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UNDERSTANDING NOUN COMPOUNDS

David B. McDonald

Abstra_ct

Understanding noun compounds is one aspect of natural language understanding where syntactic
information is not very helpful. Noun compounds consist of a sequence of two or more nouns that
modify one another. The problem is to determine the meaning of a compound as a whole. ‘This
includes finding how the nouns in u compound should be grouped and what the underlying
meanings of the groups are. The meaning for a compound is often determined by relationships
between two or sometimes three nouns. Examples of noun compounds include: "golf club”, "boy
king"

"car assembly plant”, "woman coal miner”, and "water meter cover

g]asé wine glass'

adjustment screw”,

This thesis_describes a computer program that attempts to understand noun compounds. The
program includes a data base of real-world knowledge containing information about the concepts
represented by nouns. The information in -this data base is used to find possible relationships
between the nouns in a compound as it is processed from left to right. Possible interpretations for a
compound are formed based on these relationships. This approach is different from most previous
work dealing with noun compounds. since it does not rely on a fixed sct of relationships. When the
end of the compound is reached, there may be zero, one, or several possible imcmxcialibns. Ifno
interpretation is fuund, nothing further is done. If one interpretation is found. information is added
to the data base w represent this meaning for the compound. When there is more than one possible
interpretation for a compound. some heuristics are used in an attempt o determine the best .
interpretation. Several heuristics have been dcvclopéd that attempt to sclect the best interpretation
fram the set of pussible interpretations produced when the system first processes the compound left

to right.
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Thesis Summary Understanding Noun Compounds 1

Preface .
A brief summary of my ‘thesis is given in this document. The thesis describes a compuier program that can
understand noun compounds. Chapter one is an introduction to the problem of understanding noun
compounds including previous work in the area and a brief &escﬁplicn of the approach used in the thesis to

understand noun compounds- Chapter two describes the NETL knowl ion system which is

used to store information about concepts, other real-world ledge, and the ings of

created by the system. Chapter three and four describe the two distinct phases that the system currently uses.

Chapter three describes the first phase which finds all the possible interpretations for a compound. Chapter
four describes the second phase which consists of several heuristics used to determine the -best_ meaning for
the compound if more than one possible interpretation is found during the first phase. Chapter five describes
how the components of the system could be interfaced to a parser along with many of the issues that this
would involve. Chapter six describes an experiment where the algorithms described in chapters thrée and
four were hand simulated on over six hundred noun compounds occurring in text from real-world examples.
Chapter seven presents the results of the rescarch from several different views. Finally, chapter eight presents
several conclusions ‘from this work along with some directions for fulure work. The followmg sections gve a
brief summary of the important aspects of the corrcspoudmg chapters.

1. Introduction .
A computer program has been written that attempts to find the meaning for a noun compound using real-
world knowledge. This program was designed with the possibility of eventually incorporating it into a more

natural 1 d ding system. It expects information that only such a syslem can provide
to disambiguate some of the noun d: The following introds the
problem of determining the meaning of a noun compound.

1.1. What is aNoun Comﬁound? . . .
A noun compound is a sequence of two or more nouns (e.g., "computer science", “car assembly plant”,
"glass wine glass”, "water meter cover adjustment screw", etc.) in which the head noun or last noun in the
sequence is usually modified by the other nouns in some manner. Noun compounds are used frequently by
people to describe things. To successfully communicate, a person must have a model of the subject being
discussed similar to that of the person with whom he is communicating. When a person uses a noun
compound, he is usually using a shorthand notation to save time in communication. The reader must
reconstruct the information deleted by the writer, if the reader is to correctly comprehend the phrase.

The problem addressed here is how to produce one i

pretation from such a of nouns. Or, in

other words, what is the k ge necessary to i the i ion deleted when the compound was
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Thesis Summary Understanding Noun Compounds 2

formed. S i dge is not icnt to und; d most ds. Rather, it is necessary to
~access ic knowl i, The scmantic knowledge nceded to fstand a depends on the
d under i i An interpretation for some pounds can be produced just using the

meanings of the nouns, without any further knowledge. For example, the most likcly meaning of the
compound "dog owner” can be found using the definitions of the words "dog" and "owner". However, other
compounds requife more knowledge to be available to successfully produce an interpretation. For example,
the compound “bee sting", has at least two meanings (i.c., 2 wound caused by a bee, and the part of bee that
can cause such a wound), both of which are reasonable interpretations. The method to distinguish between
them seems to rely on contextual information that would normally surround the compound. .

1.2. Examples of Problems
There are several problems that arise when an attempt is made to understand a noun d. Mean

for many

canbe d ined from a i ip between the nouns in the compound. However,
there are some compounds whose meaning is not determined by such a relationship, Rather, their meaning is
associated with the sequence of words in the compound. For example, consider the compound “noun
phrase”. Most people would recognize this compound as a phrase that contains words that are nouns as well
as other parts of speech because it has a well defined meaning in linguistics. It does not mean’a phrase that
consists of just nouns which is thé meaning the program would find. ‘Most people would probably find the
same meaning if they did not know the linguistic meaning for the compound. Any system 0 understand
noun compounds must deal with ones having a meaning distinct from the meaning provided by.a underlying
relationship between the nouns. Such compounds must be stored in the system’s data base so that if the
correct sequence of nouns appears, the built-in meaning becomes a possible imierprelation. This does not

. meaq_that a built-in meaning is instantly used as the best one, only that it is a very good candidate. For
example, in some contexts the built-in meaning for “noun phrase” could be the wrong meaning (e.g., if the
person speaking the phrase did not know the linguistic meaning). In such a case, the built-in meaning should
not be used, and another meaning should be considered. Other s of such idi

include: “chain gang" and “crown prince”.

C

‘Another problem a l.heéry to understand noun compounds must deal with is multiple meanings of words.
This is a problem that any natural language system must cope with, but is no less important here. Some words
in a compound can be disambiguated from the context provided by the compound itself. For example,
consider the compound "glass wine glass”. The word "glass” has at least the two meanings:

1L A container from which people drink certain liquids.

2. An amorphous material (silicon dioxide) from which certain things are made (e.g., a glass as
above). .
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‘Thesis Summary Understanding Noun Compounds 3

In the compound "glass wine glass", the first "glass" has meaning (2), and the sccond meaning (1). This can
be established fairly casily, since the first “glass” has no underlying relationship with "wine" that makes sense
given the order of the words. The second "glass” fits best if meaning (1) is used, since wine is a liquid that
people drink. Then the first "glass” fits nicely by being the material from which the second “glass" is made.
In this example, the multiple meanings of the word "glass” do not cause any difficulty because the compound
itself provides sufficient structure to determine the correct meaning of "glass”.

In the example above, the compound contains sufficient constraints to determine which meaning of "glass"
was meant. There are compounds for which this is not the case. For example, consider the compound “coal
bill" which has at least two meaninés (one as a bill requesting payment for coal and the other as a bill before
congress or another governing body concerning coal). The compound "coal bill" does not by itself contain
sufficient information to decide which of the meanings is the correct one. To make this decision, it is
necessary to provide more context. The context necessary to disambiguate the compound must come from
the surrounding phrases. In this case, context can be provided by a template for a verb with some of its slots
filled. The system must determine from this context the only reasonable meaning for the compound "coal
bill". . :

Aﬁoﬂ\er problem is that more than one relax:iop can be used to form a meaning for a compound. This is
likely ld happen fairly often as any reasonable size data base’of knowledge will probably haye several
relationships between some nouns. This means any system to understaud noun compounds must select the
.relation producing the best meaning. For example, consider the compound "computer evaluation”. Assume
the concept "evaluation™ has two slots: one is for the t.hiné doing the evaluation, and the other is for the thing
evaluated. There are other slots available (e.g., the time when the evaluation action took place and the
location wher it occurred) to use as the basis for an interpretation, but these will be ignored in this discussion
for simplicity. Since in some contexts a computer can be the thing doing the evaluation (e.g., computer
evaluation of an clection), as well as the' thing evaluated, both slots lead to a meaning for the compound

lly, a d of the form "x evaluation" has the meaning where x is the

thing (e.8. "car ation”, “stereo ion”, eic.). Assume the data base contains several
compounds of the form "x evaluation”, where x is the thing maintained, and a few (if any) where x is the
thing doing the uation. One source of i ion to decide which relationship is the best one to use in

forming a meaning, is to look for compounds that are similar to "computer evaluation” and use a similar
structure for this compound. This is likely to Icad to sclecting computer as the thing evaluated, rather than
the thing that is doing the evaluation.

Of course, this cannot always happen, otherwise in the context of "computer evaluation of an election™, the

wrong interp ion for

" will be chosen. It is necessary to provide context to enable
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‘Thesis Summary Understanding Noun Compounds 4

the system to produce the correct interpretation. The best way to provide this context is to specify that one of
the possible ionships between “"computer” and ation™ is alrcady used. In this cése, the relationship
specifying the thing evaluated must be filled with "election”. This leaves only one possible relationship
between "computer” and "evaluation”, i.e., the thing doing the evaluation.

So far, the ambiguities pointed out above are not caused by lack of knowledge, but by the inherent
ambiguity local to noun compounds. Another problem arises because the data basc'z may not contain all the
necessary information to obtain only those relationships that can possibly exist between nouns. For example,
with the compound "blood f:valuation". if the data base does not contain the information that "blood” cannot
be the thing that performs an "evaluation”, two possible relationships will be found (i.e., where *blood" is the
object being evaluated and the spurious one). It is unreasonable to expect the methods described above to
obtain the correct interpretation, since they deal with ambiguity inherent in natural language, not ambiguity
created by the data base. One method to cope with this problem satisfactorily is to check the relationships to
make sure they are the ones expected. In the "blood evaluation™ example, this means checking if “blood"” is
expected to be the thing doing the evaluation, or the object evaluated. In this case, it is expected to be the
object evaluated, and thus this interpretation is mote likely o be correct. This check can also help
disambiguate a word having muluple meanings.

Any system to produce the one best. i ion for a d must address the problems presented
above. One of the goals of the thesis is to determine the knowledge necessary to solve these problems in such

away that one interpretation can be produced.

-1.3. Previous Work
At"least two groups of researchers have worked in the area of moun compounds. Linguists became

interested in noun compounds first. Artificial Intelligence h ially those i d in natural
language understanding, have also become interested in them. There is a fair amount of information in the
literature about how linguists have approached the problem. However, for computat.\onal modcls. there are
only a handful of efforts du'ecdy related to noun compounds.

Most of the work by linguists has taken the approach of trying to create a categorization scheme for noun
compounds. They have tried to find a fixed list of relationships that can be used as the basis forforming the
meaning of a noun compound. The major problem with this approach, as far as the current research is
concerncd, is that it does not address the problem of how to understand noun compounds. Dewning's article
takes a more general approach. to the problem in that she claims that no fixed set ofArcIationships between
nouns will be sufficient to understand all cbmpounds'. Howeve_r. she does not proposc‘ any concrete method
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Thesis Summary Understanding Noun Compounds 5

to understand them.

Artificial Intelligence h ially those i d in natural ding, have also

performed work in the area of noun Some of the have followed the most prevalent
linguistic approach, ie., they have used a fixed sct of relationships between nouns to cither generate

compounds from phrases, or to produce interpretations for a compound. Most of these efforts have restricted

to d: ining only two nouns, rather than the more general problem of compounds
with an arbitrary number of nouns.

Finin's approach in his thesis does not rely on a fixed set of relationships that can exist between two nouns.
Rather, he has a data base of real-world knowledge which is searched to find the possiﬁle‘ relationships
between the nouns of a compound. The current work goes beyond Finin's by bringing more knowledge to
bear, such as context and other heuristics used to disambl:guale the meaning of a noun compound.

2. The Knowledge Representation System
The organization of the current system is based on a data base ining the ings of all the

necessary to understand noun compounds. The program uses the semantic network representation system, N
NETL, developed by Fahlman-as the underlying knowledge representation system. NETL can store

definitions of words, as well as other real world

necessary to d noun ds. The
knowledge stored within NETL is easily accessed, and searches can be performed to find the information
pertinent to what the system is currently doing. NETL is designed to run on a parallel architecture so that
certain types of searches can be exccuted very quickly. Th'xs ability to do parallel searching is used to great

advantage by the system to noun ds. The current imple ion uses a NETL

simutator that runs under MacLisp on a PDP 10 or 20, since no NETL machine currently exists.

Information in NETL is stored as a hierarchy of concepts. Many of the concepts have words associated
with them, but not necessarily all. Concepts can inherit information from other concepts higher in the
hierarchy. They cannot inherit information from concepts lower in the hierarchy. A very important idea in
NETL, and one which is Heavily used in the program, is the split set. A split set is a set of concepts in NETL,
each of which is distinct from the other. For example, a split sct is formed betwcen the two concepts “living
things” and "non-living things”. That is, a "living thing" is different than a “non-living thing", and vice-
versa. This allows the system to distinguish between a "living thing" ;nd a "non-living thing" easily.

As well as having some concepts as members of split sets, any concept in NETL-may have what are called
roles or slots. Roles allow. specific information about a concept to be associated with the concept.  For
cexample, the NETL node representing the concept “clephant” has a slot representing an clephant’s trunk
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‘Thesis Summary ’ Understanding Noun Compounds 6

among others. A concept and its slots can be thought of as a frame in the Minsky sense. ' Thus, all the
information about a concept is accessible from one node in the network.

3. Finding Possible Interpretations
The basic approach taken to find the meaning of a noun compound is generate and test. The system is
_ currently split into two phases. The first phase generates a list of possible interpretations and the second
phase tries to find the best inter ion for the d from the ones This section gives a

brief description of how ‘the possible interpretations for a compound are found. The next section briefly
describes how the best interpretation is selected. ’

. Once definitions of some nouns and other information is placed into the network, a mechanism must be

provided to produce an interpretation for a d. The basic ion of the system is an
for a two rioun d can be d by filling a slot in the head noun by the modifying

noun. For example, assume the ition of ion" has a slot ifying the thing explored for as a

mineral, among others. The D "gold ion" is il d by filling the "thing explored for"

slot of “exploration” with the concept representll;g "gold". Thus, the basic approach to finding
interpretations for a compound of the form "N1 Nz"' where N1 and N2 are nouns, is to find all the slots in Nz
into which N, can be placed. For compounds containing only two nouns, this strategy seems to work well.
However, when there are compounds containing more than two nouns, there are more patterns than just the
simple one above. .

Some compounds with more than two nouns have the formi [ ... [[N; N,J Nyl . Nl Thatis, they‘are
formed in a left to right fashion and can be processed easily left to right. The noun group immediately to the
left of a noun fills a slot in the noun. Some examples of this type of compound are: coal mine sugervisor,
blood donor recruiter, and sugar cane plantation owner.

Some compounds with more than two nouns have the form N, N, [N, . Nn]]] That is, they are formed
ina nght to left fashion. An example of such a compound is g\ass wine glass.

Some compounds contain nominalized verbs in the middle of the compound.. A nominalized verb is a

. noun that is derived from a verb (e.g., the inalized verb " il ibes a "to cvaluate” act),
These compounds form ternary relations with two slots of the nominalized verb filled by the surrounding
nouns (or sub-compounds possibly). Some les of such ds are: car bly plant, food

distribution centre, watch repair person, and water meter cover adjustment screw. In the last example, the ~
meaning for "water meter cover” is created in a left to right parse as described above.
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Thesis Summary Understanding Noun Compounds 7

Some compounds contain a nominalized verb at the end of the compound. These compounds also form
ternary 1:iations with the two previous nouns filling slots in the nominalized verb. Some examples of such
compounds are: student course evaluation, government price support, executive stock purchase, and city
garbage collection.

Another class of compounds occurs sometimes when a noun is used very much like an adjective. These

nouns seem to be distinguished by iding a default ion about the noun it modifies. The noun
"boy" in the compound "boy king" is an example. "Boy" does not fit well into any slot of "king" and thus no
meaning would normally bg. found. However, "boy" is overriding the default assumption that a "king" is an
adult. That is, "boy" is behaving very much like an adjective. The nouns that have this propeity have been
named isaldma(ijecme: It is necessary to perfon'n speclak :earches to find l.f a default assumpti

i bemg

overruled. Note that the method to these types of

p requu'cs that the data base has

these default assumptions stored in it. Two other examples of such compounds are: woman coal miner and
toy gun. )

‘The above patterns seem to cover a large proportion.of noun coimpounds, but not all, as shown in chapter
five of the thesis. The current system can be extended without too much difficulty to cover the patterns not

covéred above. In the original design of the system, fewer were ined than in the
described in chapter five and thus some of the patterns found there were missed since these new patterns
occur fairly infrequently. “There may still be other patterns that are missing. As can be seen from some of the

the classes of

above are not dlsmmt. It is quite possxb]e for a compound to
be mlerpreted using two or more of the panems. -

With several different patterns, the possibility of multiple meanings for words, and the possibility of more
than one relationship as the basis for the meaning of a compound, there is a good chance that there will be
more than one possible meaning after all the possible interpretations have been found. At this point, a
decision must be made as to which of the interpretations is the best one for the compound with the
information available. This leads into the major part of thesis, i.., the heuristics and knowledge ne:esary w0
make this decision.

4. Deciding on Which Interpretation is Best )

‘The decision of which is the best interpretation for a compound is made by several heuristics. These
heuristics attempt to use the kinds of knowledge people seem to use to make a similar decision. Some of the
knowledge nccessary to make this decision comes from information stored in the d.ala'base. i.e., information
that has been stored in lon'g term mcm(;ry. Other information comes from the context in which the
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Thesis Summary Undcrstanding Noun Compounds 8

compound occurred. ‘A list of the heuristics that are used to find the best interpretation follows.

© Heuristics based on Context: use the context in which a d occurs to di i it
Context comes from the sentence in which the compound occurred as well as from the topic under
discussion.

© Cognate Heuristic: sclects the interpretation for a compound that already has a meaning stored in
the data base. Thcrc are Lhrce ways for acognate to occur. The first occurs when a compound has
an idi ic’ or "ct ized" meaning it with a particular sequence of nouns.
Another occurs when an.interpretation stored in the data base without being associated with any
sequence of nouns. The last occurs when an interpretation is stored in the data base by the
program to represent the meaning of a previously seen compound.

. d Cognate Heuristic: selects the i ion with the most embedded cognates, This
heuristic is only effective for compounds containing more than two nouns.

o Instances of an Interpretation Heuristic: selects the interpretation that has the most instances
stored in the data base.

o Embedded I of an Inter ion Heuristic: sclects the interpretations with the most sub-
compounds that have instances stored in the data base. This heuristic is unly effective for
compounds containing more than two nouns. . .

+ Slot Verification Heuristic: selects the interpretation whose ﬁller of a slot is one of the 2oncepts

that best fills the slot.

oSumlar Compounds Heuristic: selects the i ion with the most similar interpretations
stored in the network.

. ance Heuristic: selects the interp ion that hgs been seen most often during one session.

A more detailed descn;iption of the aboveé heuristics follows.
5
4.1. Context
The heuristics based on context use the context in which the compound. occurred to determine the best
interpretation. There are two ways that context can be helpful. The first, and the Away that applies to other
areas of natural language, is to disambiguate a word having multiple meanings. For the heuristics based on

context to be used, a system to d noun

must be provided with extra infc
specifying the context in which the compound occurred. For example, the word “club” in the compound
“golf club™ has at least two meanings that are relevant to understanding the meaning of the compound (i.e., a
club as used in games, and as an organization that has a specific purpose). The mearing of the compound
"golf club” can be determined in many cases by embedding the compound in a sentence. For example, the
two sentences below provide sufficient context to allow a person to disambiguate the compound comcl.ly

1. The golfclub hit the ball
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Thesis Summary Understanding Noun Compounds 9

2. The golfclub fired its manager.

‘The context from sentence (1) is presented to the system by providing a structure where "hit" is a verb with its
slot for the object being hit filled with a particular ball. This will leave several slots available in this instance
of a "hit" action that may be filled by "golf club”. However, the meaning of "golf club” as a picce of
equipment for playing golf can only fit into the slot for the thing used to do the hitting. The organization
meaning of “golf club” cannot fill any of the slots of hit given the syntactic constraints of the sentence.
Likewise, sentence (2) can provide context to et the organization meaning of “golf club”.
‘The other way context becomes important is when more than one relationship can lead to an interpretation

that are

for a compound. For example, the d" i " has two
reasonable. One is where “computer” is the thing performing the maintenance, the other is where

p is the thing maintai The ted i ion is probably where is the thing
maintained. However, consider the phrase "computer maintenance of a data base”. In this case the
Elati ip for the thing maintained should be taken up with "a data base”. Thus, the only relationship that

can exist is for "computer” to be the thing doing the maintenance. The only way this knowledge can be used

is to provide external context with a structure specifying one or more relationships fulfilled by some concept.

4.2. Cognates .

Cognates are compounds that the system already knows about for 'scme reason. There are built-in
compounds (e.g., chain gang and crown prince) that have an idiomatic or "conventionalized” meaning. There
vare also compounds recognized by the system and stored in its memory for later use. If the system encounters
a compound having more than one imeri;retaﬁon, and only one of these i.mexpremﬁbns has been seen 'befm'e.

for the if no other available i ion is ictory.

then jt is the most likely interp
4.3. Embedded Cognates
Another time cognates are useful is when there is a compound with more than two nouns. Some of the

sub: within an i

rpretation for the d can have cognates. If there is one ccmpound with
several internal cognates, it is llkcly to be a better interpretation than one having none or only afew. Thereis
likely to be zero or one in most compounds, unless the compound is very long. .

. -
4.4.Inst of an Int

Rather than hiving a concept that represents the compdund. there may be an instance cf the compound

stored in memory. For example, assume the compound “coal truck” has two possible relationships that can
made of coal.” Also,
assume there is an instance (or maybe sc\}cml) in memory where a truck was scen transporting coal. It is more

‘e used to form a meaning. .One is the truck transports coal, and the other is the truc!
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likely the interpretation where the truck transports coal is the correct one, rather than the onc where the truck
is made of coal. This heuristic depends on what knowledge is stored in memory. '

4.5. Embedded Inst of an Interp i
The dded i of an i ion" heuristic selects the i ion whose sub-compound:
‘have the most instances. This heuristic is a ization of the "i ofan i ion” heuristic and

is based on the same premise. This heuristic is only effective when a compound contains more than two
nouns.

4.6. Verifying Slots

The method used to find possible interpretations for a compound allows slots to be found which may not
be the best. It does not allow slots to be found for which an interpretation is clearly wrong, iirless there is a
major error in the knowledge used. Verifying the slot underlying a compound means the system makes sure
the concept that is to fill a slot is in the set of concepts expected to fill the slot. An interpretation in which this
is true should be better than one where the concept is not expected to fill the slot.

4.7. Similar Compounds .
‘The similar compounds heuristic is based on the assumption that if there are interpretations similar to a

inter

pretation under i ion, such an i ion is better than one that does not have this
property. An interpretation of a compound is similar to another if the concepts representing the meaning of
the head nouns of the two compounds are similar, the congepts filling the slots are similar, and the slots are
similar. Two concepts are similar if they exist in the same type hierarchy in NETL. Two slots are similar if
they have a common parent _which will often be the defining occurrence of the slot.

For example, assume the

" has been i d using the two possible
between ** and "mai " (i.e,, where “cbmputer" does the maintenance, and

where it is the thing maintained). There are likely to be several other compounds where things that are
similar (in a fairly broad sensc) to a computer are the things maintained. For example, assume such

as "car maij ice”, “aircraft mail ; "engine mai ", etc. have been seen by the

system and have been recognized as compounds where the first noun is the thing maintained. If no other
information is available to the system (such as context), it is better to choose the h!caning where computer is
the thing maintained. '
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4.8. Number of Times an Interp ion has been Ei

This heuristic kecps a count of the number of times a particular inteipretation for a compound has been
selected as the best interpretation. An interpretation that has been selected several times should be better
than one selected only a few times.

4.9. Combining the Results of the }

The information gathered by the heuristics can be used in several ways. One is to have each heuristic act
onits own. Ifonly one interpretation is selected by the heuristic, it is chosen as the best one. This clearly does
not allow the constraints that may occur between heuristics to come into play. One simple way to combine
the results of the heuristics is to Miam a-weight with each heuristic according to how much effect it should
have on the final decision of which inter o is best. Some heuristics are likely to have a large weighit and

are l.ilgely to overbear many of the other heuristics. Also, some heuristics (e.g., context) should be sufficient on
their own to rule out some interpretations completely.

‘The scheme, uscd in the current system to combine the results of the heuristics is a combination scheme.
Some of the heuristics are allowed to rule interpretalionS out as impossible based on the current information.
For. example, the heuristics based on context should be allowed to prune interpretations frem the list of
possibilities. If the context does not allow for a particular interpretation, then it should be removed from
consideration. Similarly, the “"cognate” heuristic should be able to prune the list of interpretations in most
cases. The idea is to allow those heuristics that are very accurate in their assessment of interpretations to
remove from consideration any interpretations that reject. This reduces the number of possibilities the less
énr:urate heuristics must consider. )

The other less accurate istics can show a prefe for a particul If all these b

show a preference for one icular i ion, this interpretation is probably better than any of the

others. If no consensus exists, a weighted sum of the results of the heuristics is used to make a determination

of which is the best interpretati The "i of i it heurist.ié the “slot verification™
heuristic, and the "similar compounds” heuristic should be weighted relatively highly compared to the rest of
the heuristics. The heuristics based on context can also provide a pref for a particul:

much in the same was as the others, since context can support one interpretation more than anolher. Note
that this assumes context supports more than one (or no) interpretation from the begirning, otherwisc the one
interpretation selected by tontext is selected. The heuristics based on context are weighted heavier than any
other single heuristic. The "cognate” heuristic is a binary one, since cither there is a cognate or there isn't for
each interpretation. Thus, it only rules out possible i mtcrprctzmons as long as there is at Ieast onc cognate, and
plays no further role.
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5. Interfacing the System to a Parser

Chapter five of the thesis provides a partial solution to the problem of interfacing the ideas presented in the
preceding chapters of the thesis to a parser that currently exists. The result is that a significant amount of
semantic processing must be done to make available the information the current system nceds to process the

heuristics based on context. One thing that must be done before or in conjunction with noun compound
ing is itional phrase t The "slot already-filled heuristic" can use the information

about where prepositional phrases are attached to remove some possxble ions from id

Also, to use the "general topic under di n" and jonal i istics it is necessary for a far

more complete semantic system to. generate the kind of knowledge that is necessary for these heuristics to
work.

’ The system can be interfaced to a parser, although the most effective way to do this is to use the ideas
presented in the thesis rather than the current implementatioa. . This allows for the incremental processing of
the compound which in turn allows the noun compound processing component to help guide the parser make

as the parse is

6. Experiment to Determlne How Weil the System Performs on Real-World
Examples

Chapter six describes an experiment in which over six hundred compounds were collected from various

sources including: articles from the New York Times, articles from The C i ‘_ of the A

“for Computing Machinery, an article from Newsweek, an article from a book containing a collection of
papers, and an article from Scientific American. The algoﬂﬂ-u:n for determining a meaning for a conipound
was lj:and simulated on all these examples. Just over sixty percent of the compounds would be processed
correctly by the system using the techniques described in the thesis. Another thirty percent could probably be
processed by the system with a few modifications to the cun.'ent system or by making some assumptions. The
modifications would involve adding new patterns to the current system and processing elliptical phrases. This
seems to extend the coverage of the system by about six percent. Several assumptions account for the other
twenty -four percent. One assuraption would make some compounds cognates, Le., the compounds have

The other ion involves the existence of some slovs that may be of a questionable
nature. In many cascs these slots should exist.

The ining-ten percent of can not be correctly processed by the current system
and can not be considered as cognates. The main problem secms to be that these ten percent of compounds
require amuch deeper semantic or pragmatic processing than thie current system can perform. There scem to

be several types of reasoning that must be considered to process correctly many of these compounds. In some
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compounds it is necessary to understand that a process is involved betwecn the nouns of the compound. For
example, the compound “diesel particulates” is _bcsl understood by knowing that a “burning” pi‘oces
involving diescl oil can produce particulates. Some of the compounds have a metaphorical meaning that
require a deeper semantic understanding than the current pr'ogram has. The current system has a very strict
view of what relationships can exist between concepts, a more relaxed view is necessary to understand some
compounds. ’

7. Results .

Chapter 7 discusses the results of the thesis in several different areas. It discusses the results produced by
the program and presents several examples of the interpretations formed by the system. A d&cﬁpﬁon of the:
output produced by the program that describes the meaning for a compound stored in the data base is g‘vexi.’:
It also di the i of the various istics described in the chapter on finding the best

interpretations. Some of the heuristics are effective at di:

ing noun ¢ others are
not so effective. For example, the heuristics based on context are extremely effective. The "cognate™ heuristic
is also effective while it can distinguish between two ings of a However, once all the

meanings of a compound have been formed, the “cognate” heuristic is not able to help disambiguate the

d. The "similar L " heuristic is also.fairly effective, though it sometimes produces the
incorrect meaning when the most common one is not the one wanted. 'i’he "occurrence” heuristic is
extremely weak. The "instances of an ihterpretalion" heuristic is also fairly weak, especially since it is hard to
test without biasing the experiment in ts favour.

Finally, this chapter discusses how long it takes the sys.tem.as it is currently implemented to process some of
the compounds. It also gives some estimates of how long it is likely to take on one version of a NETL
machi;e. On the simulated version the amount of CPU time varies widely according to the compound.
Compounds with two words and only one meaning are processed in about one second of CPU time.
Compounds comai-n'mg several nouns take up to about five seconds if only one meaning is found.
Compounds that are ambiguous can take up to thirty seconds of CPU time. Using a count of the number of
cycles used by the simulated NETL machine it is possible to give estimates of how long it wouki take a NETL
machine to process the same compounds. Assuming that. the NETL machine has a cycle time of one milli-

second the ing timing i ion. Comp of two words with one meaning take about
half a second of real time to process. Compounds with several nouns take much longer, up to about twelve
seconds of real time. Ambiguous compounds with two nouns take about one to two seconds to process if no
context is provided. With context they take about a second of real time. Note that the. timings for the NETL
machine should remain fairly stable as the size of the data base increases because they depend on the length

of the longest path between concepts. The time for the simulated version will increase at about the same rate
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as the size of the data basc, since it depends on the number of the nodes in the data base.

8. Conclusions
The last chapter presents scveral conclusions from the rescarch described in the thesis. The answers to the
following questions form the basis for the conclusions from this work:

o How hard is it to extend the program to process new compounds? Since much of the knowledge
used to process compounds is contained in NETL's data base, in most cases it should only be
necessary to add new knowledge to the data base to have the program process new compounds.
No new procedures should have to be written to handle new compounds. It will be necessary to
run the program on any new compounds because the data base is likely to contain érrors.

eIs.a real-world knowledge base required? One of the problems with understanding noun
compounds is to reconstruct infofmation that is omitted when the compound was formed. To
reconstruct this information it is sometimes necessary to perform complex inferences about the
concepts involved. To do this effectively requires a data base containing real-world knowledge.

o What features of NETL are neccssary to process noun compounds? NEl'L provides several
facilities the program to d noun C uses to its " Other g
-representation systems could be used as the underlying representation scheme, but Some searches
would have to be done differently.

© How well does the program model the way people process noun compounds? It probably does not
model the way people process compounds very well in the current implementation. It does things

that people do not seem to.

o Does the program learn from i The "sirnilar p " heuristic, the "Cognate"
‘heuristics, and the "i ofani ion" istics provide a simple but effective means
of learning. Since the meanings of new compounds are added to the data base, these heuristics
usetlus ion to help di

. How well does the program deal with ambiguity? The program seems to be ablé to cope with some
. forms of ambiguity that any natural language system must cope with.

@ How hard would it be to interface the program to a parser? Interfacing the program as it currently
stands to a parser is probably the wrong way to proceed. As mentioned earlier, it should be
possible to use the ideas presented in this thesis to help a parser disambiguate noun compounds.

Finally, there are several directions in which future rescarch can be carried out. One is to increase the size
of the data base to several hundred words from about two hundred as it currently stands. This would test how
easy it is to extend the system by only adding new knowledge. This is hard to do with the current
implementation sincc the address space of a PDP20 is too small to increase the size of the data base by more
than about one hundred words. Another dircction for future rescarch is to try to-use the ideas presented in
the thesis to process other kinds of phrases. It may be possible to use similar techniques to process other types
of phrascs, especially prepositional phrases and verb phrases. Another possible direction for rescarch is to use
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a more flexible method of r;suicting the values of the slots of a concept. Currently, there are three
possibilitics for a concept trying to fill a slot: it can not fill a slot because of a split statement, it can fill the slot
butis not the expected value, or it is the expected value for the slot. This can be extended by having slots
restrictions having more possibilities, such as: a default value for the slot, a strong preference for a value of a
slot, or must satisfy the restriction on the slot. This should allow the system to distinguish between some
ambiguous compounds better. Finally, the current sysr.ém has two phases. The second consists of a set of
heuristics that are supposed to select the best meaning for a compound. It should be possible to move some
or all of these heuristics back into the first phase. This has the advantage that more constraint can be placed
on the ion of the pt{ssible ndid .
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Chapter 1
Introduction

1.1. Understanding Noun Compounds

Noun dsarca that occur freq; ly in real-world text. This thesis explores
the problem of how a can unds d noun ds and ibes a program that can -
d d many noun L It is necessary to approach the problem using semantic and

real-world knowledge, since syntactic information provides little help in deciding the correct syntactic
structure, let alone the mcaning of a noun compounds. The following sub-sections describe the

problem of determining the meaning of a noun compound more fully.

1.1.1. What is a Noun Compound?

A noun compound is a sequence of two or more nouns (¢.g., "computer science”, “car assembly

plant’

‘glass winc glass", "water meter cover adjustment screw”, etc.) in which the head noun or last
noun in the sequence is usually modified by the other nouns in some manner. Noun compounds are
used frequently by people to describe things. To successfully communicate, a person must have a
model of the subject being discussed similar to that of the person with whom he is communicating.
When a person uses a noun c{)mpuund, he is usually using a shorthand notation to save time in
communication. "The reader must reconstruct the information deleted by the writer, if the reader is to

correctly comprehend the phrase.

“T'he problem addressed here is how to produce onc intery ion from such a s of nouns.

Or, in other words. what is the knowledge necessary to reconstruet the information deleted when the

P d d:

compound was formed.  Syntactic k is not ficient to d most

Rather, it is necessary to access semantic knowledge. “I'he semantic knowledge needed to understand

acompound depends on the under consi jon. An intery ion for some

can be produced just using the meanings of the nouns, without any further knowledge. For example,
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the most likely meaning of the compound "dog owner” can be found using the dcfinitions of the
words "dog" and "owner". However, other compounds require more knowledge to successfully
produce an interpretation. For example, the compound “bee sting”, has at least two meanings (i.c., a
wound caused by a bee, and the part of a bee that can cause such a wound), both of which are

inter jons. The method to distinguish between them relies on contextual information
that normally surrounds the compound.

1.1.2. Sample Output

This sub-section presents a few brief examples of the meanings created by the system. (the end of
chapter 3 gives more details on the creation of meanings for compounds). The first example is fairly
simple: ! '

(meaning '(dog owner) nil)
There is 1 compound after finding all possibilities.

Creating compound: DOG OWNER
DOG OWNER[&D0G OWNER-A] is an OWNER[&OWNER].
OWNER1OWNS: DOG[&DO0G]

‘The first linc of the example invokes the program with the compound "dog owner”. The second line
specifics that the systein found only one possible interpretation for the compound. The third line
specifies that the system is about to create a meaning for the compound in its data base. The fourth
line specifics the word sequence followed by the hame of the concept that represents the meaning of -
the compound "dog owner™ in square brackets and then specifics its ancestor after the phrase "is an".
In this case it uses the word scquence "owner” followed by the name of the concept representing the
meaning of “owner” as a something that can own things (i.c., &owner). The last line indicates the

relationship that exists between the two nouns. In this case, a "dog” is owned by an “owner".

‘T'he next example is the compound "water meter cover adj screw™. “I'his dis

quite long, but the system is able 1o create the only meaning of the d. Thisis duc
1w the fact that the compound itself provides sufficient constraint on how the meaning of the
compound can be constructed. Note that the meaning “water meter cover” is used as the filler for
one of the slots in the ternary relation based on "adjustment”, “The system is able to use two different

patterns to form the meaning of a compound without any problem.
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(meaning ' (water meter cover adjustment screw) nil)
There is 1 compound after finding all possibilities.

Creating compound: WATER METER COVER ADJUSTMENT SCREW
WATER METER[BWATER METER-A] is a METER[ZMETER].
METERIMEASURES: WATER[ZWATER]
WATER METER COVER[BWATER METER COVER-A] 1s a COVER[&COVER].
COVERICOVERS: WATER METER[BWATER METER-A]
WATER METER COVER ADJUSTMENT SCREW
[&WATER METER COVER ADJUSTMENT SCREW-A]
is a SCREW[&SCREW].
BADIUST-1
ADJUST 1 TOOL-OF -8ADJUST-1: SCREW[&SCREW]
ADJUST 1 ADJUSTEE-OF -8ADJUST-1:
WATER METER COVER[BWATER METER COVER-A]

‘The next example shows what happens when an ambiguous compound is presented to the system.

The compound "coal bill" has two meanings. One as z bill of law regarding some aspect of coal, and

the other as a bill p to who d coal. The system finds both meanings for
this compound and creates both in the data base, as shown below:

(meaning '(coal bill) nil)

There are 2 compounds after finding all possibilities.

Creating compound: COAL BILL -
COAL BILL[&COAL BILL-A] is a BILL[&BILL-B].
BILL-BIBILL-FOR: COAL[&COAL]

Creating compound: COAL BILL
COAL BILL[&COAL BILL-B] 1s a BILL[BILL-A].
BILL-AIABOUT: COAL[&COAL]

To distinguish between these two meanings it is necessary to provide context to the systém. Since this
is not a full language understanding system, it is not possible to use directly a sentence or phrase to
provide the context. Rather, it is necessary to present the equivalent information to the system. ‘This
is donc by presenting the program with a list representing the part of a sentence that provides the

context. For example, the ing two s s provide ient context to allow the system to

disambiguate the compound “coal bill".
1. Congress voted on the coal bill.
2.'I'he farmer paid the coal bill.

