *(.44 . .7}
(alse .3))

options 'fast)
(if parent2
{linkl! n2 parent2 ‘'parent ‘child

'snd=>parent-end

(1f (eq? type 'role) .13 .9%5)

‘snd<-parent-end .

(case type ((role) .0%5)
((map) "(.44 . . 7))
(else '(.2 . .7N))

optionas ‘fast))

{linkl! nl n2 *scart=->end ‘end->start
'‘stazt->end ‘(.2 . .58)
tend=->stazt '(-.13 . .9 options 'fast)

(sat (node-attribs nl)

{list '(seq start} (list 'seq-end n2)
' (recovery .03)))
{set (node-attribs n2)
{list '(seq) (list 'seqg-start nl)
' {recovery .0%)))
{cons nl n2))))))

;: Creates a top-level role node, linking it to its parent and its head.
:: This function is used only for top-level roles such as the ACTOR

;7 in the ACT schema.

;: TYPE is either TYPE=ROLE (e.g., PARTICIPANT, PARY, LIEG) or ROLE

;: (@.g., ACTOR, NAME, NOSE). This function is normally called via

;; an option sublist beginning with ROLR or TYPE-ROLE within a call

;i to SCHEMA! or SEQ-SCHEMA!.

(define (role! type nase head parent options)
{let ((role (node2! name parent .15 .05 optiocna)))
{and role
{linkl! role head 'head 'role
t>head .3 '<~head .3 options)
(if (eq? type ‘'role)
{(push (node-attribs role) '{indiv))
t)
{do=options role cptions)
cole)))

;; Creates a "map” (a copy of a role) joined to PARENT by MAP=PARENT-
;; MAP-CHILD connections and to HEAD by HEAD--ROLE connections. This
;: function is normally called via an option sublist beginning with MAP
;; within a call to SCHEMA! or SEQ-SCHEMA!.

(define {map-role! head parent options)
(let ((role (node2! (or (cadr (assq 'name options))
(map-name head parent))
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parent .5 .3 options t))
(par (get-node parent))
{indiv-role? (role-of-indiv? head)})
{And role
{set (node-attribs role)
(append (if (and indiv-role?
{assq 'indiv (node-attribs par)))
'{({recovery .35) (decay .9%8)) nil)
{(i1f (assq 'indiv (node-~attribs par))
"{{indiv)) nil)
'{({map)} (role))))
(linkl! role head 'head ‘role
‘ '=>head (if indiv-role? .15 .3}
'<-head (if indiv-role? .1 .3} options)
(do~options role options)
role)})

;; Creates a sequence role start-end palr of nodes
;7 joined by a set of connections to its head. This function is

normally called vis an option sublist beginning with SEQ=ROLE within
;: SEQ-SCHEMA!. TYPE is either ROLE or MAP.

(define (seq-role! name head par type options)
(and (or (eq? type 'map) (check-name nams))
{lat ((parent (get-ncde par)))
(and {check-node pazent)
(let ({nodes (seq-noda!
{or name (map-nanme head par parent))
parent type options)))
{seq-has-a! (car nodes) {(cdr nodes) head
(segq-end head) type options)
(seq-iterate! (car nodes) {(cde nodes) options)
(if (eq? type ‘role)
(walk {lambda (x)
(push (node-actribs x) '(indiv)))
{list (car nodes) (cdr nodes))}
{block (set (nods-attriba (car nodas))
(cons {(list ‘'seq-end {cdr nodes))
'{(map) (seq start) {role)
{recovery .08))))
(set (noda-attribs (cdr nodas))
(cons (list ‘'seg-start (car nodes))
'((map) (seq) (role)
(recovery .03))))))
(push (node-attribs (car nodes)) ‘' (zefractory -3}}
(do=options (car nodes) options)
{cazr nodes)))}))

;: Creates the map of PARENT for HEAD uaing default waights for the
;: connections.

{define (map-rolel! head parent)
(let ((node (no-check-node! (map-name head parent pazent)
parent 'map-parent 'map-child
.5 .3
*default-decay* *default-dacay*)))
{if node
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{block (link! node head 'head 'tole .3 .3
*default-decay* *default-decay* nil)
(set (node-attribs node) '({map) (role)})
' node)
nil)))

;7 Creates either a sequence role or an ordinary role depending on
the attributes of PARENT,

(define (gensral-map! head parent)
(if (assq 'seq (node-attribs parent))
{seq-role! nil head parent ‘map nil)
{map~rolel! head parent)))

;; Creates a map for the role "path”™ PATH. PATH is a list beginning
with 4 head and followed by one or more roles. For the first role
in the list a map i3 created for the head node. For sach
successive role the map just created becomas the head for the next
map to be created. This function gets called when a map is
referred to by a path (list) rather than by its name in an option
sublist.

e e me
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(define (recursive-map! path)
{let ({(nodes (map get-nods path)))
{and (every check~-nods nodes)
(do (({ns {(cddr nodas) (cdr ns))
(current (general-map! (car nodas) (cadr nodas))
(general-map! current (car ns))))
{{null? ns) current}))))

;; Like RECURSIVE-MAP! except the last map is not created. Instead
;; the last head and role (map parent) are returned. This is used
;7 in MERGE!, where the map is not wanted.

(define (recursive-map-but-l1! path)
{let ((nodes (map get-node path)))
(and (every check-nods nodes)
ido ((ns (cdr nodes) (cdr ns))
(current (car nodes)
(general-map! current (car ns))})
{({null? (ecdr na))
{(cons current (car ns)})))))

Creates & winner-take-all hub node linked to PARENT.

;: "Mambers® of the network are added with WIA-MEMBER!. This function
;; may ba called via an option sublist beginning with WIA in SCHEMA!
;; or SEQ-~SCHEMA! .

(define (wta! parent nams options)
(and {(check-name name)
(let ({noda (make-nods!
(or name (concatenate-symbol parent '-wta}))))
{set {node-attribs node)
{list ' (wta~hub)
(or (assqg 'lifs options) (list 'life 3))))
{linkl! node parent 'wta-parent 'wta-child
‘=>parent 0 '<-parent .3 optiona ‘fast)

node)?))
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;: Like WTA! except that it checks to determine whether a node named
SRC axists.

(define (+wta! src name . options)
(let ((source (get-node szc)))
tand {(chack-node source)
{wta! source name options))))

................................................................

...........................................

;; Creates a pair of connections joining NODEL

;:; and NODE2. WEIGHT1, TYPEL, and DECAYl are associated with the
;; connection from NODEl to NODE2;; WEIGHTZ2, TYPE2, and DECAY2

;; with the connection from NODE2 to NODEl. Types include PARENT,
;7 CHILD, RCLE, HEAD, INHIBIT, AFTER, and BEFORE. Connection

;i types play no role in processing but are convenient for building
;! the network.

{define (link! nodel node2 typel typel weightl weightl
decayl decay2 faat?)
(connect! nodel node2 typel waightl decayl fast?)
{(connect! nodel nodel typeld weight2 decay2 fast?)) '

{laet *connection-count* ()

;; Creates a conneaction from SOURCE to DEST with WEIGHT, DECAY, and
:: TYPE.

{define (connect! scurce dest type weight dscay fast?)
{incremant *connection-count®)
(push (node-connections source)
{(cona* dest weight type decay fast?}))

:; Like LINK! but finds weights and dacays in CPTIONS list, the
;: final argument to functions like SCHEMA!'! and IS=A!.

{define (linkl! nodel node2 typel type2
keyl defl key?l def2 options . fast?)
(let ((weights (cdr (assq 'weights options)))
{decays (cdr (assq 'decays options))))
(link! nodal nodel typel typel :
(find-weight weights keyl (if (atom? dat1) defl (car defl)))
(find-weight weights key2 (if (atom? def2) def2 (car def2)))
(find-decay decays keyl
{and (list? defl) (cdr defl)))
{find-decay descays key2
(and (list? def2) (cdr defl)))

fast?)})

;7 Copies the connections of types CONNECTION~TYPES from noda DEST to
;: node SOURCE. Currently used only in MERGE!

{define (copy-connecticns! dest source connection=-types)
{walk {(lambda (x)
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{let ((lt-pair (assq (connection:type x) connection-types))
(connl (a33q dest (node-connections source}))
(connZ (as3sq scurce (node-connecticns dest) )))
‘ (and lt-pair

{connection! dest (car x) (car le-paiz) (cdr le-pain)
(connection:weight connl) .
(connection:weight conn2)
(connection:decay c¢onnl)
(connection:decay connl)

(connection:speed connl)))))
(node-connections source)))

;7 Makes NODE a member of winner-take-all network with hub HUB.

ii Creates inhibition connectionss joining NODE to other members of
7; network. This function may be called via an option sublist

;; beginning with WrA-member within a call to SCHEMA! or SEQ~-SCHEMA! .,

(define (wta-member! node hub options)
{let ((wta (get-node hub)})
(and (check=-node wta)
(linkl! node wta 'wta-parent 'wta-mamber
'=>hub =.3 ‘<~hub .4 options 'fast)
(walk (lambda (conn) .
(and {eq? (connection:type conn) 'wta-member)
{not (eq? (connection:end conn} node))
{(distinct! node {connection:end conn)
aptione) )}
{node~-connections wta))
node)))

:; The following 7 functions create particular types of connections.

;7 They are normally called via option sublists within calls to SCHEMA!
;; and SEQ-SCHEMA!. The sublists begin with the connection type

;}; names, e.g., IS-A,

{define (is-a! child par options)
{(lat ((parent {(get-noda® par)))
(and (check-nods parent)
{let ({inside? {assq 'inside options))
- (child-map? (asaq 'map (node-attribs child))})
{linkl! child parent (if inside? 'inside-parent 'parent)
{if inside? 'inaide-child ‘'pazent)
t«d»parent (if child-map? .5 .15%5)
‘'<-parent (if child-map? .) .05) options 'fast))
child)))

{define (map-is-a! child par options)
{let ({parent (get-node par)))
(and {check-node parent)
{linkl! child parent 'map-parent ‘map-child
‘=>parent .5 ‘'<-parent .13 options ‘'fast)
child)))

(define (seq-is-a! child par options)
{let ((pareat (get-node par)))
{(and {(check-nods parent)
{let ({(parent-end (seq-end parent)))
{linkl! child parent ‘'parent 'child
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'->parent .5

‘<-parent (if parent-end '{.3 . .7} '(.5 . .T))
options 'fast)
. (if parent-end
(linkl! (seq-end child) parent-end '‘parent 'child
'snd->parent-end .5 'cnd<-paron:-cnd ‘(.42 .
options
‘fase)

{linkl! (seq-end child) parent ‘parent 'child
‘end->parent 0 ‘end<-parent .5 options
*fast))))))

;: ROLEZ-ATTRIB is either the name of an existing role or a map path
;: to a map which has not yet been cresated.

{(define (merge! rolel role2-attrib options)
(lec* ({r2 (get-node® role2-attrib t))
(role2 (if (atom? r2) r2
(gat-node
(map-name (car r2) (cdr £2) (cdr £2)1))))
(if (node? roleld)
(block (copy=links! rolel role :
‘{{head . role) (map-parent . map-child)
{parent . child) (equiv . equiv)))
{kill=-node! rolel)
rolel)
(block (if (not (connected? rolel (car r2)))
(linkl! zolel (car z2) ‘head ‘role
'->head .1 '<-head .l options))
(linkl! rolel (cdzr z2) 'map-parent 'map-child
'=->pazent .5 '<-parent .J options 'fast)))))

{(define {(equiv! role £ options)
(let ({(fillex (get-noda* f£)))
{(and (check-node filler)
(let ((type (if (assqg 'inside options)
'inside-equiv 'equiv)))
{linkl! role filler type type '->equiv .5 '<=-equiv .3
options 'fast))
role)))

idefine (distinet! nodel n2 cptions)
{let {(node2 (get-~nods* nl)))
{(and (check-node nodel)
{linkl! nodel node2 'inhibit 'inhibit¥
t=>inhib '{=.2 . .5) '<-inhib "(=-.2 . .5} options
'fast)
nodal)))

(define (sequence! bef after options)
(let {((bafore (get-noda* bef)))
(and {(check-node before)
{(linkl! (soq-ond before) after ‘'after 'before
'=>after .3 '<-after .08 opticna 'fast))})

; NP modifiers.
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(detine (seq-iterate' rl 22 options)
(let ({iter (asaq 'iterate options)))
{and iter
. {linkl! r2 rl 'iterate 'iterate
'end=->start .3 'start->end 0 options ‘fast))))

;; Creates the various connections joining a sequence role pair to irs
i head pair. This gets called in SEQ-ROLEL!.

(define (seq-has-a! rolel role2 headl head? type optiona)
(if head2
(let ((first? (assq 'first options))
{optional? (assq 'optiocnal options))
(lastc? (assq 'last cptions))
(only? (assaq 'only options})))
{linkl! rolel headl 'head 'role
‘->head (cond (firse? '(.35 . .%5)) (optional? .0%)
{else '(.2 . .%5)))
'<-head (cond (firsec? .35) (optional? .1%)
. {alse .24))
options)
(linkl! role2 head2 'head ‘'role
'end->head-end (cond (last? .5) (only? .2%)
{else .1))
‘end<-head-end (if last? .) .2) options)
rolel)
(block
(linkl! zolel headl 'head ‘role
‘~>head .08 '<~-head .24 options)
{linkl! role2 headl 'head 'role
‘end->head .01 ‘end<-head .1 options))))

;i Changes the weight on the connection from SOURCE to DESTination to
;i WEIGHT. Assumes the connection already exists.

(define (changeu-weight! source dest weight)
(let* {(conns (node=-connections source))
(old-list (assq dest conns)))
{if old-list -
(block (set (nod.-connoc:ionl,sou:fo)
{subst alikev?
{list dest weight
(connection:type old-list)
(connection:dacay old-list))
(assq dest conns) conns))

waight)
(block (msg "No existing connection for destination™ t)

nil))))

(define (change-dacay! source dest decay)
(let* {(conns (noda-connections source))
(old~list (assq dast conns)))
(if old~lisc
{block {set {(node-connections source)
{subst alikev?

{list dest
(connection:weight old=-list)

{connection:type old-list)
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decay)
{assq dest conns) conna} )
decay)
* (bleck (msg "No exiscing connection for destination® ¢)
nily)))

.......................................
,...;.--aa.----:r-.---;-oa:a;r,n'.'..f'n-';'-n.'p::-’»-‘:’:‘:’-‘F;’::-’-’::-‘-‘F-‘-‘;.‘

P KILLING NODES AND CONNECTIONS i

..................................

Removes NODE and its associated connectians and roles from the
i} network.

(define (kill-node! node)
(msg * Killing " node t)
(walk (lambda (x)
(Lf (not (eq? (:onnoction:typc %} ‘role))
{kill-cennection! node (car x})))
{nzZie-connections noda) )
(walk kill-nodae! (connoc:ion:ondsl:ypc nodae 'rolae))
(let ((node-and (seq-end node)))
(1f node-end (kill-node! node-end) } )
(kill-name node)
t)

7¢ NAME is no longer associated with any node.

(define (kill-name node)
(set (table-entry *nodes* (ncde-name node)) nil))

!; Removes connection joining NODE to OTHER-NODE from the network.

(define (kill-connection! node other-noda)
(and other-«node
{node? othex-nodae)
{let ((connections (node-connections cther-noda)))
{set (node-connections other-node)
(del alikev? (asaq node connections) connections}})))

.‘.'.‘:::.‘.‘:;.‘:::;‘:-’.‘:-‘.‘:-‘-‘.‘-’.‘-‘-‘a‘#-’-‘;"-'3':3-‘:.’:‘:-‘3-‘:::‘:‘-‘.‘-‘:.‘:‘:.‘:-‘.-:.‘-‘-‘:
;:::::::::;;::::;::::;:::::::::;:::;:::::::::::::::::::::;:::;.:.:::
(herald propagation)

::::::::::::::::::::;::::::::;;:::::::::;;::::.::::::::::::;:::::;::
::::;::::t::::;::;:::::;::::::;::::;::::::::::::;;:::;:::::::;.::::;
12 S
s/  THIS PILE CONTAINS THE FUNCTIONS USED IN PROPAGATING 232
i ACTIVATION THROUGH THE NETWORK, DECAYING ACTIVATION, HE]
P AND HANDLING THE PECULIARITIES OF NTA NETWORKS, AND i
¢s 2+ REFRACTORY PERIODS. il
i ‘ i
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i GLOBAL VARIABLES

.....
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;7 GLOBAL VARIABLES USED IN PROCESSING.

When *NO-INPUT-FROM=USER?* i3 true, the user is not asked
to provide input every *INPUT-INTERVAL® time Steps.

{lset *no-input-from-usez?* t)

;; Whan *BREAK?* is true, PROPAGATE breaks aftar sach time step.

(lset *break?* nil)

i; Propagation halts after *TIME-OUT* time StepPs have passed.