When the program is presented with the context these two sentences provide, it produces the
following results.
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(meaning '(coal bi11) '(((&vote-a () (vote-alvoter &Congress)))))
There are 2 compounds after finding all possibilities.

Creating compound: COAL BILL
Using cognate: &COAL BILL-B -
COAL BILL[&COAL BILL-B] is a BILL[&BILL-A].
BILL-AIABOUT: COAL[&COAL]

(meaning '(coal bi11) '(((&pay-a () (pay-alpayer &farmer)))))
There are 2 compounds after finding all possibilities.

Creating compound: COAL BILL
Using cognate: &COAL BILL-A
COAL BILL[RCOAL BILL-A] is a BILL[&BILL-B].
BILL-BIBILL~-FOR: COAL[&COAL]

In the first cxample, the context equivalent to sentence (1) above is presented to the system by the list
(&vote-a () (vote-alvoter &Congress)) which specifies that the compound occurred in the context of a
vote action where Congress does the voting. The system finds that a "coal bill" as a bill of law can be
voted on. The other meaning is not supportable by this context, and thus the system sclects the
meaning "a bill of law about coal”. Similarly, context equivalent to sentence (2) above can be

provided to the system, and it sclects the other meaning.

These three examples show some of the capabilities of the system. It can disambiguate other
compounds that require other kinds of knowledge.

1.1.3. Examples of Problems

There are several problems that arise when an attempt is made to understand a noun compound.
Mecanings for many compounds can be determined from a relationship between the nouns in the
compound. However, there are some compounds whose meaning is not determined by such a
relationship. Rather, their meaning is associated with the sequence of words in the compound. For
example, consider the compound “noun phrasc”. Most people would recognize this compound as a
phrase that contains nouns as well as other parts of specch because it has a well defined meaning in
linguistics. 1t does not mean a phrase that consists of just nouns which is the meaning the program

would find for it. Most pcople would probably find the same meaning if they did not know the

linguistic meaning for the Any system to d noun must deal with

ones having a meaning distinct from the meaning provided by an underlying relationship between
the nouns. Such a compound must be stored in the system’s data base so that if the correct sequence

of nouns appears, the built-in meaning becomes a possible interpretation. This does not mean that a
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built-in meaning is instantly used as the best one, only that it is a very good candidate. For example,
in some contexts the built-in méaning for "noun phrasc" could be the wrong meaning (e.g., if the
person speaking the phrase did not know the linguistic meaning). In such a case, the built-in
meaning should not be used, and another meaning should be considered. Other examples of such
idiomatic compouﬁds include: “chain gang" and "crown prince”.

Another problem a theory to understand noun compounds must deal with is multiple meanings of
words. This is a problem that any natural language system must cope with, but is no less important
here. Some words in a compound can be disambiguated from the context provided by the compound
itsclf. For example, consider the compound “glass wine glass”. The word "glass™ has at lcast the two
meanings:

1. A container from which péoplc drink certain liquids.

2. An amorphous materizl (silicon dioxide) from which certain things are made (e.g., a glass
as above).

In the compound "glass wine glass”, the first "glass” has mcaning (2), and the second meaning (1).
‘This can be cstablished fairly casily, since the first "glass” has no underlying relationship with "wine"
that makes sense given the order of the words. The second "glass" fits best if meaning (1) is uscd,
since wine is a liquid that people drink. Then the first "glass” fits nicely by being the material from
which the second "glass" is made. In this example, the multiple meanings of the word “glass” do not
cause any difficulty becausc the compound itself provides sufficient structure to determine the
correct meaning of "glass".

In the cxample above, the d contains i ints to d inc which meaning

of "glass" was meant. There are compounds for which this is not the case. For cxample, consider the
compound "coal bill" that was used as an example carlicr. ‘I'his compound has at least two meanings.
‘The compound "coal hill" does not by itself contain sufficient information to decide which of the
meanings is the correct one. 'To make this decision, it is necessary to provide more context than that
provided by the.compound itscif. 'I'he context necessary to disambiguate the compound must come
from the surrounding phrases. In this case, context can be provided by a template for a verb with
somie of'its slots filled. ‘The system must determine from his context the only reasonable meaning for

the compound “coal bill”.

Another problem is that more than one relation can be used to form a meaning for a compound.

‘This is jikely to happen fairly often as any good sized data base of knowledge will have several
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relationships between some nouns. This means any system to understand noun compounds must
select the relation producing the best meaning. For example, consider the compound "computer
evaluation”. Assume the concept "evaluation” has two slots: one for the thing doing the evaluation,
and the other for the thing evaluated. There are other slots available (e.g., the time when the
evaluation took place and the location where it occurred) to use as the basis for an interpretation, but
these will be ignored in this discussion for simplicity. Since in some contexts a computer can be the -
thing doing the cvaluation (c.g., computer cvaluation of an election), and in others it is the thing

cvaluated, both slots lead to a meaning for the ¢ d " iation”. N Ily, a

compound of the form “x evaluation” has the meaning where x is the thing evaluated (c.g. “car

'sterco evaluation”, etc.). Assume the data basc contains several compounds of the form

"x evaluation", where x is the thing cvaluated, and a few (if any) where x is the thing doing the

evaluation. One source of infc ion to decide which relationship is the best one to use in forming
a meaning, is to look for compounds that are similar to "computer cvaluation” and use a similar -
structure for this compound. This is likely to'lead to selecting computer as the thing evaluated, rather
than the thing that is doing the cvaluation.

Of course, this cannot always happén. otherwise in the context of “computer evalﬁalion of an
clection”, the wrong inlcrprctation for “computer cvalua'tion" will be chosen. It is nccessary to
provide context to enable the system to produce the correct interpretation. The best way to provide
this context is to specify that one of the possible i ips between " ** and " ion”

is already used. In this case, the relationship that specifies the thing evaluated is filled with

“clection”. This Ieaves only one possible i ip between " ** and "cvaluation”, i.c., the

thing doing the cvaluation. Chapter 5 on how to interface the system to a parser addresses how this
information can be obtained in more detail.

So far. the ambiguities pointed out above are not caused by lack of knowledge, but by the inherent

ambiguity local Lo noun compounds. Another problem arises because the data base may not contain

all the nee, v information to obtain only those relationships that should exist between nouns. For

example, consider the compound "blood cvaluation”. If the data base docs not contain the
information that “"blood” cannot be something that can perform an “evaluation™, two possible

relationships will be found (i.c., where "blood” is the object being evaluated and the spurious onc).

People understand this because they "know™ that "blood” can not perform an "evaluation™; if the
computer doesn't, it must .cunsidcr such an interpretation. It is unreasonable to expect the methods
described above to obtain the correct interpretation, since they deal with ambiguity inherent in
natural language, not ambiguity created by the data base. Onc method to cope with lhis. problem
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satisfactorily is to check the relationships to make sure they are the ones expected. In the “blood
evaluation" example, this means checking if "blood" is expected to be the thing doing the evaluation,
or the object evaluated. In this case, it is expected to be the object evaluated, and thus this
interpretation is more likely to be correct. This check can also help disambiguate a word having
mulﬁﬁlc meanings.

Any system to produce the one best interpretation for a compound must address the problems
presented above. One of the goals of the thesis is to determine the knowledge necessary to solve
these problems in such a way that one interpretation can be produced.

1.1.4. Why Study Noun Compounds?

There are several reasons why the study of noun compounds is interesting. A major reason is if a

is ever to d natural I in domains other than so called "toy" ones, it will

have to understand noun compounds. People often use noun compounds to describe things, and a
computer must be able to determine what is being described.

A further reason is the problem of noun a large number
of problems occurring’in natural language understanding. Natural language understanding systems
must disambiguate phrases they come across. Many words have multiple meanings and a natural
language understanding systeri must determine which meaning the writer meant. Also, some words
have more than onc part of speech. Determining which part of speech a word is may help
disambiguatc a phrase. Similar problems arise with noun compounds, since some of the words in a

compound may have multiple i To und d these ds, a decision must be made

to determine the best meaning, Most compounds are formed originally because some relationship
exists between the nouns in the compound. When a system tries to find an interpretation of
compounds, by looking for possible relationships between nouns, several relations may be found.
“The system must disambiguate compounds based on the relations found, as well as on the meanings
of the words involved.

Another reason is 1o explore what kinds of knowledge are necessary o understand noun
compounds. Several heuristics are proposed in this thesis to help make the decision of which is the
best interpretation. The heuristics to disambiguate noun compounds may not all be relevant to

disambiguating other types of phrascs, but’they may give some insight into the kinds of knowledge

necessary to disambi other phrascs o ing in natural language.
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12 Introduction

Many of the techniques developed in the thesis could possibly be used to process other 'typcs of
phrases. For example, the problem of prepositional attachment might be able to be processed to
some cxtent using similar techniques. Any problem that involves deriving semantic relationships

between concepts should be able to be app. using similar

1.2. Related Work

Both linguists and AT researchers have studied noun compounds. There is a fair amount of
information in the literature about how linguists have approached the problem. However, for

computational models, there arc only a handful of efforts dircctly related to noun compounds.

1.2.1. Work by Linguists

Linguists first became interested in noun compounds in the middle part of this century with the

work by J [esp 46]. Noun ds are a linguistic phenomenon for which linguists
want to develop theories to explain how they are formed. Linguists have traditionally been more
interested in the generation of noun compounds than in how people understand them. Thus, their

work tends to look at noun compounds from a different perspective than an artificial intelligence

ping a modecl to d natural language.

Most of the linguists’ who have studied this problem have attembtcd to come up with a sct of
relationships between nouns to describe how noun compounds are formed. This approach tends to
cover a large number of possibic compounds. However, there will always be a few compounds that
do not behave according to the expected set of relationships and cause exceptions to these general
rules. Fxamples of this approach are the theories developed by Jespersen [Jespersen 46), Hatcher
[Hatcher 65], and Marchand [Marchand 69]. Another approach that linguists have used is to create a
grammar that transforms an underlying phrase or sentence into a noun compound. ‘I'he work by
1.cesfi.ces 60, Lees 70) is an example of this approach.  As part of the grammar, 1.ces also developed
a categorization scheme that many noun compounds fall into. An example of a categorization
scheme is the one developed by I.ees based on his grammar to nominalize sentences:

1. Subject-Predicate: “I'he subject and the predicate adjective of the underlying sentence are
used to form a compound (e.g., girl fricnd, fighter planc).

2. Subject-Middle Object: ‘The subject and a posscssive genitive construct in the underlying
sentence are used to form the compound (e.g., doctor’s office, arrowhead, rattle snake).
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3. Suhjccl-\'crb:: The subject and the main verb of the underlying sentence are used to form
the pound (e.g., payload, ion growth, farm production).

4. Subject-Object: The subject and the object of the underlying sentence are used to form
the compound (e.g., steamboat, car thief, water spot, automobile plant).

5. Verb-Object: The main verb and the object of the underlying sentence are used to form
the compound (e.g., setscrew, pickpocket, cost reduction, book review).

6. Subject-Prepositional Object: The subject and a case.of the main verb introduced by a
preposition in the underlying sentence are used to form the compound (c.g., gun powder,
garden party, egg plant, cell block).

7. Verb-Prepositional Object: Similar to Subjéct—Prcpusitional Object, except the main verb
of the underlying sentence is used (c.g. grind stone, recovery time, boat ride, slecp
walker). .

8. Object-Prepositional Object: Similar to Subject-Prepositional Object, except the Object
of the underlying sentence is.uscd (e.g., bull ring, station wagon, wood alcohol, block
housc).

The other categorization schemes are similar in nature though they differ in particulars.

One of the'latest approaches taken is by Downing [Downi}lg 77] in which she does not rely on a

) noun ds. Rather, she

fixed set of relationships as the basis for ing (or
claims there is no fixed st of relationships and that some relationships depend on the intended
meaning of the compound. Sometimes, the relation must be determined by the appropriate context.
She also scts forth a set of relationships, similar to those of other linguists before her, that seem to
capture a large number of compounds, but states that they can not capturc all. the possible
relationships that occur. Downing has no proposals for dealing with relations that arc not on a fixed

list, she just notes that they occur.

Linguists have developed several schemes for showing how noun compounds are formed. In
general, they do not address the problem of how'to understand a noun compound. ‘That is, given
only the compound, they provide no procedure to determine the category to which a compound
belongs. ‘There are ofien many inferences necessary to understand a compound for which the
generative models developed by linguists provide no help. ‘The basic p‘ml)lun is the categorization
schemes seem (o need the meaning of a compound before they can be used effectively. Once a
meaning for a compound has been determined, it should be fairly casy to classify the compound

according to any of the various categorization schemes.
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1.2.2. Work by Artificial Intelligence Researchers

Artificial Intelligence

thosei in natural language understanding,
have also performed work in the area of noun ds. Some of the hers have followed

the most prevalent linguistic approach, i.c., they have used a fixed set of relationships between nouns
to either generate compounds from phrases, or to produce interpretations for a compound. Most of
these efforts have restricted themselves to ining only two nouns, rather than the

more general problem of compounds with an arbitrary number of nouns.

An example of the generation of noun-compounds from phrases is the work by Rhyne [Rhyne 76].
In his thesis, Rhyne describes a program that takes a relative clause such as “a thief who steals cars”,
and produces a noun compound from it (i.c., “car thicf’). Rhync used a number of classes for
compounds, each class has specific surface level cases [Filmore 68, Simmons 73] that could be B
associated with any verb for which that casc is permissible. The class that a phrase fits into is used to
determine the form of the compound generated. The input to the program is a relative clause already
having the correct cases assigned to t};c nouns involved. This work does not casily cxtend to
understanding noun compounds. Althmigh Rhyne mentions the possibility that the rules can be used
in reverse with some sort of inference scheme, it is not immediatcly clear that this is as casy as Rhyne
makes it sound. When a compound is formed, a large amount of information may be deleted that
may be very difficult to reconstruct. The burden in reconstructing this knowledge is placed fully on
the inference system. '

An example of understanding compounds from a fixed set of relationships is the work done by
of Schank
[Schank 73] as the basic meaning representation for the words in her dictionary and the compounds

Russell [Russcll 75). In her thesis, Russell uses the

she forms. ‘The

of nouns are with feature i fon used by a st of rules to
decide what relationship must exist between two nouns to form a particular meaning for a compound.
‘I'he problem with this system is that some of the best ranked meanings would not be ranked best by a
person.  For example, consider the two compounds “"garage sale” and "house sale". Most people
would expect "garage sale” to mean a sale that takes place in a garage, whereas "house sale™ is the
sale of a house. Russell’s system would take the sale of a house or garage as the best meaning for
both. since both have the same semantic features. A system (o understand noun compounds must be
able to cope with idiosyncratic knowledge of this nature. Also, the rules used by her system have
been designed to work with only a subsct of nouns. To handle the nouns ignored, new semantic

features may be necessary. As new semantic features are added to the system, the rules that form
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meanings of compounds must be changed to account for the new features. New rulcs may also have
to be added. Also, Russell makes no claim about the need for a lexicon of exceptions, even though
there is clear evidence that such a lexicon is necessary.

The latest workin the arca of noun compounds by an artificial intelligence researcher is the thesis
by Finin [Finin 80]. Rather, than rély on a fixed set of relationships that can exist between two
nouns, Finin uses a data base of real world knowledge. The relationships used to form
interpretations for a compound are derived from the relationships that exist in the data base. Thus,
Finin is not locked into a fixed set of rélationships which must be augmented if a compound is
encountered that does not fit the normal sct of relationships. Rather, new relationships may be
added freely by adding new information to the data base. The main arca where his work differs from

mine is the method for selecting the best interpretation for a compound.

Finin sclects the best interpretation for a compound by using scoring functions based on how well
concepts fill slots. There are several scoring functions that can be associated with a slot. Each scoring
function computes a value according to how well it believes a concept fills a slot. These values are
added together to obtain the final value for a concept filling a slat. The interpretation with the best
fit for concepts filling slots is sclected as the meaning for the compound. This is a fairly casy and
simplc way to select the interpretation that a person is likely to think of first given no context for a
compound. However, in some contexts Finin's system will select the wrong meaning or will have two
cqually good meanings. ’ :

The current system attempts to get around this problem by bringing more knowledge to bear.
Some of the heuristics used in the current system have a similar purpose to Finin's scoring functions.
However, there are several other heuristics that go beyond these scoring functions. In particular, the
heuristics based on context are very ceffective in selecting the correct meaning for a compound when
there are scveral likely candidates.  Also, some of the heuristics such as the “instances of an
interpretation” heuristic and the "similar compounds” heuristic attempt to use general, non-linguistic
knowledge that people might have. "These heuristics are not directly related to how well a value fills a
slot. ‘Thus, the current system attempts to use more knowledge to solve the problem of

understanding noun compounds than FFinin's system does.
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1.3. Analyzing a Noun Compound

A system to understand compounds using real world knowledge must have several components.
Figure 1-1 shows the various components in the system as well as the ﬂow of information. The
following components exist in the current program:

© A knowledge representation system that is capable of storing a large range of information, -
including definitions of words, other static knowledge about concepts, and dynamic

knowledge such as contextual information and script or frame-like information [Minsky
75, Schank 75).

o A method for finding the possible imcrpreté[ibns for a compound. It must be able to
interface flexibly to the knowledge representation system, so that the information stored
there can be accessed when necessary.

® A mechanism for deciding which interpretation is the best one if more than one
interpretation is possible.
The double arrows show information that is input to the system. In particular, the scquence of nouns
to be understood is one input, and the context (if any) in which the compound occurred is another.
The solid single arrows shows the direction that information dbout a particular compound flows. The
dashed arrows show tiic direction that information flows with regard !‘u the data base. The following
sub-sections describe the above components in more detail.

1.3.1. The Representational System

The organization of the current system is based on a data base containing the meanings of all the
concepts necessary to understand noun compounds. The program uscs the semantic network
representation system, NETL, developed by Fahlman {Fahiman 79] as the underlying knowledge
representation syslcﬁ. Chapter 2 gives a more detailed description of the fetures in NETI. that are

used to understand noun compound in the current system. NETL can store definitions of words, as

well as other real world knowledge necessary to und; d noun is. 'The k ledge stored
within NET'L is casily accessed, and scarches can be performed to find the information pertinent to
what the system is currently doing. NETL. is designed to run on a parallel ;m.-h'ilcplinrc so that certain
types of searches can be executed very gquickly. This ability w do parallel scarching is used o great
advantage by the system (o understand noun compounds. The current implementation uses a NEETL

simulator that runs under MacLisp on a PDP 10 or 20, since no NET'L. machine currently exists.

Information in NETL. is stored as a hicrarchy of concepts. Many of the concepts have words
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Noun Compound
Knowledge Generate List
Representation —_—— - > of Possible
System | Interpretations
(NETL)
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[ > Heuristics
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Final Interpretations
Figure 1-1: The components and information flow for the program.

associated with them, but not necessarily all. Concepts can inherit information from other concepts
higher in the hicrarchy. They cannot inherit information from concepts lower in the hierarchy. A
very important idea in NETL, e;nd one which is heavily used in the program, is the split sct. A split
set is a set of concepts in NETI., each of which is distinct from the other. For example, a split set is
formed between the two concepts "living things” and "non-living things”. ‘That is, no entity can be a
"living thing" and a "non-living thing" at the same time. 'This allows the system to distinguish
between a "living thing" and a "non-living thing” casily.

As well as having some concepts as members of split sets, any concept in NETL. may have what are
called roles or slots. Roles allow specific information about a concept to be associated with the
concept. Ior example, the NETL node representing the concept “elephant” has many slots, one of

which is a slot representing an clephant's'trunk. A concept and its slots can be thought of as a frame
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18 Introduction
in the Minsky sense [Minsky 75]. Thus, all the information about a concept is accessible from one

node in the network.

1.3.2. Finding Possible Interpretations

The basic approach taken to find the meaning of a noun compound is generate and test. The
system is currently split into two phascs. The first phase generates a list of possible interpretations
and the second phase tries to find the best interpretation for the pound from the ones

‘This sub-scction gives a brief description of how the possible interpretations for a compound are
found. Chapter 3 gives complete details of how the current system finds possible interpretations for a

compound. The next sub-scction briefly d how the best interp ion is sclected.

Once definitions of some nouns and other information is placed into the network, a mechanism
must be provided to produce an interpretation for a compound. The basic assumption of the system
is an interpretation for a two noun compound can be produced by filling a slot in the head noun by
the modifying noun. For example, assume the definition of “exploration” has a slot specifying the

thing cxplored for as a mincral, among others. The d "gold ion" is interp! by

filling the “thing explored for" slot of “exploration” with the concept representing "gold”. Thus, the
first step to finding interpretations for a compound of the me "Nj N,", where N, and N, are
nouns, is to find all the slots of N2 that can be filled by Nr For compounds containing only two
nouns, this strategy seems to work well. However, when there are compounds containing more than

two nouns, there are more patterns than just the simple one above.

Some compounds with more than two nouns have the form [ |IN‘ NZI N3] . N"]. That is, they
are formed in a left to right fashion and can be processed casily left to right. The noun group

immediately to the left of a noun fills a slot in the noun. Some of this type of

are: “coal mine supervisor”, “blood donor recruiter”, and "sugar cane plantation owner™.

Some compound with more than two nouns have the form lN] [N2 [NJ Nn]“' ‘That is, they are

formed in a right to left fashion. An example of such a compound is "glass wine gla:

Some compounds contain nominalized verbs.in the middie of the compound. A nominalized verb
is a noun that is derived from a verb (c.g., the nominalized verb “evaluation” describes a "to

evaluate” act). ‘These compounds form ternary relations with two slots of the nominalized verb filled

by the ding nouns (or sub- possibly). Some cxamples of such compounds are:
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“car assembly plant”, "food distribution centre”, "watch repair person”, and "water meter cover
adjustment screw”. In the last example, the meaning for "water meter cover” is created in a left to

right parse as described above.

Some compounds contain a nominalized verb at the end of the compound. These compounds also
form ternary relations with the two previous nouns. filling slots in the nominalized verb. Some
examples of such compounds are: “student course cvaluation”, “government price support”,
"executive stock purchase”, and"'city garbage collection”. .

Another class of compounds occurs sometimes when a noun is used very much like an adjective.
These nouns seem to be distinguished by overriding a default assumption about the noun it modifies.
‘The noun "boy" in the compound "boy king" is an example. "Boy" does not fit well into any slot of
"king" and thus no meaning would normally be found. However, "boy" is overriding the default
assumption that-a "king" is an adult. That is, "boy" is behaving very much like an adjective. The
nouns that have this property have been named pseudo-adjectives. It is necessary to perform special
searches to find if a default assumption is being overruled. Note that the method used to understand
these kinds of compounds requires the data base to contain these default assumptions. Two other

cexamples of stich compounds are: "woman coal miner” and “toy gun”.

The above patterns scem to cover a large proportion of noun compounds. As shown in chapter 6,
some compounds encountered in English do not follow any of these patterns. However, the current
system can be extended without'too much difficulty to cover the patterns not covered above. In the
original design of the system, fewer cxamples were examined than in chapter 6 and thus some of the
patterns found there were missed since these new patterns occur fairly infrequently. There may still

be other patterns that are missing. As can be scen from some of the examples, the classes of

compounds described above are not disjoint. It is quite possible for a compound to be interpreted

using two or more of the patterns,

With several ditferent patterns, the possibility of multiple meanings for words, and the possibility

of more than onc relfationship as the t for the meaning of a compound, there is a good chance that

there will be more than one possible meaning after all the possible interpretations have been found.

At this point, a decision must be made as to which of the interpretations is the best one for the
compound with the information available. ‘I'his leads into the major part of thesis, i.c., the heuristics

and knowledge necessary to make this decision.
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1.3.3. Deciding on Which Interpretation is Best

The decision of which is the best interpretation for a compound is made by several heuristics.
These heuristics attempt to use the kinds of knowledge people seem to use to make a sii-nilar decision.
Some of the khowledge necessary to make this decision comes from information stored in the data
base, i.e., information that has been stored in long term memory. Other information comes from the
context in which the compound occurred. Note that many of the functions of these heuristics will be

by the isms in a natural language system. A list of the heuristics that are
used to find the best interpretation follows. .
@ Heuristics based on Context: uscs the context in which a compound occurs to

disambiguate it. Context comes from the sentence in which the compound occurred as
well as from the topic under discussion.

e Cognate Heuristic: Sclects the i ion for a d that aiready has a mecaning
stored in the dam base. There are three ways for a cognate to occur. The first is because
it has an idiomatic or " i meaning associ; with a particular sequence

of nouns. Another is there could-be an interpretation stored in the data base without
being associated with any sequence of nouns. The last is an intcrpretation stored in the
data basc by the program to represent the meaning of a previously seen compound.

e Embedded Cognate Heuristic: Selects the interpretation with the most embedded
cognates. This heuristic i only cffective for compounds containing more than two nouns.

o Instances of an Interpretation Heuristic: Sclects the interpretation that has the most
instances stored in the data base.

o Embedded of an ion Heuristic: Selects the interpretations with the
most sub-compounds that have instances stored in the data basc. This heuristic is only
cffective for compounds containing more than two nouns.

o Slot Verification Heuristic: Selects the interpretation whose filler of a slot is one of the
concepts that best fills the slot.

o Similar Compound Heuristic:  Selects the interpretation  with the most similar
interpretation stored in the network.

® Occurrence Heuristic: Selects the interpretation that has been seen most often during onc
session.

A somewhat more detailed description of the above heuristics follows. Chapter 4 contains a complete

description of all the heuristics used to di i anoun d
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1.3.3.1. Context

‘The heuristics based on context use the context in which the compound occurred to determine the
best interpretation from several possibilities. There are two ways that context can be helpful. The
first, and the way -that applics to other areas of natural language, is to disambiguate a word having
multiple meanings. For heuristics based on context to be used, a system to understand noun
compounds must be provided with extra information specifying the context in which the compound
occurred. The "sclectional restrictions™ heuristic attempts to use the role that the compound plays in
a sentence to disambiguate the meaning of the compound. For example, the word “"club” in the
compound “golf club” has at least two meanings that arc relevant to understanding the meaning of
the compound (i.e., a club as used in games, and as an organization that has a sp.cciﬁc purpose). The
meaning of the compound "golf club” can be determined in many cases by embedding the
compound in a sentence. For example, the two sentences below provide sufficient context to allow a

person to disambiguate the compound correctly.
1. The golf club hit the ball.

2. The golf club fired its manager.

The context from sentence (1) is presented to the system by providing a structure where "hit" is a
verb with its slot for the object being hit filled with a particular ball. This will leave scveral slots
available in this instance of a "hit" action that may be filled by "golf club". However, the meaning of
“golf club” as a piece of equipment for playing golf can only fit into the slot for the thing used to do
the hitting. The organization meaning of "golf club” cannot fill any of the slots of hit given the
syntactic constraints of the sentence. Likewise, sentence (2) can provide context to get the

organization meaning of "golf club”.

“The other way context becomes important is when there is more than onc relationship that can
Iead to an interpretation for a compound. The “slot alrcady filled” heuristic attempts to reduce the

number of possible relationships by using the context surrounding a compound.  For example, the

" has two i ips that are One is where

“computer” is the thing performing the maintenance, the other is where “computer” is the thing
maintained. The expected interpretation is probably where "computer” is the thing maintained.
However, consider the phrase "computer maintenance of a data base™. In this case the relationship
for the thing maintained should be taken up with "a data basc”. "Thus, the only relationship that can
exist is for "computer” to be the thing doing the maintenance. ‘T'he only way this knowledge can be
used is to provide external context with a structure specifying one or more relationships filled by

somec concept.
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1.3.3.2. Cognates : .

Cognates are compounds that the system already knows about for some reason. There are built-in
compounds (e.g., “chain gang” and "crown prince"), that have an idiomatic or “conventionalized"
meaning. There may be compounds stored in the data base without a sequence of nouns associated
with them. There may also be compounds recognized by thé system and stored in its memory for
later use. If the system encounters a compound having more than one interpretation, and only one of )
these interpretations has been seen befote, then it is the most likely interpretation for the compound

if no other contradictory information is available.

3.3. Embedded Cognates

Another time cognates arc useful is when there is acompound with more than two nouns. Some of

the sub- pounds within an interpretation for the d can have cognates. If there is one .
compound with several internal cognates, it is likely to be a better interpretation than one having
none or only a few. There is likely to be zero or onc in most compounds, unless the compound is

very long.
1.3.3.4. Instances of an Interpretation

Rather than having a concept that represents the compound, there may be an instance of the
compound stored in memory. For example, assume the compound "coal truck” has two possible
relationships that can be used to form a meaning. One is a truck that transports coal, and the other is

atruck that is made of coal. Also, assume there is an instance (or maybe several) in memory where a

truck was seen transporting coal. It is more likely that the i ion where a truck coal
is the correct one, rather than the one where a truck is made of coal. This heuristic depends on what

knowledge is stored in memory.

1.3.35. Fmbedded | ofan i

‘The “embedded i of an interpretation” heuristic selects the interpretation whose sub-

compounds have the most instances. “This heuristic is a generalization of the “instances of an
interpretation™ heuristic and is based on the same premise. ‘This heuristic is only effective when a

compound contains more than (wo nouns.
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1.3.3.6. Verifying Slots

The method used to find possible interpretations for a compound allows slots to be found which
may not be the best (Chapter'S gives the details of this method). It does not allow slots to be found
for which an interpretation is clearly wrong, unless there is a major crror in the knowledge used.
Verifying the slot underlying a compound means the system makes sure the concept meant to fill a
slot is in the set of concepts expected to fill the slot. An interpretation in which this is true should be
better than one where the concept is not expected to fill the slot.

1.3.3.7. Similar Compounds

The similar compounds heuristic is based on the assumption that if there are compounds similar to

a particular interp ion under i ion, such an intere ion is better than onc that does not
have this property. An interpretation of a compound is similar to another if the concepts
representing the meaning of the head nouns of the two compounds are similar, the concepts filling
the slots are similar, and the slots are similar. Two concepts are similar if they exist in the same type
hicrarchy in NETL. Two slots are similar if they have a common parent which will often be the

defining occurrence of the slot.

For example, assume the

" has been i using the two

possible i ips between " " and “mai; " (i.c., where “computer” does the
maintenance, and where it is the thing maintained). There are likely to be several other compounds
where things that are similar (in a fairly broad sense) to a computer arc the things maintained. For

example, assume such ds as "“car ", "aircraft "

, "engine
maintenance”, etc. have been seen by the system and have been recognized as compounds where the
first noun is the thing maintained. 1f no other information is available to the system (such as context),

it is better to choose the meaning where computer is the thing maintained.

1.3.3.8. Number of ‘Times an Interpretation has been Encountered

“T'his heuristic keeps a count of the number of times a particular interpretation for a compound has
been selected as the best interpretation. An interpretation that has been selected several times should

be better than one selected only a few times.
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1.3.3.9. Combining the Results of the Heuristics

The information gathered by the heuristics can be used in several ways. One is to have each
heuristic act on its own. If only one interpretation is selected by the heuristic, it is chosen as the best
one. This clearly docs not-allow the constraints that may occur between heuristics to come into play.
One simple way to combine the resuits of the heuristics is to associate a weight with each heuristic
according to how much effect it should have on the final decision of which interpretation is best.
Some heuristics are likely to have a large weight and are likcly to overbear many of the other
heuristics. Also, some heuristics (c.g., context) should be sufficient on their own to rule out some

interpretations completely.

“The scheme used in the current system to combine the results of the heuristics is a mixed one.
Some of the heuristics are allowed to rule interpretations out completely based on the current
information. For example, the heuristics based on context are allowed to prune interpretations from
the list of possibilitics. If the context does not allow for a particular interpretation, then it is removed
from consideration. Similarly, the "cognate™ heuristic is able to prune the list of interpretations in
most cases. The idea is to allow those heuristics that are very accurate in their asscssment of
interpretations to remove from consideration any that are rejected. ’l‘I;is reduces the number of

possibilitics the less accurate heuristics must consider.

The less accurate heuristics can show a prcl‘crcn:ncc for a particular compound. If all these heuristics

show a p! for one parti interpretation, this interpretation is probably better than any of
the others. If no consensus exists, a weighted sum of the results of the heuristics is used to make a
", the “slot

verification", and the "similar compounds” heuristics are weighted relatively highly compared to the

determination of which is the best i ion. The "i of an i

P

rest of the heuristics. "The heuristics based on context can also provide a preference for a particular
interpretation, in the s:unc’wuy as the others do, since context can snlpr;t)ri one interpretation more
than another. Note that this assumcs context supports more than one interpretation from the
beginning, otherwise the one interpretation sclected by context is

sclected. “T'he heuristics based on

context are weighted heavier than any other single heuristic. ‘Yhe “cognate™ heuristic is a binary one,
since cither there is a cognate or there isn't for each interpretation.” Thus, it only rules out possible

interpretations as long as there is at Ieast one cognate, and plays no further role.
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1.3.4. Implementation

A program has been written in MacLisp to both find possible i of noun

and when necessary to apply the above heuristics to decide which is the best interpretation. The
program interfaces to a simulator for NETL [Fahlman 79] which is also written in MacLisp. The
program currently contains full and partial definitions for about two hundred words, most of which
are nouns. It runs on a PDP 2060 and uses about 215K words of storage when it is started up. This
includes about 12K words of compiled code for the NETL simulator, ahother 14K words of compiled
code for my program, about 35K for the ;icﬁnitjons of words and other knowledge, and about 70K
for working storage. It takes two to five seconds-of CPU time to generate interpretations for simple
compounds, such as "wine glass". Ambiguous compounds, such as “golf club”. take about five to
fiftecn scconds of CPU time depending on what context, if any, is provided to the system. Long
compounds, such as "water meter cover adjustment screw”, take about five to ten scconds of CPU
time, as long asthey only have one interpretation after all the words have been processed. Long

compounds that arc ambiguous can take over 30 scconds of CPU time.

1.4. Overview of the Thesis

The rest of the thesis is divided into scven chapters. Chapters 2, 3, and 4 describe the techniques
used to understand noun compounds in more detail. These three chapters contain the technical
details of how the program interprets noun compounds. Chapter 2 describes those parts of the NETL
knowledge representation systcr.n used to represent the knowledge nccessary to understand noun

compounds. If you have d NETL's ism, type hier , split and roles
and role mapping before, this chapter can be skipped. Chapter 3 describes the algorithms used to
generate possible interpretations for a compound. It describes the problem in terms of compounds
containing only two nouns, and then proceeds to the more general case of compounds containing
more than two nouns. ‘The end of the chapter describes the structures created in NET1.'s data base to
represent the meaning of a compound.  Chapter 4 describes all the heuristics that are used to
determine the best meaning for a compound. ‘It also describes how the results of the heuristics are
combined to select the best interpretation for a compound. Appendix A shows the results of running

the program on several cxamples. .

Chapter 5 bricfly describes how it might be possible to interface the program to a parser. It raiscs
issues that are not dealt with in the current implementation because the program is not part of a fuller
natural language understanding system. This chapter is of interest if you 'want to consider applying

any of the ideas in the thesis to an existing natural language parscr.
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Chapter 6 describes an experiment in which the algorithms described in chapters 3 and 4 were
hand simulated on over six hundred noun compounds from text occurring in real-world situations.
This chapter analyzes where the current program breaks down and how it might be improved to
process some of the compound it would currently process incorrectly. Appendix B contains a
complete list of the compounds used in this experiment.

Chapter 7 discusses the results obtained by the program. These include the meanings created by
the program, the effectiveness of the heuristics, and the exccution times of the program for the
current implementation as well as an estimate of the amount of time it would take on one possible

implementation for a NETL machine.

Chapter 8 prcscnis several conclusions from this research, as well as some directions for future

research.
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-Chapter 2
The NETL Representation System

A system to understand noun compounds requires access to a large data base of real-world
knowledge. . This knowledge must include the meanings of words and other knowledge about
concepts. It tends to stay relatively static over fairly long periods of time. [t is also nccessary to be

able to represent knowledge that is more dynamic in nature, such as contextual information

surrounding the occurrence of a noun d. The underl knowledg
mechanism that the current system uses is the NETL system developed by Fahlman [Fahlman 79].
NETL provides all the facilities that this system needs to understand noun compounds.

NETL is a fairly recent semantic network scheme that addresses many of the problems that carlier
semantic networks failed to tackle. There are two parts to the system proposed by Fahlman. The first
part is an underlying parallel architecture that allows certain types of inferences to be performed very

quickly. The second is a set of ge rep jons that provide a clean structure
to represent real-world knowledge. ‘I'he two parts can be looked at mdependcntly, since it is not

necessary to have a parallel i to use the knowledge rep . The
knowledge representation conventions can be used on a serial architecture. In fact, the system to
d d noun ds uses a NETL si that runs in MacLisp on PDP10's and 20's,

since a NET1. machine does not currently exist. ‘The scarches necessary to perform many inferences

will run very slowly compared to the speed a parallel architecture can provide, since on a serial

architecture, scarch time is proportional to the amount of knowledge present.

‘I'he parallel architecture assumes that each node or link in the semantic network is a very simple
hardware device, i.c.. it can do some amount of simple processing. ‘These devices are able to
propagate a variety of marker bits from one node to others. As well as a few bits of memory to hold
these marker bits, cach device has a few bits of memory used to specify the type of the node or link
that the device represents. Each link has wires to nodes that allow it to propagate marker bits from

one node to other oncs attached to the link. This is the only thing that the parallel architecture

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28 . ‘The NETL Representation System

provides, i.c, it has the ability for nodes or links to be marked by marker bits, and for marker bits to
be propagated to surrounding nodes via links according to which marker bits are on or off. Hanging
off this parallel architecture is a scrial processor to issue ds to the i !

representing nodes and links. This serial processor is the one that decides what marker propagation
searches are to be performed, and what to do with the results once these searches finish. Thus, the
serial is the guiding i i behind the parallel archi The parallel

just allows certain types of searches to be performed in parallel, and thus very quickly.

Marker p ion in NETL is by a network _that can issue

through a bus that is common to ali the nodes and finks‘in the network, so that a command can be
sent to all the nodes and links at the same time. ‘T'he major operation of this parallel network is to
propagate marker bits through the network according io some conditions specified by the network
controller. For example, one of the most common operations is for a link to mark the node at its .
head with a marker according to the markers that are on the node at its tail (or vice versa, since it is
often necessary to traverse links backwards). This is done by the network controller activating all the
devices representing a particular type of link at one time with a command of the form: if the node at
your tail is marked with marker M1, &h‘cn mark the node at .your head with marker M2 (Ml may be
the same as M1, if thcAdcsire is to propagate this onc markc'r through a chain of links). Note that this
takes only one cycle to have a marker propagation go through one level of links, since all the links can
perform the appropriate operation in parallel. The conditions can be more complex by specifying a
set of marker bits that must be on, and another set that must be off. This allows various types of
searches to be specified within NETL. These simple rules scems to be sufficient for specifying
searches that people are very fast at, ¢.g., intersection scarches or property inheritance scarches. *

‘The K ledge rey ion c ions of Fahlman's system define the structures used to
represent the knowledge stored in the parallel network. The next few sections describe in maore detail
the structures needed to understand noun compounds. ‘This is not a complete description of NETL's

ki iY ion ¢ ions, but only a description of those parts used by the system to

understand noun compounds. For a more detailed description of NET1., sce [Fahlman 79). “The last
two sections (sections 2.5 and 2.6) describe structures developed for (his particular application of
NEI'L.

Reproduced with permission of the copyright owner. Further reproduction prohibited without perm ission.



Understanding Noun Compounds . 29

2.1. Type Hierarchies

‘The basic knowledge representation structure that NETL relies on is the type hicrarchy. This type

forms the backbone of the k ledg used by the system to determine the meaning of a
compound. A type hierarchy is a hicrarchy of concepts: the higher the concept in the hierarchy, the
more general it is. A type hierarchy in NETL is very similar to the IS-A hierarchy of other semantic
network representation systems. In NETL there is one distinguished node (the "thing" node) that is
the highest node in the hierarchy. This is the only node in the hierarchy that does not have a

superior. Al other nodes in the hierarchy must have a superior. There may be no cycles in the

hicrarchy, i.c., it is not legal to form a loop in the hierarchy. These conditions mean that every
concept in the hicrarchy must have the "thing" node as an ancestor, and that no node may have itsclf
as an ancestor. The hierarchy may be tangled which means that a node may have more than one
parent node. For example, figure 2-1 shows a hierarchy that is not tangled from the point of view of
the interior node X. Figure 2-2 shows one that is tangled from the point of view of the interior node
X. A tangled hicrarchy allows a node to inherit attributes from more than its immediate superior
node or nodes. This tangled hicrarchy forms the back bone of the semantic network.

Figure 2-1: A non-tangled-hicrarchy as viewed from the interior node X.
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Figure 2-2: A tangled hierarchy ‘as viewed from the interior node X.

Figure 2-3 shows a description of the concept “clephant”, and some of its ancestors on the path to
the "thing” node at the top of the hicrarchy. There is a virtual copy (VC) link running from the node
labelled "Clyde” to the node labelled "clephant”. A VC link is similar to an iSd\ link as used in
many other semantic network representation systems. A VC link allows an inferior node to inherit
information from its superiors much in the same way that an IS-A link docs. It just makes explicit
that the cffect is one similar to making a copy of all the inherited information, even though it is not
normally necessary to make a copy. Similarly, there is a VC link running from the node labelled
“clephant™ to the node l;;hcllcd "mammal”. A VC link means that the node at the tail of the link acts
as if the complete description provided by the node at the head of the VC link (including all the
descriptions above it-in the hicrarchy) is copicd down to it. That is, it acts as if’ a copy of all the
structure necessary to fully describe the meaning of the node at the tail of a VC link has been made.
‘T'o actually make such a copy would be extremely expensive in terms of space, and also in terms of
updating the information when information changed at higher levels in the hicrarchy. Thus, the VC
link provides a cheap way of specifying that all the information exists for a particular node without
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actually copying it." The section on roles (scction 2.3) describes how propertics of a concept can be
attached to the node representing the meaning of the concept. It also describes how to make copies
of this information at lower levels of the hicrarchy when it is necessary to represent addilim:nal
information about a property at the lower levels. The section on statements (section 2.4) describes

how statements can be made about a concept.

Thing

Mammal
Elcphan'l

Clyde

Figure 2-3: A simple type hicrarchy with Clyde (who is an clephant)
"represented as an individual node.

‘The node labelled "Clyde" in ﬁgurcv2-3 is an individual node, and represents the particular
clephant named "Clyde”. An individual node represents a particular individual and is the centre of
all the information that pertains to that onc individual. An individual node should almost always
have a VC link from it to a type node. In particular, an individual node should not have a VC link to
another individual node. An individual node under normal circumstances will not have any
descendants. “The solid black node labelled “clephant™ in figure 2-3 isa (\1}1’ node and represents the
typical clephant. A type node represents the information about a.concept that is typical for the class.
“I'lius the node marked “elephant” in figure 2-3 represents the typical cl«i‘ph;ml and is the base-node
for the dcscripliu;\ of a typical clephant. The node off to the left of this node and joined to it by a

short horizontal linc is an i 1 node, and rep the sct isting of all Every

type node in the NETI. hierarchy of concepts has a set (ref by an individual nodc)
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with it. Thus, the system can talk about the typical clephant and make statements about it, as well as
talk about the set of all clephants and make statements about this set. The individual node "Clyde" is
assumed to be a member of this set implicitly, because of the VC link from it to the node “elephant”,
i.c., NETL does not require that the node "Clyde" be explicitly a member of the sct of all elephants.

2.2. Split Statements

In a knowledge representation system, there is often a need to specify that the sets of objects
described by two concepts have no elements in common. In ﬁam’cular_ it is often necessary to make
sure an-object in one set can not be placed into the sccond one. In NETL, a concept can be placed
into two sets by creating a VC link to the type nodes describing the typical clement of cach set. For
cxample, the node representing the meaning of “clephant™ will probably have a VC link or chain of
VC links pointing to the concept "mammal”. Assume Clyde is an individual elephant, i.c., there is an
individual node rcprcs?nling "Clyde" whose parent is the elephant type node. Assume the VC link
from "Clyde" to "clephant” alrcady cxists, and the system wants to create a VC link from the
individual node "Clydc" to the type node representing the class of all "male” things, i.c., assume the
system has just found out that "Clyde" is male and wants to add this information to the data base. In
this example, the VC link from “Clyde" to "male” should be created without any interference. What
happens if for some reason the node representing "Clyde™ who is an "clephant” is to be made VC of
the node representing “"cabbage"? Most people . would almost immediately wonder what is
happening. because people "know" that something can not be an clephant and a cabbage at the same
time. How people know this is not clear. They arc unlikely to store the information directly, so there
must be a fairly fast inference mechanism that allows them to arrive at this conclusion. The split
statement allows NETL to make this inference quickly. In NETL terminology, a clask occurs when
the statement "Clyde is a cabbage” is added to the data base.

NETL. can detect these types of clashes by using split siatements. VFigure 2-4 shows a portion of a
NET1. network where a split statement is used to say that the two concepts "animal” and "plant”,

which are both living physical objects (physobs), are distinct classes, and that an clement of onc class

should not be an clement of the ather one. "The circle with an "X™ in it represents thi

split statement.,
‘Ihe two links going from it to "plant” and "animal® arc splif links and specify that animal and plant
arc members of the split set defined by the split statement. In the example above, where a VC link is
proposed from "Clyde" to "cabbage™, this split statcment would normally complain that an elephant
cannot be a cabbage. Before putting in the new VC link, NETL scarches the network to sce if any
split statements will complain. The scarch proceeds as follows:
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1. Mark upward from Clyde with the marker M1, as shown in figure 2-4.

2. Mark upward from the node that Clyde is to be made VC of (i.c., "cabbage") with marker
M2, as shown in figure 2-5.

3. Finally, if there is any split statement that has one split link pointing at a node, with
marker M1 on and marker M2 off and another split link pointing at a node with marker
M2 on and marker M1 off, then this split statement would be violated if the proposed
link is put in. In the example, the split statement betwcen “animal” and "plant” detects a
clash during the check to sce if a VC link can be created between Clyde and “cabbage”
(sce figure 2-5). Note that all split statements can check for this in parallel.

Thus, NETL would detect a clash, and could ask the user what should be done. The user could tell
1. to create the VC link anyway and to ignore the conflict in future, or he could tell the system

that he made a mistake and not to put in the VC link from "Clyde” to “cabbage”. The sccond
alternative is the most likely one, since most of the time, you do not want to violate a split statement.
‘The searches that use split statements in this way are similar to the match-on-supcrordinate process
described by Collins [Collins 75},

 Plant

Flephant Cabbage

/
5 .
v Proposed New VC Link

M1 O Clyde

Figure 2-4: Rey ion of a Split S with the ancestors of the
node Clyde marked with marker M1.

Split statements are onc very important aspect of NETL as far as the system to understand noun

compounds is concerned. The system wants to find slots that can contain concepts. ‘The user can
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éroposcd New VC Link

M1 OClyde

Figure 2-5: NETL dc(céts aclash between Clyde and cabbage after the
" ancestors of "cabbage" arc marked with marker M2,
restrict the filler of a slot to a certain class, as shown.in the next section. Split statements prevent
conflicting classes from filling a slot without NETL detecting a clash. Thus, split statements along
with other mechanisms in NETL provide a simple way to check whether a concept can be the filler of
aslot. For example, the word "analysis” has at lcast two slots (i.e., the thing analyzed, and the thing
doing the analysis") that are available to form the meaning of any compound in which "analysis” is
the head noun. For the compound “suffix analysis” the system will find both slots but immediately
rulc out the slot for-the thing doing the analysis because the slot restrictions on this slot will not allow
“suffix" to fill it.. The restrictions on a slot arc enforced by scarching for split statements that would

cause a clash if a concept is placed into aslot.

2.3. Roles and Mapping

So far, only the type hicrarchy and the method to split classes of concepts into non-intersecting sets
has been discussed. To be able to describe the propertics of a concept, it is necessary to add more
structure to the ‘representation. ‘The type nodes introduced carlier serve as the base-node for the
d?scripliun of a concept. To flesh out the description of a concept, NETL uscs roles. In NETL, a
description of a concept consists of a single basc-node that represents the conccpi.'and a set of role
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nodes, connected to this base-node by what are called existence links. Roles represent the various
things that every copy of the base-node has. That is, for each descendant of a base-node, there exists
one copy (either explicit or implicit) of each fole. _This corresponds to a logic statement of the form:
for all x such that x is a virtual copy of the base-node, there exists y such that y is a role. For example,
for cvéry x such that x is an elephant, there exists y such that y is the trunk of x. A role node is an
individual node that represents a single entity or a sct. For example, the left front leg of an elephant
is a single entity that can be represented as a role node attached to the base-node representing the
typical elephant (actually this role is likely to be defined higher in the hierarchy). Similarly, the st of
four legs of an clephant is a set that can be rcprcsemcd as a role node. An existence link is run from
the role node to the base-node of the description of which the role node is part. A role node may
function as a basc-node for its own description, with propertics and statements linking it to other
nodes. For example, the left front leg of a typical elephant would be represented by an individual
node that is VC of the typical clephant leg and thus inherits information from this node. Similarly,
the set of four elephant legs of a typical elephant would be be represented by an individual node that
is VC of the typical set. Attached to this node normally would be the information that it has four
clements, and possibly even the four clements.

A role may be cither an in-role or an of-role. An in-role specifies that the role exists within the arca
defined by the owner ;mde (e.g., the engine of a car would be represented by an in-role, since it is
within the arca defined by car). An of-role specifies that somewhere there cxists a map pf the role
that corresponds to each copy of the owner node (e.g., the weight of a car would be represented by an
of-role, since it is not within the arca defined by car). Note that an in-role makes a stronger statement
about the relationship between the owner and the role than an of-role docs. Figure 2-6 shows two
roles for the typical "clephant”. A typical “clephant” has a "heart" in-role. This rolc is represented
by an individual node that is attached to the typical "clephant” node by an exists in (exin) link. A
typical "clephant™ also has a "weight” of-role that is represented by an individual node attached to
the typical “clephant” node by an exists for (exfor) link. 'I'he two cxistence links are drawn with
dashed lines. ‘The stronger exin link is drawn with a solid arrowhead. the weaker exfor fink is drawn

with an open arrowhead.

A node that is lower in the hicrarchy of concepts is able o inherit all the roles of its ancestors.
‘I'hus, Clyde has a heart and a weight by virtux of being a member of the class of clephants. For this
inheritance to work, it is not necessary to make a copy of all the roles higher in the network. Instead,
the VC links can be traversed upwards !o>ﬁnd all the roles that a concept can inherit. However,

occasions will arise where something must be said about a role of a concept that is a descendant of the
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Mammal Organ Measurcable Attribute
—_—— - Heart Weight
Elephant

Figure 2-6: Definitions for the "heart” in-role and the "weight" of-role
for the typical "clephant”.

owner of the role. The defining occurrence of the role can not be used in the statement, since then it
would apply to all the concepts that can inherit the role. NETL. solves this problem by using a map
node and map link to map a role down to a concept that wants to say something about the role. The
statement can then be attached to the map node, and it will affect only the owner of this map node,
and any of its descendants, rather than all the concepts that inherit this particular role. Note that this
mapping process does not have to occur until the driving system wants to represent additional
information about a particular role.

For cxample, figure 2-7 shows the "nose” role of "mammal” mapped down to “clephant”. ‘The
node representing the map of the "nose” role is named the "trunk” role for elephant. The arrow
drawn with two lines with an arrowhead only at the top represents a map link. The node that looks
like an individual node at the tail of the map link is actually a rhap node. "The link running
horizontally from the “trunk” map node to the “elephant” type node is an owner link and specifies
that the "clephant” type node is the owner of the map node. No distinction is made for owner links
according to whether the defining role is exin or exfor. This information can be determined by
Tooking at the defining occurrence if necessary. "The map node "trunk™ maps the role pointed at by
the map link down for the typical "elephant”. ‘The "trunk™ role can then be mapped down to an
instance of an clephant, as for "Clyde™ in figure 2-7. ‘Uhe system can now make statements about a
typical clephant’s trunk, or Clyde's trunk without affecting the nose role of the typical "mammal”.

For example, figure 2-8 shows the representation of the statement “an clephant’s trunk is a cylinder,

with a typical length of 1.3 metres™. 1 nothing is said about "Clyde’s trunk™, then the system can use

the length of 1.3 metres as an estimate of how long "Clyde’s trunk™ is. Note that this statement says
nothing about What a typical mammal’s nose looks like, or how fong it is. In figure 2-8, the two way
double arrow is an 2Q link and means that the "trunk length” node and the 1.3 metre™ node are
equal to onc another. ‘This just means that any time the system looks at onc, it will find the other.

‘This is the method NETL uses to represent the value assigned to a role.
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Q Trunk

O Clyde’s Trunk

igure 2-7: Mapping the nose role of mammal down to clephant and then

down to Clyde.
Nose Cylinder
Q O - — - Length
‘Trunk Length
Trunk 1.3 metres
O Clyde’s Trunk

Clyde

Figure 2-8: The typical clephant’s trunk is a cylinder of length 1.3 metres.

2.4. Statements

Another part of NETT. that the system to d noun uses is the co

used (o represc are used in the rey ion for nouns derived from verbs

(sce scetion 2.6 for details). Statements in NET1. arc used w0 say things about the concepts that nodes
in the network represent. Some statements are represented hy links, such as VC links, or FQ links.
Other statements are represent hy an individual statement node or IST node. An IST node is very
similar to an individual node, in that it is used as the base-node for the structure describing the
concepts that the statement says things about, as well as anything that can be said about the statement
itself. A statement usually has in-roles that represent information about the concepts that can take

part in the statement. A statement may also have of-roles representing information about the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38 ‘The NETL Representation System

statement itself. Statements exist in a hierarchy much the same as other concepts, and can inherit

information from nodes higher in the hierarchy. This rep! ion of is similar to the
case-frame retations of Filmore [Filmore 68}, although the implementation is quite different.

Figure 2-9 shows the definition of the "hates” statement with roles for the thing doing the hating
("hater"), and for the thing hated ("hatee"). Figure 2-10 shows an individual statement that says
"“Clyde hates snakes". The node labelled "Clyde hates snakes" is the IST node that represents the
statement itself. The "hater” role is mapped down to the individual statement and set equal to
"Clyde" with an EQ link. Similarly, the role for "hatee" (i.c., the thing that is hated) is mapped down
to the individual statement, and st equal to the node representing a typical snake. Since the "hatee”
role is mapped down and st cqual to the type node for “"snake”, this is a statement about the typical
snake, and thus all sﬁakes will inherit it. The IST node that represents a statement is just another
node, so it is possible to make statements about a statement.

Statement

_ - ~

N
— — — — OHater O Hatee
Hates Statement

Figure 2:9: Definition of the hatcs statement, with in-roles for the hater
and the thing hated.

2.5. Representation of a Word

‘The NETL. simulator developed by Fahlman for his thesis rescarch [Fahlman 79] only fas a onc to

onc mapping between a word and the node representing its meaning. ‘The current research is
interested in dealing with words with multiple meanings, and thus needs a many to many mapping
between words and the nodes that represent their meanings. A simple scheme has been developed so
that this many to many mapping between words and the nodes representing their meanings can be

represented in NETL.

A word can be associated with many different concepts and also a few parts of speech.  For
example, the word plant can be cither a noun or a verb. As a noun, plant, has at lcast two meanings

(e.g., a plant as you find in gardens, and plants as factorics in manufacturing operations). As a verb, it
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Hatee
Hates Statement

Clyde Hates Snakes

Clyde Snake

Figure 2-10: Creating an individual of the hates to rep
“Clyde hates snakes”.
has at least the meaning of placing a plant (as in a garden) into the ground. Thus, a word can be
mapped to various concepts in the NETL hicrarchy. Similarly, a concept in the NETL hicrarchy can
be mapped to more than one word. Any natural language understanding system must be able to cope
with multiple meanings of words in a flexible way. In the current system, structures are created in
NETL that allow a word to be associated with all the possible meanings for the word. The link
between a word-and a concept has associated with it the part of speech of the word when it is used to

mean this particular concept.

Figure 2-11 shows how the various meanings of plant are associated .with the word "plant”. The
word "plant” is represented as an individual node that is a member of the class of concepts defined
by the meaning of the word "word". 'The sinusoidal Iincs‘ are called fype-name links, and statc that
the concept at the tail of such a link can he mapped to the word at the head of the link. ‘These links
may have statements made about them. ‘This is the method used to represent the part of speech that a
word is used as when it means the associated concept at the tail of the type-name link. ‘The
shown in figure

statements are tied o the larger circle around the middle of the type-name link, a
2-11. In figure 2-11, a VC link runs from this circle to cither of the nodes “*verb™ or **noun”. “The
nodes "*verb” and "*noun” represent sub-types of the more general type-name statement, and are
used to represent the part of speech that the word is used as when it means a particular concept. For
cxample, when the word "plant” means the thing that is a living-physob, it is being use as a noun, and

the type-name link from the concept "&plant-B" to the word "plant” reflects this by being VC of the
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"*noun" sub-type. This is-not the only way that this information could be stored in NETL’s data
base, it is just a convenient and flexibl¢ way to do it. NETL’s role mechanism is powerful enough to
allow this information to be represented. However, a large amount of structure would have to be
built to do this properly. To distinguish between words and the nodes that represent their meanings,
all nodes representing the meaning of a word are labelled by the word preceded by an ampersand
(&). If there are several concepts associated with a word, they are distinguished by appending -
“-letter", where letter starts at "A", and procceds alphabetically through the alphabet for each new

meaning.

2 &Statement

*Type-Name Stalerﬁent

O &Plant-C

Figure 2-11: Representation of the word plant and associated concepts.

2.6. Representation of Nominalized Verbs

“There is one set of nouns, i.c., nominalized verbs, that need more structure than provided by the
normal type hicrarchy with roles described carlier. For example, the noun “evaluation” is derived
from the verb "evaluate”, one meaning of the noun “assembly" is derived from the verb "assemble™.

“These nouns are generally used to refer to actions and their slots are generally similar to those for the
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corresponding verb. Figure 2-12 shows the NETL structure for the nominalized verb “cvaluation".
The slots in the description of the verb "evaluate" are connected to the slots for the noun
"evaluation” by creating an instantiation of .r.he gvaluale statement (&evaluate-1) that has its slots
filled by values equal to the slots in the definition of the noun “evaluation”. This structure looks
more éomp]cx than some other possible ones. The main reason this structure was chosen is so that
the roles of the noun can be mapped down, and still retain the relationship with the roles of the verb
without the need to make a copy of the statement and all of its roles for each map node.

&Statement

—_— ~
&Evaluals ~~ Evaluate!Evaluator =~ oo

Evaluate!Evaluatee

&Action
P
&Evaluate-1
0 I | R
U
&E i E i valuator E ion!Evaluatee

Figure 2-12: Representation of the nominalized verb “evaluation”.
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Chapter 3 ,
The Possible Interpretations for a Compound

The system uses two phases to find the incaning of a noun compound. The first phase finds all of
the possible interpretations for a compound. These may include interpretations a person would not
normally consider. The sccond phase takes these possible interpretations and sclects those
interpretations (in most cases only one) most likely to be the best ones with the knowledge available
to the system. - This second phase is only activated when more. than one interpretation for a
compound is found during the first phase. When only one interpretation is found, it is considered as
the best one and is used as the meaning for the compound. The division of the system into two
phascs was done so that wheri only one interpretation is found the sccond phase can be ignored.
More constraint could be obtained in the first phase by moving some or all of the heuristics in the
second phase back into the first phase. For example, the heuristics based on context could be used to
provide constraint during the first phase. H&wcver, some of the contextual information may occur
after a compound in a sentence. The control structure presented here is not meant to be a
psychological model of how people might process noun compounds. This chapter presents the part
of the system that finds the possible interpretations for a compound; the next chapter discusses how
the best interpretation is selected. '

‘The process of finding possible interp i for a d involves

from the NETI. data basc. 'I'he algorithm to find the possible interpretations for a compound uscs
the parallelism assumed by NETL to good advantage. "This does not mean that the algorithm is only
uscful for a parallel architecture like NETL. It can be adapted to serial architectures, as well,
although with a large knowledge base it will run much more slowly than it would on a parallel

architecture under the NETL. paradigm.

"I'he first section of this chapter looks at the problem of finding an interpretation for a compound
containing only two nouns. ‘The sccond section gives a description of how the system processes

compounds containing more than two nouns. The third scction presents the algorithm used to find
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the possible interpretations for a compound and an example of its uses. - Finally, the last section
describes the results of finding the possible interpretations of a compound.

3.1. The Two Noun Problem

This section looks at the simpler problem of determining the meaning of a compound containing
only two nouns of the form "N) N,". The basic assumption made by the system is that cither "Ny
N," is idiomatic or there exists at least one relationship between the two nouns forming a compound.
Another important assumption is that the head noun of the .compound (N, in this case) is being
modified by the previous one in some wéy. Thus, a compound of the form "N, N," is an N, that is
being modified in some way by N). The problem is to find all the possible relationships that can exist
between the two nouns in the compound. Note that in some cases there may be no possible
interpretation, in which case the system reports this fact. A further assumption the system currently
makes is that the relationships that can exist between two nouns is provided by the noun N1 filling a
slot in N,. That is, the head noun of the compound provides the relationship (via a slot), and the
modifying noun is used to fill this slot.. For cxample, consider the compound “car maintenance™.
The node representing the meaning of the word "maintenance™ has a slot for the thing maintained
(among others). A meaning for “car maintenance” can be formed by placing “car” into this slot, i.c.,
“car maintenance” is a "maintcnance” action where a car is the thing maintained. Thus, to find all
the possible relationships between two nouns, it is necessary to search the data base for all the slots of
N, into which N, can be placed.

The simplest way to perform the search is to find all the possible slots that N, has, and try placing
N, into them onc at a time. If N, can fill the slot (i.c.. NETI. docs not complain because a split
statement says N, is something that can-not fill the slot). then this is a possible interpretation. 1f N,
can not fill the slot, then this is not a possible interpretation.  For example, consider lhc‘cnmpmmd
“car maintenance™ and the associated structure about the two nodes "&car” and "&maintenance™
that represent the meaning of the two nouns "car” and "maintenance” respectively, as in Figure 3-1.

“There are the two slots "mai intainer” and “mai intainee” of the node

“&maintenance” representing the meaning of the word “maintenance” into which the node “&car”

representing the meaning of “car” could be placed. However, if "&car” is placed into the slot

*', the split C ins, because "&car” is a "&non-living-physob™,

rather than a “&living-physob”. When "&car" is placed into the slot "maintenance!maintaince™,

NETL finds no split statements that complain that it can not fill the slot, and so this is a possible

interpretation. This is using the idca of selecti ictions [Katz 63] provided only by the context
of the compound itself. ' }
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Split Statement

e

&Living-PhysOb

&Action O-9&Person

— "
_Maintenance!laintainer

&Maintenance Maintenance!Maintainee

Figure 3-1: Simplified NETL Structure Necessary to Understand the Compound
“Car Maintenance”

The above is a fairly simple view of the processing necessary to find possible interpretations for a
compound. It assumes that none of the nouns have multiple meanings. Of course, this may not be
the case, because words in English can have multiple meanings both in terms of parts of speech (e.g.
“plant" has at lcast four meanings as a noun, and at least three as a verb) and also multiple meanings
with the same parts of speech (e.g. "glass” as a container from which people drink liquids, and as the
material from which such objects among others are made). It is possible to have a compound that has
multiple meanings for cither or both of the nouns in the compound (c.g., "plot outlinc” and “glass
glass”). If the sccond noun of the d has multiple ings, cach of the ings must have

their slots checked to see if the first noun can fill them. 1f the first noun has multiple meanings, cach
of these meanings must be checked to see which of the slots of‘the second compound they can fill.
‘I'his can very quickly Iead to a large number of tests to find the possible interpretations for a

compound,

‘I'he discussion above has made no assumptions about what kind of representation scheme is being
used to represent the meanings of concepts. Using the parallel nature of NETL some of the work
described above can be done much ‘more cfficiently. “Ihe following sub-scction describes the
scarches performed in the NETL network to make the discovery of possible interpretations more
efficient. Unfortunately, using NETL does not dircctly address the problems introduced by multiple
meanings of words. It is still nccessary to perform a scarch for cach possible meaning of a word
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individually, since if mulnple meanings were all looked at in parallel, some very bizarre effects would

occur (i.c., the scarch would be likely to confuse the i and assume i ion not

in the network).

3.1.1. Investigating One Meaning of a Noun

The discussion above described a serial method for finding all the possible interpretations (i.c., by
placing the concept representing the meaning of the first compound in all the slots of the second). A
similar effect can be achieved by using the parallel marker passing abilities of NETL. First, it is
necessary to define the following two operations:

1. All the stots directly or indirectly attached to a node representing a meaning of a noun,

arc marked by a particular marker. The time for this scarch is proportional to the length
of the longest VC chain in the network.

2. All the slots into which a node can riot be placed are marked by a particular marker.
Again, the time for this scarch is proportional to the length of the longest VC chain in the
network.

‘The scarch to mark all the slots of a meaning of a noun is fairly straight forward. For cxample,
assume the system needs to find all the slots of the concept "&glass-b", one of the meanings of glass.
Figure 3-2 shows the structure of the network around this node, as well as, a few of the likely slots to
be associated with it. The scarch to find all the slots of "&glass-B" proceeds as follows:

1. An upward scan from the node "&glass-b" is performed. An upward scan from a node
marks that node and all of its ancestors in the type hierarchy. This marks all the nodes

from which “&glass-b" could possibly inherit any slots with the marker M1. Figure’
3-2 shows the concept "&glass-b" and all of its ancestors marked with the marker M1,

2. Next, it is necessary to mark backwards across the links that point from the slots to nodes
marked by marker M1 with marker M2. ngrc 3-3 shows the status of the network after
this scan has been done.

At this point, the marker M2 marks all the possible slots associated with the concept “&glass-b".

‘The search to mark all the slots into which a concept can not fit is smncwl‘m(_n‘mrc complex. As
noted above, in the simple approach w finding possible interpretations (i.c., placing the concept
representing the meaning of the first noun into cach of the slots of the second), .\hc split statements
existing in the network are how the system discovers whether a slot can be filled by the proposed
concept. It is these same split statements that play a large role in the scarch to mark those slots that

can not be filled by a concept. ‘The scarch to mark these slots proceeds as follows:
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&Material

‘M1
GO0«

&Beverage
&Contaify
M1
O Glass-B!Containee

&Glass-B

Figure 3-2: First Step of the Search to Find the Possible Sots for One .
-Meaning of "Glass"

&Material

G

lass-B!Containee
&GlassB .~ M2 :

Figure 3-3: Marking the Slots of One Meaning of the Word "Glass™
1. Perform an upward scan from the concept marking it and all of its ancestors with marker
M. ‘This is the same as the the first step of the scarch above (and in fact the o scarches
are combined to the extent that they both use the one upward scan). Figure 3-4 shows the

concept "&car” with all of its ancestors marked by marker M1,

2. Mark across all the split links that come into nodes marked by-marker M1 with marker
M2. T'his step marks all the split statements that could become active during a search if
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the concept is placed into a slot. Figure 3-5 shows the status of the network around the
concept "&car" after all the split statements having a split link pointing at a node marked
with M1, arc marked with marker M2. This marks any split statements that may be
involved if the concept "&car" is placed into an arbitrary slot.

3. Next, all the split statements marked with marker M2 are processed. All the nodes not
marked with marker M1, and pointed at by a split statement marked by M2, are marked
with marker M3. Figure 3-6 shows the status of the network around the concept "&car™
after this step is completed.

4. Finally, a downward scan from all the nodes marked by M3 is performed with marker
M3. A downward scan marks a node and ail of its descendants with a particular marker.
Itis possible to make this mass downward activation, since the purpose of the search is to
mark all the concepts that could conflict with the concept "&car”. Figure 3-7 shows the
_status of the network around the concept "&car” after this step of the scarch is complete.
At this point, the marker M3 marks all the nodes that definitely conflict with the original concept.
The nodes marked include all the slots that the concept can not fill. For example, the slot
“&maintenance!maintainer” in figure 3-7 has been marked with the marker M3. This means that if
the node "&car" were to be placed into this slot, NETL would complain, because it violates the split
statement that says a maintainer is a "living physob" and can not be a "non-living physob" which is
what acaris, ’ )

Split Statement

&Living-PhysOb

O—-Q&Action O~-Q &Person

P
Maintenance! Maintai MI
OO — "= — = O-0 &car
&Maintenance Maintenance!Maintainee

) Figure 3-4: Mark all the Ancestors of "&Car” to Find the Slots that
"&Car" can not Fill

Note that this algorithm takes one upward scan, two steps across split links, and a downward scan.
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. M1 .
&Living-PhysOb . &Non-Living-PhysOb

&Action 0—‘? &Person

_Maintenance!Maintainer

&Maintenance . Maintenance!Maintainee

Figure 3-5: Mark allthe Split Statements that Point ai aNode Marked
During the First Step

Split Statement

M2

ML
&Living-PhysOb - &Non-Living-PhysOb

&Action O—9 &Person

-~

M.unlcnance' intainer M1
W &car
&Maintenance Maintenance!Maintaince

Figure 3-6: Mark all the Nodes Pointed at by the Split S'ml_cfncm. Fxcept
‘Those Already Marked by M1
‘These scans will probably mark more nodes than a single scan that checks if a concept can fit into a
slot. but if a pamllcl architecture is assumed, as in NETL., the actual time spent will be on the ordcr uf
two tosts using the simple method described above. Thus, if more than two slots are involved, it is
Tikely to be cheaper, at least in terms of time, to use this more complex scarch. Most concepts are -
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Split Statement

M2

M1
'&Living-PhysOb &Non-Living-PhysOb

&Action O—0&Person
M3

—p R
_M@lcl@nc_c_]bamtamcr

&Maintenance M3 Maintenance!Maintainee

1
&car -

Figure 3-7: Perform a Downward Scan from all Nodes Marked with M3

likely to have more than two slots associated with them, because they can inherit slots from all the
nodes that are above them in the NETL hicmrchy.

Once these two searches have been performed, there is sufficient information for the system to find
all the possible interpretations for a compound of two nouns. The next sub-section describes how all
the possible interpretations for a compound are found using the information provided by the two
activation scans described here.

3.1.2. Finding Candidate Meanings

‘The previous sub-section presented the main activation scans for concepts representing nouns.
“Ihis sub-section shows how this information is used to form possible interpretations for a compound.
Assume for the time being that there is only one meaning for cach of the two nouns forming the
compound. ‘The system wants to place the concept representing the meaning of the first noun into a
slot of the sccond. "The marking process described above provides all the information necessary to
find the slots of the second noun into which the first one can be placed. [Fora compound of the form
"NJ NZ". Tet M1 be the marker that marks all the concepts (including slots nrNZ) that conflict with
the meaning of N,, and S2 be the marker that marks all the slots of the meaning of N,. Note that this
assumes N and N2 have only one meaning as nouns. IFor cach slot marked with marker S2 (i.c., is a

slot of the meaning of N,), the system checks to'sce if the slot is marked with marker M1 (i.e, Ny
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conflicts with the concepts placing restrictions on the slot). If it is,-then the meaning of N, can not
normally fill the slot, and the slot is rcjected as the basis for a possible interpretation. If it is not
marked with marker M1, the meaning of N1 can fill the slot, and the slot provides the basis for an
interpretation.

For example, consider the compound “car maintenance”. Figure 3-8 shows a partial network
around the concepts necessary to process the compound "car maintenance”. Marker M1 marks all
the concepts that are definitely not a "car”, and marker S1 marks all the slots of the concept
representing the meaning of "car”. Similarly, there are corresponding markers M2 and S2 for the
node representing the meaning of “maintenance”. The markers M2 and S1 are not used in forming

the meaning of the compound and ncither arc shown in figure 3-8. The slot

** of the concept rep ing the meaning of "maintenance” is marked by
both the S2 (i.e., is a slot of the concept representing the meaning of “maintenance™) and M1 (i.e., the
concept representing the meaning of "car” should not be put into this slot). This means that the slot
“maintenance!maintainer” should not be used to interpret the meaning of the compound “car
maintenance”. However, the slot "maintenance!maintaince™ only has the marker S2 on it, and so it
can be used as a possible interpretation of the compound. Once-the searches described above have
been made, this is the only test needed to find a possible interpretation for the compound. Notice
that the use of the NETI. split statement is vital for this search to produce appropriate interpretations.
If the split statement did not exist, two interpretations would be formed. Some of the heuristics can
help sclect the better meaning when this occurs. )

To find the i ions for a d ining only two nouns is relatively simple, as
shown above. Note that both nouns are activated by marking their slots and also marking all the slots
that they can't fill. “This was donc mainly for gencerality, in casc an interpretation was ever formed by
placing the second: noun in a slot of the first. As shown in chapter 6 there arc a few compounds
whose meanings are formed by placing the sccond noun in a slot of the first one. When this happens,
the first noun still modifics the sccond one. ‘The sccond noun specifies the type of thing being
referred to. Thé first noun makes this reference more specific by modifying the second noun. ‘The
searches performed in the network only find the possible interpretations, they do not decide which of

the interpretations are best. ‘That is left to the heuristics which are described in chapter 4.

‘I'he two noun casc is also fairly simple when words have multiple meanings. ‘The only difference,
is that if the sccond noun has multiple meanings, the slots of all the different meanings must be

checked one at a time, as described above. I the first noun has multiple meanings, then cach of the
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Split Statement

&Non-Living-PhysOb

&Action . . &Machine

L VI
Maintenance!
— === O-@ &car

S2
&Maintenance ~ ML.S2 Maintenance!Maintainee
Figure 3-8: NETL Network Showing How Possible Interpretations are Found

meanings will have a different marker specifying that it can not be placed into particular slots. This
means the scan for finding possible iﬁ[crprctalions must ﬁse cach of these markers each time a
possible slot is checked. 1fboth words have multiple mcanings‘ then all the possible combinations of
the markers must be checked, but this should not be disastrous, since most words do not have that
many meanings. For example, consider the compound "glass glass” where "glass” has the two
meanings: a container from which people drink liquids and the material amorphous silicon dioxide.
Each meaning requircs a pair of markeréA One marker marks the slots associated with the meaning,
and the other marker marks all the slots that this meaning can not fill. The first occurrence of "glass”
requires two pairs of markers (one pair for each meaning). The second occurrence of “glass” would
normally require two pairs also. However, the system does not duplicate markers, if it alrcady has

marked a concept. ‘Thus. in this example, no new markers are required for the second occurrence of

“glass", since it has alrcady been marked. In the more general case, the system will need markers to
mark all the possible meanings. In the example, three possible interpretations are found. One is

where a container that people drink from is made of a glassy matetial, the other two arise when the

container contains cither another container or glassy material. 1t is up to the heuristics to decide

which of these interpretations is best.  Without other information the heuri

ics would sclect the

meaning where a container is made from a a glassy material since the “containce” slot of glass expects

aliquid and not any of the other possibilitics.