(dafine *time-cut* 50}

i¢ At each *INPUT-INTERVAL®* time steps either a naw list of inpue

;7 nodes is taken off of the INPUT list and Passed to PROPAGATE, or the
i/ user ls asked to specify inpue.

(define *input-intervalr 1)

{7 The number of fast connections that ean be traversed in cne time
;7 step.

(define *fast-conns~per-ts* 4{)

7i: GLOBAL VARIABLES FOR PARAMETEIRS .

;7 Activation level above which nodes fire.

(define *fire-threshaldr .5)

Negative of the default number of time steps which nodes are
inhibited following firing. Other values are specified in

nodes' attribute lists. Gets incremented on each time step
{in DECAY).

.
’

N ws Wy oWy,

e %e wa

(define *default-~refractory* -6)

When activation on a connection goes below this, that connection
is removed from the activation list for the node.

{define *activation-min® }04)

Activation which a noda assumes following inhibition due to
firing.

..
r s
- %
0

(define *default-recovery* .l15)

GLOBAL VARIABLES FOR ACTIVATED NODES.
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;: "ACTIVE® is a list of currently activated nodes,.
{lset ‘ractive® nil)

*ACTIVE-WTAS* is a list of currently activated uinnt:—takn—all
hub ncdes. These nodes are also kept on the *ACTIVE* list,

(lsar ractive-wtas® nil)

.................................................................

.....................................................

PROPAGATE spreads activation beginning either from the nodes
specified in INPUT or from those which the user types in. -

INPUT is a list of lists. Each sublist is a list of nodes which
fire through "external®™ activation on a particular time step.
This happens every *INPUT-INTERVAL* time steps. If there aze no
more INPUT sublists left at a given time step, the user is asked
to enter the input (or No if there sre none) unless the global
variable *NO=-INPUT-FROM-USER?* i3 true.

on each time step :

1) all activated nodes decay .

2) activation is propagated from all nodes which fired on the last
time step

3) activation centinues to propagate on fast connections

4) newly firing nodes becoms sources of activation for the next

time step.

Te ts %a Wa %y My e Wy W R Mg gy wp %4 Na wa e % g W
T4 M Me W e W e %a tu o %a ®p % ha Me e e e e R %

(define (propagate input)
{deactivate=-all)
{do ((cime-step 1 (1+ time-step))
{sources nil))
{(» time=-step *time-out*)
t)
(msg t t "TIME STEP " tima-step t t)
(msg "Decaying...” t)
(decay)
imsg * done”™ t)
{set soucces
(get-next-sources
souzces
{and (or (= *input-interval* 1)
(= 1 (remainder time-step *input-interval®)))
(external-excite
{if input
(map get-node (pop input))
(get-input~-from-user))})))

(if *break?* (breakpoint})))

des with
;; Propagates activation from SOURCE-NODES, causes those no
Y] enoﬁqh activation to fire, and returns the set of newly firing nodes.
;; EXT-FIRE is a set of nodes which have firzed as a result of user
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;7 input on the current time step. As many as *FAST-CONNS-PER-TS* fast
;; connections can fire in ¢one time atep.

(dafirfe (geC-next-sources ssurce-nodes ext-fire)
(msg = "Tima incremant 1" v)
(iterate -"- {{30urces source-nodes}
{fast~new ext-fire)
{slow=-naw nil)
(sources-next-ts ext-fire)
{itaration 1))
(cond {(saources
;; Get nodes activated from {CAR SOURCES)
(receive (fast slow)
(propagatel (car sources)
{node-connections (car souzces))
fast~-new slow-new)
(-*- {(¢cdr souzrces) fast slow sources-next-t3
iteration)))
((w itezation {1+ *fast-conns-per-ta*})
;; No more time left, even for fast connections;
;: Take care of NTA hubs and return sources for next time
jracep
{append (do-wtas (append source-nodes sources-next-ts))
scurces-next-tg)) ’
(else
:: Get nodes which can fire, make the ones that were
;; activated only along fast connections new sources for the
;¢ next time increment
{receive (NEXC-30Urces NAW-SOUrces)
{(firs=-nodes fast-new slow-new axt-fire)
{if (= (1+ itexation) (1+ *fast-conns-per-ts*)) t
{msg t "Tims increment " (1+ iteration) t))
(=*~ next-sources nil nil
(append naw-sources sources-next-t3)
{1+ iceration}))))))

:; Activates from SOURCE along CONMection$. The newly activated ncdas
:; are FAST-NEW (those which have been activated along fast connections)

;: and SLOW-NEW.

(define (propagatel source conna fast-new slow-new)
;7 If SOURCE is hooked up to a perceptual :outinp. activate it
;: and add it to FAST-NEW
(let ((percept-fire (percept-activate source)))
{itezrate -*~ ((conns conns)
{fast-new (if percept-fire
(cons percept-fire fast-new)
_ fast-new))
(slow=new slow-new))
(if (null? conns)
{return fast-new slow-naw)
(let* ((dest (connection:end {(car conns)))
(acty (node-activation dest)))
(cond ((no-activate? dest source (car conns) actv)
(=*= (cdr conns) fast-new slow=new))
(else

(activate dest scurce
{connection:weight (car conns))
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(connection:decay (car conns))

actv)
{cond ((slow-connection? (car conns))
‘ {=*- {(cdr conns) (delq dest fast-new)

(if (memq dest slow-new) slow-new
{cons dest slow-new))))
{ (memg dest slow-new)
(=*= (cdr conns) (delg dest fast-new)
slow-new))
{ {mamg dest fast-new)
(=*= (cdr conns) fast-new alow-new))
{alse (~*- (cdr conns)
(cons dest fast-new)
slow=-new))))i})) )}

; Checks to see whether DEST can be activated aleng CONN from SQURCE.

; A node in its refractory period can receive negative activation only.
i: (This does not actually affect the node until the refractory period
:: ends.) Alsc handles WTA nodes. Activates them if they are not

i already active, deactivates them if they are being activated from

; members of the WTA network.

(define (no=-activate? dest scurce conn curr-actv)
{or (and (refracted? curr-actv)

(pecsitive? {(connection:weight conn)})

{and (eq? (connection:type conn) ‘'wta-child)
(not (memq dest *active-wtas*))
;; DEST is WTA hub for network for which SOURCE is parent;
(activate-wta dast source))

{and (eq? (connection:type conn) 'wta-parent)
(mamg dest *active-wtas®)
;; DEST is an activated WTA hub. Since member of network
;; (SOURCE) has fired, deactivate hub.
(deactivate deat 'wtal))))

; Cetermines whether newly activated nodes FAST-NEW (those activated

; along fast connections) and SLOW-NEW have enough activation to fire.
; It so, checks to see whether they are inhibjited through a WIA network
; by a node with more activation. If so, they fail to fire.

; Otherwise, they fire (print ocut a message and enter their refractory
: period). Returns (as multiple values) the nodes that can be further

; sources on the current tims step (because the activation has been

; along fast connections) and those which will be sources on the next

time step. :

(define (fire-nodes fast-new slow-new ext-fire)
{iterate =-**- {((activated-nodes (append fast-new slow-new))
(new-sources nil)
(new=sources-next-ts nil)}
{cond ((null? activated-nodes)
{return new=-sources nevw-sources-next-ts))
(else (let ({actv (node-activation (car activated-nodes))))
(cond {({not (activation>threshold actv))
(=*"*~ (cdr activated-nodas)
New=-SOUrces Neaw=30urces-next-ts})
({inhib=-compet?
(car activated-nodes)
(activation-sum (cdr actv))
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{append new-scurces-next-ts
{cdr activated-nodes)))
(msg 3 (car activated-nodaes)
" can't fire because of competition” t)
(-=**~ (cdr activated-nodes)
New=-30UrcCes nNew-Jources-next-ta})
(alse
(fire (car activated-nodes!}
(sources=-list (cdr actv))
(memg (car activated-nodes) ext-fire))
(=**- (cdr activated-nodes)
{if {(memq (car activated-nodes)
fast-new)
{cons {(car activated-nodes)
Nneaw~-30urces)
new-soucces)
(cons (car activated-nodas)
new=sources-next-ts})))ii1)}

Goeas through the list of currently activated winner-take-all hub
nodes, determines which should fire because of timing out and

which should be deactivated because one of the WIA members has fired.
SOURCES~-NEXT~TS is a list of ncdes which have just fired (those
which will be activation sources on the next time step).

{dafine (do-wtas sources-next-ts)

L]
’
H
.