‘This finishes the dit ion of ining two nouns having some rclmionshiﬁ between
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them, as characterized by a slot. There is one other form of compound that occurs, as in the
compound "woman miner". There is unlikely to be any slot of the meaning of "miner” that can be
filled by the meaning for "woman”. What ﬂ;c compound scems to be talking about is a miner who
also happens to be a woman. The distinguishing feature of such compounds seems to be that the first
noun is overrides a default type for the second noun. In the casc of "miner”, the default is that a
miner is a man. Woman and man will be split by a split statement saying someone who is a woman
can not also be a man. When a default assumption is overridden this way, the two concepts are in
contrast with onc another. NETL's split statement seems to be the best way to represent this contrast.
‘The woman in “"woman miner" is overriding the defa\‘xll assumption that a "miner” is a man. Nouns
such as “"woman" have been named pseudo-adjectives since the nouns in these cases behave very
much like adjectives. Figure 3-9 shows the structure used to represent "miner” and "woman". Note
that the node "&miner" has a VC link from it to "&person” and a default VC link from "&miner” to
“&man". Other examples of such compounds include "boy king" and "girl queen™.

Split Statement

&Man &Mincral

&Woman
*Default VC Link

M1
——————— Miner!Mines
&Miner

Figure 3-9: Find Interpretations for the Compound "Woman Mmcr Using
Pscudo-Adjectives
‘T'he algorithm necessary to process the compound “N; N," where the first noun is a pscudo-
adjective follows. The compound "woman miner” is used as an cxample to show how the various
steps of the algorithm work.

1. Mark all default VC links as being inactive. Check to see if N, can be an N,. 'The
following possibilitics exist for this check:

olf N2 isnotan N " then do nulhi.ng further since N | €an not modify Nz'

o IfN,is an N there is no need to do any further scarching. An m\crprcmuon for
the phmsc is nddcd to the list of possible mlcrprclauuns
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e Ifit is unknown whether NZ isan Nl, then proceed with the rest of the algorithm.'

This step just checks to see if the rest of the steps are worth pursuing. For the compound
“woman miner”, the last case holds.

~

. Perform an upward scan from N, with marker M1. All default VC links are left inactive
during this upward scan. This marks all the superiors of N,,. Figure 3-9 shows the state of
the network for the compound “woman miner" after the concept “"&miner” and its
superiors have been marked with marker M1.

w

. All nodes at the head of a default VC link whose tail is marked with marker M1 are
marked with marker M2. this finds all the defaults for N, and all of its superiors. Itis
necessary to find all the default ions for a concepts because they may be
the assumption that is overridden. For example, in the compound "boy king", the noun
"boy" overrides the default assumption that a "king” is an "adult". It is likcly that this

" assumption will not be stored with, "king" but with its ancestor "man".. The scarch must
take this possibility into consideration. Figure 3-10 shows the state of the network for the
compound "woman mincr" after this step has been executed.

ES

. Mark all nodes marked by marker M2 with marker M3. Perform an upward scan from all
nodes marked with marker M3 marking all superiors with M3. This marks all the
superiors of an default nodes with marker M3. Figure 3-11 shows the state of the nctwork
for the compound "woman miner” after this step has been executed.

w

. Perform an upward scan from N) with marker M4, Default VC links are made active
during this upward scan. Figure 3-12 shows the state of the nctwork for the compound
"woman miner" after "&woman” and all of its superiors have been marked with marker
M4, -

Finally, if there is a split statement that points at one concept marked with marker M4
and not marker M3 and points at another concept marked with marker M3 and not M4,
then Nl overrides a default for N, and a meaning for the compound is an N2 that is also
an Nl. In the "woman miner” example, the meaning is a miner who is also.a woman.

o

"I'he above algorithm is run to find the meanings of all compounds that can be created by assuming

the first noun is a pscudo-adjective.

"I'he above has intraduced the basic paradigm used by the system to create possible interpretations
for a noun compound. However, the discussion above has only handied compounds containing two
nouns. ‘There arc compounds that contain more than two nouns (c.g.. glass wine glass, car assembly
plant, water meter cover adjustment screw, ete.). ‘The next section describes how the method used for

processing the ‘casc when there are two nouns can be ded to process

more than two nouns. Unfortunately, it is not just a simple extension; more structure has to be added

to the processing.
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Split Statement Ml

‘M

&Man &Mineral
&Woman . 3
: *Default VC Link

M1 .
—————— Miner!Mines

&Miner

Figure 3-10: Network after default assumptions are marked for "&miner" with marker M2

Split Statement MLM3

D &Man &Mineral

*Default VC Link
M1

oo<— — — — — - Miner!Mines
&Miner

Figure 3-11: Network after the superiors of defaults for “&miner" arc marked with marker M3

3.2. Compounds with Three or More Nouns

‘The obvious way to extend the system to compounds with three or more nouns is to parse the

compound in a left to right manner. ‘That is, the first noun fits into a slot of the second. ‘This

sub-compound fits into a slot of the third, and so on. "This is in fact one pattern that a compound
with three or more nouns may have. However, not all compounds with three or more nouns can be
interpreted using this simple cxtension.  Rather than the simple patiern mentioned above,
compounds with three or more nouns seem to fall into at least the following four distinct patterns:
1. Compounds that can be parsed in a left to right manner, i.c., [N, Nzl N,l..N n]. Some
cxamples of such compounds include: science teacher institute, coal mine supervisor,
blood donor recruiter, and sugar canc plantation owner.
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Split Statement MILM3M4
—0 &Person

&Man &Mineral ’
&Woman

—————— Mincer!Mines
&Miner

Figure 3-12: Network after the "&woman" and its superiors arc marked with marker M4

N

. Compounds that can be parsed in a right to left manner, i.c., [Nl [N, ... [N N/TII. An
example of such a compound is: glass wine glass.

3. C ds that have a inalized verb in the middle of the compound, ic., [N, V,
Nl Where N; are nouns, and V, is a inalized verb.. Some les of such
compounds are: car assembly plant, food distribution centre, watch repair person, and
water meter cover adjustment screw. In the last example, the meaning of "water meter
cover™ is created in a left to right parse as described in (1) above.

4.C ds that have a inalized verb at the end of the compound. ic., [N; N, V,].
Where N; are nouns, and Vy is a lized verb. Some of such
are: student course cvaluation, government price support, exccutive stock purchase, and

city garbage collection.
An imp made in the p ing of noun d more than two
nouns is that the head noun of any sub: ds provides all the i ion necessary to find out

whether the sub-compound fills a slot-of a succeeding one. The patterns described above were
observed in several compounds and seem to handle all of the compounds with more than two nouns

that have been encountered so far.

Since several patterns exist for compounds with three or more compounds, it is necessary to usc a

more sophisticated method to find (he possible interpretations than the one used for finding the

intery ions for ¢ [ ining only two nouns. For example, consider the compound

“coal mine supervisor”.  Figure 3-13 shows the partial network around the concepts necessary to
process this compound. ‘The algorithm that constructs possible interpretations proceeds in a left to
right manner. ‘The first step of the algorithm is to activate the concepts representing.the meaning of

the first word of the compound as described in section 3.1, Since coal only has one meaning (the
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node "&coal” in figure 3-13), its slots are marked with the marker SC, and the slots it can not fill are
marked with the marker NC. Tﬁc “supervisor!supervises” slot is marked with NC because thcré will
be a split statement between living and non-living physical 'objects. At this point, nothing else can be
done, and the system starts to process the next word in the input.

All the meanings of the noun “mirie" are activated in a similar manner. Again, there is only one
possible meaning (the node "&mine" in figure 3-13), and its slots are marked with the marker SM,
and the slots it can not fill are marked with the marker NM. At this point an attempt is made to place
any sub-compounds, constructed with the previous noun as the head noun, into the slots of "&mine".

There is a single previous sub-compound "&coal”, since to make the system work more flexibly, the

first noun of a is i d a sub: d at this point in the processing. The slot
"mine!produces” can be filled by "&coal", i.e., coal is a mineral that can be mined by a mine. A data

structure is created to represent this interpretation for the sub: ‘coal mine", and is stored
with the other sub-compounds with head noun "minc". In this example, there will only be the one
sub-compound with head noun "minc”. The system finds nothing else to do, and so goes onto the
next word.

All the meanings of the word "supervisor” are activated as described in section 3.1. Again, there is
only onc possible meaning (the node "&supervisor” in figure 3-13), and its slots are marked with
marker SS, and the slots it can not fill arc marked with the marker NS. An attempt is made to place
the sub-compounds, constructed with any meaning of "minc" as the head noun, into the slots of
“&supervisor".  The only slot of "&supervisor” that can be filled by "&mine" is
“employeclemployer”, and a data structure that rcpresents this interpretation, where the sub-
compound "coal mine" is used to fill the "employcelemployer” slot of the only meaning of
“supervisor”. ‘I'his interpretation is stored with all the sub-compounds that have any meaning of
"supervisor” as the head noun. ‘The system accepts as the possible interpretations all the
interpretations that are stored under the last noun of the compound and that span the whole input.
In this case there will just be the one interpretation where a "supervisor” is employed by a "minc™
that produces "¢oal”. ‘There is a sccond meaning that many people think of where the supervisor

SUPCTVS

s a coal mine and hence its employces. This meaning is obtained by a deeper semantic

process than the current system can perform. "The current system only looks at one level of slots in

concepts. ‘To obtain the meaning “supervisor who supervises employecs of a coal mine”, the system
has to retrieve information from a second level of slots, in particular the “employs™ slot of “coal

mine". It currently does not usc information at this level of detail. ‘This paragraph has described the

basic method the system uses to find the possible interp ions of ¢ ds. 1t must be ded

to handle the other three patterns that can be used to form an interpretation of a compound.
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&Organization

ployee
— — T UNCNsss
Employee!Employer

&Supervisor
— — — — ONCNMSS

) O &Coal
Supervisor!Supervises . Mine!Produces .

Figure 3-13:: Network to Find Possible Meanings for the Compound “Coal Mine
Supervisor"

The second pattern that a compound with three or more nouns may match is the one specified by a
right to left parse. For cxample, consider the compound "glass wine glass”. Figure 3-14 shows the
NETL network around the concepts needed to find the meaning of this compound. There are two
meanings for the word "glass", onc is a container from which people drink liquids, and the other is a
clear material made from amorphous silicon dioxide. The processing for this compound will proceed
as described above. That is, the first and second word will be activated, by marking their slots, and
the slots they can not fill. However, when an attcmi)t is made to find a slot of "wine" in which
"glass" can be placed, the system finds no candidates. This makes the implicit assumption that a
liquid does not have a "contains" role. /iclually, there is such aslot, it is just that neither meaning of
"glass" should be able to fill it. Since "wine" contains "alcohol”, a liquid must have a “contains* slot,
but note that this use really means that wine is made up of several substam:cs., one of which is alcohol.
Glass as a material .or a container docs not fill this role correctly. Note that a containment relation
could exist in which a container contains a liquid and cither type of glass, but then the liquid is not

really containing cither type of glass.

Rather, than aborting the process because no slot is found, and claiming there are no possible

interpretations for the compound, the system proceeds to the next word. :I'I{c second “glass™ is
activated, but since it has already been scen before for this particular compound, the system doces
nothing, because all the information the system needs is alrcady available. “The system starts by
trying to fit any,suhfomfvuunds of "glass wine" into slots of "glass”. However, there are no such
sub-compounds, and nothing can be done. ‘The system then proceeds to sce if a meaning of the

previous word (i.c., "winc") can fill any of the slots of any of the meanings of the second "glass”.
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Since "wine” is a liquid that people drink, it can fill the “glass-Blcontaince™ slot, and an

for the sub: pound "wine glass” is formed. The next step is to sce if any meanings
of the first "glass" can fill a slot of the secoﬁd “glass”. Note it is assumed that the sub-compound
"wine glass” does not have any additional slots, since it is a type of “glass-B" and thus inherits only
the slots found through "glass-B". In fact, it has one less slot available since the “glass-Blcontaince™
slot is filled with a value and can not be filled with another one. Since the second "glass” has already
been disambiguated to have the meaning of a container from which people drink liquids, this
meaning is checked to see if there are any other slots that can be filled by any meaning of "glass”.
Since a "glass" that people drink from can be made frém amaterial, the first “glass" is disambiguated
to mean the clear material made from silicon dioxide, and fills the "container!made-of” slot. Note
that the context provided by the compound itself is sufficient to allow the system to disambiguate

which meaning of "glass" was appropriate for cach occurrence of the word “glass”.

&Material O—i? &PhysOb

~ Container! f ﬁonmincr!Conminec
&Container

&Glass-B

Glass-B!Containee

&Glass-A

Figure 3-14: Network to Find Possible Mcanings of the Compound "Glass Wine
Glass" !

“I'he phenomenon of the context of a compound disambiguating the meaning for the compound
occurs only when onc or more of the nouns in a compound have multiple meanings. If only one
meaning for such a noun can fill one or more slots of the following noun, then the meaning for the
noun is disambiguated (o that one particular meaning since the other meaning (or meanings) can not
be used as the basis for the meaning of the compound as a whole.  Also, i’ a noun with multiple
meanings provides slots that the previous roun can fill, and if only one meaning of the noun with
multiple meanings provides one or more slots that can be filled by the preceding noun, then the noun

with multiple mcanings is disambig\lulca. “The context provided by the compound itsclf can only
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disambiguate nouns with multiple i it will not help di i the cases when one noun

has more than one slot that can be filled. Note that cven when this occurs, it is sometimes possible to
disambiguate a noun with multiple meaning from just the context provided by the compound.

‘The processing to form ‘the possible interp ions of a p in which a inalized verb

occurs somewhere in the middle of the compound starts off the same as the two above. That is, the
first two nouns have their slots marked, and also the slots that they can not fill marked. For example,
consider the compound “watch repair person”. Figure 3-15 shows the network around the concepts
necessary to find the meanings of this compound. Since the above two methods are being processed
in parallel, the sub-compound "watch repair” will be formed after the word "repair” (as a
nominalized verb, i.c., describing the action of repairing something) has been processed. However,
this sub-compound plays no further role in the processing the system performs. After the word
“person” has been activated, the system will try to form sub-compounds based on the first method
above, and will fail, since there arc no slots of the meaning of “person” that can be filled by the
meaning of "watch repair". Ifa person has an “occupation” slot, then it could be allowed io be filled
by "repair”, but should it? A problem with this is what restrictions should be placed on the slot?
*“Repair” describes an action that can be performed by a person. Are all such actions to be allowed to
fill this slot? This will allow a large number of incorrect meanings for phrases of the form "action
person”. "Repairer” on the other should be atlowed to fill such an occupation slot.

The system docs not stop its processing after finding no slot of "person" that “watch repair” can
fill. If the previous word (i.e., "repair") has any meanings that are nominalized verbs, the system
attempts to use the slots in it to find possible interpretations for the compound. The first step is to
find if the meaning of “person” can be placed into a slot of the meaning of “repair”. The
"repairtrepairer” slot (i.c., the slot for the thing that performs the repair action) is available and can
be filled by the meaning of "person”. Similarly, all the sub-compounds that have the head noun
from two words back, are checked to see if any of them fit into a slot of “repair”. In this case, the
meaning of the word "watch” can be placed in the “repairtrepairee” slot (i.c., the slot for the thing
that is being repaired) of repair. The system creates a data structure to represent this particular
interpretation of the compound. Since this is the only interpretation found, the system determines

the meaning of the compound "watch repair person™ to be “a person who repairs watches™.

‘The system begins processing compounds that contain a nominalized verb at the end of the
compound in the same way as described above. For example, consider the compound "government

price support”. Figure 3-16 shows the NETL structures necessary to find the meaning of this
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Repair-AlRepairee

&Action

Repair-B!Repairee
&Repair-B Repair-B!Repairer

Figure 3-15: Network to Find the Possible Mcanings of the Compound "Watch
Repair Person”
compound. The system marks the slots of the first two nouns, and also marks the slots that they can
not fill. Finally, the word “support” is processed by the system. Since the word "support” is a
nominalized verb, the system checks to see if the meaning of the previous word can be placed into a
slot of the meaning of "support”. Since a "price” can be supported, the system finds that the slot
"support!supportee” (i.c., the thing that is supported) can be filled by the meaning of “price”. Note
that the restrictions placed on the “support!supportee” slot must be fairly loose because many things

can be supp literally or ically. The system then looks at the sub—comgounds whose
head noun is two words back from "support". The meaning of the word “government” is found, and
the system attempts to place its meaning into any of the slots of the meaning of "support” except
“support!supportee” which has already been filled by the meaning of the word “price™. ‘The system
finds that a “"government” can support things, i.c.. it can fill the “support!supporter slot of
“support”. ‘The system creates a data structure that represents the interpretation of “government
price support” where a "gn)vcfnlnvnt" supports a “price”, ‘Ihus, this will be one of the possible
interpretations that the system must consider for determining the mcaning of “government price

support”.

Nouns that are-pscudo-adjectives may also bé involved in compounds with three or more nouns.
Pscudo-ildjcclivcs tend to be the first noun of the compound. ‘They can modify any head noun of a
sub-compound, but the system prefers to have them modify the head noun of the compound if at all

possible. If thee are two interpretations, one in which a pseudo-adjective modifies a sub-compound,
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&entity . . Thing

&Property sOb
&Organization
- &Cost
overnmentiGoverns |\ s Support-Al T Costiof
&Government &Support-A Support-f\!Supportee
&Action &Price .
- - - = Support-B!Supportee
&Support-B Support-B!Supporter

Figure 3-16:  Network to Find the Possible Mcanings of the Compound

“Government Price Support™

and another in which the pseudo-adjective modifics the head noun of the whole compound, then the

system selects the second interpretation as the better one.

3.3. The Algorithm to Find Possible Interpretations

‘The above descriptions have given examples of how the system finds possible interpretations. This
section gives a more complete description of the algorithm to find possible interpretations for a
compound. ‘I'o make the description of the algorithm casier, the following notational conventions are

used:
© n - the number of nouns in the compound to be processed.
o W,-the i™ noun of the compound.
o N; - the number of concepts of W; that have meanings as nouns.

o C; - theset of concepts associated with the i fioun, i.c., the st of all possible meanings of
the i noun, .
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o P, - all the possible sub-phrases containing W, as the last noun.
S, - the set of possible meanings of noun compounds with head noun Wi.

The full description of the algorithm is as follows:

L. Activate all the meanings W, as described in section 3.1.1, i.c., mark all the slots of each
meaning of Wl, and all the slots that each meaning can not fill.

2.Set S, to the set of concepts that are meanings of W1 used as a noun.
3. Set P, to the set consisting of the one clement W,
4.Setito2.

5. Activate all the meanings Wi as in section 3.1.1, i.e., mark all the slots of cach mcaning of
W, and all the slots that each meaning can not fill.

6.Set P, to the sct consisting of the set with element W; union the set constructed by
appending W; to the end of all clements of P, This just constructs the sct of all possible
sub-phrases ending with W,

7. For cach x in Pi. add any built-in compounds associated with x to the set Si‘ This just
takes care of the case when a compound-has been built intd the data base. Examples of
such compounds arc “crown prince” and "chain gang”. This mechanism could also be
used to pick up compounds that have been added to the data base, but currently does not.

8. For each x in C;:

a. If x is a noun, set S to S; union the set of compounds formed by finding a sub-
compound in S, , that fits into aslot of x. Here the phrase is processed left to right.

o

. Ifxisanoun and i>2and S, ) is empty, then first form a compound y by filling a
slot in x by a concept from e Finally sct Si to Si union the sct of compounds
formed by filling a slot in y by a sub-compound from S,.,- This allows the system to
parsc acompound from right to left, if the nced ever arises.

o

. If xisanoun and i > 2 and Ni,>0and yin C, is an nominalized verb, set 8, to S;
union the set of compounds formed by filling one slot of y by x and another slot n?
y by a sub-compound from S_,. ‘This docs the processing to detect noun
compounds that contain nominalized verbs in the middle.

d. Ifx nounandi>2and i = nand N, > 0and x is an nominalized verb, set $; to
§; union the set of compounds formed by filling onc slot of y by x and another slot
of x by a sub-compound from S,,- 'This does the processing to detect noun
compounds with nominalized verbs at the end.

I3

. 1f x is a noun and the number of concepts in Ci is not equal to Ni‘ add x to Si' This
just makes sure that if the previous word could be used as a pscudo-adjective, that x
can start a noun compound.
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9. For cach x in 8, if x-docs not start at the beginning of the phrase, try and construct a
phrase that starts at the beginning by checking for pscudo-adjectives bcforc the start of x

and adding them to the phrase. This is d by the ing

a. Setj to the position at which x starts minus 1.

s

Set B to the set of compounds consisting of the one clement x initially.

0

Set A to B, and Bto NIL.

For cach y in A and cach z in C; such that z is a pseudo- édjectivc and z can modify
the head noun of y, sct B to B union the pscudo-adjccuve phrasc formed by adding
zto the front of y.

e

14

Setjtoj-1.
f. Ifj>-1, thengotoc.
g Set§; to S; union B.
10.Setitoi+1.
11 lf:i(= n,goto$.
12.§, should contain the possible interpretations of the p‘hrase.

At this point, the possible meanings for the phrase should have been found. Since the description of
the algorithm above may not be particularly clear, a brief example is presented here to give a better
idea of how this algorithm works. The compound "blood donor recruiter” will be used for this
example. :

A. Step 1 of the algorithm activates the one meaning of "blood"” as described in section 3.1.1.

“This will mark all the slots that the meaning of "blood" can not fill with marker NB, and
also all the slots of "blood" are marked with the marker SB.

B.Step 2 of the algorithm sets the set S| to the concept representing the meaning of the
word "blood". Note that there is only one meaning of "blood" in this example.

C. Step 3 scts the set P, to the set {"blmd"} i.c., the single clcmcn[ "b[oud" ‘T'he various
P's arc used to find bmll in for ds or sub

1). Step 4 sets the variable i to 2. At this point the system has been initialized dnd is ready to
start processing the rest of the compound.

E. Step § is the start of the main loop of the algorithm. Since the variable i is currently 2, the
meaning of the word "donor" is activated as in section 3.1.1. ‘This will mark all the slots
that the meaning of "donor” can not fill with marker ND, and mark all the slsts of
“donor" with the marker SI. At this point, the algorithm is almost ready tu try to find
possible interpretations for the sub-compound "blood donor”.
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F. Step 6 sets P, to {"blood donor”, ;‘dunar‘?}. i.e., all the possible sub-compounds that end
with the word "donor”.

G. Step 7 looks at cach compound in the set P, to sce if they have a built-in compound
stored in NETL's data base. No built-in compounds will be found for any of the phrases
in P,, and the processing continues.

H. Step 8 looks at the single meaning for "donor” and does the following:

 Step 8a tries to fit the meaning of "blood™ into a slot of "donor”. It will find that
the slot "donates” of donor can be filled by "blood". Thus S2 will be set to a
description of the compound "blood donor" in which a donor donates blood.

® Steps 8b, 8¢, 8d, and 8¢ do nothing more.

At this point, there will be one sub-compound contained in the variable S,.

L. Step 9 docs nothing, since the only sub-compound in S, spans all of the input that has
been scen so far.

J. Step 10 increments the variable i to 3.

K. Step 11 checks to sce if i is less than or cqual to the length of the compound. Since the
compound is of length three, the algorithm will jump back to step 5, and process the next
word of the compound.

L.Steps 5 through 10 are cxccuted again with similar results, cxcept that the mcaning
sub-compound "blood donor” can fill the "thing recruited” slot of the mcaning of
“recruiter” to obtain the final meaning of the compound as a recruiter who recruits a
donor who donates blood. The set variable Sj will be set to this single meaning for the
compound. The variable i will be sct to 4.

M. Step 11 will fail to jump back to step 5, since all the words of the compound have been
processed.

N. Step 12 will find the single meaning of "blood donor recruiter” in the variable S3 which
will be used as the meaning for the compound.

“The next section describes what happens after this algorithm has finished cxecuting.
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3.4. Results of Finding Possi_ble Interpretations

Once the system comes to the end of a compound, there are three possible outcomes. The system
may not have found any possible interpretations for the compound. In this case, the system reports
this fact to the user and does nothing further. This may not be the best thing to do. In fact this is
likely to be one of the most important cues for the system to use deeper semantic and pragmatic
processing that seems to be necessary to process some compounds, as suggested in chapter 6. In
humans it seldom happens that no interpretations are found, but with NETL’s current rather limited
knowledge basc it is not infrequent. The second case occurs when only one interpretation is found by
the system. In this case, the system proceeds to construct structures in NETL's data base to represent
the meaning of the compound. This meaning can be used later by the system to disambiguate other
compounds. If the system comes across the same compound again, it will use the structure it created
alrcady as the meaning of the compound, rather than creating a duplicate structure. The last
possibility is that the system will discover more than one interpretation for a compound. 1If this
occurs, the system will pass all the possible interpretations to the heuristics scction. The heuristics
attempt to find the best meaning for a compound by using several different heuristics. Chapter
4 describes in detail all the heuristics that are currently-available to the system. When the heuristics

have selected the best meanings for a compound, or when there is only one interpretation, the system

creates structures in NETL's data base to rep these The following sub-section
describes in more detail the structures the system treates to the ings of
3.4.1. Creating Struct to Rep an Interp ion in NETL

As the system builds the possible interpretations, it does not immediately alter the NETL data
base, because some of the interpretations may not be valid. Rather, it builds a fairly complex data
structure that describes exactly what should be built in the network.” When the system builds
structure in NET'1.’s data base to represent the meaning of a compound, it scans this data structure
recursively. 1t builds all the structure necessary to describe the sub-compounds at cach level, before
building the structure for the main compound. Since the system looks for slots that can be filled by
other concepts, the representation of a compound involves filling a slot with the appropriate value.
“T'he concept whose slots are to be filled, the slot to be filled, and the value to fill the slot are all stored
in the description of an interpretation. ‘This description provides all the information necessary for the
system to create the correct structure to represent the meaning of an interpretation.  Figure

3-17 shows an i iption for the c d “car
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Head Concept: &Maintenance

Type of Compound: LeftRight

‘Word sequence: Car Maintenance

Conicept providing the slots: &Maintenance

Cognate (if any): &Car Maintenance-A

Name of slot used to form the meaning: Maintenance!Maintainee
Concept to be placed into the slot: &Car

Number of instances in the data base: 0

Figure 3-17: . Description of the compound "“car maintenance".

Figure 3-18 shows the structure that would be built to represent the meaning of the compound
“car maintenance”. This is the structure that would be built in NETL's data base to represent the
the
meaning, with other structure built around it to fill in the details of the interpretation. This other

is used to

interpretation of the compound. The single node "&car P
structure involves mapping the slot to be filled down to the node “&car maintenance”, and setting
the node representing the map of the slot equal to the node representing the meaning of the word

car”. For the compound ‘“car maintcnance” this involves mapping the slot
"maintenance!maintaince” from the concept "&maintenance” and making it cqual to the node

“&car”, Thus, the node "&car maintenance™ describes a typical maintenance of a typical car.

The structure described above is the basic one used for all the interpretations except for those
having a nominalized verb in the middle of the compound. In the case of a nominalized verb in the
middle of a compound, the hch noun of the compound does not provide the slots that are filled.
Instead, the nominalized verb provides these slots. This makes the representation of such a
compound somewhat more complex. Again, there is only one node that represents thie meaning of
the interpretation with structure built around it to fill in the details. For example, consider the
compound-"waltch repair person”. Figure 3-19 shows the structures that would be built in NET'L's
data basc to represent the meaning of this compound. ‘The node "&watch repair person* is the single
node that represents the meaning of the compound. The node "&repair-A" represents the meaning
of the word "repair” as a verb. ‘The node "&repair-B" represents the meaning of the word "repair” as
a noun. The individual statement node "&rc;.)uir-A-l" co'nnccts'mc_ slots of the two concepts that
repiesent the meaning of "repair” as a verb and as a noun. ‘Ihis structure is used so that less structure
has to be built when a compound s created in NET'L's data base. The individual statement node
“&repair-a-1-1" ig created that exists for the node “watch repair person”, and maps the correct slots
down from the verb associated with the nominalized verb. ‘The slots mapped down are set equal to
the nodes representing the meaning of the sub-compounds surrounding the nominalized verb, In

this case, the person who docs the repairing is mapped down and set cquénl to the node representing
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Split Statement

&Living-PhysOb &Non-Living-PhysOb

&Action
- - - Maints
Maintenance! Maintaince )
n &car
&Maintenance
O-@<

&Car Maintenance

Figure 3-18: "The Network Structure Built to Represent the Mcaning of the
Compound "Car Maintenance"
the meaning of "person", and the thing that is repaired is mapped down and sct equal the node

representing the meaning of "watch".

When the system creates a compound consisting of a pscudo-adjective, the node representing the
meaning of the compound has a VC link created that points from it to the node representing the
meaning of the pscudo-adjective as well as a VC link to the node representing the meaning of the
head noun of the compound. For example, figure 3-20 shows the structure that would be used to
represent the meaning of the compound "woman miner”. ‘The node "&woman miner™ is created to
represent the meaning of the compound "woman miner”. This node points at the node representing
the meaning of the noun "miner”, and also at the node that represents the meaning of the word
“woman®. “There is also a cancellation link going from “&woman miner* to “"&man®. “This in effect
cancels the default VC link from "&miner” to "&man”, so that the split stateraent won't complain
every time "&woman miner” is marked. ‘This structure specifics that a “woman miner” is a "miner”

who is also a "woman" and not a "man".

If there is only onc interpretation, then the system creates the structure to represent the meaning of
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&Statement Person
- -1 -
_ _Rc_;_jair AR epairer
&Repair-A
&Action /’
&Repair-A-1j
/
L= -
&Repair-B Repair-BRepairer Repair-B!|
| &Repair-A-1-1
|
|
v/ -
&Watch Repair Person

Figure 3-19: 'The Network Structure Built to Represent the Meaning of the
Compound "Watch Repair Person”
the compound in NETL's data base as described above. If there is mor¢ than one interpretation, the
heuristics arc invoked to attempt to find the best meaning for the compound. After the heuristics

have finished processing all the interpretations, structures are created to represent the selected

interpretations in the NETI. data base, as described above. ‘The next chapter discusses scveral

Teuristics that are used to atiempt to make this decision.
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Split Statement

&Man &Mineral
&Woman

*Default VC Link

&Miner

*CancelLink | O®<— — — — — - Miner!Mines

&Woman Miner

Figure 3-20: The Network Structure Built to Represent the Meaning of the
Compound "Woman Coal Miner"
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-Chapter 4
The Best Interpretation for a Compound

Once all the possible interpretations have been found for acompound, there are three possibilities:
1. There may be no interpretations.
2. 'There may be onc interpretation.
3. There may be more than one interpretation.
Possibilities (1) and (2) are straight forward. In case (1), the system finds no m‘caning for the
compound, and reports this to the user. In case (2), only onc meaning is found, and the system
creates a structure in the NETL network to represent this meaning’of the compound. Possibility (3) is
the interesting case. The system must decide which of the possible interpretations is the one that best

represents the meaning of the compound. Several heuristics have been developed that attempt to

make this decision. Note that these hetristics have been developed outside of a complete natural

language understanding system. Many of these heuristics will be sut d by mech p
by a complete natural language system. The functions provided by many of these heuristics would
have to exist in a complete system. The use of focus as proposed by Sidner [Sidner 78] or Grosz
[Grosz. 78] should provide significant constraint and thus some of the léust reliable heuristics will be
used infrequently if at all. "These fucus mechanisms would also replace the “general topic under
discussion” heuristic. “The "sclectional restrictions” and “slot already filled” heuristics will be

subsumed by more gencral anism for ini i ips between phrases of a sentence.

There are two classes of heuristics used by the system. Onc class can remove possible

interpretations from consideration; the other only shows a for g

‘I'ne boundary between these two classes of heuristics is not well defined. since it is possible for a

heuristic to rule out interpretations, as well as provide an indication of how well it supports the
remaining ones. FFor example, heuristics based on context can rule out interpretations, but if more
than onc remains, they may prefer onc of the remaining interpretations over the others. ‘The
assumption is the interpretation with the most support is more likely to be the correct than one with

Tess support.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



72 ' ‘The Best Interpretation for a Compound

The heuristics that rule out interpretations prune these inter ions from the list of

as soon as possible. The heuristics that can provide a preference for an interpretation calculate a
rating in the range zcro to one for the d. This number

P how well the criteria for
the heuristic are met by the interpretation. Higher numbers show a higher preference for a particular
interpretation. The heuristics providing preference of this nature are executed after the heuristics
that can prune the list of possible interpretations. Thus, they are only exccuted for those -
interpretations that remain, rather than for all of them.

‘The next several sections describe in detail all the heuristics that are currently available to enable

the system to select the best interp ctation for a ) d. After all the istics have been fully
described, a section is devoted to the problem of selecting the best interpretation using the

information provided by the heuristics.

4.1. Context

One of the design goals of the system was that it mulfl be integrated with a larger language
understanding system. The context u‘scd by the system is intended as the ccnncc[io‘n to such a
system. Contextual i‘nfonnatinn comes from the phmscé‘ sentences, and paragraphs around the
compound, rather than the compound itself. The current work uses three distinct form§ of context to

disambiguate the meaning of a compound, as follows:
1. Context based on selectional restrictions [Katz 63] for the head noun of the compound.
2. Context provided by an already filled slot in the head noun of the compound.

3. Context provided by the general topic in which the compound occurred.

Context is provided to the system by a list of the following form:
(Level, Level, ... Level ).
Where level; represents context at some level of the conversation. Level, context represents very
local context, i.c., probably context provided by the phrase or sentence in 'Jvhigh a compound occurs.
Level represents very global coniextual information, i.c., the general topic of the conversation, or
information provided by previous paragraphs. ‘I'he more specific contextual infprmzni(m is given a
higher preference than the more general information.  As the system currently stands information
provided by the first IchCI of context (i.c. at the level of the phrase or sentence in which the
compound occurred) is sufficient to specify the context for the “sclectional restriction” and “slot
already filled" heuri:

discussion™ heuristic in most cases. 13ach level contains a list of the following form:

tics. ‘The second level is used to specify the context for the “genceral topic under
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(Item, Item, ... Item ).
Where item, is one particular item of contextual information. An item may be a single concept that
provides information about the general wpié under discussion, or it can be a list of the following
form: )
(NodeName STotList
(Slot, Value,)
(S1ot, Value,)
(Slot, .\.h;'lnen))
‘Where NodeN: is the concept providing the slots that can be filled. SlotList is a list specifying the

slots that the compound could fill due to syntactic information. The position of the compound in a
sentence can often restrict the sct of available slots of a verb for the compound to fill. Sloti is the
name of a slot of node and valuci is the node that fills it. This structure for presenting context to the
system provides a fairly flexible way of using context. This is how the system currently accepts e
context to disambiguate a compound. Chapter 5 describes how the current system could be
interfaced to a parser and gives a more detailed description of where contextual information must

come from.

‘The following three sub-sections describe the three kinds of heuristics based on context in greater
detail. The last sub-scction describes how the results of these three sub-heuristics are used by the

system.

4.1.1. Selectional Restrictions

Sclectional restrictions [Katz 63] are a well known method of using the context in which a word
with multiple meanings occurs to disambiguate its meaning. Context based on sclectional restrictions

generally arises from the sentence ining the d. The ional (cslriclinn

assumes that an ambiguous word must fill a particular role in the sentence. This may involve ﬁlling a
slot in a verb or noun, or may involve some other aspect of the sentence.  For example, the word
“club" in the compound "golf club” has at least two meanings that arc relevant to understanding the
meaning of the compound (i.c., a club as used in games, and as an organization that has the purpose
of providing golfing facilities to golfers). In many cases, the meaning for the compound “golf club™
can be determined by embedding it in a sentence. For example, the two sentences helow provide

context o the d correctly.

1. The golf club hit the ball.

2.'The golf club fired its manager.
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The context from sentence (1) is presented to the system by providing a structure where “hit" is a
verb with its slot for the object being hit'is filled with a particular ball. This will leave scveral slots
available in this instance of a "hit" action that may be filled by "golf club”. However, the meaning of
"golf club” as a picce of equipment for playing golf can only fit into the slot for the thing used to do
the hitting. The organizau:on meaning of "golf club" cannot fill any of the slots of "hit" given the
syntactic constraints of the sentence. Similarlﬁ, sentence (2) provides the context necessary to obtain
the organizational meaning of "golf club", since a picce of equipment can not fire someone, whereas

an organization can.

The current system is dealing mainly with ambiguous nouns. Ambiguous nouns internal to a

pound can not be di i d by the context provided by sclectional restriction information,

¢
since the structure of a compound involves the ambiguous internal noun filling a slot in one of the
preceding or following nouns. However, the head noun of a compound may have multiple meanings

and may not be disambiguated by the context provided by the d. One way to dit

such a noun (and in the process, the compound) is to provide some context to the system. To use
selectional restrictions, it is necessary to provide the system with the concept that provides the roles
the compound is meant to fill in a sentence. In many cascs, this will be a-verb with some of its slots
already filled (i.c., can.not be filled by the compound). This lcaves some slots available for the
compound to fill, and this is the information this heuristic uses to prefer one interpretation over
another. In some cases, it may be another type of phrase that pm\_'idcs the selectional restriction
necessary to disambiguate acompound. )

The information necessary to use the i ictions as ioned above is provided to the

system by a list with the following format:

(NodeName STotList
(Slot, Value,)
(S1ot, Value,)

(Slot, Value,))
Where node specifies the concept that provides the slots available for use by the selectional restriction

heuristic.

Slotl.ist is a list specifying the slots that the compound could fill duc to syntactic

constraints. Slot, specifies a slot that belongs to node, and value; specifies the value that should fill
slot,. For example, in the "golf club™ example above, the information provided by the two sentences

is presented to the system by the following two lists respectively.
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1. (&hit (hitlhitter hitlwith)
(hitlhittee &ball-1))

2. (&fire (firelfirer)
(firelfiree &manager-1))
List (1) says that the context is a "hit" action in which the thing hit is &ball-1 and that "golf club" can
be placed into one of the slots "hithitter” or "hit!with” QUe to syntactic constraints. Similarly, list (2)
says that the context is a "fire" action in which &manager-1 is the person who was fired and that "golf
club” can only be placed in the slot "fire!firer" due to syntactic constraints.

The problem the system. must address. is to ‘ﬁnd those slots that can be filled by a particular
meaning for the compound. If such a slot can be found, then this interpretation of the c&mpound is
said o be supportable by context. The system first finds all the slots that belong to the concept that
has the slots to be filled. If a list of possible slots is provided, the system uses the intersection of this
list and all the slots found, otherwise it uses the list of all slots found. Those slots that are already
filled by another concept are not considered. For each of the possil;le slots, the head noun of each
interpretation is checked to see if it can possibly.fill the slot. If the NETL network contains no
information specifying that the head noun of the compound can not fill- the slot, then the
interpretation-is said to be supportable by context. This is done by scarching the type hicrarchy to
sec if the node representing the head noun of the interpretation would cause NETL to complain if it
is put into the slot. 1f NETL returns with the result that the head noun can not fit into the slot, the
interpretation is not supportable by context. For cxample, in figure 4-1, the head node “&club-B" of
the compound "golfclub” as a picce of golf equipment (i.c., club as a stick) causes NETL to complain
when it is placed in the "hitthitter” §lol of the "hit" action, because of type split statement A between
&living-physob and &non-living-physob. However, NETL does not complain when it is placed into
the "hit!with” slot, since there is no information saying that it can not fit into this slot. The
inlcrprc\a!i‘(m of "golf club” as a stick is supportable by the context provided by the sentence “T'he
golfclub hit the ball". When the concept "&club-A" is placed into cither of the stots of hit shown in

figure 4-1, NETIL. will complain. In the first case, split B says that an organization is not a

“&physob™ and thus can not fill a slot that requires a living “"&physob™. ‘The same split statement

comes into pliy when the "hit!with” slot is i d. ‘Thus the nizati T ion for "golf

club” using the "hit” context is not supportable.  Note that there are contexts in which the

“selectional restriction” heuristic has equal preference for two or more interpretations. For example,
the sentence "the ‘golf club belonged to the man™ will not allow the "sclectional restriction” heuristic

to select one meaning of “golf club™ over the other.
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ysOb
&Non:

Hit!Hitce

O
&Fire Fire!Firer  Fire!Firce

Figure 4-1: Example Network for Use by the Selectional Restrictions Heuristic,

Similarly, the senience "The golf club fired its manager” provides the context necessary to derive
the organizational meaning of "golf club”. Figure 4-1 shows the information necessary to process the
context. When “&club-b” (i.e., club as a stick) is placed into either of the slot "firc!firer" of the verb

"firc", NETI. complains since split statement B is violated.

Note that if any slot can be filled by the head node of an interpretation of a compound, that the
interpretation is supportable by that particular item of context. ‘Ihis means that for the sclectional
restriction heuristic to work cffectively. one interpretation must be supportable by the context (i.c., at
least one slot can hold the head noun of the compound), and that all the other interpretations for the
compound must not be supportable by context. ‘The test used in the "selectional restriction™ heuristic
is currently an all or nothing onc. There is no notion of relative preference for one meaning over

another,
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Sclectional restrictions are onc method using the context that can be pmscmcl‘l to the system.
However, this is not the only way that the context in which a compound occurs can be used to
disambiguate the meaning of a pound. The ing sub-section di another way that

context can be used to disambiguate the meaning of a compound.

4.1.2, Slot Already Filled

Context from an already filled slot in the head noun of the compound usually arises from a
prepositional phrase adjacent to the head noun of the compound. For example, the compound
“computer maintenance” can have two meanings. One meaning is when the computer is the thing

maintained, and the second is when it is the thing doing the maintaini The phrase "

maintenance of the data base™ provides context where a slot is already filled for the compound
"computer maintenance”. This heuristic relies on prepositional plirase attachment to be donc before
the d is fully This not an listi ion, since the phrase "maintenance

of a data basc™ must also have prepositional phrase attachment, but now there is no éompound that
has to be processed at the same time. It is probably necessary in a more complete natural language

understanding system to allow ii ion between the p itional phrase and the noun

compound component. This should provide more constraint for phrases like this onc. As the system
currently stands this would require an extensive amount of work. The noun "maintenance” has at
least two slots: onc for the thing beirig maintained, and one for the thing actually doing the
maintaining. There will also be slots for the time at which the maintcnanéc action occurred as well as
the location, among others. With the phrase above, the slot for the thing being maintained must be
filled with "the data basc" duc to the construction of the phrase. This leaves only the slot for the
thing doing the mai to be filled by ’

‘I'ne context for this heuristic is supplied by a list with cxactly the same structure as for the
selectional restriction heuristic above, i.c.:

(NodeName SlotList
. (Slot, Value,)
(Stot, Value,)

(Slot, Value ))
Where NodeName is the concept that. owns all the slots. SlotList in the case for the “slot already
filled” heuristic will be the null list, since syntax can place no constraints on what slots arc available.
Slot, is the name of a slot associated with the concept NodeName, and value, is the value with which

the slot is filled. The concept NodeName must be a concept that occurs in some interpretation of the
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I d, and at least onc-oth concept rep ing a noun must fill one of its slots. If node is not

such a concept, then no interpretation for the compound can be removed from consideration, since

node does not occur in an i ion of the comp and th any of its slots that are filled

will not matter. For example, the context to obtain the meaning for "computer maintenance” where
computer is the thing doing the maintenance is provided by the list:

(&maintenance () .
(maintenance!maintainee &data-base-1)).

In the absence of such context, it is probably better if the system chose the interpretation where a
computer is the thing being maintained. Heuristics other than context ones are available to do this if
the network has sufficient knowledge in it.

‘The system checks for this type of context hy looking at all the possible sub-compounds in an

pretation. If the node r ing the meaning of the head noun of a sub-compound is equal to
the concept specified by NodeName in the list providing the context, the slots filled in the ’
interpretation are compared with the slots of the slot-value pairs in the list providing context. Ifa slot
in the interpretation is successfully matched against one of the slots of a slot-value pair in the list
providing context, the slot is already filled by another concept, and can not be filled by-a second to
form an interpretation for the compound. This means thatin such a context, the interpretation is not
available and is pruncd from the list of possible interpretations. Thus, this heuristic, when it comes
into play, is extremely powerful, because it can immediately rule out an interpretation and prune it
from the list of possibilities. The other two types of context can only give a preference when more
than one interpretation is supported by them.

4.1.3. General Topic under Discussion

Context may also be provided by the general topic under discussion. Such information normally
comes from what has gone on in a conversation before the occurrence of a compound. ‘This would
normally require the input of several sentences worth of information, which is awkward in the
current system. Instead, the system can be presented with a list of concepts that provide the general
context of the discussion. Thus, as part of the context information that can be provided to the system,

aconcept or st

ral concepts can be used to represent the general wpic of the discourse.

Returning to the "golf club” example, if the general topic of discussion is organizations of one kind
or another, then the organizational meaning of “golf club™ is supportable by this context. The "golf
club” as used in the game of golfis not supportable. The context for this example can be provided by
the single node “&organization” representing the meaning of the word "organization”. Similarly, if
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the conversation is about sports equipment used in various games, then the meaning of "golf club™ as
used in the game of golf is supportable, rather than the organizational interpretation.

The system processes such context by lookiné for a relationship between the general concept

provided as context, and any of the concepts that occur in a i i ion for a

If any such relationship exists, then the system assumes that the interpretation is supportable by the
context. The system checks for these relationships by searching for various possible relationships that
may occur between the general topic and the concepts in an interpretation. The first search is to see if
any of the concepts in a particular interpretation are descendants of the general topic. If any are, then
the interpretation is supportable by context. For example, if the general topic of conversation is
urganimliun;, then the organizational meaning of “golf club” is supportable by this context, since
"&club-A" is a descendant of “&organization” (sce figure 4-1). The second check sces if any slots of
the general topic can be filled by the concept representing the meaning of the head noun in an
interpretation for a compound. If such a slot exists, the system assumes that this particular
interpretation is supportable by context.

‘The problem with this hCUrisl.ic is it may be difficult to find the topic under discussion in a picce of
text. The focus mechanisms of cither Sidner [Sidner 78] or Grosz [Grosz 78] should be able to
determine the topic of a discussion. The “general topic under discussion™ heuristic could use the
focus of a conversation as the concept in the scarch described above. It may be necessary to loosen
the search to allow for other relationships to occur. One important relationship is how closely related
aconcept is to the focus. It is better to use a concept closely related to the focus in an interpretation

for a compound than one that is not as closely related.

4.1.4. Using the Results of Context

‘T'he results of the three heuristics based on context are used by the system in two ways. ‘The first is

to rule out any interpretation not supportable by context, as long as at least one interpretation is

supportable by context. If no interpretation is supportable by context, all the interpretations are

retained, rather than pruning them all, which would be senseless. 1 only onc il romaing

T
alter the context routines have finished their processing, the system uses this single interpretation as
the meaning for the compound. Since the list of possible interpretations is pruned as soon as these
heuristics arc finished their processing, the rest of the heuristics should not have to look at as many
possible interpretations. 'The reason the context heuristics arc allowed to prunc the list of possibilities

in this way is based on the assumption that a compound supportable by context is overwhelmingly
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better than one that is not. If one interpretation is expected, but is ruled out by context, it is likely the
context provided to the system is not really what the user wanted.

4.2, Cognates

The “cognate” heuristic looks for intemrcﬁﬁons of a compound that already exist in the NETL
data base. There arc three distinct types of cognates. The first type of cognate has an idiomatic or
"conventionalized" meaning that can not usually be determined by the techniques in this thesis.
Examples of such compounds include "chain gang" and "crown prince”. The second kind of cognate
has a representation already stored in the NETL network, but the sequence of words has not been
scen by the system previously. ‘The third kind of cognate is created by the system to represent the
meaning of a compound it has processed. These cognates have a well dcﬁneij structure as described
in section 3.4.1, and also have associated with the structure the sequence of words that caused the
system to build the structure. The technique for finding these three classes of cognates is different.
In the first case, the meaning must be associated with a particular scquence of words. In the éocond
case, the meaning must be searched for in the NETL network. The third casc can be handled by
cither of these two methods, since they have a particular sequence of words associated with them, and
they have the structureexpected by the routine that scarches for cognates in the second case. The
system currently scarches for such interpretations, and does not use the sequence of words to index
the possible cognates that have been seen before and created by the system. The decision to do it this
way was made because .!hc scarch has to be made for the sccond type of cognate anyway because
other information may have been added to the data base since the last time this compound was
cencountered. It is also a more general solution to the problem. Following is a discussion of what

actually is done to retricve all the possible cognates for acompound of any length.

As cach possible interpretation for a compound or sub-compound is found, a search is made to see
if that exact interpretation alrcady exists in the NE

. network. If it docs, then the single node that

represents this interpretation is saved to be used when an inter ion for a longer sub-s of
words is found, and when it is necessary to use heuristics to decide on the best interpretation for a
compound. ‘There are actually two distinet scarches that are necessary. One is for interpretations that
involve filling stots in the concept rcprcscnling the meaning of the head noun of a sub-compound.
“I'his search is used for most of the possible, patterns that seem to be formed by compounds. Another
scarch is necessary for the pattern when the concept that has its slots fitied is not the head noun of the
- compound. ‘This arises when a nominalized verb occurs between two other nouns (c.g., food

distribution centre, watch repair person, ctc.). Following is a description of these two scarches.
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The first scarch is straight-forward. Figure 4-2 shows.the NETL structure that is nccessary to find
the cognate ("&wine-glass-A™) for the compound “wine glass”. The scarch to find this cognate
proceeds as follows:

1. All the nodes below the concept representing the head noun of the compound (iec.,

&glass-B in figure 4-2) are marked with marker M1. Figure 4-2 shows the head node
"&glass-B" and all of its descendants marked with marker M1,

N

. The slot and all the map nodes used to map this slot down to a lower level are marked
with marker M2. Figure 4-3 shows the network with all the instances of the slot "glass-
Blcontaince" marked with marker M2.

w

. The node "&wine", all the nodes cqual to it (via an active EQ link), and all of its
descendants are marked with marker M3 as shown in figure 4-4.

4. Any node marked by marker M2 (the marker for the slots) and not marked by the marker
M3 (the marker for the value to fill the slot), has its M2 marker turned off as in figure 4-5.
At this point, M2 marks all the nodes that could be slots for the cognate representing the
meaning of the compound "wine glass".

©

. The last step is to mark across the owner wire of all the map nodes marked by marker M2
with marker M4. This marks all the owners of slots that have been filled with the correct
value. Sce figure 4-6 for the results after this has been dene.
The possible cognates are all those nodes marked with markers M1 and M4, as shown in figure 4-6.
This only gives a list of possible cognates, it is possible that these nodes are not actually cognates.
Some further checks must be made to make sure that a particular node is a cognate.

To make sure that a candidate for being a cognate actually is a cognate, three further tests must be
made. The first test checks to sce if each node that could be a cognate does not have a'ny other slots
except those filled by the expected values. 1fa candidate does have extra slots used, then it is rejected
as a cognate. ‘The nodes "&winc-glass-A" and "&winc-glass-1" in figure 4-5 both satisfy this
condition. This test is nccessary because it is possible to have two or more slots mapped down. This
is a more specific meaning than the interpretation should be and thus must be rejected as a possible
cognate. ‘The next test is t make sure that the cognate found has the concept representing the head
noun of the compound as a direct ancestor. [f the candidate does not fulfil this condition, then the
candidate is not a legal cognate and is rejected. Again both "&wine-glass-A" and “winc-glass-1"
satisfy this condition. ‘This test is necessary hecause it is possible to have a chain of VC links from the
concept representing the head node of a compound, down several levels and then have the right stot
filled with the correct value. Again, this is likely to be a more specific interpretation than should be
used as a cognate. The last test is to make sure that the node representing the supposed cognate is a

type node. ‘The node "&winc-glass-a" is the only node that satisfies this condition. Note that
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O—Qr&Subslance

O&Wine-1

&Wine-Glass-1

Figure 4-2: The Newwork to Find Cognates of “Wine Glass".

&Container
O

&Glass-B
O

&Wine-Glass
o

) O&Wine-1
&Wine-Glass-1

Figure 4-3:" The Network After the Descendants of the "Contain!Containcc™
Slot is Marked.

“&wine-glass-1" is actually an instance where a particular glass was seen with -wine in it. This would
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&C unwmc : Container!Containee

o &Beverage

&Glass- M1 Glass-BI(]

&Wine-Glass ™
-9

M3 '
O&Wine-1
&Wine-Glass-1

Figure 4-4: The Network After the Slot Filler "Wine" is Marked.

&Container
O« — O-0 &Beverage
&Glass-B_ | M1 Glass-B!C¢ y
Q&Wine
&Wine-Glass
O—¢€

M3
O &Wine-1

&Wine-Glass-l

Figure 4-5: The Newwork After Slots not Marked by the Slot Filler Marker
arc UnMarked.

Tikely have been seen before the more general class of wine glasses had been discovered. At some
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&Wine-Glass

M3
O &Wine-1

&Wine-Glass:1

Figure 4-6: The Network Showing Possible Cognates (nodes marked with M,
and M).
point, it should be made a descendant of the node representing the typical wine glass (" &wine-glass-

a"). At this point, the cognate for this icular i ion of a the d will have been

discovered. This cognate will only be one of the ones previously created by the system, or one that
docs not have a word sequence associated with it. '

The scarch for cognates of compuuhds that have a nominalized verb in the middle of the
compound (c.g., food distribution centre, watch repair person) is more difficult, because the structure
to represent such an interpretation is more complex. Figure 4-7 shows the representation of a
meaning of the compound "watch repair person”. Note that slots in the definition of a typical person
(&person) are not used in the representation of the meaning of the compound. Rather, since "repair*
is a nominalized verb, there is a verb that is associated with it. ‘T'his verb is used to create a statement
about the relation between the three nouns when the cognate is firstformed. ‘The problem is that the
slots in the meaning of the noun “repair® are not used. but the slots of the associated verb are. Thus,
the problem is to find the verb and its slots, and then find the individual statement that is used in the

representation of the meaning of the compound.

‘The first step in the scarch is to find the statement that defines the associated verb for the noun
"repair”. ‘This can be done without too much difficulty by looking at links coming into the node
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. Instrument,
&Statement &Person Tool, or Machine
. O o-@

. &Repair-B-1
&Action

Repair-A'R cpairce

&Repai

O

d ® & Watch
&Watch Repair Person X

Figure 4-7: Network Structure for Ternary Compounds with a Middle Nominalized Verb.

“&repair-A" that represents the noun meaning of the word “repair”. Once the statement has been
found, it is possible to find the slots in the statement that correspond to the slots in the noun
definition by traversing the EQ links that tic the two together. The rest of the scarch is very similar to
the scarch for normal cognates. Rather than scanning downward from the head node for a
compound, a downward scan {rom the IST node (&repair-B-1 in figure 4-7) is performed. When
candidate nodes (c.g.. &repair-B-1-1 in figure 4-7) are found, a check is performed to make sure that
only the slots involved exist, otherwise the node is rejected. The exfor link from it to the actual node
representing the meaning of the compound must be traversed to get the node that represents the
meaning. ‘This node must be checked for two conditions. ‘The first is it must be a direct descendant
of the head node of the compound. ‘T'he second is it must be a type node. If all these conditions are
met, a cognate for this particular meaning has been found. If the node is an individual node, it is

counted as an instance of the compound.
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The last case to look at is when there is a built-in meaning for a compound. The main problem
here is the compounds that must be handled by the system may be of arbitrary length. Since, it is
desirable to find the cognates for any sub-sequence of words (since the scarch for cognates described
above uses the cognates for suh-scquencés of words to build up cognates for larger sub-sequences), it
is not just a simple matter to look up all the cognates stored under the sequence of words in the
compound. What must be done s to look at all the possible sub-sequences of words and check each
for possible cognates. To construct all the possible sub-sequences of words is not difficult. This is
done by putting the first word of a compound in a list. Each time a new word is processed, it is
appended to all the sequences of words that exist in the list, and finally added to the list itself. Thus
the next word will be joined to the previous word to form a sub-sequence, as well as all the previous
sub-sequences. Once all the sub-sequences at a particular point are found, it is necessary to access the
NETL network to find all the cognates that are associated with a sub-scqucnc’c of words. If any such
a cognate exists in the network, there will be a link from it to the sequence of words. It is an easy
matter to traverse this link backwards to retrieve all the possible cognates for any word sequence.
The word sequence itself is represented as a NETL node. This means if the word sequence d(;es not

exist in the network, there is no cognate associated with it.

The paragraphs above explain how cognates for a compound are found. However, they do not
explain how cognates are used to help make the decision of which is the best interpretation for the
compound. The cognate heuristic is onc of the heuristics that prunes me list of possibilities. If there
is at least onc interpretation for which a cognate exists, then all those intcrpmtaiions for which no
cognate exists are removed from the list of possibilities. If there is only one interpretation left in the
list of possibilitics, it is returned as the best meaning for the compound. Since this heuristic provides
only a yes or no answer, its results are used only to prunc the list of possibilitics, and not to show a

preference for particular meanings.

4.3. Embedded Cognates

The embedded c()gnuic heuristic is onc of the heuristics that only provides a preference for one of
the possible interpretations, and does not prune the list of possibilitics. “I'he cognate heuristic above
produces all the information that this heuristic needs, since the results of the cognate heuristic are
saved with cach description of an interpretation. ‘The cognates for sub-compounds of the main
compound are also saved. [tis these cognates for the sub-compounds that are used by the embedded
cognate heuristic. ‘e idea behind the embedded cognate heuristic is that an interpretation having

several sub-compounds with associated cognates is better than one that docs not. This heuristic is
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only ecffective when there are three or more nouns in a compound and one (or more) of the sub-
compounds has multiple intcrpretations. It docs not help make a decision when the top level
compound is the cause of the ambiguicy.

q "

For example, consider the program operation”. Assume that the system

has previously scen the d"i program", and has stored in its data base only one
meaning for this compound, i.e., a plan to follow in investing money in securities or some
commodity. Note that this combound has a sccond possible meaning where a computer program has

been written that p things about i Thus, when the system proccsses the

prr;gmm ion” it will find at least two meanings for the eompound.

One is the operation of a plan to invest money and the other is the operation of a computer program
for investments. Assume the only meaning f.or the sub-compound “investment program” that is
stored in the data base is the one where a plan exists for investing capital (this could happen with the
use of the following heuristic for instance). The “"embedded cognate” heuristic specifics that the

meaning for the i program ion" having an

cognate for
“investment program” is better than onc that does not have an embedded cognate. Thus, in this
example, this heuristic prefers the meaning where a i)lan exists for investing, ralhber than the meaning
where a com;;uler progra{n has been written for i;westing, ‘This heuristic depends heavily on what
has happened previously to the system. If all the possible meanings for a compound have been
formed and stored in NETL's data base, then this heuristic can not distinguish between any of them,
because as far as it is concerned, pwy are all equally good.

4.4. Instances of an Inierpretation

‘The idca behind the “instances of an interpretation™ heuristic is that people go around seeing or
hearing things that they remember. ‘That is, they remember instances of concepts, some of which can
be named by noun compounds in a st}aiglxl—ﬁlrwurd way. People will build up some structure in
memory to represent what they have seen or heard, i.c.. people will remember instances or examples
of concepts without necessarily attaching a n.amc to them. If llulc,r they hear a compound that
describes such an instance or example, they could use this information to help disambiguate the
compound if it has an ambiguous meaning. ‘This heuristic assumes that the program has had
experiences similar (o those that people have as they go about life and trics to model this. This
heuristi¢ uses a non-monotonic inference since it is ing from i ki Tedg
[McDermott 79, Doyle 79, Collins 75).
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The “instances of an interpretation™ heuristic is similar to the cognate: heuristic. Rather, than
looking for cognates for a particular interpretation of a compound, this heuristic looks for instances of
the interpretation. The search for instances of an ihtcrgrczation is basically the same as that for
cognates. The one difference is that instcad of looking for type nodes with the correct structure, it
looks for individual nodes. Thus, the search and all the preliminary calculations are the same for
both heuristics (and in fact these heuristics are processed at the same time). Instead of a candidate
node having to be a type node, as for cognates, it must be an individual node. The important
information for this heuristic is the number of instances that are found, rather than the actual nodes
that represent the instances. v

For example, cons_idcr the compound "egg box". This compound has at least two meanings, one
where a box contains eggs, and the other where the box is made from cggs. This heuristic assumes
the system has picked up knowledge about the world around it, such as having scen instances of
compounds without having a particular word sequence associated with them. Thus, for this heuristic
to work for the above example, it is necessary to assume the system has seen some instances of boxes
that have contained eggs, and that it has not scen as many (if any) instances where a box has been
made from ecggs. In such a situation the best interpretation to choose is the one where the box
contains cggs, since a name can now be associated with structures built up in the data basc through
experience. This heuristic trics. to model the way that people might behave in such a situation. It
depends heavily on what information has been stored in the data base.

4.5. Embedded Instances of an Interpretation

The " i of an i ion" heuristic has a similar function as the "embedded

cognate" heuristic and is a generalization of the “instances of an interpretation” heuristic. In
compounds consisting of more than two nouns, there is the possibility that one of the sllh—éx»mp()tlnds
of an interpretation may have some instances stored in the network. An interpretation that has some
instances is more likely 1o be correet more often than one that does not have such instances. "Uhis
heuristic can only have a preference for a compound consisting of three or more nouns. It is used to
disambiguate sub-compounds contained in these longer compounds, since the heuristics based on

context usually can not di i these sub ‘The results of this heuristic depend

heavily on what has happened to the system before it sces the compound.

For cxample, consider the compound “consumer safeguard plan”, Assume the system has not

seen the compound "consumer safeguard” before, but does have several instances where a consumer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Understanding Noun Compounds 89

has been the thing being safeguarded (such information could come. from articles in newspapers, etc.)

Also, assume the other i for (a against ora
safeguard where consumers are doing the safeguarding) do not have as many (if any) instances stored
in NETL's data base. The systém will find at least three ings for " plan";
one for each posfble meaning of " fe d". The instance heuristic gives a

preference for the meaning that has more instances in the data base, and thus will prefer the meaning

of "consumer safeguard plan" where there is a plan to safeguard consumers.

4.6. Slot Verification

“The slot verification heuristic checks a value that is to be placed in a slot to see how well it fills the
slot. The system knows that the value can fill the slot: it is just a r;laucr of determining how well.
‘The definition of a slot has a description of the concepts that are expected to fill the slot. This
heuristic checks to see if the value concept is a descendant of this expected concept. The method for
finding possible interpretations of a compound “allows a concept that is not onc. of the typical
members of the sct of concepts that can fill a slot to be placed into the slot. The only time that a
concept is definitely ruled out from filling a slot is if the NETL clash detection mechanism would
detect a clash if the concept was placed into the slot. The description of a slot may have several VC
links running from it to concepts that describe the possible fillers of the slot. The more of these
concepts that a value has as an ancestor the better it fills the slot. The problem then is to find out how
many VC links from the node representing the slot point to nodes that are ancestors of the proposed
filler of the slot.

&Action &Actor * Thing
c-9 .

Producti ~ .
&F P roducer

|
&Material

Production!Product

&Wood

Figure 4-8:  Example Network for Verifying Slots of "wood production”.

The solution to this problem requires a scarch of the NETL network. Figure 4-8 shows the

structure for two interpretations of the und "wood

". Onc occurs when wood is the
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product, and the other when wood is the producer. Assume that the slot “production!product” is to
be filled by the concept “"&wood”. The problem then is to scec how well the concept "&wood" fits
into this slot. The first step is to mark the concept "&wood" and all of its ancestors with the marker
M1 as in figurc 4-8. The next step is to go through all the VC links coming from the node describing
the slot. For each link the node at the end of the link is checked to see if it has the marker M1 on it.
The number of links that point at a node with marker M1 on is divided by the total number of links -
coming from the slot producing a number between zero and one. A value of zero means that the
value can be placed into the slot, but that it is not, supported by wha} the slot éxpccts to contain. A
value of one means that the value fits the slot as well as possible. In this case, this test is successful,
and the slot is verified, producir;g a value of one for this interpretation. When the slot
"production!producer” is checked, the test is unsuccessful and the slot is not verified, producing a
value of zero. Thus this heuristic has a preference for the iﬁlcrpromtion where "wood" is the thing

that is produced.

4.7. Similar Compounds

The “similar compounds” heuristic looks in the NETL data base for any previously defined

compounds that are similar to the onc under i ion. The basic ion of this heuristic is
that an interpretation having scveral similar compounds in the network is better than one that has
none or only a few. An interpretation is similar to another if the head concept, the slot and the value
used to fill the slot of the first interpretation are similar to the corresponding head concept, slot, and
value concept in the second one. Two cqncc})ts are similar if they both cxist in the same hicrarchy of
type nodes in the NETL network. Two slots are similar if they both exist in the same hierarchy of
map nodes. The next few paragraphs describe in more detail how similar compounds are discovered

for a particular interpretation.

‘The "similar compounds” heuristic can be a very cxpensive heuristic to use, since it may activate
large portions of the network. However, its resuits are usually more reliable than some of the other

heuristics. For example, consider the compound “stec) truck™. ‘The prx)blcm with "steel truck” is

that two slots in the coneept rep ing "truck” Cvehicl ports” and “vehicle!made-of™') can be
filled by "steel”. Since there are more compounds in the network in which a concept similar to
"steel" is placed in the "vehicleltransports” slot, it is probably the better interpretation as far as the
system is conceriied. ‘To find these similar compounds, a fairly complex scarch must be made in the
NETL network. The first step is to initialize the search. This involves assigning three markers to
cach distinct concept that occurs in any of the interpretations. The first marker is the step marker
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which is usca &) sh.:p up the VC hicrarchy one step at a time. Initially, this marker is just placed on all
the concepts that exist in any of the interpretations. Figure 4-9 shows the initial st up of the step
. markers for finding similar compounds of "steel truck”. Sl.ep Marker S1 is associated with the
coneept for "&truck™ and S2 is associated with the concept for “&steel”. The sccond marker or
downward Scan marker marks all the nodes that can be reached from any node marked by the
corresponding step marker in a downward scan of the network. All nodes below a node marked with
a particular step marker will be marked by the corresponding downward scan marker. The third
marker is used to follow cancel links during the downwar& scan, 5o that nodes that should not be
reached from the step marker are not marked by the downward scan marker. This third marker will
be omitted from this discussion, since it bnly adds complexity to something that is already very
complex. Figurc 4-9 shows the results of. the downward scan from the n.odes originally marked by
step markers S1 and S2. The downward scan marker D1 corresponds to the step marker S1, and D2
to S2. The last thing done during the initialization phase is to mark all the inst:ancs of the slots
involved in all the interpretations. In the "steel truck” example, ﬁ-neré are two different slots involved

1" and "

1 f". A marker is reserved for each slot. Figure 4-9 shows a
portion of the network after all the i of the, "vehi ts" slot is marked with marker
R1, and all the instances of the "vehicle!made-of" slot is marked with marker R2 (no nodes in figure
4-9 are marked with this marker). Note that the defining instances of these slots are not marked, only

the nodes that map the slots. At this point, the first attempt is made to find similar compounds.

&Materia] -
! — —— —

. &Vehicle L “~ Vehicle! Trahsports

M~

Vehjcle!Made-O!

S1.D1
OG-0 &Truck

& Coal Truck
0O~¢
&Passenger Vehicle DL A

s2p2

Blir1  &Passenger &Steel

D &Coal

Figure 4-9:  Network to Find Similar Compounds of “steel truck” after
initialization.
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All the slots marked by both the markers D2 and R1 are found. In this.case, no such slots exist.
Similarly, there are no slots marked by 152 and R2, and thus no similar compounds for "steel truck"
where truck is made of steel are possible. Since no similar compounds have been found, the system
steps up one VC link. Figure 4-10 shows the results of the scarch after the stepping up process and
downward scan from the incwly marked nodes has occurred. Again, no slots exist that have been
marked by R1 and D2 or by R2 and D2, and so the stepping up process continues. Eventually, the
system will step up to the node "&PhysOb" with both the S1 and S2 markers. Figure 4-11 shows the
status of the markers when this happens. At this point there are two nodes that are marked by
markers R1 and D2 (nodes A and B in figure 4-11). The nodes owning these slots are marked by
marker Ol as in figure 4-12. The marker O1 marks all the concepts that could be a meaning for a
compound that is similar to the compound "steel truck”. All the nodes marked with marker Ol and
DI are possible similar imcrprcmtions' for “steel truck” where “steel” is ihe thing that is being
transported. Similarly, the nodes owning any slot marked by both D2 and R2 are marked with
marker O2. In this case, there arc no such nodes. When a possible similar interpretation is found, a
check is made to make sure the slot used in the similar interpretation is the only one defined for the
candidate. In this case, it is, and the system has found two similar interpretations ("&coal truck” and
"&passenger vehicle" as in figure 4-12). A similar search is made for the interpretation where the
truck is made of stecl.” However, no similar compounds are found. The system currently stops
looking for similar compounds as soon as at least one is found for any interpretation, or when there is
no node to which the system can step upwards. Thus, in this case, the similar compounds heuristics
gives a preference for the interpretation of "steel truck” where the truck is transporting steel, rather
than having the truck be made of steel. .

The “similar compounds” heuristic has the problem that it will tend to sclect the meaning for a
compound that has the largest number of similar compounds. ‘T'his is not always correct even when

the compound is encountered with no context. For example, this heuristic would find the meaning

“a truck that transports fiberglass” for the compound "fiberglass truck”. Most people would
probably assume that the truck is made of fiberglass. ‘This kind of pragmatic processing is not done

by the current system.
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&Thing
&PhysOb

, &Vehicle
i

P &Truck
&Coal Truck

&Passenger Vchicle &Passenger D1 A .

Figure 4-10: The Network After Stepping Up One VC Link for the Compound
“steel truck".

&Material
D1,52,D2
I&Vehicle e \Tehic]e!T 5| %lg
- : S1DLD2 - Vehjcle!Made-O:
T .
S1,D1.D2 - D1S2.D2
O~9 &Truck
DI.D? B)lripine _ |oim &Coal Truck pipy &Steel
- O—¢ © &Coal
&Passenger Vehicle &Passenger DLD2 A

Figure 4-11: 'The Network After Several Steps Upward have been Processed.
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S1,D1.D2

SLD1.D2 D152.D2
P &Truck

oL.DLIR2 N &Steel

3 RLDLD2 | DLD2 &Coal Truck DLD2

O O &Coal

&Passenger Vehicle &Passenger 01D1.D2 A 2
Figure 4-12: The Network Showing Possible Similar Compounds for "steel truck”.
4.8. Number of Times an Interpretation has been Encountered

The last heuristic looks at the number of times an i has been This

heuristic only comes into play if the list of possible interpretations has ones with cognates. The
system keeps a record of the number of times each interpretation is used over the time that the system
is run. This is not trying to simulate the number of occurrences in one picce of text, but tries to
simulate the experience that a person might build up over a lifetime of dealing with compounds. The
interpretation used the most often is assumed to be better than onc that is not used as much. Each
time a new interpretation is created in the network, a count of the number of times it has been seen is
initialized to one. Each time it is sclected as the best interpretation, this count is incremented by one.
‘T'his is a very weak heuristic that trics to break ties by assuming that a compound that has been seen
more often during onc session is better than one that has not been seen as often. 'This is done over

only one session since the system doces not currently save the compounds created during one session
for the next one.
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4.9. Combining the Results of the Heuristics

The heuristics specified above are exccuted in the order specified. This is not important for most
of the heuristics, but it is for thé first two. The heuristics based on context and the cognate heuristic
may prune the list of possible interpretations. The heuristics based on context will prune any
interpretation that is not supportable by context, as long as there is at least one interpretation that is
supportable by context (i.c., if there isn’t an interpretation that is supportable by context, it docs not

remove any of the possible interpretations from i i If after this pruning there is only one

possible interpretation left, it is chosen as the best meaning for the compound. Similarly, the

“cognate” heuristic removes from i ion all those i ions that do not have a cognate, if
there is at least one interpretation having a cognate. If there is only onc interpretation left after the
“cognate" heuristic has pruned the list of possibilitics, then this single interpretation is chosen as the
best meaning for the compound. Currcnlly these are the only two heuristics that have the ability to

choose i i a

] ion as the best meaning for a compound. The other
heuristics can only show a preference for a certain interpretation, and not select some to the exclusion
of all others. Note that the heuristics based on context are executed before the “cognate™ heuristic.

This is an attempt to reflect the fact that the context in which a compound occurs is a more reliable

source of ki ge to sclect a i interp ion than having scen the compound before.
Context is allowed to overrule the existence of one cognate for a particular compound, if the context
supports a different interpretation. ‘The “'cognate” heuristic plays no further role in the selection of
the best compound, since cach interpretation either has a cognate or it docsn'l. This is not true for
context, since more than one interpretation can be supportable by the same context. Thus, the results
of the heuristics based on context are saved and used with the results of all the other heuristics. After
these two heuristics have pruned the list of possible interpretations, the ‘other heuristics are exccuted

before any further decisions are made.

All the heuristics except the “cognate™ heuristic can support an interpretation to a higher or lesser
degree. I a heuristic’s conditions are fully satisfied then it has a very high preference for the
meaning. If no” conditions are met, the heuristic has no preference for the compound. ‘To try to
reflect this all the heuristics, except the "cognate™ heuristic, caleulate a number in the range 0 to 1

that represents how high a preference a heuristic has for a particular interpretation. A value of 0 for

an interpretation means the heuristic has no preference for it. A valuc of 1 for an interpretation
means the heuristic has the highest preference of all the possible interpretations for that one

interpretation.
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Once all the heuristics cx'ccp! the "cognate” heuristic have returned a value representing how well
cach possible interpretation is supported by the heuristic, the system sclects the one interpretation
that is supported by all the heuristics, if such an interpretation exists. If a heuristic is unable to
support any interpretation, then it is ignored for this calculation. That is, only those heuristics that
have supported at least one of the interpretations are considered when the system attempts to use this
method to select the best interpretation for a compound. If there is only one interpretation that is

supported by all the istics showing a prefe then this interpretation is selected as the best
one by the system. : .

If there are still two or more pnésiblc intcrprcu;ti;)ns for the compound, the system resorts to a
rating system to rate the various interpretations. Each heuristic calculates a value between zero and
one. This value is multipled by a weight that is meant to measure how likely the heuristic is to choose
the correct interpretation. For example, the heuristics based on context are very likely to support the -
best interpretation, and thus have the highest weight associated with them. The number of times that
an interpretation has been seen is not particularly indicative of which interpretation is the best one,
and thus has one of the lowest weights associated with it. Tl|csc weighted values are added together,
and the interpretation or mterprcmnuns with the highest raung are sclected as the best meanings for
the compound. Table 4-1 gives a list of all the heuristics, and their associated weights. These weights
were sclected as an approximation to how much importance should be attached to a particular
heuristic. The only time that these weights were changed was when a new heuristic was added to the
system. They were changed then to give a wider range of values.

Heuristic o Weight

—

S 00— N 0 O

Heuristics Based on Context

Embedded Cognate Heuristic

Instances of an Interpretation

Iimbedded Instances of an lnlcrprcmmm
Slot Verification

Similar Compounds

More Specific Stot Heuristic

Occurrence Heuristic .

Table 413 Table of Weights used in the Final Rating of an Interpretation

Once the system has sclected the best interp ion (or intery i fora it creates

structure in’ the .NEI'L. network to represent the meaning of this instance of the compound. If
sufficient information is provided to the system, it should come up with only onc interpretation.