. me v W

{do {(wtas-left *active-wtas* (cdr wtas-left))}
(firing-wtas nil}))
((null? wcas-left)
(cond {(= 1 (car (node-activation (car wtas-left))))
(wta-time=-out {car wtas-left))
(push firing~-wtas (car wtas-~left)))
({intersection sources-next-ts

firing=-wtas)

{(wtca-elems (car wtas-left)))

{(deactivate (car wtas-left) 'wta))
(else t))))

Queries the user for a "value" for a particular role, and returns
the node representing the value after giving it encugh activation
This replaces what should actually be a call to a
perceptual routine.

(define (perxcept-activate scurce)

(1f (assq '->perception (node-attribs sourco))

(meg 3 "Give the value of " (node-name source) ": ™)
{lat ((dest (get-node (user-response))))
{activate dest source .5 .9 (node-activation dast))))

;: Queries the user for a set of one or more input nodes which are to
;; fire automatically and returns the list of these nodes. If there
;; are none, the usex responds with "NO® or "N®.

{define (get-input-from—-user)

(1 *no-input-from-user?* nil .
(do ({curr-zresponse (block (msg "Any new input? )

(ussr-responsae)}
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(block (msg "Any more? ™)

(user-response)))
iinput nil (cons curr-response input))}
! {{null? curc-response)
{map get-node (reverse input))))})

Removes nodes from *ACTIVE* list (and *ACTIVE-WTAS® list if WTA?
is true) and setcs NODE-ACTIVATION component of node to NIL.

{define (deactivate node . wta?)
(set (node-activation ncde) nil)
(sef *active* (delq node *activer*})
(if wta? (set *active-wtas* (delq node *active-wtasw)))
node)

; Deactivates all active nodes. This happens each time PROPAGATE
;7 is called (though this should later be changed to permit priming
; to be left over from preavious sentences).

’

{dafine (deactivate-all)
(walk (lambda (x) (set (node-activation x) nil)}
ractiver)
(set *activer® nil)
(set *active-wtas* nil))

;: Adds new activation (from SQURCE) to NODE's curzent activation.
;; If NODE is alresady activated from SOURCE, replaces old activation~-
;i list for SOURCE with new activation-list

(define (activate node source welight decay curr-actv)
(cond ((not curr-~actv)
(set (node-activation nodas)
{list nil (list weight decay socurce)))
(push *active* node))
{else
(lat ({actv-same-source
(iterate -*- ((actv-left (cdr curr-actv)))
{cond ((null? actv-left) nil)
{ (#q? source (caddr (car actv-left)))
{car actv-laft))
{else (=*= (cdr actv-left)))))))
{set (noda-activation node)
(cons (car curr-actv)
{cons (list weaight decay 3scurce)
(1 actv-same-source
{del alikev? actv-same-source
(cdr curc—-actv))
(cdr curz-=actvll)))}}))

node)

:; Activates winner-take=all HUB from SOURCE.
(define (activates-wta hub source)

(set {(nods-activation hub)
(list (cadr (assq 'life (nods-attribs hub)))))

{push *active* hub)
(push *active-wtas* hub)
hub)
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:; Each node on INPUT list is activated to .5 (enough to fire).

{defirre (external-excite input)
(walk {lambda (n)
(aet {node-activation n)
(list nil (lisc .5 (node-decay n))))

(if (not (memq n *activer)) (push *activer® nj})
input}
input)

;; Prints firing message for NODE and sets lts activation to its

;; refractory period (either one spacified for the node or the

;; default). If NODE is “executable®™, i1.e., if it has an action

;; on its ATTRIBS list, a special "uttered” message is printed out.

(define (fire node socurces indent?)

{cond (indent? (mag 3 ncde " firing from external activation® t)}
(else

{msg 3 node * firing from " t 5 (map car sourcaes) t)))
{set (node-activation node)

{list {or (cadr {(as3q 'refractory {(node-attribs node)))
*default-refractocy?®)}}
(i1f (not (mamqg node *activer®)) (push *active® nods))
(if (and sources {assq 'actlion (ncds=-attribs nods)))

(mag ¢t 6 node " utteraed” tt))
node)

;: Prints out a firing message for a WTA RUB and removes
;i it from the *ACTIVE-WTAS* list.

{(define (wta-tims=-out hub)
(msg 3 hub " timing out and firing” t)

{set *active-wtas* (delq hub *active-wtas*))
hub)

;; Implemants decay in the activation of active nodes.

(define {dacay)
{walk {lambda (n)
{let* ({actv (node-activation n))

;1: Get the activation lists with decayed activation
1t values.
(decayed-actvs )
{dacay-activation (cdr actv)}})
{cond ((not {(car actw))
;7 N is a nods which is not refracted.
;7 If it has any activation left aftasr dacay,
;7 this becomes the new activation for the node.
(if decayed-actvs
{set (node-activation n)
{cons nil decayed-actvs))
(deactivate n))}
({> (car actv) 1)
;7 N is a WA hub;, activation integer dacremented.
(set (node=-activatieca n)
(list (-1+ (car actwv)))})
((= 1 (car actv))
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i N is a WTA hub which has timed out: ignore ic.
t)
{((< (car actwv) -1)
. ;i N is a refracted node not raady to recover:
;i increment the activation key.
(set (node-activation n)
{cons (l+ (car actv)) decayed-actvs)))
{alse
;7 N is a refracted node ready to recover:
;i activacion set to node's specified recovery
;: activation or to default.
(set (node~activation n)
(cons nil
(cons (list (recovery n) (node-decay n))

decayed-actvs)))))))
*activar))

;; Goes through an list of activation-lists, replacing the activation
;i in each list with the new, decayed value. A separate decay value
;7 is used for eachlisc.

(define (decay~-activation actv-lists)
{do ((actv-left actv-lists (cdr actv-left))
{result nil
(let {((new-actv , )
(* (actv-list:activation (car actw=left))
(actv-list:decay {(car actv~left)))))
(if (< (abs new=-actv) *activation-mine)
result
{cons (cons new=actvy (cdr (car new-actv)))
result)))))
((null? actv-left) (reverse result))})
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;; The recovery activation for NODE.
(define (recovery nods)
(or {(cadr (assq 'recovery (nods-attribs noda)})
*default-~zecovery®))
;; The decay value for NODE.
(define (noda-decay nods)
(or {(cadr (assq 'dacay (node-attzibs ncde)))
rdafault~decayr))
;: I3 node with ACTIVATION-LIST refracted?

(define {(refracted? activation-list)
(and (car activation-list) (negative? (car activation-list))})

;; Is the sum of the activations in ACTIVATION-LISTS greater
;: than the default threshold?
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{define (activation>threshold activation~-lists)
(>= {activation-sum (cdr activation=~-1llsts)) *firg-threshold*))

:; Hag NODE fired or is it now ready to fire?

(define (fired? node)
{let ((aetv (node—-activation node)))
{cr (refracted? actv)

(activation>threshold actv))))

:; The sum of the activations in ACTIVATION~-LISTS.

(define (activation-sum activation-lists)
(apply + (map car activaclon~lists)))

;; The list of scuzces fxom ACTIVATION=-LISTS.

(define (sources-list activation-lists)
(map (lambda (a) (list (caddr a) (car a)))
activation=-lists))

:: Deatermines whethar NODEl cannot fire because of competition
;; from an inhibiting node which has more activation,

(define (inhib-compet? ncdal strengthl others)
(let ((inhib (connection:ends/type nodel 'inhibit)))
{any (lambda ({(a)
{let {(actv {(node-activation a)))
{and (memq a inhib)
actyv
{oz (refracted? acty)
{>= (activation-sum {cdr actv))

strengthl)))))
others) )}
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;: Nodas are stored in a T hash table under their namss. The function
:; GET-NODE returns a nods given its nama. There is a also a read
;; macro which converts WNAME to (GET-NODE NAME) .

(lset *nodes* (make-table))

{lset *node-count* 0)
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;: Creates & node with name NAME.

(defire (make-node! name)
(leat {{node {make-node)))
(incramant *node-count®}
(sec (table-entry *nodes* name) node)
(sat (node-nams noda) name)
node))

(define (name->node name)
{table-entzy *nodes* name))

{(define ami-read-table
{(make-read-table standard-read-table ‘ami-read-table))

(set (port-read-table (standard-input)) ami-resad-table)

(set (read-table-entry ami-read-table #\¥%)
(lambda (port ch read-table)
{ignore ch)
(ignore read-table} ]
(list ‘name->node {(liast 'quote {(read-refusing-eof port)})))

;: Returns the node associated with ﬁAHl.