However, there are situations, where more than onc interpretation is possible, and in fact desired, if
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not cnough context is supplicd to the system, for instance. The system currently has two modes of

operation. The standard mode is to create the structure in the NETL nctwork to represent the

meaning of an interpretation if there is only one interpretation after all the p ing has been
finished. If there is more than one interpretation, the system asks the user to decide which of the
inlerpi'cmlions should be created. The system will then create representations only for those
interpretations selected by the user. The second mode is to create representations in the network for
all the interpretations that are selected by the heuristics. This mode is useful for running tests on the
system to sce how well it performs. The interpretations created in the network can be used by the
system to help disambiguate other compounds using tﬁc “similar compounds" heuristic.
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Chapter 5
Interfacing the Compound System toa Parser

As mentioned carlicr, one of the goals'in’ the. design of the current system was to use it with a
parser for natural language. This chapter takes a fairly detailed look at how the current system could

be interfaced to a parsing system. There were several for this investigation i ing the
Diamond parser [Robinson 80], Parsifal [Marcus 80], and the RUS parser [Bobrow 78, Woods

79, Bobrow 80]. All of these parser have comparable power and they all allow semantic processing to

take place during the parsing process. Rather than a cursory look at how these three parsers could be
interfaced to the noun compound system, a fairly detailed description is given for one of them, in
particular Parsifal. Parsifal was'sclected for this task ‘because ig has extremely detailed documentation
of the parser’s operation in the form of Marcus® thesis [Marcus 80). Also, RUS uscs at least some of
the ideas in Marcus' thesis.

The first section of this chapter describes the structure of Parsifal, and gives a brief example of how
it vpmccsses a simple phrase. The sccond section explores the problem of interfacing the current
system for understanding noun compounds to this parser. The third scction presents scveral
cexamples of how the two systems would work together to process four cxamples of noun compounds.
Finally, a summary of the results of this cxploration of combining the system with Parsifal is

presented.

5.1. The Structure of Parsifal

“This section gives a brief overview of the operation of P

sifal. Marcus parser is based on his

determinisim hypothesis: “that the syntax of any natural language can be parsed by a mechanism

which operates strictly deterministically in that it does not simulate a nondeterministic machine”.

According to Marcus any deterministic grammar interpreter must have the following propertics:
o [t must be at lcast partially data driven.

o It must be partially hypothesis driven to reflect the expectations based on the pamal
grammatical structures bulll 50 far.
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o It must have some sort of “look-ahcad" facility, even if it is basically left to right.

Once a syntactic structure has been built it must be used in the final parse tree. This hypothesis has
lead to a particular structure for Parsifal. His parser consists of two components: one is'an underlying
architecture; the other is a grammar for parsing natural language that runs on this underlying
architecture.

Parsifal consists of two distinct data structures. One is a push down stack, called the active node
stack, that contains incomplete constituents of the sentence or phrase that is being parsed. Marcus’
notation for this stack has it growing downwards, thus the active node is at the bottom of the stack
rather than the top. This notation is used so that the active node stack reflects the structure of the
final parse trec. The sccond data structure is a small buffer that contains complete constituents whose
grammatical role in the sentence or phrase is not yet known. This buffer can currently hold five
constituents. However, the parser can only look at three buffer cells at any one time and thus has
limited look-ahead. Words are automatically inserted into the buffer as they are required during the
parsing process. Figure 5-1 shows the state of the parser’s data structure during the parse of the
sentence "John should have scheduled the meeting”. At the bottom of the active node stack is an
auxiliary node (Aux1) labelled with the features modal, past, among others. It has a daughter node
that is the modal "should”. Above the bottom of the stack is an S node with the NP “John" as a
daughter. The first buffer cell contains the word “have” along with grammatical information about
the verb "have". The sccond buffer cell contains the word "scheduled”. The rest of the buffer cells
contain nothing. The parser has not yet scen the words "the meeting”.

The Active Node Stack

S1 (S Decl Major S) / (Parse-Aux CPool)
NP: (John)

Aux1 (Modal Past VSPL. Aux) /7 (Build-Aux)
Madal: (should)

The Buffer
1 Word3 (*have Verb ‘I'nsl.css AuxVerb Pres V-3S): (have)
2 Word4 (*schedule Verb V-3S Part Past 1:D) : (scheduled)

Yet unscen words: the meeting.

Figure 5-1: State of Parsifal's d}xm structures during a parse.
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The two data structures described above are acted upon by a grammar which is made up of
pattern/action rules. The paucrﬁs of these rules are matched against the constituents in the Buﬂ‘cr
and a specific subsct of the partially completed constituents in the active node stack. The rules in the
grammar are organized into packets. Also each rule is assigned a priority from 0 upwards. The lower
this number, the h}gher the priority of the rule. The parser only matches those rules that are in active
packets, and the rule with the lowest briori(y number that has not yet been run on the current data is
sclected as the rule to exccute. Any rule can activate a packet by associating that packet with the
bottom node of the active node stack. Only those rule packets associated with the node at the bottom
of the active node stack are active while the parser performs the matching operation. Figure
5-2 shows several rules that occur in Marcus' version of the grammar that runs under Parsifal.

{Rule Start-Aux Priority: 10 in Parse-Aux
[=verb] >
Create a new aux node.

Label C with the meet of the features of st and pres, past, future, tnsless.
Activate Build-Aux.}

{Rule To-Infinitive Priority: 10 in Parse-Aux
[=*to, auxverb] [=tnsless] -->
Create a new aux node. .
. Label C with inf.
Attach Ist to C as to.
Activate Build-Aux.}

{Rule Aux-Attach Priority: 10 in Parse-Aux *
[=aux]->

Attach 1st to C as aux.

Activate Parse-VP.

Deactivate Parse-Aux.}

Figure 5-2:  Some sample grammar rules for Parsifal

‘I'he first line of a rule consists of the word "Rule” followed by the name of the rule. ‘The name is
followed by the optional keyword "priority” which is followed by a non-negative integer that
indicates the priority of the rule. ‘I'he default priority of a rule is 10. "I'he last item on this first line is
the keyword "in" followed by the name (or names) of the packet (or packets) in which the rule is to
be placed. The next line of a rule is the pattern that is to be matched against the bulfer. "I'he first
item in square brackets is used W mateh against the first buffer cell, the second item against the
sccond buffer, the third item against the third buffer cell. Also, some rules may want to match

against the partially completed constituent in the active node stack. ‘T'his is done by using a pattern in

square brackets as above, except that the first item in the pattern must be the sequence of characters
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w+C;" The "C" is used to refer to the partially completed constituent at the bottom of the active
node stack. The equal sign in a pattern means that the constituent must have that feature. For
example in the second rule in figure 5-2, the pattern “[=*to, auxverb]" means that the item in the
first buffer cell must be the word "to™ and must be flagged with the feature "auxverb" for the pattern
1o be successfully matched. Similarly, the pattern “[=tnsless]" means that the constituent in the
second buffer cell must be flagged with the feature "tnsless™ for this pattern to be successfully
matched. The rest of the lines of a rule describe the actions to be taken once the rule has been
successfully matched and has been selected for exccution. The actibns that érc important for later

sections of this chapter are:

o Create a new X node: A new node with name X is created and placed at the bottom of the
active node stack, i.c., the parser has decided that the parse tree should have such a
constituent in it, and creates a new node of the correct type to represent the constituent.
The constituent may be complete or incomplete.

© Label C with X: Labels the bottom node of the active node stack with: the feature X. In
the first rule in figure 5-2 the phrase "the meet of features of Ist and pres, past, future,
tnsless” means that the intersection between the set of features of the constituent of the
first buffer cell and the set "pres, past, future, tnsless” is taken, and the result is used to
label the bottom node of the activé node stack. ’

® Activate X: Associates the packet X with the bottom node of the active node stack. This
means that while that node is at the bottom of the active node stack, the parser may use
the rules in packet X during the pattern matching process.

 De-Activate X: If packet X is associated with the bottom node of the active node stack,
packet X is removed from the list of associated packets. The parser will no longer be able
to use the rules in packet X during the pattern matching process.

o Attach B to C as L: Attaches the constituent in buffer position B (one of 1st, 2nd, or 3rd)
to the bottom node of the active node stack and labels the sub-constituent with the label
I

@ Drop C: Once a constituent in the active node stack has been completed, it is necessary to
place it in the buffer for the parser to use the complete constituent. ‘The "drop C"
command places the constitucnt at the bottom of the active node stack into the first ccll of
the buffer. The constituents already in the buffer are shifted-right by one place. If this
shifting would cause a constituent to be shifted out of the buffer, an crror condition is
raised. :

o If B then ST else
symbol "B" represents a boolean expression that can be formed by tests on
of the mathine or even access semantic routines. ‘The two symbols "SI1" and "S2"
represent a list of actions that must be scparated by semi-colons.
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The above description gives a bricf overview of the action parts of the rules in the grammar written
for Parsifal. There is one further rule that is important. This is the "AS Rule" or attention shifting
rule. As mentioned carlier, Parsifal’s buffex; consists of 5 cells, but so far all the rules have only
accessed at most three cells. The parser accesses the other two cells by means of an attention shifting
rule, Each attention shifting rule has only one node description in its pattern. When the parser is
about to start matching constituents in buffer cells against patterns of normal rules, it first checks to
sce if any active attention shifting rule matches the constituent in the buffer. If the match is
successful, the logical start of the buffer is shifted to the buffer ccll containing the node that was
successfully matched by the attention shifting rule.‘ After the attention shifting rule has been
matched successfully, the parser does not see the buffer cells before the cell containing the
successfully matched node. References to the first buffer cell will now access the cell containing the
successfully matched node, references to the second buffer cell will now access the following cell,
references to the third buffer cell will now access the cell two past the one containing the successfully
matched node. Figure 5-3 shows the structure of an attention shifting rule. The structure of the rule
is the same as before, except now it is Jabelled as an "AS Rule", and there is only one clement in its
pattern. Its actions can be any of the ones previously mentioned. The last thing that must be
mentioned is how to get back to the previous state, i.c., before the attention shift took place. Once
the parser has finished constructing the constituent that caused the attention shift to take place, it can
drop the constituent into the buffer in the logical first location, and then exccute the command
"Restore the buffer”. This will return the state of the buffer to what it was before the attention shift
command was exccuted. Note that this lcaves the newly constructed constituent in the correct
location for the parser to continue from where it was interrupted.

{AS Rule Start-NP in CPool
[=npstart] -->

Create a new NP node.
Activate NPool.}

Figure 5-3:  Example of an attention shifting rule

“I'he attention shifting rules arc used fairly infrequently because most of the time three buffer cells
are sulficient. However, in some cascs it is necessary to parse a complete constituent before some
particular rule can be exccuted. ‘This happens most frequently when dealing with noun phrases.
Most of the rules of the grammar treat a noun phrase as one constituent and thus the parse of the
noun phrase must be completed before such a rule can be matched against or executed. ‘There may
already be constituents in the first or second buffer cell when the start of a noun phrase is detected.

Nothing can be done to the constituents in the buffer until after the noun phrase has been parsed. ‘To
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parse the noun phrase requires access to three buffer cells and this what the attention shifting rule
allows. Other cases when an attention shifting rule is used are: parsing numbers, and a few

occurrences where information is set up for the parser and the initial state restored immediately.

This has been a brief description of the parser developed by Marcus. For a more complete

description, see [Marcus 80]. The next section describes how the noun compound system could be
interfaced to a parser written using the framework developed by Marcus.

5.2. Interfacing the Noun Compound System to Parsifal

“This scction gives the details of how the ideas in the current noun compound system could be used
with Parsifal as described above. There are two basic methods that can be us¢d to interface the noun
compound system to Parsifal:

1. All of the nouns in a compound could be collected into a list. This list could then be

passed directly to the noun compound system which could process the compound with
little modification.

2.The ideas developed for the noun compound system could bé¢ used to parse the
compound as the parser encounters each noun. The semantic processing for the
compound would be done incrementally as each new noun is encountered in the input
stream,
Each of these two methods of interfacing the noun compound understanding system to the parser has
advantages and disadvantages.

Using the current noun compound system on the list of all the nouns in the compound would be
fairly casy to implement. However, it has onc major disadvantage. Consider the phrase “the gift
John bought". ‘I'he phrase "gift John" would be taken as a noun compound by a system that just
collects all the nouns and passes them to the noun compound system. -Hnwcvcr‘ the phrase "John
i)ought" is a relative clause that is modifying the noun "gift" and the phrase "gift John" should not

be taken as a . If the noun d system is called after collecting all the nouns it may

be difficult to retrace the steps of the parser so that the correct parse is created. If the the noun
compound system is called incrementaily, then this can be detected before the parser has made any
irrevacable decisions about the structure of the sentence.  Thus, the advantage of processing, the
compound incrementally is that it is possible to more directly influence the decisions that the parser
makes, A similar problem arises when there is a noun followed by a word that could be a noun or

another part of speech.  For example, consider the phrase "lhc'dog mcans busincss", where means
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could be cither a noun or a verb, The system should find no relation between dog and means and
thus can immediately help thé parser decide that the phrase "dog means” is not a compound, and
"means" should be taken as a verb rather than a noun. The one problem with this suggestion is that
there may be a weak relation between the concepts involved. What seems to be necessary is a m«;re
complete semantic processor that could evaluate the aly.cmaﬁve interpretations and sclect the one that
and icall; A check of this nature should definitely be made if
thie compound formed has a very low rating. Onc disadvantage is that the current noun compound

is more

system can not be plugged into the parser as casily. Also, since the -compound is being processed
incrementally, it will be necessary to move many of the heuristics back into the generator. This has
the added benefit that the generator will generate fewer candidates and should reduce the'amount of

work needed to process a

I d. Another dis ge to i ly processing a
is when the compound is ambiguous it may be nccéssary to postpone creating the final structure for
the compound until the sentence has been processed.

No matter which of these two methods for interfacing the system to the parser is used, the
following issucs must be addressed:

« Context.needed to decide on the meaning of a compound may come after the compound
is encountered. Thus in both methods, it may be nccessary to wait until the sentence
containing the compound is parsed before using some of the heuristics based on context.

© A semantic processor that handles more than just noun compounds is necessary. In
particular, the “slot already filled” heuristic rclies on the fact that prepositional phrase
attachment has been done.’ One slot in the head noun of a compound may be ruled out as
the basis for forming the meaning of the compound becausc a prepositional phrase fills it.
The semantic processing necessary to do this comes from the sentence in which the
compound occurred.

© A similar probiem is the slot assignments for the main verb may have to be partially made
if’ the “sclectional restriction” heuristic is to provide context to disambiguate some
ds. ‘I'he semantic | ssing necessary o do this comes from the sentence in

which the compound occurred.

o ‘The "general topic under discussion™ heuristic must get its information from what has
gone on in the previous sentences as well as in the current onc.- This kind of knowledge
must come from a fairly sophisticated semantic processor that s s (0 what has gone
on before,

None of these issucs involving more complex semantic processing are addressed by the current noun

compound system.

For the following discussion on how the current noun compound systein could be interfaced to a
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parser the method that i Ily processes the d is used. The main reason this method

is used in this discussion is that it is a2 more interesting approach to the problem since it can provide
more information to the parser than the other approaéh. The method of passing all the nouns found
together to the current noun compound system has to address many of the same issues, it just is not as
flexible an app‘roach to the problem.

Toi 1ly process the d as the parser the nouns in the input stream it is

necessary to write some grammar rules for Parsifal that parse a noun compound by accessing the

semantic routines necessary to process a The wing present cach grammar
rule one (or in a group if the rules have a similar function) at a time. "The places where the grammar

rules are interfacing to the noun compound system are highlighted by using boldface.

Figure 5-4 shows the grammar rule that gets the noun compound processing started. Rule Start-
NC is an attention shifting rule that is in the packet that processes noun phrases. When a noun is first
cntered into the buffer, this rule will be activated causing the logical start of the buffer to be shifted to
the cell containing the noun. It creates a new NC node and attaches the noun to it as the head noun.
An NC node represents the syntactic structure of a noun compound. The degencrate casc of having
only one noun is also stored as an NC node to make the parser rules casicr to write. The last thing it
docs is activate the packet Parse-NC which contains all the rules that actually parse a noun
compound. The rest of the rules described in this section are contained in this packet.

{AS Rule Start-NC in NPool
[=noun] >
Create a new NC node.

Attach 1st to .C as HeadNoun.
Activate Parse-NC.}

Figure 5-4:  Attention shifting rule that starts noun compound processing

Figure 5-5 shows the-rule that processes compounds that contain a nominalized verb in the middie
of the compound.  Its pattern matches against the NC node that should exist at the bottom of the

active node stack, a noun that must be flagged with the feature nominalized-verb, and finally any

noun, | is the first rule that aceesses the semantic routines to process the compound. It calls the
routine Middlelernary which checks to see if a middle ternary relationship, as described in chapter 3,
exists between the sub-compound at the bottom of the active node stack and the two nouns in the
first two positions of the buffer. If this check is successful, i.c, the compound can be interpreted by
the middle ternary pattern, the parser exccutes the rest of the actions. The first action is to drop the

NC node that is at the bottom of the active node stack into the buffer. A new NC node is created to
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represent the structure of the new compound and is labelled as being a middle ternary compound.
The scmantic routines return the results of their processing in a variable whose name is conslﬁxctcd
depending on where their arguments come from. In this case, since the arguments come from the
bottom of the active node stack and the first two buffer positions, the variable name will be 1V-C-1-2
(C for the active node stack, and 1 and 2 for the first and second buffer positions). The exclamation
mark in front of the variable V-C-1-2 tells Parsifal to evaluate the variable in Lisp. It is also possible

that there is a left to right parsc of the sub and the two following nouns. This is

checked for and the results of the analysis are saved with the parse node for the compound. Ifaleft
to right parse is possible, the parse node is also labelled with the feature "LeftRight" and the
corresponding scmantics arc attached to the parse so that later processes know that the compound has
an ambiguous structure. The noun that is now in buffer cell 3 (used to be in buffer cell 2) is attached
to the node as the head noun of the new sub-compound. Similarly, .Lhc sub-compound and noun in
buffer cells 1 and 2 (because of the drop command) are attached to the new sub-compound node as
modifiers. Finally, the noun compound parsing packet "Parse-NC" is made active for this new node,

and the processing continues.

{Rulec Parse-MT Priority: 5 in Parse-NC
[**C: =NC] [=noun, nominalized-verb] [=nousi] -->
. if MiddleTernary relation between C, 1st, and 2nd then
Drop C;
Create a new NC node;
Label C with MiddleTernary;
Attach V-C-1-2 to C as MTScmantics.
% The compound may also be parsable left to right. %
(if LeftRight relation between Ist and 2nd and
LeftRight relation between 2nd and 3rd then
Label C with LeftRight;
Attach 1V-1-2 to C as .R 1Scmantics;
Attach 1V-2-3 to C as .LR2Semantics.);
Attach 3rd to NC as HeadNoun;
Attach 2nd to NC as Modifier]:
Attach 1st to NC as Modifier2;
Activate Parse-NC.}

Figure 5-5: Rule for parsing middle ternary compounds

Figure 5-6 shows the rule used to process the end ternary patterns, as described in chapter 3. ‘This
rule lBl]x)ws the structure of the rule for the middle ternary pattern almost exactly. ‘The major
difference is that the parser must check to make sure the noun that fits the “"nominalized-verb”
pattern is the last noun of the compound. All words other than nouns will need to have the feature

"end-nc” added to their feature list. This will allow this rule to behave correctly. There is one
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problem with this rule. In the previous section it was stated that.it is illegal to drop something into a
buffer in which all three cells are full. The rule to process the end ternary pattern violates this
condition, and thus it will be necessary to extend Parsifal to allow this to happen.

(Rule Parse-ET Priority: 5 in Parse-NC
[**C; =NC] [=noun] [=noun, nominalized-verb] [=end-nc] -->
if EndTernary relation between C, 1st, and 2nd then
Drop C;
Create a new NC node;
Attach IV-C-1-2 to C as ETSemantics;
Label C with EndTernary;
% The compound may also be parsable left to right. %
(if LeftRight relation between 1st and 2nd and
LeftRight relation hetween 2nd and 3rd then
LLabel C with LeftRight; .
Attach !V-1-2 to C as LR1Scmantics;
Attach 1V-2-3 to C as LR2Semantics.);
Attach 3rd to C as HecadNoun;
Attach 2nd to C as Modifierl;
Attach 1st to C as Modifier2;
Activate Parse-NC.}

Figure 5-6: Rulcto proc'css acompound fitting the cnd ternary pattern

Figure 5-7 shows the rule that parses a compound from left to right in most cases (except in the
two cases above). This rule follows a similar pattern as the two above. It is not as complex because it
is looking at only two constituents. Note that its priority number is higher than for the two rules
above. This means that this rule will be exccuted only after the two rules above have either failed to

change the status of the machine or their patterns were not successfully matched in the first place.

This rule creates a new NC node that contains the i ion about how the should be

formed.

{Rule Parsc-1.R Priority: 10 in Parse-NC
[**C; =NC] [=noun} -->
if LeftRight relation hetween C and Ist then
Drop C;
Create a new NC node;
Label C with 1.eftRight;
Attach 'V-C-1 to C as Seiantics;
Attach 2nd to C as HeadNoun;
Attach 15t C as Moditicr;
Activate Parse-NC.}

Figure 5-7: Rule to parse a compound left to right
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Figure 5-8 shows the two rules that are necessary to handle compounds that are processed right to
left. The first rule creates a sub-compound from the two nouns that must be in the first and sccond
buffer positions. After it creates the NC ncdé, there are two NC nodes on the active node stack. It
then drops the first one into the first buffer position. This allows the pattern of the second rule to be
succcséfully matched and its actions finish the process of creating a right to left parse of the
compound.

{Rule Parse-RL Priority: 15 in Parse-NC
[**C: =NC}[=noun] [=noun] -->
if LeftRight relation between 1st and 2nd then
Create a new NC node;
Label C with LeftRight;
Attach 1V-1-2 to C as Semantics;
Attach 2nd to C as HeadNoun;
Attach 1st to C as Modifier; at
Activate Parse-NC;
Drop C}

{Rule Parse-R1:2 Priority: 15 in Parse-NC
[**C: =NC}[=NC] >
if LeftRight relation between C and 1st then
Drop C;
Create a new NC node;
Label C with RightLeft;
Attach 1V-C-1 to C as Semantics;
Attach 2nd to C as HeadNoun;
Attach 1st to C as Modifier;
Activate Parse-NC.}

Figure 5-8: Two rules to parsc 2 compound from right to left

Figure 5-9 shows the rule that finishes up after the compound has been completely parsed as far as
it can with the information available. It deactivates the packet that contains these-rules and drops the
finished compound into the buffer so that the rest of the noun phrase rules can use it to build a noun

phrase. Finally it restores the buffer o the state it was before tie niin compound was encountered.

{Rul -NC Priority: 15 in Parse-NC
[**C: =NC|{=end-NC] -->
De-Activate Parse-NC.

Drop C.

Restore the buffer.}

Figure 59: Rule that finishes the processing of a noun compound

Figure 5-10 shows the rules that handle the situation when no relation is found between two
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constituents that could form a compound. These rules handle cases such as “the gift John boi)ghl" or
“the dog means business”. Both these rules are similar except the first one takes care of the case
when there is a single word that is the subject of a collapsed clause or is being used as a different part
of speech than a noun. The second rule handles the case when a compound is the subject of the
collapsed clause. These rules are insufficient for a more complete semantic component. The
problem is that there may be some weak relation between two concepts that should not form a
compound because a collapsed clause exists or a word has another part of speech besides being a
noun. What is needed in these cases is some method of preferring one structure over the other. The
rules to detect collapsed clauses and nouns that are also another part of specch perform the same
actions as the rule above, except now there will be a compound and a word, or two compounds left in
the first and second buffer positions when the state of the parser is reset to what it was before the first
noun was encountered. ’ '

{Rule Collapsed-Clause-1 Priority: 20 in Parse-NC

[**C; =NC] [=noun] [=end-nc] -->

De-Activate Parse-NC.

Drop C.
Restore the buffer.}

{Rule Collapsed-Clause-2 Priority: 20 in Parse-NC
[**C: =NC] [=NC][=end-nc] -->

De-Activate Parse-NC.

Drop C. -

Restore the buffer.}

Figure 5-10: Rules for handling the case when there is a collapsed clause

The above grammar rules have mapped the patterns described in chapter -3 into the structure
expected by Parsifal. Once these rules have parsed n’ noun compound, there is the possibility that
there will be syntactic as well as scmantic ambiguitics. The syntactic ambiguitics may arise because of
the use of the two ternary patterns for the structure of a compound. In these cases, it is possible that a
better meaning cxists using a left to right parse of the compound. The semantic ambiguitics arise
from two sources: one is-because some nouns have more than onc meaning: the other is because two
or more slots of one noun can be used as the basis for an interpretation. The problem remains to
resolve these ambiguitics in a general way. Since many of these ambiguities must be resolved by
using context, it is not always possible o resolve the ambiguities at the time the compound is being
processed since the context that provides the constraints to decide which interpretation is best often
occurs after the compound itself. ‘The final decision for the meaning of a compound with an

ambiguous meaning must often wait unti! after the sentence in which the compound occurred has
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been fully parsed. Most of the time it should be possible to determine the meaning for a compound
as it is parsed. However, any time ambiguity can not be resolved as the compound is parsed, it will be
necessary to save the results of the other heuristics, since the ones based on context must hqve
precedence. ‘This suggestion is not in keeping with Marcus’ determinism hypothesis. He believes
that the syntactic/semantic intcractions must occur, but a “goodness™ measure can be used to select
the best parse with limited look-ahead. Marcus has no suggestion for how such a “"goodness”
measure can be calculated. Waiting until the end of the sentence should provide all the information

necessary to disambiguate a compound.

It may be necessary to wait until the end of the'sentence in which a compound occurs before being
able to decide which interpretation is correct. For example, in the phrase "the police scarch for the
boy", it is nccessary to know that the boy fills the "thing searched for” slot of scarch. This can not
happen until after prepositional phrase attachment has been done. In many cases this has to wait
until the end of the sentence. There are other problems as well. The major one is that much of the
information provided by context comes from having the meaning of at lcast part of the sentence
correctly determined. This problem arises with regard to the "selectional restriction” and “slot
already filled" heuristics. The "‘selcclional restriction" heuristic tries to find |.hc>mle in the sentence
that the cump-ound is playing. For this to work cn;rrcctly, it may be necessary to find the roles that
other parts of the sentence play also. This is especially true when the compound is filling a role in the
‘main verb of a phrase, since it may be important to know what other roles of the main verb are filled.
With the "slot already filled™ heyrisﬁc there is a similar, but somewhat different, problem. There are
occasions when a slot of the head noun can be filled by another phrase. This usually happens when
the compound is followed by a prepositional phrase. Thus, it js necessary to do’prepositional
attachment before the “slot already filled” heuristic can work correctly. Prepositional attachment

must be done because the itional phrase following a may be modifying the
compound or it may be modifying the main verb of the phrase in which the compound occurs. ‘The
latter case can only happen when the éompi)llnd occurs after the main verb. ‘Thus, for the context
heuristics to work satisfactorily it is necessary for the natural language system to find the roles that the
various parts of the sentence ‘play, as well as doing prcpbsiliuninl phrase attachment. This is an
argument against the determinism hypothesis for syntactic and semantic processing at least for noun

compounds.
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5.3. Examples of How the Interfacing Should Work

This scction presents several examples of how the pérsing rules described above would work. Four
different examples will be worked through. - Each cxamplé shows a different aspect of the grammar
rules and the scmantic interaction that is necessary for the meaning of the compound to be
determined. The first example goces into a fair amount of detail of how the syntactic processing is
done to give an idca of how the grammar would work in practice. The sccond example presents a
compound which has a nominalized verb in the middle of the compound. These two examples do
not contain any problems for the semantic routines. The last two examples present the processing for
compounds that have an ambiguous meaning after the syntactic processing (with the semantic
processing that is dur)c during the parsing of the compound) has finished. These examples show how
the grammar can interface to a semantic component that deals with the context provided by the

sentence itsclf. Each of these examples is explored in a separate sub-scction below.

5.3.1. Cargo Bay Doors

The first example is the compound "cargo bay doors" as it occurs in the sentence "The cargo bay
doors opened”. This example is fairly straight-forward since the semantic processing can be done as
the compound is parsed. Figu}c 5-11 shows the state of the parser when the noun “cargo" is first
placed into the buffer. The parser has been parsing the noun phrase NP1 which means that the
packet of rules containing the rule Start-NC is active. Start-NC is an attention shifting rule that will
be exccuted at this point. .

The Active Node Stack
S1(S Decl Major S) / (}_”arsc-/\ux CPool)
NP1 (NP) 7 (NPool)

Det: (I'he)

‘The Buffer
1 Word2 (*cargo Noun): (cargo)

Yet unseen words: bay doors opened.

Figure 5-11: State of the parser just before rule Start-NC is run.

Figure 5-12 shows the state of the parser after the rule Start-NC is run. The newly created NC
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node will be at the bottom of the active node stack. It has the Parsc-NC packet of rules associated
with it, so this packet is the only active one. Note that the buffer at this point would likely con!a.in no
words that are visible to the parser. The the words "bay", "doors", and "opened" will be put into the
buffer as soon as the parser starts matching rules to find the next rule to exccute.

The Active Node Stack
$1(S Decl Major S) / (Parse-Aux CPool)

NP1 (NP) 7 (NPool)
Det: (The)

NC1(NC) / (Parse-NC)
HeadNoun: (cargo)

The Buffer

1 word3 (*bay Noun): (bay)

2: word4 (*door Noun PLY): (doors)
3 word5 (*open Verb ED): (opened)

Figure 5-12:  State of the parser after rule Start-NC has run.

Figure 5-12 shows the state of the parser just after it has started matching rules for the next cycle,
but before any rules have been successfully matched. The first two rules that will be used to match
against the buffer are Parse-MT and Parse-ET since they have the highest priority in the rule packet.
Neither of these rules will be successful because none of the nouns in the buffer have the feature
“nominalized-verb”. The next rule that will be matched against is Parse-LR. This rule docs
successfully match the contents of the active node stack and the buffer. Thus its actions will be
exccuted. The first thing it does is access the semantic routine “LeftRight" to sce if there is a slot in
"bay" that can be filled by "cargo”. It will find the "contains” slot of "bay” as a compartment that
can be filled by "cargo”. It saves this relation in the variable V-C-1, so that the parser can access it.
Since this test has been successful, the parser will exceute the rest of the actions as follows:

1. It will drop the NC node containing “carga™ into the buffer. This makes it available to
build a new NC node for the sub-compound “cargo bay".

2. Itcreates a new NC node at the bottom of the active node stack. This node will be the
one that represents the parse and meaning of the sub-compound “cargo bay".

3. Itattaches the noun "bay" to the new NC node as the head noun of the sub-compound.
4. Similarly it attaches the NC node for "cargo” as the modificr.

5. It also attaches the meaning for the compound returned by the semantic routine in the
variable V-C-1 to this node as the semantics for the sub-compound.
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6. Finally, it re-activates-the packet Parse-NC since there is a new NC node at the bottom of
the active node stack that would have no packets associated with it if this wasn’t done.

Figure 5-13 shows the state of the parser after this rule has finished executing.
The Active Node Stack
S1(S Decl Major S) / (Parse-Aux CPool)

NP1 (NP) / (NPool)
Det: (The) -

NC2 (NC LeftRight) / (Parse-NC) .
HeadNoun: (bay)
Modifier: NC1
HcadNoun: (cargo) )
Semantics: ((bay (contains cargo)))

The Buffer
1: Word4 (*door Noun PL): (doors)
2: Word5 (*open Verb ED): (opened)

Figure 5-13: State of thc. parser after the first sub-compound is formed.

“The rest of the parse follows a similar pattern. At this point, the rules Parse-MT and Parse-ET will
fail to match as before. However, the rule Parse-LR will succeed again. After it has finished
exccuting, the state of the parser will be as shown in figure 5-14. The last thing that will happen is the
parse node NC3 will be dropped into the logical first position of the buffer and the status of the
buffer restored to what it was before the parsing of the compound was iniﬁat_cd.

This is the end of the first example. It has been fairly straight-forward, since all the semantic
processing produces only one meaning, even though the word "bay"™ has several meanings. The parse
tree will contain the semantic meaning for the compound as well as the syntactic structure for it.
Note that no changes have been made to the data basc. "The changes to the data base would probably
be made later as the sentence is passed onto the phase that deals with the meaning of the sentence as

awhole.
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'ﬂ;c Active Node Stack
S1(S Decl Major S) / (Parse:Aux CPool)

NP1 (NP) / (NPool)
Det: (The)

NC3 (NC LeftRight) / (Parse-NC)

HeadNoun: (door)
Modifier: NC2

HeadNoun: (bay)

Modifier: NC1

HeadNoun: (cargo)

Semantics: ((bay (contains cargo)))

Semantics: ((door (door-of (bay (contains cargo)))))

The Buffer
1: Word5 (*open Verb ED): (opencd)

Figure 5-14: State of the parser after the "door" has been processed.

5.3.2. Text Processing Systems

This example shows; how the middle ternary compound "text processing system” as seen in the
sentence "This method of document preparation has created a market for text processing systems™
would be processed by the grammar rules described earlier in this chapter. The processing for this
compound would start out in the same way as the processing for the compound "cargo bay doors" as
described in the previous sub-section. After the grammar rule Start-NC has run, the status of the

parser will be as shown in figure 5-15.

At this point, the pattern for the rule Parse-MT will match the bottom of the active node stack and
the current buffer contents. "Ihis causes the actions for the rule Parse-M'T w be exccuted. ‘These
actions will do the following things:

ck (i.c.. NC1) is dropped into the buffer.
ture for the compound during the rest of

1.'T'he node at the bottom of the active nods
“This is so that it can be used to build the s
the actions.

2. A new NC node is created to represent the parse of the middle ternary compound “text
processing system™. All the structure for the compound will be attached to this node.

3. The node is labelled as being middle ternary, so that the semantic routines will know how
the compound was formed if necessary.
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S1 (S Decl Major S) / (Parse-Aux CPool)
NP1 (NP): (This method of document preparation)
VP1 (VP): (has created)
NP2 (NP): (a market)

PP1(PP)
Prep: (for)

NP3 (NP) / (NPool)

NC1(NC) / (Parse-NC)
HeadNoun: (text)

The Buffer
1 Word12 (*p ing Noun Nominalized-Verb): (p

2 ‘Word13 (*system Noun PL): (systems)

Figure 5-15: Parser state for "text processing systems™ after rule Start-NC is run.

4. The meaning for the compound saved when the call to the mlddlc ternary scmantic
routine was made is stored with the node for later use.

5. If the three nouns can be parsed left to right, then the grammar will label the node as
being a left right parse. It will save the meaning or meanings for the compound with a left
to right parse so that semantic routines can use these meanings later. In this case, there is
no left to right parse that is semantically acceptable, and thus nothing is doné.

6. The three nouns are attached to the new node. The noun "system" is taken as the head
noun of the compound, and the other two nouns arc taken as modifiers for the
compound.

7. Finally, the packet of rules Parse-NC are activated for this new NC node so that
processing can be finished for the compound.
When the action part of the rule has finished executing, the status of the parser will be as shown in
figure 5-16. ‘I'he rest of the parse is completed as explained in the previous sub-section. Note that
the head noun for this c<;|np(1\|nd is different from the one that provides the slots used as the basis for

the meaning of the compound.
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The Active Node Stack

S1(S Decl Major S) / (Parse-Aux CPool)
NP1 (NP): (This method of document preparation)
VP1 (VP): (has created)
NP2 (NP): (a market)

PP1(PP)
Prep: (for)

NP3 (NP)/ (N‘Pool)

NC2 (NC MiddlcTernary) / (Parse-NC)
HeadNoun: (system)
Madifierl: (processing)
Madifier2: NC1
HeadNoun: (text)
MT! ics: ((p ing ( system) (thing-p text)))

The Buffer

Figure 5-16: Parscr state for “text processing systems™ after rule Parse-MT is run.

5.3.3. Police Search

The compound "police scarch” occurred in the sentence "Both officials had questioned the the
veracity of the story when it was published last Sept. 28, sctting off a fruitless police search for the
boy". The compound "police search” has the problem that there are at least three meanings for it.
All these meanings arise because the word “police” can fill any one of three slots of search (i.e., the
thing searched for, the one who is scarching, and the thing scarched). The syntactic structure of this
compound is straight-forward and can be constructed without having to disambiguate the meaning of

the compound. "T'he problems arise in actually deciding which of the slots should be the one used as

the basis for creating an interpretation for the ‘compound. Figure 5-17 shows .an abbreviated

structure of the parser just after the syntactic structure of the compound has been determined.

In the context of the phrase "setting off a fruitless palice search for the boy™, the parser would next
parse the prepositional phrase “for the boy”.  After it had finished processing the prepositional
phrase, a semantic component which is not part of the current system would need to find the place to
which the prepositional phrase should be attached. This semantic component should attach the
prepositional phrase to the compound "police scarch™. “This will fill the slot of "scarch” for the thing
scarched for. Thus one of the slots that could be used as the basis for an interpretation of the
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S1 (S Decl Major S) / (Parse-Aux CPool)
NP1 (NP): (Both officials) .
VP1 (VP): (had questioned the veracity of the story when it was pubhshed
last Sept. 28, sctting off)

NP2 (NP) / (NPool)
Det: (a
Adjective: (fruitless)

The Buffer
1: NC2 (NC Lcﬂnght) (police search)

HcadNoun: (scarch)

Modifier: NC1: (police)

Scmantics: ((scarch (scarcher police)) "
(scarch (scarch-for police)) °

. (search (thing-scarched police)))

2 Word23 (*for Prep): (for)

Figure 5-17: Parser state for "police scarch" at then end of the parsc.

compound has been removed from consideration. This still leaves two slots that are available to form
the meaning for the compound. The context available can not help decide which of these two slots
should be used. Thus it will be nccessary to revert to some of the other heuristics, such as the "similar
compounds” heuristic or the “instances of an interpretation” heuristic. Note that it is necessary to
wait until after context has been used to use the results of these two heuristics. Otherwise, it is quite
Tikely that the meaning that was ruled out by context will be the one sclected by one or both of these
heuristics.

5.3.4. Money Supply

“T'he last cxample in this section is the compound "moncey supply" which occurred in the sentence
“Fhe Morgan Stanley analyst noted that the apparent peaking of inflation coincided with the topping
out of growth in the money supply”. Here the problem arises because there arc two meanings of
supply cach of which form a meaning for the compound (i.c.. the amount of money available or the
action of supplying moncy). ‘The processing of the compound itself will be fairly straight-forward.
‘I'he syntactic structure of the compound is the same no matter which meaning is meant. However, it
is necessary to resort to context to decide which of the meanings is the appropriate one. Figure

5-18 shows the status of the parser after the compound has been processed.
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S1(S Decl Major S) / (Parse-Aux CPool)
NP1 (NP): (The Morgan Stanley analyst)
2 VP1 (VP): (also noted that the apparent peaking of inflation coincided with
. the topping out two years carlier of the rate of growth)

The Buffer
1: Word4 (*of Prep): (of)
2 NC2 (NC LeftRight): (money supply)
HeadNoun: supply
Modifier: money
Semantics: ((supply (amount-of money))
(supply (thing-supplicd money)))

Figure 5-18:  Parser state for "money supply” after its parse is complete.
In the context of "the rate of growth of the money supply", the meaning for the compound should

be the amount of money available. This meaning is determined through the action of prepositional
phrasc h and the "'sclectional iction” heuristic. Soine other semantic component needs

to decide that "money supply” must modify the noun "growth" in the phrase "rate of growth”. Once
this has happened, the “sclectional restriction™ heuristic will selcc.l the meaning where the amount of
moncy is being'mlkr-: about since an amount of something can grow, whereas the action of supplying
money can not grow. Again, the context in which the phrase occurred must be used to disambiguate
the meaning of the compound. In this ;asc it is probably possible for the system to determine this
while it is processing the compound. However, if the compound occurred before the main verb of

the phrase ining the and the pound was to fill a slot in the main verb using the

“sclectional restriction” heuristic, it would be nccessary to wait until at least the main verb was
discovered. In some cases, it might be necessary to wait until some of the other noun phrases have
been placed into slots of the main verb because the mmpvound ‘might be able to fill more than onc
slot of the main verb. 1f onc of these slots is filled by something after the main verb, this will allow

the "selectional restriction™ heuristic to discover the correct meaning for the compound.

5.4. Finding the End of a Noun Compound

A major problem with the approach described above is how to decide when a noun compound
cnds. 'This is actually part of a more gencral question of how to decide when a noun phrase ends. As
shown in Gershman's thesis [Gershman 79], this is a very hard problem that he only partially solves.

The following discussion wifl focus on the problem of determining when a compound ends. There
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seem to be two cases when it is difficult to determine the end of a noun compound. The first occurs
when one of the nouns has a meaning as a different part of speech, especially a verb. For example,
the phrase "police search” can be a noun compound or it can be the noun “police” followed by the

verb “"search”. The

two show the distinction between these two ways to interpret
the phrase:

© The police search for the boy was unsuccessful.
« The police scarch for the boy frequently.

Another problem arises when a collapsed clause is used. The following two sentences show how this

problem arises:
o The boy girls like best is John.

o The metal cars are made of is produced in the east.

The problem with multiple parts of speech at least can be detected easily and the system can be
aware that a problem may occur. With collapsed clauses, however, any sequence of nouns could be
split to form a collapsed clause. The collapsed clause must be found before this type of problem can
be processed correctly. Note that these sentences tend to be what Mal:cus calls garden path sentences
since the reader may sclect the wrong syntactic structure at first; only realizing his mistake after

reading more of the sentence.

‘There are at least three ways that this'problem can be approached. One is to perform lookahead
beyond the phrase causing the problem un"ntil it is possible to disambiguate the structure of the
sentence. This lookahead may have to go at least as far as the main verb of the sentence. Note that
this may involve lookahead to make sure that the Eight verb is sclected as the main one. The problem
with this h is that this lookahcad is going to freq require more than the three buffer

cells allowed in the current implementation of Parsifal.  Another solution is to rely on a non-
deterministic approach to parsing and allow the parser to back-up or to create more than one parse
for a sentence. ‘This approach would completely invalidate Marcus® determinism hypothesis and thus
is not a viable alternative within Parsifal’s framework. One further ul(crnn'livf: is to use Marcus
solution o garden path sentences.  Unfortunately, this solution is very sketchy and thus does not

form a very strong basis to solve this problem.

“I'o remain close to the paradigm proposed by Marcus, it is necessary to extend Parsifal to allow for

alonger lookahcad buffer. How long does this buffer have to be? Unfortunately it would have to be
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long enough to contain all the constituents of a.sentence and thus no fixed limit can be placed on it.
If Parsifal was extended in such a way, would it be possible to parse correctly sentences such as the
examples given above? The problem with t.heée sentences should be solved once the main verb of the
sentence is determined. In the case where a noun is also a verb, no main verb will be found if the
word w;viv.h multiple parts of specch is really the main verb of the sentence. When a collapsed clause
occurs, once the main verb is found, the parser should know that a collapsed clause exists and
proceed accordingly. A problem exists when a phrase contains three or more nouns. At what point
in the sequence of nouns docs the subject of the collapsed clause begin? For example, consider the
sentence: )

o The metal golfcarts are made of is produced in the cast.

In this sentence the collapsed clause begins at the word "golf*. This is one problem that a noun
compound processor should help solve. For example, the phrase "metal golf" is probably not going
to have a viable meaning or at least a very poor one as a noun compound. The compound "golf cart”,
however, has a semantically accgpvablc meaning. This information should allow a natural language
system to find the correct place to begin the collapsed clause. Note that this requires access to

semantics to obtain this type of information because syntax docs not have the necessary information,

The proposals above seriously violate Marcus’ three buffer cell lookahead. Other parsing systems
can solve this problem without violating their underlying philosophy. For example, the RUS parser
[Bobrow 78, Woods 79, Bobrow 80} allows the system to back up. If RUS goes down a garden path
as it may do in the examples above, it can back up to select a different path when the first one runs
into a dead end. Similarly, the Diamond parser [Robinson 80] carries along all the possible parscs for
a sentence as it processes the sentence. 1fa parse goes down a garden path, it will fail and the rest of
the parscs will proceed. Note that this philosophy is very similar to the one used in the current

system where all the possible interp ions for a I are at the same time. Both

RUS and Diamond will have to allow for collapsed clauses that can occur anywhere in a noun

compound.

“This scction has pointed out a problem that the analysis in the previous sections of this chapter did
not address. It has given some suggestions as to possible ways to approach the problem. As stated
carlier in this section, the problem of where a noun compound, in particular and a noun phrase more

generally, ends is a hard problem that still requires rescarch.
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5.5. Summary

This has been a relatively simple design for the interfacing of the system to one particular parser.
How difficult would it be to interface thic system to other parsing systems? There are other parsers,
such as RUS [Bobrow 78, Woods 79, Bobrow 80] and Diamond [Robinson 80], that have comparable
power to Parsifal. The following paragraphs give a very brief description of each parser and some
suggestions of how the semantic processing could be done for noun compounds using the ideas
developed in this thesis.

Diamond’s rules consist of a phrase structure rule and propertics that can be evaluated during
three different processing phases. The procedures for each of these phases are:

o Constructors: These procedures are cvaluated during the bottom up assembly of phrases.
‘They are used to build the parse tree for a sentence. This is where the initial calls to the
noun compound system should be placed This allows the parser to reject paths that are
not worth fol g. The ion from these calls can be attached to the
parse tree for later use.

© Translators: These procedures are called after the parse tree has been generated. Their
purposc is to translate the parse trec into a semantic representation*of the sentence as a
whole. This is where the “selectional restriction” heuristic and “slot already filled"
heuristics should be placed. They would have access to the sentence as a whole.

. lmcgmtors ’I‘hesc ‘procedures take the semantic representation created by the translator

and i this rep ion into the domain knowledge of the system.

This is the best place for the "general topic under discussion™ heuristic to be placed, since

it needs access to the discourse knowledge that would be available to the integrator
procedures,

It should be relatively casy to interface the current noun compound system to Diamond. However,

no details have been worked out on how to do this correctly.

‘The three phases that Diamond has allows a flexible approach to the problem of interfacing
semantic routines 1o a parser. “The semantic routines can be placed in the phasc that has access to the

information that is nceded for them to do their processing. ‘The advantage that Diamond has over

1is that it allows for multiple parses to be processed at the same time. Since Parsifal only keeps
one parse, it is sometimes necessary to leave the decision about the syntactic structure of a compound
to later in the [’mm Also, Diamond uscs a non-deterministic approach to parsing which allows an
casier solution to the problem of finding where a noun compound ends. Diamond's approach to
parsing is very similar to the philosophy of the current system.
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The RUS [Bobrdw 78, Woods 79, Bobrow 80] parscr consists of two major components: an ATN
parser [Woods 70] and a semantic component. The parser and the semantic component communicate
with one another by sending messages back and forth. This ication takes place i 1l}

as a sentence or phrase is parsed left to right. When the parser has reached the end of a sentence, it
sends a signal to the semantic component specifying that the end of the sentence has been reached. A
similar paradigm to the above using Parsifal can be used to interface the noun compound system to
RUS. The original processing to find the possible relations between nouns can be done
incrementally in the RUS paradigm. In ambiguous cascs', the scm'anu'c component can use the
context of the sentence to c!isambiguate the compound after the-end of the sentence. Many of the
issucs mentioned in this chapter would have to be addressed in interfacing the noun ‘compound
system to RUS.

The communication that goes on between the RUS parser and a semantic component is a flexible
approach to the problem of processing semantics during the parsing of a sentence. RUS has the
advantage over Parsifal of allowing for the possibility for multiple parses of a sentence. It does not
carry all the plausible parses akmg at one time as Diamond does. A parse must be rejected before the
next possible one is found. T his approach should hclp with the problem of ﬁndmg the end of a noun

compound, as wcll as allowing for a collapsed clausc to be processed more casily.

‘This chapter has addressed the issue of how the current system for understanding noun
compounds could be interfaced to an existing parser. What types of interactions are necessary for
this to be feasible? The following list presents several types of interactions that must go on.

o The syntactic structure that the parser builds as it processes words must be passed to the
semantic routines. The semantic routines can look up the possible words in a phrase and
check to see if the phrase is semantically viable. The semantic routines will need to keep
track of all the information the parser has provided along with any information they have
obtained, so that they can use this information while processing later phra Note that
for noun compounds at Ieast a phrase will consist of a single word in most ca

S,

@ 'T'he syntactic structure of a compound is one of the most important things that the
semantic routines can return to the parscr since it can not d:rcclly produce the syntactic
structure on its own.

e 'lhe semantic routines should also pass back information specifying that a noun
compound is not very good wntically and that there seem to be two sub-phrases. ‘The
place that the these sub-phrases split could be the start of a collapsed clause. The parser
could usc the information to guide it in looking for such a clause.

Other information must be available to the noun compound system if it is to determine the meaning

of d sfully. "This information comes from a more complctc semantic
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system that is nceded for a complete natural language system. The following information is
necessary:

@ Information provided by a focus mechanism such as proposed by Sidner [Sidner 78] or
Grosz[Grosz 78). This will often be necessary to constrain the possible meanings of
ambiguous nouns in a compound.

© Some form of selectional restrictions [Katz 63] that try to find the role a compound plays
in a sentence. This should provide constraint for the meaning of the head noun of
compound if the head noun is ambiguous.

e Some form of prepositional phrase attachment is necessary. Some prepositional phrases
may be attached to a noun compound. These attachments will rule out possible slots of
the head noun which can not be filled by preceding nouns. This provides another form
of constraint on the meaning of a compound.
‘These arc the various arcas where a complete natural language system can provide significant
constraints to help select the correct meaning for a noun compound.
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-Chapter 6
An Experiment using Real-World Examples

This chapter describes an experiment that cxplores how well the model presented above processes
noun compounds occurring in text from real-world examples. The experiment was to collect a Jarge
number of noun compounds occurring in text from various sources. The sources included articles
from the New York Times, two articles from the C ications of the Association for C

Machinery: one on spelling correction and the other on learning and reasoning, an article from
Scientific American, an article about the properties of semantic networks, and an article from
Newswecek on the space shuttle. A list of all the compounds that occurred in each piece of text was
made. Appendix B contains the list of compounds found in the articles used for the experiment as
well as pointers to the actual articles. Over six hundred compounds were found in this search. Table
6-1 shows how this data broke down in terms of how many compounds with two, three, etc. nouns

occurred and approximately how often new compounds occurred in the text.

Article or Group of Articles 2 3 4 5 6 Seat/Comp
Scientific American 103 17 1 0 1 2
CACM: Spelling Correcting 98 11 0 0 0 3
CACM: Lecarning & Reasoning 65 7 3 0 0 5
Scmantic Networks 49 18 0 0 0 7
Newsweek on Shuttle 59 9 1 0 0 2
New York Times 149 32 2 0 0 2

‘Table 6-1: Number of compounds of cach length found and the

average number of sentences between finding a new compound.
Onc interesting statistic is noun compounds occur more frequently than many people helieve. Thus
being able to understand noun compounds is necessary for a language understanding system to

correctly interpret many sentences.

Once this list of more than six hundred compounds was created, cach compound was cxamined to
see how well the model presented abeve would process it. ‘The program itsclf was not run on all these

cxamples. Instead the processing for this set of compounds was donc by hand using the algorithms
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described above, There are two reasons why the program was not run on this set of cxamples for a

‘more accurate determination of the results:

e To the imately six hundred ds would make it necessary to
add a large amount of knowledge to the data basc. All this knowledge would have to be
added to the data base by hand. This means there is a very good chance errors will be
made that will require a fair amount of time to correct: Even without this problem, it
would still take several months to enter all the necessary data.

® The amount of memory available to store knowledge is very limited because the current
system runs on a PDP 20, which has a severely limited address space. Currently the
system contains partial definitions of just under two hundred words. With limitations,
this vocabulary could be exterided to no more than twice this size. That is, it might be
possible to add definitions so the system could process about 100 of these compounds,
but the amount of working memory would be severely restricted and the system would
spend a large amount of its time garbage collecting and'thus run very slowly.

Since the program could not be run on this large set of examples as cxplained above, it was
necessary to process the noun compounds by hand. For each of the approximately six hundred
compounds found, the following was done:

1.'The possible meanings of the words involved and the likely slots involved in the
ion of the' were d. If there was any doubt about the meaning

of the word or what slots it had, a dictionary was consulted to sec what it said about the
word. An attempt was made not to bias the experi based on the d

2. The noun d was then ing to the algorithm given in chapter 3.
This would produce the possible jnterpretations that the program should find for the
compound. The heuristics were not used at this point.

3. The meaning that I belicved the author of the noun compound intended was determined. '

4.'T'he noun compound was then classified into onc of several passible classifications by
comparing the meaning that would be produced by the program with the onc meant by
the author. ‘The following paragraph describes the classifications used.

“The classification scheme divided the approximately six hundred noun compounds found during
the experiment into the following categories: . :
© Correct left o right parse of the compound: ‘The program would have produced the same
meaning as the author intended. A compound was placed in this category if the following
conditions held:

o The program would have produced a left to right parse of the compound, i
structure of the form [{[N; N,IN 3] N

o The program would have produced only one meaning for the compound without
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using any heuristics, i.c., I_hcrc would only be one possible candidate for the
meaning after all the possible interpretations were found as specified in chapter 3.

o The slot or slots sclected by the program as the basis for an interpretation of the
compound are the correct ones, i.c., these slots provide the underlying relationship
or relationships between the nouns forming the compound. Since almost all words
are going to have several slots, the program must select the correct slot to represent
the meaning of the compound. A left to right parse without giving the correct
relationship between the nouns involved is of little use in understanding the
compound.

o If one or more nouns of the compound have multiple meanings, the program would
select the correct meaning for them. In these cases the correct meaning of the noun
should be determined by using the context provided by the compound itself
without the need to resort to various heuristics.

e Correct middle ternary meaning of the compound: The program would produce the at
correct meaning of a compound containiiig more than two nouns using the middle
ternary pattern as described in chapter 3.

@ Correct end ternary meaning of the compound: The program would produce the correct
meaning of a compound cpntaining more than two nouns using the end ternary pattern as
described in chapter 3.

© Multiple interpret d due to words: The program would produce
more than one meaning for the compound because one or more of the words in the

d had multiple i The correct interpi ion would be one of the ones
found by the program. With the use of context, the program should be able to process
these compounds correctly.

e Multiple interpretations produced due to multiple slots: The program would produce
more than one meaning for the compound because the head noun of the compound or
sub-compound had more than one slot that could be filled by the previous noun or
sub-compound. "The correct interpretation would be one of the ones found by the
program.  With the usc of context, the program should be able to pmcc“ these
compounds correctly.

o No meaning would be found by the program: The program would find no possible
interpretation for the compound. i.c., no slot would be found that could be used as the
basis for an interpretation of the compound.

o The wrong meaning would be found by the program: ‘The program would find one
meaning that would be incorrect given the context in which the compound occurred.

© A questionable slot is needed for the correct meaning to he produced: ‘I'he program would
find the correct meaning for the compound only if a slot of a questionable nature was
allowed. A questionable slot is one w‘hlch may or may not be reasonable for the noun to
have associated with it.
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® A questionable slot assignment is nceded for the correct meaning to- be produced: The
program would find the correct mcaning for the compound only if a slot is filled with a
le value. A i value is one which may violate the restrictions that

arc normally placed on the slot involved.

o The meaning is correct as far as it goes: The program produccs a meaning which is
correct as far as it goes. The compound usually has some connotation that is not covered
by the simpler meaning that is likely to be created by the program.

@ The first noun provides the slot for the second: The program would not produce any
meaning for the compound. However, if the program was allowed to place the second
noun of the compound into a slot of the first, the correct meaning would result.

® The compound is defined in the text: The program would not produce the correct
meaning for the compound. However, the compound is defined in the text to have a
particular and usually very specific.meaning.

® The slot filler is a union of concepts: The program would not produce the correct
meaning for the compound. The two or more nouns preceding the head noun seem to fill
the same slot of the head noun as well as having some relationship among themselves.
Table 6-2 shows the break down of the approximately six hundred noun compounds cxamined

according the above classification scheme.

Category of Compound Percent in the Category
Left to right parse 52%
Middle ternary ) . 1%
End ternary 1%
Multiple interpretations duc to multiple meanings of nouns 6%
Multiple interpretations due to multiple slots 2%
No meaning 10%
Wrong meaning 6% -
Questionable slot 13%
Questionable slot assignment 3%
Correct meaning as far as it goes . 2%
First noun provides a stot for the sccond 2%
Compound defined in the text 1%
Union of concepts filling same slot 1%

Table 6-2: Results of using the proposed model on real-world examples

IFrom table 6-2, it can be scen that about fifty-four percent of the compounds from text occurring
in real-world documents should be processed correctly by the program without using any heuristics.
‘I'he following sub-scctions explore cach of these classifications in more detail. The examples used in
the following sub-scctions are taken from appendix B which contains a numbered list of all the
compounds used in the experiment. ‘The examples are keyed to the entrics in appendix B with the
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notation " #c¢ page p' where p is the number of the page on which the compound occurs and c is the
number of the compound.

6.1. Correct Left to Right Parse of Noun Compounds

The largest category of compounds is the one for which the program would produce the correct
Ieft to right parse. Examples of such compounds include: “water flow™ (#279 page 216; a flow
where the thing flowing is water), "water pipe situation™ (#i82 page 216; a situation describing pipes
that carry water), "leaming_idcas" (#303 page 218; ideas where the ideas are about learning), “oil
consumption” (#24 page 194; consumption where the thing consumed is oil), "attribute name"”
(#340 page 222: a name where the thing named is an attribute). This category of compounds is
fairly straight-forward and the program should have no trouble with them. The only interesting thing
about these compounds is that the program must select from all the slots available the one that
produces the correct meaning. In thiese examples the restrictions placed on the slots are sufficient to
rule out all but onc interpretation. A few of the compounds (about 5% of the compounds in this
category) contained nouns with multiple meanings. Examples of these types of compounds include:
“story plot” (#265 page 215: a plot that gives a bricf description of a story; plot could also mean a
plot of land), “cargo bay doors” (#404 page 228; doors to a bay (as a compartment) that holds cargo;
bay could also mecan a body of water among others), “capital cxpenditure” (#16 page 194;
expenditure where the thing expended is capital (i.e., money); capital also has the meaning as a city
where a country’s or state’s government is located). The interesting point with these compounds is
that the program should be able 0 disambiﬁuate the meaning of the ambiguous nouns using the
context provided by the compound itsclf without needing to resort to more complex heuristics.

6.2. Compounds Formed from the Middle Ternary Pattern

A few compounds that contained three nouns would be processed using the middie ternary pattern
described in chapter 3. Examples of such compounds are: “text formatting program™ (#126 page
203: a program that formats text). “text processing syslcm"’(#l}l page 203: a system that processes
fext), "main-tank attachment point” (# 393 page 227: a point that is used to attach a main-tank), and
“law enforcement official” (#566 page 242 an official who enforces the Taw). 'This category of
compounds is also fairly straight-forward and the program should have no trouble processing them.
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6.3. Compounds formed from the End Ternary Pattern

A few compounds that contained three nouns would be processed using the end ternary pattern
described in chapter 3. Examples of such compounds aré: "engine power output” (#57 page 197;
output where ‘power is output by an engine), "accessory power requirements” (#77 page 199;
requirements that require power for accessorics in the context of accessories for cars), “memory
storage requirements” (#195 page 209; requirements that require memory for storage), and "hlgher-
P by
higher-operators). ‘This category of compounds is fairly-straight forward and the program should

operator quantifier representation” (# 373 page 225; a rep ion that

have no difficulty processing them.

6.4. Multiple Interpretations due to Multiple Meanings of Nouns

The first interesting category is the one where one or more of the nouns in the compound have
multiple meanings and by using context, the system should produce the correct meaning. Note that
there are many more compounds confaining nouns with ambiguous meanings. However, the

compounds with these other ambiguous nouns are placed into other catugorics, such as the correct

left to right parsc category nf the context provided by the compound itself is sufficient to

the ‘There are approxi 6% of the compounds that fell into this
category. For example, the compound “plant material” (#110 page 201) could mean material that
comes from a living plant, or it could mean material in or around a plant that performs a
manufacturing operation. The only possible method to disainbiguate this compound properly is with
the use of context. Another cxample, is the compound "water pipe law" (#239 page 213) which
could mean a law passcd by some governing body concerning water pipes, or it could be a physical
law about the behaviour of water pipes-under various circumstances. Context scems to be the only
method to disambiguate this compound properly.  Another cxample is the C(vmp()ul;d “moncy
supply” (#473 page 234). "This compound could mean the action of supplying moncy to someone, or
the amount of money available for some purpose. Other examples of these kinds of compounds

include: "table structure™ (#202 page 209; the structure of a table used to cat from or a table as a

data structure in computer programming), "table size” (#225 page 211; the size of a table from
which people cat or a data structure in computer programming), "plot outline™ (#240 page 213:

outline of a plot for a story or a plot of land). Context scems to be the best way for the system to

these The following give an indication of how the current

system would usc its heuristics based on context ta dit i these kinds of
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In the above examples, the problems arose because one word has more than onc meaning. The
"sclectional restriction" or “gcne}al topic under discussion” heuristics are the heuristics most likély to
come into play in these cxamples. The slot already filled heuristic, the other heuristic based on
context, will not help di iguate these The "plant material” (#110 page

201) arose in the context "methanol can be produced from plant material” in a discussion about fuels.
This compound is one that may not work under the current implementation of context. The
selectional restriction heuristic has the problem that it is likely to provide no constraint since cither
meaning of the compound could fill the "produced-from" slot in the verb "produce”. The general
topic under discussion heuristic has a similar problem. The way that pcople scem to disambiguate
this compound is to know that methanol is normally made from organic sources, and thus “plant
material” means material from the living thing. The current system might get the correct meaning by
providing "methanol” as the m;}ic of ¢ ion, ing that cthanol has the i ion that
it can be made from plants. If such an assumption is made, then the system will correctly
disambiguate the compound.

‘The compound “water pipe law" (#239 page 213) occurs in a context in which physical laws are
being discussed. Thus the general topic under discussion heuristic should produce the correct
meaning for this compound. The problem seems to be to decide that physical laws are being
discussed. The compound "water pipe Jaw" occurs in the same sentence that the phrase "Ohm’s
Law" occurs. Ohm's law can only be interpreted as a physical law, and thus so should “"water pipe
law", ‘ ’

The example of "money supply” (#473 page 234) occurred in the context "rate of growth of the
money supply”. Thus "money supply" must be able to fill the thing that is growing slot in the noun
"growth". 'The sclectional restrictions heuristic can come into play since an action is something that
onc would not normally expect to grow, whereas the amount of something can grow. ‘The
compounds in this category can be handled in many cases by the system as it currently stands if

certain simplifying assumptions arc made.

6.5. Multiple Iinterpretations due to More than One Slot

Abu‘ul 2% of the total compounds would produce two or more meanings because more than one
slot is available to be filled. For example, the compound “police scarch™ (#525 page 239). could
mecan cither a search to find the police, a search of the police for something, or a search conducted by

the police. The system as it currently stands would be most likely to select the first meaning, because
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there may be other compndnds where the first noun is the thing being searched for, and the similar

compounds heuristic would find these, and say this is the most likely. Another example where this

causcs pi is with the p " (#512 page 238). The meaning here
could be either a d to protect against i could be
against thing else, or are the thing that are to be protected against. Again,

the similar compounds heuristic is likely to select the wrong meaning in this example, because there -
may be other compounds where safeguard is used and the thing being protected against slot is the
one filled. The only way this problem can be overcome is to use the .context in which the compound
occurred to di i the d. Other ¢ of these kinds of compounds include:

"“consumer preference” (#13 pagé 193), "consumer demand" (#20 page 194), “scarch timie"
(#199 page 209; time taken for a search to be performed, or the time at which the search took place),
“computer learning” (#309 page 219; Iearning where the éubjcc! Iearned is computers or learning
where the learner is a computer).

The solution to this kind of problem seems to rely heavily on the “slot already filled" heuristic.
Most of these compounds scem to come up in contexts in wpich at least one of the slots has already
been filled, and thus is unavailable to use as the basis for determining the meaning of the compound.
For example, the comi)ound "police search” (#525 page i}?) occurred in the context "police search
for the boy". The slot for the thing scarched for is taken up by “the boy", and can not be filled by
police. However, the other two meanings (i.c., where the police are the ones searched, and where the
police are doing the search) were not rulgd out by the context in which the phrase occurred. It seems
likely that these two meanings can be differentiated with the use of the “similar compounds™
heuristic or possibly the “instances of an interpretation” heuristic. With the "similar compounds™
heuristic, it is likely that therc may be other compounds in the data base in which somcone similar to
the police have performed an action similar to a scarch. 1f there is no information of this nature, then
the “similar compounds” heuristic will provide no help in disambiguating the compound. The
“instances of an interpretation” heuristic may Ye useful (at lcast for a person) because a story (or
stories) might have been read where the police have been the anes doing the scarching. Similarly, the
slot for the thing being safeguarded against in the c:;sc of the c(xmpouhd "consumer safcguard”
(#512 page 238) can be ruled out by the "slot alrcady filled” heuristic due to the context in which the
compound occurred. ‘1o resolve the other two meanings of the compound, it is necessary to rely on
some of the other heuristics. Again, the "similar compounds™ heuristic or the “instances of an
interpretation” Heuristic may supply the necessary constraint to have the correct meaning selected

(i.c., where consumers are the oncs being protected).
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Thus, the kinds of problems arising from. this category seem to be solved with the use of
mechanisms that already exist in the system. It does not seem necessary to develop new mechanisms
to handle many of the compounds placed ixi(o ﬂ_lis category. Rather, it is necessary to use all the
information that is normally available to a person for the system to process the compound correctly.
The pi'ogram will generate more than one possible interpretation for the compound, and will need to
decide which slot should be used to form the correct interpretation. As with the previous category,
the most effective way for the program to make this choice is to use heuristics based on context.

6.6. No Meaning is Generated for the Compound

For about 10% of the compounds examined no meaning was found for the compound because no
slot could be found specifying a relationship to use as the basis for an interpretation. Examples of
such compounds include: "methanol route” (# 112 page 201; in the context where methanol is being
considered as a possible fuel for vehicles), "hash table" (#200 page 209), "hash chain" (#218 page
211), "hash function” (#219 page 211), "ball bearing” (#439 page 231), “1980 model year”
(#80 page 199), among several others. There do not seem to be any slots that are used to form the
meaning of the compound in these cases. It seems that at least some of these compounds must be
considered as cognates, or at Icast that a much deeper metaphorical type of reasoning is going on than
the modcl proposed above can currently process. Other compounds (c.g., "methanol route™
(#112 page 201) can not be considered as cognates in any reasonable manner. This is where a more
complex metaphorical meaning must be found. The current system has no mechanisms for doing

such complex inferences.

6.7. The Wrong Meaning is Generated for the Compound

For about 6% of the compounds, the program would generate the wml\‘g meaning for the
compound. For example, the compound “chain scarch” (# 166 page 206) is most likely to be taken
as a search for a chain in many contexts. However, in the context of a discussion about hash tables,
and a "hash chain" (#218 page 211; i.c., a list of tokens that arc hashed to the same table table entry
are placed in a Tist or chain) used to resolve conflicts, then a “chain search™ means that a “hash chain®
is the thing being scarched to find the token that is the object of the scarch. Another example is the
compound "power plant” (#26 page 194). The system would find the meaning where there is a
plant (consisting of buildings. ctc.) that preduces power which is a correct meaning. However, the

compound occurred in the context of di ing how

are p “The system would

not understand that the "power plant” had to fit within the confines of a car. Although the meaning
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is technically correct, the system has no way of realizing that a “"power plant” in this sense really
means the engine of a car. Other cxamblcs include: "market close” (#627 page 248; the time at
which a market (especially the stock market) closes, but the program would find the act of closing the
market), "two-passenger car” (#28 page 195; a car with a capacity for two passengers, but the
program would find the’ meaning as a car that two key i

(#286 page 217; an assumption that is cri(ica]. but the program would find the meaning where an
assumption is made about a key), and "cngine size" (#73 page 198; the size of the space in the
cylinders, whereas the program would find the meaning as the physical size of the whole engine).
These examples show some of the strange behaviour that can be produced from the current program.
Is there any method to fix these problems?

It seems reasonable to place some of these compounds in NETL's data base as cognates, i.c.,
storing a predefined meaning for the compound in NETL's data base. This will solve some of these
problem cases in a reasonable manner. For example, consider the compound “noun phrase”
(# 343 page 222) which the system would say is a phrase that consists of nouns. However, this is not
quite correct, since it has a particular meaning in a linguistic context (i.c., a phrase containing nouns,
but also other parts of speech) which would not be found by the system, unless it was made into a
cognate. The compound "power plant” (#26 page 194) can probably also be handled by using
cognates, since it is a fairly frequent term that could be defined. A compound like “chain search”
(#166 page 206), however, could probably be understood by a person who had not scen it before.
There does not seem to be a good reason to make this compound a cognate. lnstéad. a metaphorical
meaning would have to be generated for this compound.

6.7.1. Ellipsis

Some of the compounds-are short hand for a phrasc occurring carlier in the text or contain nouns
that are short hand for phrases occurring carlier in the text. For example, in an article about the grain
embargo against the Soviet Union the phrase "curb of grain sales” occurred. Later in the same
article, the compound “grain curb” (#456 page 233) occurred. The system as it currently cxists

would not make the conneetion between the two phra:

that the sccond phrase is really short
hand for the first one. ‘The system would instead create no meaning for the compound “grain curb®.
In an article about semantic networks, the phraéc “semantic network™ occurred in the text. Later the
phrase "network notation" (# 334 page 221) occurred. The current system would create 2 meaning
for "network notation” and not cstablish a connection between the two phrases. Another example is

the compound "burcau agent” (# 563 page 242) where previously in the article the phrase "Federal
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Burcau of Invcstig&tion" occurred. Again the system would construct a meaning for "burcau agent"
without realizing "burcau™ stands for the "Federal Burcau of Investigation" or FBL. One further, and
somewhat more complex, example involves the two phrases "higher-order representation of
quantification” (#356 page 224) and “higher-order quantifier representation” (#373 page 2.25)
which occurred in the order given here. The two phrase seem to refer to the same concept and thus
should be represented by the same node in NETL's data base. The current system does not handle
the kinds of problems raised above. NETL is built around structures that are meant to be searched in
a very orderly manner. What is nceded is some way lo. prime m}: network to look for looser
associations between concepts than the normal NETL scarches currently allow. The following

describe an imation within the NETL framework to this more general miechanism.

The basic problem seems to be that a noun or sub occurring in a

a more specific phrase because of the context in which the phrase occurred. In all interesting cases
the more specific phrase has occurred before the less specific one. Note that the more specific one
may occur several paragraphs before the less specific one. A proposal for processing these kinds of

ones ining more than one

phrases is to keep a list of the concepts previ scen,
word. When an article is aboﬁl to be read this list would start empty. As new .conccpts are read or
formed, they Awuuld be added to this list. With a NEI‘L implementation, it would probably also be
wise to reserve a marker, say the current concepts marker (CCM), to mark all the concepts seen
during the reading of the article. As new concepts are encountered or created in NETL.'s data base,
they would be added to the list as well as being marked by the CCM marker. When a compound is

the g 1 p ing can be performed:

1. For each meaning of a noun in the compound, a downward scan should be performed.
‘This will just mark all the more specific instances of the meaning for a noun. Assume
these concepts are marked with marker M1.

2. All the concepts marked by both marker CCM and marker M1 are found. This gives a
list of potential concepts that cold be a basis for an elliptical meaning for the noun or
phrasc.

3. If no concepts are in the'intersection defined by these two rﬁurk_crs. there are no possible
elliptical meanings and the process can terminate.

4. I'here scem to be two cases depending on whether the concept being checked represents
the meaning of a head noun or a modifying noun as follows:

“a. If the concept being checked is the head noun, then the modifying nouns should
occur in the structure of the concept found in the interscction search. ‘The scarch to
find these concepts may be somewhat complicated because it. may involve several
levels of slots (c.g., there are two levels slots that need to be scarched in the case of
the compound “grain curb”).
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b. If the concept being checked is not the head noun, and if there is only one concept
found in the intersection search, then it is probably the correct meaning to use for
the noun. If more than one meaning is found in the intersection search, the syslcm
should do nothing. .

5. Finally, the system in case (a) would use the concept that best matches the compound
under consideration as the meaning for the compound. In case (b) the noun would be
replaced with the more specific instance in the meaning of the compound.

Looking back at the examples mentioned above, how would this proposal work in practice? The
phrase "curb of grain sales” occurred before the compound "grain curb” (#456 page 233). Assume
the system created a structure representing the phrase "curb of grain sales” below the type node for
“eurb” (note that a structure for "grain sales” would also have to be created that would be pointed at
by this structure). 'I:his structure would be marked with the CCM marker and placed in the list of
current concepts as described above. When "grain curb” is found, the system would mark downward
from “grain" finding nothing, and also mark downward from "curb" finding the structure created
carlier for the phrase "curb of grain sales”. This structure would have to be checked to see if it
referred to the concept "grain” anywhere within it, since "curb" is the head noun in this case. Since it
docs, this structurc would be taken as the meaning for the compound "grain curb”. That is, the

meaning for “grain curb” would be cxpanded to mean "curb of grain sales”.

Another cxample is the compound "bureau agent” (#563 page 242) where FBI is the only burcau
scen carlier in the article. The processing would proceed as before, i.c., a downward scan from both
“burcau” and “agent” is made. Nothing will be found for "agent", but FBI will be found below
“burcau”. Since "bureau” is not the head noun and only one concept below it is active, FBI can be
used to replace "burcau” in the compound. The "network notation” cxample would be processed
similarly.

A harder example is "higher-order quantificr representation” (# 373 page 225) where "higher-
order representation of quantification™ (#356 page 224) has been scen previously. 'The processing
would follow the “grain curb” (#456 page 233) cxample described above. However, a problem

arises because "quantifier” and "quantification” are two different concepts. ‘The search for concepts

in the original structure would have o be relaxed to allow the ellipsis processing o aceept the
structure “higher-operator representation of quantification”™ as the meaning for “higher-operator

quantifier representation”. Note that if cither " ifier" or "quantification” is used

there wauld be no problem. The connection between the two phrases scems to be that "quantifier” is
a slot of "quantification”. "Thus for cllipsis proccssing to work, in this case it would be necessary to
cxtend the scarch to allow for one concept to be aslot of the other.,
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The above paradigm for ellipsis processing should handlc a fair number of cases where this
problem arises. It is fairly simp]é in nature, but should provide a starting point for imp]cmcniing a
strategy for handling ellipsis where noun compounds are concerned, as well as possibly other phrases.
A more sophisticated approach'w this problem could involve the usc of focus mechanisms such as
those proposed by Sidner [Sidner 78] or Grosz [Grosz 78}.

6.8. A Questionable Slot is used to Generate the Correct Meaning

For about 13% of the compounds, the correct meaning for the compound is generated with a slot
that is of a questionable nature, i.c., may or may not be associated with the concept that needs it to
produce the correct meaning.  Examples of such compounds include: "poliution problem”
(#106 page 201: the problem caused by pollution), "spelling problcn;" (#151 page 205; the problem
of correcting mis-spelled words), "transposition error” (#165 page 206; the error caused by
transposing two letters in a word), “letter error” (#162 page 206; the error caused by mis-typing a
letter in a word), "computer file" (#214 page 211; a file that is part of a computér system), and
“telephone call” (# 567 page 243; a call made via tclephone).

There scems. to be a need for a slot in the concepts representing the meaning of "problem” and
“error” that specifics the type of problem or error. In cases like these it seems that such a slot is not
unreasonable. Assuming that such a slot is reasonable, what restrictions should be placed on it?
Unfortunately it is very difficult to specify preciscly what rcsﬁicu’ons should be placed on such aslot.
No restrictiuns could be placed on the slot by allowing anything to fill the slot. This means that any
compound of the form "x problem™ will have at least the meaning where x fills this "type-of” slot. In
most cases this is probably the desired meaning, but how should the few cases where tiiis is not the
desired result be handled? 'I'he most likely answer is the heuristics the system uses have to take care
of those cases where this is not the desired meaning, In particular, the heuristics based on context are

most likely to produce the correct interpretations in such situations.