(define {get-node x)
(if (node? x) =
{name->node x)))

;; ATTRIBS is either a node namm, in which case the associated node
;; is returned, or a list of names, in which case this is created as
;; a path to a map, which is created, unless MERGE? is true, in which
;; case the last head and role are returned instead.

{define (get-node* attribs . merge?)
(cond ((atom? attribs) (get-node attribas))
imerge? (recursive-map-but-1! attribs))
{(else (recursive-map! attribs)}))

;; Returns the weight on the connection from SOURCE to DESTination.

(define (get-weight source dest)
{connection:weight (assq dest (node-connections source))))

;; Returns the decay value for the connection from SOURCE to

;: DESTinatlion,

(define (get-decay source dest)
(connection:decay (asaq dest {(node-connections source))))

Returns a list of lists, each specifying a scurce and a weight
on a connection into NODE.

[
L)

..
]
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(define (weights-into-node nods)
(map (lambda (x) (list (car x) (get-weight (car x) node)))
+ (node~-connections noda)))

:: Returns a weight to be assigned to a connection being <¢reatad.
WEIGHTS is an a-list of weights specified in a function like
SCHEMA! or IS=A!., KEY-NAME is the key used if the weights sought
are included in WEIGHTS. KEY-NAME i3 also used for finding the
weights in the global variable *"WEIGHTS®* if chey are not given
explicitly. Explicit weights are either numbers or atoms such as
LOW or HIGH. The latter yield values from *WEIGHTS®*., If VALUE is
present, it is used as the default.

’

Ne we wa My e e m,

’
’
v
’
’

(define (find-weight weights key-name value)
(let ({attrib (cadr (assq key-name weights))))
{(cond ({and attrib (number? attrib)}

attrib)

{actrib
(¢cdr {assq key-name

" {cdzr (assq attrib *weights*)}i))
(else value)}))

;! A global variable specifying default weights for connections of
;: varicus types. '

(define *weights~
'*{{high (->parent . .5)
{(<-parent . .33%)
{=>after . .4)
{<~souzce . .3))
(low {->parsnt . .133)
{(<-parsnt . .08))
(very=-low (->paxent . .08)
(<-parent . .08))))

;; Analogous to FIND=-NEIGAT. Finds a decay value to be assigned to
;; & connection being created. Uses the same key-names as FIND-WEIGHT.
(define (find-decay dacays key-nams default)
{or (cadr (asasq key-name decays))
default
rdgfault-decay*))

(define *default-decay* .9)

;1 These three functions retuzrn the components of the lists
;: represaating cenn.ezipna.

(define connection:end car)
({define connection:weight cadr)
{define connection:type caddr)
{define connection:decay cadddr)
{define connection:speed cddddr)

;; Returns the other ends of all connections from SOURCE of type
;:; CONN-TYPE.
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(define (connection:ends/type node conn-type)
{de ({conns (node-connections node) {cdr conns))

(result nil
‘ (i2 (eq? (connection:type (car conns)) conn-type)
{cons (connection:end {car conns)) result)
result)))

{(null? conns) result)))
I

;7 Returns the connection tyPe for the connection from SQURCE to
;: DEST. )

(define (connection:type/s-d source dest)
(connection:type (assq dest (node-connections souzce))))

ii I3 NODE]l directly connected to NODE2?

(define (connected? nodel node2)
(any (lambda (c) (eq? (connection:end c) node2))
(node-connections nodal)))

;i Is CONNection list a slow connection?

(define (slow-connection? connection)
(not (connection:speed connection)))

/i Functions for accessing components of an activation-list.

{define actv-list:activation car)
(define actv~-list:decay cadr)
{define actv~list:scurce caddr)

;; Returns the "end"” node associated with "starc” ssquence node NODE.

(define (seqg-end node)
(cadr (assq 'seq-end (node-attribs node) }))

i; Returns the elements of the winner-take=-all network with hub HUB.

(define (wta-elems hub)
(connection:ends/type hub ‘wta-qlam))

7/ Gives the important connections from NODE and, recursively, from
;7 the roles of NODE. Used only in debugging.

(define (descridbe nd . no-roles)
(let ((node (get-node nd)))

(msg "Deseription of ™ node t)

(de ({® (node-connections node) (cdr e))
{rla nil) ‘
(paxs nil)
{equivs nil)
(afters nil)
(inhib nil))

{({null? e)

(if pars (msg 3 "Parents: " pars t))
(if equivs (msg 3 "Equivs: " equivs t))
(if rls (msg 3 "Roles: " rls t))
(if inhib (mag 3 "Inhibits: * iahid t))
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(if afters (msg 2 "Afters: " afcers £))
{1f (and (not no-zoles) rlgs)
(walk describe rls))
‘ (let ((end (seq-end node})}
(if end (describe end LN
{case tconncc:ion::ypc {car e))
{(parent ins-parent map-parent) (push PALS (caar e)))
{(zole) (push rls (Caar @)))
({map-parent) {(set M-par (caar e)))
{ (equiv ins-equiv) (Push equivs (caar e)))
({inhibit) ({push inhib (caar e)))
({after) (push afters (caar e)))
{else t)))
node))

/i Creates a name for the map of PARENT for OWNER. The name consists
i/ of the name of OWNER and the name of PARENT (or PARENT's parent if

/s PARENT is itself a MmaAp) separated by a colon.

(define (map-name head parz . parent-nodas)
(let ((parent (cond ((car parent-node))
{(node? par) paz)
(else {get-node parcl))))
(Parent«name {if (node? Par) (node-name Par) par))
(head-name (if {(node? head) (node-namé head) head)))
(concatenate-symbol head-nama ';
(12 (assq 'map {node-attribg parent})
(symbol-after paztent-nams %9)
parent-nams))))

(define (symbol-after aym ch)
{string->symbol (string-after (symbol->string sym)
(ascii->char ch))))

(define (string-after s ch)
(iterate -*- ((curr-ser 1)) .
(cond ((string-equal? curr-str ") 9
({chare (char curr-str) ch)
(string-after (chdr s) ch))
(else (-*~ (chdr curz~=str))))))

Checks to see whether there is already a node called NAME.

[)
r
»
[
’
.
F)

. ey W owy

created with the name.

(define (check-name name)
{or (not name)
{let ((node (get-node name)})
{cond ((not (node? node))
t)
{{(oz *redefine?r
(and (msg name " is already a ncde” t
"Do you want to redefine it? ")
{user-reaponse)))
(kill-node! node))
(else nil)))))
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(define (user-response)
(let ({r (read (terminal-input))))
{case r
: {{no n) nil)
(else z))1})

When *REDEFINE?* is true, nodes are redefined without the user's
;; being asked.

(lset *redefine?* nil)
;¢ Checks whether ARG i’ a node. If not returna NIL.

(deafine {(cheack-node arg)
(and arg
(if (not (node? arg)) .
(block (msg arg ™ is not a node™ t) nil)
t)))

;; Makes NODE "executable” and makses ACTION its "action™ (prints out
;: when the node executes).

(dafine (executable noda action)
(set (node-attriba node)
{cons (cons 'action action)
(node~attzribs node))))

;; Adds ATTRIB o NODE's attribute list.

(define (add-attrib node attrib)
(push {(node-attribs node) attrib))

:: Does ROLE belong an INDIVIDUAL concept, at any level?

(define {role-of-indiv? role)
(lat ((heads (connection:ends/type role 'head)))
{or (and (not heads)
(assq 'indiv (node-attzids role)))
{and heads (any role-of-indiv? heads))))}
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{herald conc_mnamory)

::: This file creates portions of the memory network for some basic
;:; conceptual knowledge. In no sense is this meant %o include a
;:: complete representation of any concept (if such a thing is
;:: possible). :
;; CONCEPT, the most general node in the network.
(schema! 'concept nil

' (type-role role ())

' (type~role prop rcle)

' (type=-role part role))
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(push (ncde-attribs (geat-node 'role)) '((role)))

;! FACTS are CONCEPTs with ARGS, one of which i3 the OBJ of the FACT.

(schema! 'fact 'concept
'{weaights (->parent very-low))
'{type-role arg rols)
‘{zrole obi arg
(weights (~->head .1}))
'{role modality prop))

;7 STATES are a kind of fact. Note that nothing is said here about
;7 what makes a STATE a STATE. This will be true for many of the
;i concepts in the simple network cresated here.

{achema! 'state 'fact
"{weights (->parent low)))

;i A TIME may be either an INSTANT or a PERICD, the latter having an
;; associated BEGINNING, END, and DURATION,

(schema! 'time 'concapt
'(weights (->parent very-low)))

{schama! 'instant ‘'time)

(schema'! 'period ‘'time
'{role beginning part
(is-a instant))
‘(role end part
(is=-a instant)
(distinct beginning))
'{role duration prop))

i+ PLACEs, CONTEXTs, and THINGs ace other very general types of
i+ CONCEPTs.

(schema! 'place 'concept
'{waights (->parent .03)))

(schema! 'cecntext ‘concept
' {waights (->parent very-low))
'({role context-location prop
(is=-a place}})

(schema! 'thing ‘concept
'{waights (->parent very-low)))

;; MATTER is a THING with an associated LOCATION and COLOR
;: (among many other omitted roles).

(schema! 'matter 'thing
' (weights (->parent very-low})
'{zole location prop
{(is-a place})
'{role color propl)

;: NAMED things have NAMES.
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{schema! 'named ‘thing
'{role name prop)!}

+

}; WEIGHT-VALUEs are abstractions not associated with any
particular cobject.

{schema! 'weight-value 'concept)

A PHYS-OBJ is a kind of MATTER with a set of properties
/¢ including a WEIGHT, an INSIDE, an OQUTSIDE, and a VICINITY.

(schema! 'phys-obj 'matter
'(role weight prop
{is=-a weight-value))
'{role inside prop
{is-a place))
‘{role outaide prop
(is-a place})
*(role vicinity prop
{is-a place)))

{schema! 'substance 'matter)

;¢ ANIMALS are PHYS-OBJs. Note that levels of the hierarchy may be
:; laft out, e.g., CRGANISMs. .

(schema! 'animal 'phys-obid
'(waights (=->parent low)))

;7 HUMANS are ANIMALS with names, Knowledge-BASESs, and sets-of
;7 KNOWN-CONCepts, among other things.

{schema'! 'human 'animal
' (weights (~>parent very-low))
'(is-a named)
' (type-role k-base prop))
;; NON-HUMAN-ANIMALS are dlstinct from Hunaﬁs.

(schema! ‘non-human-animal 'animal
'({distinct human))

;: WOMEN and MEN arze distinet.
{schema! ‘'woman 'human)

(schema! 'man 'human
' (distinct woman))

;2 CHIE is an individual WOMAN.

(schema'! 'chie ‘woman
1{indiv))

:; ATTRIBUTEs are STATES associated with an ATTRIBUEE.

{schema! ‘'attribute 'state
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' (waights (->parent very-~low))
‘(role attrib-obj arg
(is=a thing)))

]

ii EXPERIENCES are FACTS with a HUMAN EXPERIENCER argqument .

{schema! 'expariencas 'face
'‘(waightas (=>parant very-low))
"(role exparisncer arg

{is-a human)))

/7 Having a concept ACTIVE is a kind of EXPERIEINCE {(the one you
/¢ have when you hear that concept referzed to).

(schema! ‘'active 'experience
‘{weights (->parent low)))

/¢ PROXimity is a kind of STATE.

{schema'! 'prox 'state
'(weights ({->parent very-low))
'(type-zole Prox-abj arg

(is-a phys=obi)))

;7 CONTROL is a state with a HUMAN CONTROLLER arqument .

{schema! 'control 'scate
' (waights (->parent very-low)})
'{role controller azg
(is~a human))
'(map obj
(is-a phys-obj
(weights (->pazent .1) {<-parent .09)))))

77 BELIEVE (s a STATE with a HUMAN BELIEVER Argument and a
37 FACT as OBJ.

(schema! 'believe 'state

'(weights (->parent very-low))
'(role believer arg

(is-a human))
' (map obj

(name believed)

(ia=-a fact

(weights (~->parent .1) {<-parent .05)))})

KNOW=OF is a STATE with a HUMAN KNOWER for the OB i3 a
KNOWN=CONMC. If some of these "definitions” seem circular, this

is because they arze. -

s Wp g

.
’
a
’
.
L4

(schema'! 'know-of 'state
'(weights (=>parent very-low))
'{role knower arg

(is-a human))
' (map obi
{name known)
(is-a thing)
{is~a (knower k-base))))
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;; LOCATED is a STATE with OBJECT and a LOC argumants.

{(schema'! 'located 'state

' {weights {(->parent very-low))}
' (map obj

{is-a matter

(waights (->parent .1l) (<-parent .05))))

'{role loc arg

{is-a place)

(merge (located:obj macter-location))))

;; An EVENT has a CONTEXT, a set of EXPANSIONS, a LOCATION,
;i a set of PRECONDIONS, soms EFFECTS (STATES), and a CONSEQUENCE
;: (an EVENT).

{schema! 'avent 'fact

'(walghts {(~->parent low))

'(role event-context prop
(is-a context))

'{type~role expansion prop
(is-a esvent))

'{role event-location prop
{is-a placs})

'{type~role preccnd prop
{is-a 3state))

'{type~role effect prop
(is~a state)
{distinet precond))

'(role main-effect effect)

'(type-role side-effect effect)

'({role consequence prop
{(is~a event)))

;; An ACT is an EVENT with an ACTOR.

{schema! 'act 'event
'(welights (->parent low))
'{type~role participant arg
(is=a human))
'{role actor participant)
' (map expansicn
{is-a act)))

;: The NULL ACT.

{schema! 'Qact ‘act
' {action *"))

PHYSICAL-TRANSFER, a kind of ACT with a SOURCE and a
DESTINATION. The MAIN-EFFECT of a PTRANS is that
the OBJECT is now LOCATED at the DESTINATION.

{schema! ‘ptrana 'act
' (waights (=>parent low))
'(map actorx )
(waignhts (<-parent .l} (=>parent .3)
{->head .15)))
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' (map objd
(waights (->parent low) (<-parent .l)
{<-head .l) (->head .15))
‘ (is-a matter))
'{role source arg
{is~a place) )
‘{role destination arg
(is=a place)
(refractory =2))
'{map main-effect
{is-a located)
(map located
(ina«aquiv ptrans:obij))
(map loc
(ins-equiv destination))))

;; A TRANSFER-OF-CONTROL i3 an ACT with a
;; CONTROL-SQURCE and a RECIPIENT. The MAIN-LFFECT
;7 is that the OBJECT is CONTROLled by the RECIPIENT.

{schema'! 'trans-of-control 'act
'(waights (->parsnt low))
' (map actor)
' (map obj
(weaights (->parent low)))
'{role c-scurce aryg)
'{role recipient arg)
'{map main~effect
(is-a control)
(map controller
(ins-equiv tzans-of-control:recipient))
(map control:obj
{ins~equiv trans-of-control:obi)}})

;: Other primitive acts.

{schema! 'grasp 'act

' (waights (->parent low)})
(schema! 'ingest 'act

' (waights (=->parent low)))
{schema! 'sxpel 'act

' (waights (=->parent low)))
{schema'! 'apply-force ‘act

' (waights (->parzent low)))
(schema! ‘'mbuild 'act

' (walights (->parent low)}))
{(schema! ‘move-body-part ‘'act

' (waights (~>parent low)))
{(schema! ‘'attend 'act

' {waights (->parent low)))

;; PHYSICAL~TRANSFER whers the ACTOR and OBJECT are the sams,
;: as with "GO",

(schema' 'self-ptrans 'ptrans-act
'({map ptrans:actor
{weights (<-parzent .l))
(mazge (self-ptrans ptrans:ocbi)
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(waights (<-parent .1}))))

:: PHYSICAL-TRANSFER where the ACTOR and OBJECT are different,
i; as with "TAKE".

{(schema' 'other-ptrans 'ptrans-act
'(map ptrans:obj
(weights (->head .25)))
'(map ptrans:actor
(distincet cother-ptrans:obij)))

;; PERCEIVE is an EXPERIENCE.

(schema! 'perceive 'experience
' (weights (~>parant low))
'(role percesive-~->know effect
(is-a know=-of})
' (map experiencer
(name perceiver)
{merge (perceive->know knowar)))
'(map cbj
{(name perceived)
(weights (->parent low))
(distinct perceiver)
{ins-equiv (pc:coivo->knov known) ) )}

;: SEE is a kind of PERCEIVE

{schema! 'see 'perceive
'(waights (->parent low)})

;; WANT is a STATE with a WANTER.

(schema! 'want 'state
' (waights (->parent very-low))
"{role wanter arg
(is~-a human))
' (map obj
(name wanted)
{waights (->parent low)))
'{role motivation prop
{is~a event)))

:: UNDERTAKE is a kind of WANT. The
;: OBJECT 1s an ACT.

(schema! ‘undertake 'want
' (waights (->parent low))
' {(map wanted
{is-a act
(weights (->parzent .15))))
' (map wanter
(merge (undertake:wanted actor))))

;; WANT with STATE as its OBJECT.

(schema' 'want-state ‘'want
' (weights (->parent low))
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' (map wantaed
(is-a state)))

;: INTEND has a PLANNER, a GOAL, and a
;: PLAN, which is an ACT that satisfies the
:: GOAL of the PLANNER.

(schema'! 'intend 'act
‘{waights (->parent very-low)})
'(map actor
(name planner)
{(waights (<-head .3} {<-pazent .1l)))
'(role plan expansion)
'(role goal arg
{is=-a state)))

;i AGENCY is a kind of INTEND with an ASSIGNEER
;: and an ASSIGNMENT. The PLANNER's GOAL is that
;: the ASSIGNEE UNDERTAKE the ASSIGNMENT.

{schema! 'agency 'intend
'(map goal
(is~-a undertake))
'{role assignment arcg
(is=-a act)
{merge (agency:goal undertake:wanted)))
‘(role assignee arg
{i{3-a human)
{weights (<-head .25))
{merge (agency:goal undertake:wantaer})
{mezrge (assignment actor)
(waights (<-pazent .l)))}
'{map planner
(weights (<-head .3})))

(herald ling memory)

;: Schemas for WORD and UTTER. Here mainly for completeness.

(schema! ‘wozd ‘act
' (waights (->parent .1)))

(seq=-schama! ‘utter 'act
' {(seq-role constituent part)
' {map actor
(is-a human
(weights (->parent .08) (<-parent L0935
(name speaker)
(weights (<-head .l) (->head .1})))
'‘(role hearer arg
(is-a human)
(weights (~>head .1l)})
' (role content prop)



'{seq-role head constituent
{waights (<~head .1))
{is-a word)))

;; ADJECTIVE-PHRASE GU.

;; constituent, tha ADJECTIVE.
aren't handled,
(seg-schema! 'adj-phrase ‘'utter

'{waights (->parent

'{map content
{waeights (->parent
(is-a actribute))

' (seq-role adj constituaent
(first)
{last})))

.13)

1))

;2 NP GU
(seg-schema! 'np 'utter
'(refractory -5)
' {waights (->parent .13}
{(end=->starzrt 0))
'(map hearer
{weights (<-head .5))
{refractory -3)

{(=->pezception)) i:
' (map content b
(refractory =-4) PN
(waights (->head .91) (<-hea

{(wta np-lex
(life 6))
{is-a thing
{(weights (->parent
' (seg-role det constituent
(firat)
{(decays (end=->starzt .7))
parent
{end
{wta after-det-wta)))
' {seg-role adj-mod constituent
{(follows det)
{opticnal)
(wta~-mamber after-det-wta)
{(sasqg=is~a adj-phrase)
{map adj-phrase:content
(waights (->head .34}))
{map attrib-obj

(veights (->head .3))

d .85)

Currently this has only one
Thus phrases like "awfully old"

(<-parent low))

(<-parent low)

NP :HEARER has a low refractory
because it has to fire often.
There i3 also a “"perceptual
routine” which yields the

currzrent value of HEARER

{actually gets it from the user).
{=->parent .l))

WTA hub node for network
joining NP CONTENT rcles

')
¢+ ?

P
LI

L1000 )

CETERMINER:

~

ny Ve e
[ -

; the end node is the WTA

we
e

for a network joining
NOUN/start and ADJ-MOD/start
ADJECTIVE-MODIFIER:

e wa e
. e e

.~ We

an instance of ADJ-PHRASE
the ATTRIB-OBJ of its
CONTENT is the same as the
CONTENT of the whole NP

{in "the empty box" the

. e Ws w4 e

.. we s

.
L

(ins-equiv np:content)))):; argument of the EMPTY

' (seq-role noun constituent
{(weights (<-head .3))
(decays (<-head .98))
(follows adi-mod

;: predicate is the box

{waights (->after high)))

(follows det)
(wta-member after-det-wta)
(last)))
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:; CLAUSE GU

{seg-schema! 'clause 'utter

' {waights (->parent .15) (<-parent low) {end<-parent-end .05)
(start->and .1))

'(seq-role subject constituent :: SUBJECT
{weights (end->head-end .05})) ;¢ no order specified in this
(seq=-is-a np)) i: GU

'{seq-role aux constituent
(weights (end->head-end .05))
(is-a word))
' (seq-role verb conatituent ;; VERB follows both SUBJECT
(follows subject and AUX
(weaights (=>after .2%)}))
(follows aux
(waights (->after .25))))
'{map content
{(weights (->parent .1l))
(is~-a fact
{waights (->parent .1)})))

- ™
-

:: DECLARATIVE clause; SUBJECT -first

{seg-schema! ‘'declarative 'clauae
' (seq-map subject
(g£izrse)))

;: YES~-NO-QUESTION: AUX precedes SUBJECT

{seq-schema! 'y-n-question ‘'clause
‘ (seqgq-map aux . -
{fizat))
' {seq-map subject
(weights {->head .15))
(follows y-n-question:aux
(weignhts (->after .45))))
' (seg-map verb
{waights (->head .13))
{follows y-n-question:subject
{waights (->after .43)))))

;; TRANSITIVE-CLAUSE; DIRECT-OBJECT defined, following VERB

{seq~schema! 'transitive-clause ‘clause
' (soqg-map verb
(weaights (=->head .15)))
' (seq=zole dir-obj constituent
{weights (->head .15) (start->end .23))
{seq-is-a np
{veights (<-parent .13) (end<-parent-end .43))
{decays (end<-parent-end .3}))}
(follows transitive-clause:verb
(wveights (->after .4)))))
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(herald memoryl)

PRI RNININR RN BRI NENININLIIIIIII I
P MEMORY NEEDED TO GENERATE i
. "COULD YOU TAKE THE EMPTY B0OX TO THE GARAGE?" HH

----------------------------------------

................................................

;; JOHN and his KNOWLEDGE-BASE.

{schema! 'john 'man
'{indiv)
'(map k-base))

;:; Some semantic and episodic knowledge.
(achema! 'house 'phys-obj)
?; CHIES~-HOUSE with OUTSIDE and INSIDE roles.

{(schema! ‘chiss-house 'house
'{indiv)
' (map inside
(waights (<-parent .1)))
'(map outside
(map part
{weights (->head .5))))
'(map vicinity
(map part
(weights (->head .5)))))

{schema' ‘'garage 'phys-obj)

;: CHIES-GARAGE, with a role for its INSIDE
;; and is-a connections to CHIES-HOUSE:OUTSIDE:PART,
;; CHIES=-HOUSE:VICINITY:PART, and JOHN's KNOWLEDGE-BASE.

(schema! 'chies-garage 'garage
*{indiv)
* {map inside
{weights (->head .5)
{(<-pazent .1}))
*{is-a chies-house:outsids:part
(weights (~->pazent .5)))
'{is=a chies-house:vicinity:part
{waights (->parent .3)))
‘*{is=-a! john:k-base
(weights (->parent .35) (<-parent .1))))
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(schema! 'med-wt-obj 'phya-obj)

(schema! 'box 'phys-aobj)
(schema'! ‘'able ‘state
‘(waights (->parent low)))

EMPTY and its ATTRIBUTE-OBJECT.

(schema'! 'empty 'attribute
'{map attrib-ob)
(weights (->head .5) (<-head .05))))

;:; BOX4, which is EMPTY and a MEDIUM-WEIGHT-QBJECT
;; and in JOHN's KNOWLEDGE-BASE.

{schema! 'hboxd4d 'box
'{indiv)
'(is~a empty:attrib-ob]
(weights {=->parent .5))})
'(is-a med-wt-obj
(waights (=->parent .%)))
*(is-a john:k-base
(waights (->parzent .35) (<-parent .1))})))

;7 CHIE is currently at CHILS-HCOUSE:INSIDE

{equiv! (+map! ‘'chie 'location)
(get-nodes 'chies-house:inaide)
‘nil)

;; An instance of OTHER-PTRANS with JOKN as ACTOR,
;; BOX4 as OBJECT, CHIES-HOUSE:INSIDE as SOURCE, and
;: CHIES~GARAGL:INSIDE as DESTINATION.

(schema! 'ptransé 'othex-ptrans
'(indiv)
‘ (waights (<=-parent .2))
' {map other-ptrans:actor
(equiv john})
' {map other-ptrans:obj
(equiv boxd))
! {map source
{equiv chiss-house:insida))
' (map destination
{equiv chies-garage:inside)))

{schema'! '/garage 'word
' (axec "garage®))
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_ (schema! '/box ‘word
' (axac "box"))

(schema! '/empty ‘word
'{exec "empty™))

(zchema'! '/the 'word
'(exac "<na"))

{schema'! '/take ‘*‘word
'{exac "take™))

(schema! '/bring 'word
'(exec "bring"))

(schema' '/out 'word
'{exec "out™))

(schema' '/in ‘'word
' {exec "in"))

(schema! '/to 'word
' '({exec "to™))

{schema! '/you 'word
'{exec "you”))

{schema! '/could 'word
'{axec "“could"™))

:; The GU for "YOU™. Does not include the
;: HEARER-CONTENT equivalence.

(segq-achema! '*you ‘'‘np
' ({map np:content
(wta-mamber np-lex))
' (seg~-map noun
{weights {(<-head ,3))
{only}
{seg-is-a /you)))

:: GU for general facts of the CTHER-PTRANS type

;; {(physical transfer where cbject is not actor).

;; Has as subtypes *BRING/PTRANS and *TAKE/PTRANS.

;; CONTENT:DESTINATION and SPEAKER roles are activated
;7 to determine whether *BRING/PTRANS should be selected
;: (if the DESTINATION is the LOCATION of the SPEAKER).

{(segq-schema! '*other-ptrans 'transitive-clause
'(wta take=bring-wta ;:; the WTA for *TAKE/PTRANS
(life 5)) :: and *BRING/PTRANS
' (seg-is-a clause
(weights (<-parant .15}))

' (map speaker ;: this node is activated
{waights (<-head .5)) ;: together with the
{->pezception)) ;: CONTENT:DESTINATION to
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'(map clause:content ;! determine whether *BRING/PTRANS
(weights (->head .45)) ;i should be selected
{decay .9%5)
{is~a other-ptrans
({decays {(<-parent .95)))
(map destination
(weights (<-nead .5)
(=>head .1})}))
' {seg-map subject
(weights (<-head .4%) (->head .1))
{map np:content
(weights (<-head .$5))

{merge (*other-ptrans:content ; rele binding

other-ptrans:actor) $: information for
{waights (<-parent .l) ;: the SUBJECT
(<-head .0%)

(->head .03)))))
' (seqg-map dir-obj
{(weights (<-head .45) (->head .1l})}
(decay .95)
(map np:content
{waights (<-head .5))
(marge ("other-ptrans:content :: role binding
other-ptrans:obij) ;¢ information for
{waights (<-parent .095) ;; the DIRECT-CBJECT
(->head .05)))))

' {seq-role destination-conatit constituent ;2 the constituent
(last) i: referring to the
{decays (<-head .98)) :: DESTINATION
{(follows *other-ptrans:dizr-obd

{waights (->after .44)))

(seq-role destination-macrker constituent ;:; the prepesition
(Zirste) :; “TO"
(seqg-is~-a /to))

{seq-role destination-np constituent ;7 the NP part of the
(laat) ;; conatituent

{weights (ou:t-»nd 1))
(seqg-is-a np)
{follows destination-marker
(wajghts (->after 44)))
(map np:concent
(waights (<-head .5))
(ins-equiv *other=-ptrans:content:destination)
. {waights (<-parent .1))})})

:: The default for the WIA network it shares with *BRING/PTRANS.

(seq-achema! ‘*take/ptrans ‘'*other-ptrans

' (decays (<~-pareat .9))

' (wca-mamber take~bring-wta)

' (welghts (<-pazent .23))

' (seg-map verd
(weights (end->start -.2})
{only)
{seq-is-a /take}))

:: Shares a WTA network with *TAKE/PTRANS.
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{segq-schema! '*bring/ptrans 'rother-ptrans
' (decays (<-parent .9})
' (wca-member take-bring-wta
‘ {weaights (<-hub .2}))
'(seq-map verb
(weights (end->start -.2))
{only)
{seg-is-a /bring))
'{map *other-ptrans:content
(map destination H
(weights (<-parent .24)) ;
(marge {*bring/ptrans :
speaker location)
(waights (<-parent .24))))))

the information used to
select this GU over
*TAKE /PTRANS

LYK PR

;: GU for NPs with "THE™.

;: Selected on the basis of the CONTENT being in the HEARER's
;7 KNOWLEDGE~BASE.

(segq-schema! 'the-np 'np
' (waights (->parent .4))
' (decays {(->parent .3))
'{map hearer - o
{weights (->head .05))
(map k-base
{cefractory ~-3)}))
'{map np:content
(weights (->parent .1l) (->head .4))
(decays (~>head .2))
{(ins-is-a the-np:hearer:k-base
(weights (<-parent .3))))
' (seq-map dat
(weights (<-head .45))
{only)
(seqgq~-is~-a /the)))

;: NP:HEARER sends some activation to THE=NP:HEARER:KNOWLEDGE-BASE.

(connect! (get-node 'np:hearer)
{(get-node 'the-np:hearer:k-base) - . -
'prime .3 *default-decay* '(!ast{!{ )

;; The *YOU GU inhibits the THE-NP GU

(connect! (get-node '*you) (get-node 'the-np) ‘inhibit -.3
.8 '({fast))

;; The *BOX GU.

{seqg=-schema! '*box 'np

' (waights (->parent .4))

' (map np:content
{waights (~>head .5))
{wta-member np-lex)
{(is-a box))

! (seq-map noun
{decays (<-head .98))
{only)
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(seg=-is-a /box)))

;7 the

¢

*GARAGE GU

{(seg-schema! '*garage 'np

'{map np:content
(weaights (->head .43))
{wta-member np-lex)
(is-a garage})

' {seq-map noun
{deacays (<-head .98))
(only)
{seg-is-a /garage)))

;: the GU *EMPTY, a subtype of ADJECTIVE-PHRASE
{sag-schema! ‘'*empty ‘adj-phrase
'(map adj-phrase:content
{waights (<-head .33) (->head .4%))
{is-a empty
{weights (<-parent ,43%5))))

' (seq-map ad)
{waights (<-head .43))
(only)
(seqg-is-a /empty))}

;; a very specific request GI

{schema!
' (waights (<-parent .08))
- '{seq-map plan
(weights {(->head .3)
(only)
{is-a y=-n-question)
{seg-map subiject
(seq~is-a *you)}
{seqg-map aux
(seq-is-a /could)))
' ({map planner
(waights (->head .2)
{(equiv chie)

.
&

(<-head .5))

L

{(<~head .15))

we % mp W wa

'request-husband-take-out-heavy-obj 'agency

the utterance PLAN:

a YES-NO-QUESTION with
SUBJECT an instance of
*YOU and AUXILIARY
"CQULD™

;: the PLANNER is CHIE

{merge (request-husband-take-out-heavy-cbj:plan speaker)

(waights (~>head .1)
! (map assignee
(waights (->head .2)
{equiv john)

(<~head .05))

(merge (request-husband-take-out-heavy-obj:plan hearer)
(<-parent .0%)

{waighta (<-head .03)
(=>head .1}))))
' (map assignment

(weights (<-parent .1)

(is=-a other-ptrans
(weights (<-parent .l))
(decays (<-parent .53)))

(map octher=-ptrans:actor
{waights (->head .1)
(decays (->head .95))
(equiv john))

{(->head .2)
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{<-head .15))

{<~parent .2%5))))
;7 the ASSIGNEE ls JOHN

Tar

(<-head .15))

;: the ASSIGNMENT i3 an
;; instance of QTHER-
:: PTRANS

with ACTOR JOMN,



{map other-ptrans:obi ! QBJECT a

(waights (->head .1) (<~head .15));; MEDIUM-WEIGHT-
(dﬁcaya {=->head . 9%)) i; OJBECT
’ (is-a3 med-wt-obj)) ;

{(map source :
{(waights (->head .l) (<~head .15)):;
{decays (->head .93} !
(equiv chies-house:inside))

{map destination ;; DESTINATION the
{(weights (->head .1) (<-head .15));: VICINITY of CHIES-
(decays (->head .95)) ;¢ HOUSE
{(equiv chies-house:vicinity))

(is-a able)

(merge (request-husband-take-cut-heavy-obj:plan

clause:content))))

SQURCE the INSIDE OF
CHIES-HOUSE, and

e %e e w,

)
i
.
H

;; Input to generate "COULD YOU TAKE THE EMPTY TO THE GARAGE?™

(propagate '({agency
assignee john
assignment petransé
ptransb:actor
ptranaé:source)
(ptrans6:destination
ptransé:obj
agency:planner chie)))

e v v W

L
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