"The compound “computer file™ (#214 page 211) also has a problem with slots. The obvious slots
such as “part-of™ or "owned-by” do not seem to carry quite the right meaning for this compound. Vo
be part of a computer the part should be a physical part of the computer. A file is not a physical part
of the .cumpulcr. ‘The way to arrive at such a meaning is to extend the meaning of computer to
include all the logical parts as well. ‘The question then becomes how far should this extension be
carricd out. One solution is to relax the constraints placed on this particular slot to allow "file" to be
part of a computer. Though a "computer file" can be thought of as being owned by a "computer”,
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this s a major relaxation of the constraints on the "owned-by" slot, since one would not normaily
expect a "computer” to own somcthing in the same way a person or a corporation might. The
"part-of" relationship docs seem to be the one wanted, even though it does not quite capture the

correct connotation.

The compound “telephone call” (#567 page 243) is anmhér.cxample in which it is questionable
whether the appropriate slot should exist. To understand this compound it is necessary to have a slot
that represents the instrument used to' make the ca}l. It seems inappropriate to'add such a slot just to
make one compound work. Are there other times when this slot could be used to understand a
phrase? The answer seems to be affirmative. For c;(aﬁ-lplc. consider the compound “radio call”. This
has a similar meaning and is appropriate in a context where radio is the normal form of long distance
cnmmun}cution. such as in wilderness situations. This is ‘one way that the compound could be
formed, but there is some doubt whether the right connotation for "call" is being used. It seemsto be -
used as a "short visit", and as such a "tclephone call” or "radio call" should be cstablished as cognates

to arrive at the correct connotation.

‘There does not scem to be an casy solution to the problems raised above. In most cascs it scems
necessary to create new well defined slots. The main problem scems to be that in some cases there
are tenuous relationships that are used to form the meaning of some compounds. One solution is to
relax the constraints placed on the relationships used as the basis for forming interpretations for a
compound. Rather than place a large amount of constraint on the scarch by looking for particular
patterns in the data base (i.e., looking for slots in which nouns can fit), the system could look for any
relationship between the concepts in the compounds. If all constraints are removed in this search, the
system will find many spurious relationships. For example, any two concepts have the relationship
that they are both inferiors of the top-most node called the fhing node. This relationship would not
be interesting in itsclf. However, there may be other relationships that could be. For instance it may
be possible to find relationships between concepts based on paths through roles involving more than
one level which is all the current system allows. ‘T'o relax constraints in this manner requires much
more powerful inference mechanisms: than are currently used by- the sysmrAnA '!‘his suggestion is

similar to the kind of scarches used by Quillian [Quillian 68, Quillian 69].
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6.9. A Questionable Slot Assignment is used to Generate the Correct
Meaning

For about 3% of the compounds, the correct n;eaning for the compound is generated by filling a
slot with a questionable value. This means that the restrictions likely to be placed on the slot will be
violated by the concept that is to fill the slot. Examples of such compounds include: “tow vehicle”
(#396 page 227; vehicle whose purpose is to tow the space shuttle), "post-flight picture” (# 397 page
227; picture taken after the flight of the space shuttlc), "thruster dance™ (#403 page 228; dance of
the rockets of the space shuttle on launching), and "explosive separator” (#394 page 227; separator
that uses an explosive to detach fuel tanks from the shuttle).

All these iompounds could cause problems because the restrictions on slots would probably not
allow the first noun to fill a slot of the second. For example, thc compound “thruster dance” -
(#403 page 228) uscs a metaphorical meaning for dance to produce a meaning where a thruster
performs actions similar to a dance. For most applications a thruster should not be able to perform a
dance in the same way a person docs In this case it is necessary to relax the constraints placed on the

dancer slot of "dance” so that thruster can fill it. Note that an interpretation of a compound is not

given by just filling a slot, there must exist in the data ki g about what the implications of the
relation between the main concept and its slots. The compound “post-flight picture” (#397 page
227) has the problem that "post-flight" must be taken as a time for it to fill the time taken slot for
picture. What must happen is that the adjective "post” must be processed correctly. This should turn
the phrase post-flight into a time which can then fill the slot with no trouble. The current program

does not perform such an inference.

Most of thesc kinds of compounds should be processed correctly once there is some mechanism for
relaxing the constraints placed on slots. Some may have to be handled by adding-more possible parts

of speech o the system and performing inferences based on the information they add. ‘T'hese

should not be insur

6.10. The Correct Meaning as far as it Goes

For about 2% of the compounds, the correct meaning is found as far as it goes. ‘The meaning is
technically correct, but it is does not capture the full meaning that the author intended. Examples of
such compounds include: “pickup truck” (#6 page 193), "dicscl particulates” (# 104 page 201),
"word space” (#138 page 204). "propcﬁy list” (#338 page 222). “news conference™ (#508 page
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237), "newspaper cditor” (#583 page 244). The program would generate technically correct
meanings for all of these compounds. To get the full meaning of the compound the system would
need to be provided with the meaning of the compound, i.e., the compound would have to be made a
cognate with an idiomatic or "conventionalized" meaning.

For example, consider the compound "pickup truck” (#6 page 193). The program would
generate the meaning where a truck is used to transport a pickup (a pickup as defined by the New
American Heritage Dictionary is "one who is picked up, especially: passengers or freight”) . This is
correct, but the full meaning is a particular style of truck. There is no way a person or the program
could get this special meaning without being shown an example of such a truck. Another case is the
compound "property list" (#338 page 222) as used in the context of Lisp. The program would
generate the meaning “a list whose clerrients are propertics”. This is correct, but in Lisp a property
list has a very special meaning that would be missed by the program. The compound "diesel
particulates” (#104 page 201) would have the meaning "particulates from diescl fuel”, but what it
really means is “particulates from diesel fuel after it has been burned”. This example is not as easy to
pass off as a cognate, since there is a process going on that people at least would consider in
generating the meaning. There seems to be a very large amount knowdedge about what goces on
during burning that has to be brought to bear to correctly interpret the meaning of the compound.
The program as it currently stands does not have this knowledge nor does it have the inference

techniques that are necessary to follow this chain of reasoning.

For most of the compounds in this category it is reasonable to assume that they are cognates. If
such is the case the program would have no trouble with most of these compounds. A few of the
compounds could be said to be derivable from the knowledge that people have, even though the

current program docs not.

6.11. The First Noun Provides a Slot for the Second One

About 2% of the total compounds seem to fit a different pattern than the patterns described in
chapter 3. In particular, it seems that the first noun in the compound provides the slot that is filled by
the second noun of the compound.  Examples of such compounds include: "input file” (#134 page
204; a file that is input), "input token” (#196 page 209; a token that is input), "output file"
(#198 page 209; a file that is output), "production vehicles (# 30 page 195; vehicles that are being
produced), and "production worker” (#471 page 234; where worker is performing the production).
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This structure for a compound violates one of the major assumptions of the model described
above, ie., that nouns later ini the compound provide slots for the earlier oncs, except in the case
where there is a nominalized verb in the middle of the compound. The number of compounds the
system can process by adding the possibility of having the first noun provide the slot for the seconti is
only increased by a small amount, but it adds somewhat to the coverage of the program.

Adding this pattern to the oncs that already exist may cause the system to create many more
meanings for compounds than it currently does. It scems it is necessary to use this pattern only when
there is no other interpretation for the compound. The system at any time has a list of all the possible
interpretations for a compm'md‘ 1f this Tist i§ empty, the system could try fitting the last noun found
into a slot of the previous noun. All the information that the system needs to check for this
possibility exists in the current implementation, altfiough it is not currently used. In particular, the
first noun of all compounds is processed in the same way that all succeeding nouns are, and thus has
all of its slots properly marked for determining whether the second noun can fill one of its slots.

6.12. The M ing of the Comp d.is Provided in the Text

For about 1-% of the compounds, the meaning of the compound is described in the text because the

author intends it to have a very specific meaning. of such ds are: "

matrix" (#170 page 207; matrix giving the chance of inputing the wrong character given the correct
onc), "text portion” and "code ppn.iun" (#184 page 208; two parts of a program; a text portion is the
part that describes the algorithm and a code portion is the part that gives the code for the algorithm),
“comment frame" (#254 page 214; frame that comments on the contents of a Minsky style frame),
“black bag job™ (# 568 page 243 illegal break-ins performed by the FBI).

‘The program would do various things with these compounds. No meaning would be found for
some of the compounds (c.g., "confusion matrix™ (#170 page 207), and "black bag job" (# 568 page
243). For the others, the program would find the wrong meaning. For example, for the compound
“text portion™ (# 184 page 208) and "code portion” (#18S page 208) the program would generate
the meanings "a portion consisting of text” and "a portion cunsisling.nl'.codc" respectively. For the
the compound “"comment frame™ (#254 page 214), the program wquld probably generate the
meaning as "a {rame that contains a comment™ which is close to the correct meaning. ‘The program
currently has no \;'ny to handle such compounds, other than having their definitions put into the data
base by hand. Eventually, it would be nccessary to have a natural language understanding system be

able to input the descriptions in the text and store the correct meaning for the compound in the data
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base. Note that the meaning for the compound should.normally only be used within the context of
the article in which the compound occurred.

6.13. A Group of Concepts Fill the Same Slot of the Head Noun

For about 1% of the compounds, the meaning of the compound is best described by having several

q d

of such

concepts fill the same slot in the head noun of the are:

"cost-benefit analysis" ( #114 page 202; analysis of the txadc off between the cost and benefit of

), "voltag urrent suuauon (#238 page 213; a situation involving voltage,
resistance, and current of a circuit), " agcnl -act-object combination” (#253 page 214; a combination
of the agent. act, and object of an information structure), "frame-slot-value combination”
(#255 page 214; combination of a frame, one of its slots, and the valuc filling the slot), "case-filler
combination™ (#261 page 215; combination of the case and the concept filling it), "attribute-value
pair” (#339 page 222; pair consisting of an attribute and its value).

The program as it currently stands does not handle these types of compounds. The head noun of
cach of these compounds gives an indication of how the previous nouns are related to one another.
‘These compounds scem to be talking about a single thing whose constituents arc made up of the
concepts associated with the nduns preceding the head noun. For example, the compound "frame-
slot-value combination™ (# 255 page 214) is talking about the single concept made up from a framc_, a
slot that exists in the frame, and the value used to fill the slot. This meaning for the compound is
quite complex, since to obtain the full meaning it is necessary to decide on what kind of relation
exists between the concepts preceding the head noun. It should be possible to establish this
relationship using the current program if the hyphens are ignored. The one problem is that the head
noun must accept almost anything in its-main slot. For most of these examples, this should not be a
problem. In the case of the compound "cost-benefit analysis” (#114 page 202) it is a problem.

However, "cost-benefit analysis" is one compound that could possibly be considered a cognate.

6.14. Multiple Word Senses

Onc of the problems that has not been addressed fully in the above discussion is what happens
wher ail the possible word senses for are word placed in the data base. ‘There are several issucs that
are raised when this is done. Onc is how many candidates will be gencrated during the phase that
gencrates all the possible interpretations for a compound.  Another is how to represent the multiple
word senses in the data base. And finally, what types of constraints arc necessary 1o sclect the right

word sense and/or relationship that forms the basis for the ccrrccl‘in\crprclalioh for a compound.
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If all the possible word senses and all the slots these word scnses are stored in the data base, the
number of possible im.erprctatiohs for a compound is going to increase. In some cases this will cause
a large number of interpretations to be added to the list of possible ones. The largest number of
interpretations seems to be on the order of about five. This is a large number of interpretations for
the heuristics to p}occss. However, five total interpretations is far less than the maximum number
that could be generated. This means that even the current system provides a fair amount of

constraint.

One prohlem with multiple word senses is how to represent the different senses. There seem to be
two extremes. One is to represent each word sense as a separate concept with very strict restrictions
on the slots for cach one. This method has the disadvantage that there will be many distinct nodes
representing a meaning for a word. Another way is to have all the word senscs represented by one
concept with many slots. The various relationships between the slots could be usced to select the
appropriate sense for a word. This method has the disadvantage that the most common slots will
have very loose restrictions. These restriction will provide very little constraint on any searches
looking at such concepts. What scems to be a better solution is a combination of these two schemes.
All the distinct or major meanings of a word should be represented by a scparate concept. Below
cach major meaning of a concept could be a hierarchy of concepts that represent the various senses of
the major meaning. The slots of the major meaning would be common to all the senses; various
senses could place more stringent restrictions on these slots. _If only an approximation to the correct
meaning is needed, the major meaning could be used. To get more dcﬁil it would be necessary to
scarch the hicrarchy below the main meaning for the correct sensc of the word. The slots of the word
senses in the hierarchy should provide a significant amount of constraint for this search. This
representation should allow a fairly flexible approach to the problem of representing multiple word

senscs.

With multiple word senses how can sufficient constraint be obtained to restrict the set of possible
interpretations for a compound? ‘There are at least the following possible methods to obtain more

constraint:

@ 'I'he use of fucus such as that proposed by Sidner {Sidner 78} or Grosz [Grosz 78] should
provide a sig amount of ¢ aint. Mcanings more closely related to the focus
are better than ones that are not as closely related.

o The concepts filling slots of the concept with multiple word senses should provide some
constraint. In particular, the fillers of the various slots may be such that only onc word
sensc is correct.
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® The role that a word with multiple senses plays in a sentence or phrase should also
provide constraint. In particular, the slots that such a word sense must fill can provide
constraint on what sense is meanl.

® A more flexible approach to how restrictions are placed on a slot should provide some
more constraint. In particular, the suggested cxtensions proposed in chapter 8 should
provide more constraint on what concepts fill a slot.
The suggestions above if taken one at a time are probably not sufficient to provide enough constraint
to reduce the number of possible i i However, bining all of these ion should

provide much more constraint than the current system can provide. Note that these suggestions
assume a complete natural language understanding system including some methods to perform

focusing and slot assignment similar to a case-frame system [Filmore 68].

6.15. The Possible Relationships Between Two Nouns

One interesting question is what are the possible ways that a relationship can be formed between
two nouns within the NETL framework. 'The following list gives the ways a relationship between the
nouns of a compound can be established within NETL. Note that only a few of these arc currently
implemented in the current system.

© The first noun fills a slot of the second. This is the most common relationship between

two nouns and is currently implemented. An example of such a compound is “truck
driver",

© The second noun fills a slot of the first. This is a infrequently used relationship and is not,
currently implemented. An example of such a compound is "output sentence”.

@ The first noun is a descendant of the second noun. This relationship occurs infrequently
and is not currently implemented. An example of such a compound is "bascball game".

© ‘Ihe first noun is an ancestor of the second noun. ‘This relationship occurs infrequently
and is not currently implemented. An example of such a compound is "the integer five".

® The first noun overrides a default assumption of the second nomn. This refationship occurs
airly infrequently and is currently implemented. An example of such a compound is
“woman doctor”. Note that this relationship involves aceessing relationships provided by
split statements in NIETLL.

@ The two nouns fill a slot of a third concept. For example, in the compound “diesel
particulates”, "diesel fuel” is burned to form “particulates”. This relationship occurs
infrequently and is not currently implemented,

© The first noun fills a second level slot of the second noun. For example, the compound
"0il exccutive” should probably be formed by finding the concept representing company,
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and then finding the "produces/provides" slot of company and filling it with “oil". Note
that the "company" is left unspecified and can be filled in later if necessary or if the name
of the company is found later. Note also that this may have to be extended to a third
level of slots or even further.

o The compound is idiomatic. No relationship exists in the data base. This way of forming
a occurs fairly infrequently.

‘The above relationships can be formed in NETL’s data base and scem to account for a large number

of noun compounds.

6.16. Summary

‘This section has tried to give some idea of how well the system would perform on real-world

les by si ing the behaviour of the system on compounds found in various articles. It
performs well on about 54% of the approxi 1y six hundred by hand. Another

10% are processed correctly using various heuristics, especially the oncs based on context. If certain
assumptions are made about the information available to the system, its performance can be

increased significantly from 64%. A summary of these assumptions are as follows:

 Some compounds seem to require slots that are of a questionable nature. If most of the
compounds put into this class could be processed assuming the existence of these
questionable slots where it secms appropriate, the system’s performance should be
enhanced by about 10%.

o Certain compounds have no meaning found. Many of these should probably be
considered as cognates. If about three-quarters arc considered as cognates, then the
system’s performance would improve by about 7%.

o The current system would produce the wrong meaning for some compounds. Some of
these compounds should be considered as cognates. ‘I'his assumption would improve the
system’s performance by about 3%.

o Using cllipsis processing as proposed in this scction should improve the system’s

performance by at least 3% and possibly much more.

e Certain patterns do not currently exist in the system. [f the system was extended to
handle these patterns, its performance would improve by about 3%.

With the assumptions made above, the system’s performance can be improved to around 90% with
relatively little cffort.  “This leaves approxil ly 10% of the ds found in real-world

cxamples that the current system has no chance to process correctly. What kinds of mechanisms are

needed for the current system to have at least some possibility of arriving at a reasonable meaning for
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acompound? There scem to be a few arcas where work needs to be done for the current system to be
able to process most of the 10% of the compounds that cause major problems. These areas are
explored further in the following paragraphs.

s

A more general association mechanism would allow the system to find some meanings that it
currently does not. Such a mechanism would help in at leasi two ways: it would allow the cllipsis
processing to be more general by priming the network for appropriate associations between concepts,
it may also allow the system to find associations between concepts that it would not normally find. In
some cases these "decper” associations may be the basis for the correct interpretation for a
compound. ' o

Some of compounds have a metaphorical meaning that is impossible for the current system to find
because of its reliance on the very rigid structure of NETL. The type of processing that could
possibly lead to finding meanings for at least some of these compound could.come from using more

general association mechanisms similar to the ones mentioned in the paragraph above. Many of the

ical ings for comp have a basis in some tenuous relationship that exists between

the nouns in the compound. The current scheme has a very i‘igid idea about what relationships must

exist between compounds for such a relationship to form the basis for such an interpretation, and
thus will not find these much decper relationships on which many metaphorical types of meanings
seem to rely.

The system uses local context fairly effectively in many cases to disambiguate the meaning of
words in a compound as well as relationships that can exist between words in acompound. However,
there are cases where the local context suggests an interpretation for a compound that is not one that
the system would normally consider. There sccn.l to be two possible problems arising in this arca.
One is where a slot is meant to be filled by something which can not normally fill the slot. The
context should be sufficient to overrule this slot restriction and allow the slot to be filled by a concept
that would not normally be allowed to fill the slot. "The other problem arises when the system would
find an appropriate slot, but overrules it because the system finds other slots that it feels are better
suited as the basis for forming an interpretation of the compound. The 11hr;;sc_lévcl context is not

sufficient to provide the correct answer, it is often somewhat more global context (i.c., possibly the

previous sentence) as well as an of the processes being discuss | that is beyond the

understanding of the current program.

In the case of a few compounds, the relationship between the concepts is sometimes dictated by a
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process that involves the concepts. Being able to connect the concepts involved in the compound to
the associated process often leads to the correct meaning of a compound. For example in the
compounds "diesel particulates” and “diesel fﬁme_s". there is a "burning" process in which dicsel fuel
is burnt and the result is particulates and fumes. The current system doesn’t contain any method to
look for such processes and try to cstablish a meaning for the compound based on them. The
interesting point here is that people scem to be able to focus in on such processes fairly easily and

thus have a much better of such ds than the taken in the current

system.

The areas discussed above scem to be the major arcas that would allow the current program to
correctly process more compounds than it currently does. These arcas seem to be the ones that
people are able to process relatively easily most of the time. The current program, however, does not
address the issues discussed above. It takes a much more rigid approach to the problems raised above

than a solution to them seems to require.
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Chapter 7
Results

This chapter discusses several topics ‘regarding the resulrs' the program. produces. Section
7.1 describes the results produced by the program itself, i.c., the meanings of the compounds it
produces, and how they can be evaluated. Section 7.2 describes how uscful the various heuristics
seem to be in sclecting the meaning of a compound. Section 7.3 gives an indication of how much
coverage the program has, i.c., how well it performs on examples which were not used to debug the
program. Section 7.4 discusses some timing issues with regards to how fast the program runs, both in
the simulated version as it is now, and on one possible architecture for a parallel NETL machine.

7.1. Results of the Program

An important issue is how to judge whed‘lcr the program has produced a valid meaning for a
compound. There are several ways for the program to show that it "understood” the compound.
Onc is to form an English phrase or. sentence that fills in the information that was omitted when the
compound was formed. For ¢xample, the meaning for the compound "dog owner” could be
paraphrascd as "an owner that owns a dog". However, this leads in.lo the problem of text generation
from an underlying semantic representation, which is a rescarch problem in itself [Goldman
74, Winograd 72, Simmons 72]. It was decided not to add this problem to the tasks necessary to
understand noun compounds, since it would have directed a large amount of effort to a problem that
is interesting but not directly related to this thesis. Another option, and the one that the current
program uscs, is to create the structure nccessary to represent the meaning of a compound. By
examining the created structure, it is possible to determine whether ihc 1;rngr;|m “understood” the
compound. ‘The structures created in the NETL. network can be fairly complex, as seen in section
34.1. Of course, it is awkward to examince the structure created, SL)‘ the program prints out a
description of thc.slruculrc created, without any attempt to try to generate English text to paraphrase
the meaning. "Thus the results of the program are a description of the interpretations created in the
NETL. data base. : ’
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For cxample, consider the results for the relatively. simple compound- "wine glass”, as shown
below:
(meaning '(wine glass). nil)
There is 1 compound after finding all possibilities.

Creating compound: WINE GLASS
WINE GLASS[BWINE GLASS-A] is a GLASS[&GLASS-B].
GLASS-BICONTAINEE: WINE[&WINE].

The example above shows what is printed out by the program when it is given the task of finding the
meaning of the compound "wine glass". The first linc is the invocation of the function "meaning"
which is the top-level function of the program to und d noun ds. The first

provides the list of words in the proper order that make up the compound. The sccond argument is
used to provide context to the program. In this example, NIL is used, which means that no context is
to be used by the program to understand the compound "wine glass”. The second line states that
only one possible interpretation for the compound is found by the program. The third line means
that the program is creating a meaning of the compound in NETL’s data base. The fourth line states
that a "wine glass" is a "glass”. The phrascs in square brackets are the names of the NETL nodes that
represent the concepts before them. -For example, the node “"&wine glass-A" represents this
particular meaning of the compound "wine glass”. Similarly, the node "&glass-B" represents a
particular meaning of "glass”, in this case, a container (there is also the material made from silicon
dioxide). The last line of the cxample gives the name of the role that the noun "wine” fills (i.e.,
"glass-Blcontaince” which describes the things that a glass as a container can contain). The meaning
of "wine" is represented by the node with name "&wine", since only one meaning for the word
"wine" exists. This structure provides all the information that is nceded to "understand” the
compound "wine glass”, i.c., that the two objects involved are a "glass" that normally contains
liquids, and the liquid "wine", and also that there is a containment relation in which the "wine" is
contained in the “glass”. :

As a more complex example, consider the compound "water meter cover adjustment screw”. ‘The

following description of the structure built to represent the meaning of this compound is printed by

the program:
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(meaning '(water meter cover adjustment screw) nil)
There is 1 compound after finding all possibilities.

Creating compound: WATER METER COVER ADJUSTMENT SCREW
WATER METER[BWATER METER-A] is a METER[&METER].
METERIMEASURES: WATER[ZWATER]
WATER METER COVER[RWATER METER COVER-A] is a COVER[&COVER].
COVER!COVERS: WATER METER[BWATER METER-A]
WATER METER COVER ADJUSTMENT SCREW[SWATER METER COVER
ADJUSTMENT SCREW-A] is a SCREW[&SCREW].
&ADJUST-1
ADJUSTITOOL-OF-&ADJUST-1: SCREW[&SCREW]
ADJUSTIADJUSTEE-OF -8&ADJUST-1:
WATER METER COVER[ZWATER METER COVER-A]

The first line of the example is the invocation of the program with the compound "water meter cover
adjustment s‘crcw". The sccondllinc just states that there is only onc interpretation for the compound.
‘The third linc states that the program is going to create the representation for an interpretation of the
compound in NETL's data base. The fourth and fifth lines present the representation for the
meaning of the sub-compound "water meter”, ie., a meter that measures water. The sixth and
seventh lines present the representation for the meaning of the sub-compound “water meter cover”,
i.c., a cover that covers a water meter. The eighth and nincth lines state that a "water meter cover
adjustment screw™ is a "screw". The last four lines say that a “water meter cover adjustment screw” is
a screw used to adjust a "water meter cover”, 'This is an example of the representation used for a

a ized verb in the middle of the compound (i.c., adjustment). The

tenth line says that there is an adjusmeni action that is being described. The next three lines say that
the tool used in the adjustment is a screw, and that the thing being adjusted is a “water meter cover”.
‘Thus the structure resulting from forming an interpretation for a compound can be quite complex.
Note that there arc two sub-compounds that must be created before the meaning of the top level one

can be created.

Heuristics are necessary in many instances to allow the system to disambiguate a compound. 'The

effectiveness of the various istics is very on the i ion used by the heuristic.

‘I'he context heuristic is very effective, because it uses information about what occurred around a
compound to help disambiguate it. For example, consider the compound “golf club™ when no
context is provided to the program. In such a case, the program creates the following two

interpretations for the compound:
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(meaning '(go'lf club) nil)
There are 2 compounds after finding all pnssibﬂities.

Creating compound: GOLF CLUB
GOLF CLUB[&GOLF CLUB-A] is a CLUB[&CLUB-B].
CLUB-BIUSED-IN: GOLF[&GOLF]

Creating compound: GOLF CLUB
GOLF CLUB[&GOLF CLUB-B] is a CLUB[&CLUB A].
CLUB-A!PURPOSE GOLF[&GOLF].

The program creates the two possible meanings for the compound, i.c., a c]ub that is a stick used in
the game of golf, and an organization whose purpose is golf. The program can be provided with

context cor ding to the ing two
1. 'The golf club hit the ball.

2. The golf club fired its manager.

‘When the program is provided with the context provided by the two sentences above, it produces the
following results:

(meaning ’(gu'lf club)
'(((8hit (hitthitter hmwm-)
(hitihitee &ball-1)))))
There are 2 compounds after finding all possibilities.

Creating compound: GOLF CLUB
Using cognate: &GOLF CLUB-A
GOLF CLUB[&GOLF CLUB-A] 1s a CLUB[CLUB-B].
CLUB~BIUSED-IN: GOLF[&GOLF]

(meaning '(go1f club) -
*(((&fire (firelfirer)
(firelfiree &manager-1)))))
There are 2 compounds after finding all possibilities.

Creating compound: GOLF CLUB
Using cognate: &GOLF CLUB-B
GOLF CLUB[&GOLF CLUB-B] is a.CLUB[&CLUB-A].
CLUB-AIPURPOSE: GOLF[&GOLF]

In the first case, the program produces-only the interpretation where a gu]fc[qb is a stick used in the
game of goll. Note that the second argument in the call to the function "meaning” provides the
context by specifying a hit action where the thing hit is a ball. “The definition of "hit" includes
information about what things can be hit, who can hit them, and what things can be used to hit them.
“T'he program finds that lJ\lc role representing the thing used to hit other things can be filled by the
stick form of "club", and thus supports that mcaning of "golf club”. None of these roles can be filled
by the organizational meaning of "golf club”. In the sccond case, the program prm'iuccs the
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interpretation where it means an organization .whose purpose is golf. Note that the program still

d two possible inter ions in both However, it kept one or the other because
the context provided support only for the one kept.

Another cxample where context can be used is for the d" i ". The

program finds two possible meanings for the compound when no context is provided, as shown
below:

(meaning '(computer maintenance) nil)
There are 2 compounds after finding all possibilities.

Creating compound: COMPUTER MAINTENANCE
COMPUTER MAINTENANCE[&COMPUTER MAINTENANCE-A]
is a MAINTENANCE[&MAINTENANCE].
MAINTENANCE IMAINTAINER: COMPUTER[&COMPUTER]

Creating compound: COMPUTER MAINTENANCE
COMPUTER MAINTENANCE[&COMPUTER MAINTENANCE-B]
is a MAINTENANCE[&MAINTENANCE].
MAINTENANCE IMAINTAINEE: COMPUTER[&COMPUTER]

The first interpretation of “"comp i " describes a mai action where a

computer is the thing doing the maintenance. The second i ion describes a

action where the computer is the thing maintained. To cause the first meaaing to be produced,
context of the form "cdmpuler maintenance of a data base” can be provided to the program, as in the
following example:

(meaning '(computer maintenance)
'(((&maintenance ()
(maintenance!maintainee &data/ base-1)))))
There are 2 compounds after finding all possibilities.

Creating compound: COMPUTER MAINTENANCE
Using cognate: &COMPUTER MAINTENANCE-A
COMPUTER MAINTENANCE[&COMPUTER MAINTENANCE-A]
is a MAINTENANCE[&MAINTENANCE].
MAINTENANCE IMAINTAINER: COMPUTER[&COMPUTER]

In this example, only the meaning where a computer is the thing doing the maintenance is produced,
even though both interpretations are considered. ‘The reason that the meaning where a computer is
the thing maintained is not chosen is because the slot that computer would fill to obtain this meaning

is alrcady filled by the node "&data base-1" which represents a particular instance of a data ba

Notc that the program prints out a message of the form “using cognate:™. This is because there is
alrcady the node "&computer maintenance-A" in NETL's data base that represents this meaning of

computer maintenance from the previous example.
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If no context is supplicd to the program, the meaning where a computer is the Lhian being
maintained is probably preferable to the 'one where a computer is the thing doing the maintenance.
If there was morc data in the data base, the similar compounds heuristic can come into play and
provide enough support for this mcanfng. allowing the other one to be ignored. If the meaning
where a computer pcrfomis a maintenance action is the one that is really wanted, context has to be
provided to the system to obtain the correct méaning For example, the meanings for the compounds
“car maintenance” and "truck maintenance” can be constructed by the program and added to
NETL'’s data base, as follows:

(meaning '(car maintenance) nil)
There is 1 compound after finding all possibilities.

. Creating compound: CAR MAINTENANCE
CAR MAINTENANCE[&CAR MAINTENANCE-A] .
is a MAINTENANCE[&MAINTENANCE].
MAINTENANCE IMAINTAINEE: CAR[&CAR]

(meaning '(truck maintenance) nil)
There is 1 compound after finding all possibilities.

Creating compound: TRUCK MAINTENANCE
TRUCK MAINTENANCE[&TRUCK MAINTENANCE-A],
is a MAINTENANCE[AMAINTENANCE].
MAINTENANCE!MAINTAINEE: TRUCK[&TRUCK]

At this point, there is sufficient information in the network to cause the program to sclect the
mceaning where a computer is the thing maintained, rather than the_ thing doing the maintenance.
The following example shows the similar compounds heuristic in action: .

(meaning '(computer maintenance) nil)

There are 2 compounds after finding all possibilities.

Creating compound: COMPUTER MAINTENANCE
Using cognate: &COMPUTER MAINTENANCE-B
COMPUTER MAINTENANCE[&COMPUTER MAINTENANCE-B]
is a MAINTENANCE[&MAINTENANCE].
MAINTENANCE IMAINTAINEE: COMPUTER[&COMPUTER]

Again, both possible interpretations are found, but only the one where a computer is the thing
maintained is selected, because the similar compound heuristic finds the meanings of the compounds

“car mai e and "truck mai ¢ which are similar to the interpretation of “"computer

maintenance” where a computer is the thing maintained.  If NETL's data base contains a large

number of ings of Js, the similar Is heuristic becomes a very powerful tool in

sclecting the best interpretation.

Appendix A shows the program p sing several . The dix includes the above *
cxamples with a tracing of what the program docs as it processes them.
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7.2. Effectiveness of the Heuristics -

The various heuristics have varying degrees ecffectiveness when it comes to deciding which
interpretation is the best one. Some heuristics are more effective than others. This section cvaluates
the effectiveness of the various heuristics.

7.2.1. Context

The three heuristics based on context scem to be some of the most cffective heuristics for deciding
which interpretation of a compound is the best one. This sub-scction evaluates the effectiveness of
cach of the three heuristics that use context to select the best interpretation for a compound. The

next three sub-scctions look at cach of the individuat context heuristics in more detail.
7.2.1.1. Selectional Restrictions

Sclectional restrictions, such as "golf club” with the restriction provided by the phrase "the goilf
club ht the ball”, can provide support for one or more of the possible interpretations of a compound.
This support comes from information that is relatively local to the compound, i.c., usually from the
sentence or phrase in which the compound occurred. This information is usually very specific and
can provide a large amount of constraint for the meaning of the compound. The one disadvantage of
this heuristic is that it is only useful for disambiguating the head noun (i.c., last noun) of a compound.
Thus, this heuristic can come into play only when the head noun of a compound is ambiguous. It
provides no constraint if some _mh'cr noun in the compound is ambiguous. Thus, although it is
extremely effective, its application is restricted to a relatively few compounds. From the experiment
described in chapter 6, about 3% of the approximately six hundred compounds could be
disambiguated correctly using the “sclectional restriction™ heuristic as described in chapter 4. Note

that this heuristic can only provide support for an interpretation of a compound, it can not dircctly

rule out an interp ion fora d the way the ing heuristic can.

7.2.1.2. Slot Alrcady Filled - ) :

‘The "slotal

ady filled" heuristic is another heuristic based on context that is very effective. Tt has

the potential of being able to rule out an interpretation for a compound, such as for the compound
“computer mainténance” with the constraint provided by the phrase “computer maintenance of a
data base". ‘I'his mecans subscquent heuristics do not have to examinc as many possible

interpretations to make their decision. However, this heuristic is only applicable when the meaning
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of the head noun of an interpretation has more ll}an oneslot used as the basis for an interpretation. It
is not likely to help disambiguate a compound in which an interior noun has a meaning with more
than one slot that provides the basis for a possiblé interpretation. Again, this heuristic is very
cffective in ruling out possible interpretations for acompound. However, it can only be applied to a
few compoun&s. since it generally deals with only the last noun of a compound. From the
experiment described in chapter 6, about 2% of the approximately six hundred compounds are
disambiguated correctly using this heuristic. Note that this is one of the few heuristics that can prune

a possible interpretation and be almost certainly correct.

7.2.1.3. General Topic

‘The general topic under discussion heuristic is a context heuristic that can only provide a
preference for a compound, it can not directly rule out an interpretation. This heuristic is the only -

context heuristic that can help

interior nouns with multiple
meanings. This is because the heuristic is providing a very loose form of constraint, by trying to
simulate the effects of a discussion with a few key concepts. Again, this heuristic is very effective in
deciding which interpretation is best. It is more general than the two types of context mentioned
above, but it is probably less accurate than them. It is a fairly general heuristic, and thus has the

potential of sclecting a larger number of possible i i In the i in

chapter 6 this heuristic disambiguated about 3% of over six hundred compounds. This figure is
probably a low estimate of how cffective this heuristic could be. A more general association

mechanism than the one used for this heuristic could help with at least another 3% of the compounds.

7.2.2, Cognate and Embedded Cognate Heuristics

‘The two cognate heuristics (i.c., the éugnmc heuristic and the embedded cognate heuristic) have

the problem that once all the meanings for a compound have been created in NETL's data base, they
no longer provide any indication of which interpretation is the best one. Thus, they are of limited

uscfulness, and will come into play in the sclection process only when a few of the interpretations

already exist in NET1's data base. Not all the possible meanings may exist in the network, if the first

few times a compound is encountered, the heuristics are able to remove some of the possible

intery ions from i i 1T all the intery ions already exist. then these heuristics will
support all of them equally. Although these two heuristics are very uscful for selecting the best
mcaning for a compound, their usclulness is likely to be for a short duration for any particular

compound, until the first exceptional case is scen and stored. If there arc unlikely to be no
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cxceptional case, as in about 10% of the ds found in the i described in chapter 6,

then idiomatic or “conventionaliz cognates play a very important role in selecting correct

meanings for compounds.

7.2.3.h 'and" bedded | of i

of an’i

The instances of an interpretation heuristic and the

heuristic may give a prefc for certain i i However, it is difficult to test these
heuristics to any degree of certainty, because it is very easy to bias the experiment in favour of a
particular interpretation without even noticing the biasing effect. The only way that the program can
use these heuristics is if it is provided with instances of an interpretation. There is no way, without
the possibility of biasing the experiment, that it can gather the information, the way a person might,
to allow these heuristics to come into play. Certainly, examples can be shown where it is reasonable

for these heuristics to come into play, but there is no method to guarantec that some of the other

interpretations could have ing evidence of the same nature. On a few occasions during the
experiment described in chapter 6, these heuristics could come into play. It is hard to put an exact

figure on how many d would be di i using these istics, but the could help in

a large number of the ambiguous cases. These heuristics do have the advantage that they will

continue to be useful as long as the number of instances for each possible interpretation of a

d remain different th arun of the program.

7.2.4. Slot Verification Heuristic

The slot verification heuristic is a heuristic that evaluates how well a concept fills a slot. This
cvaluation is sometimes necessary because the algorithm used to find the passible interpretations for
acompound finds all the slots into which a concept can fit. It only checks to make sure a concept fits
into a slot, not how well it fits. ‘This heuristic seems to come into play relatively infrequently, since it
is only used when more than one possible interpretation is found. When it does come into play, it

provides a very good indication of which interpretation is the best one. This heuristic can be applied

(o cach slot that is the basis for an interpretation, whether the intery ion is for a sub or

for the top-level compound.
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7.2.5. Similar Compounds

The similar compounds heuristic can provide very useful constraints to the problem of finding the

best i ion for a p It has the di that it is only effective after the system

has seen several compounds and has stored their meanings in NETL's data base. When the system
first starts up, this heuristic plays a very small role in the selection of the best interpretation for a
compound, since there are few if any meanings of compounds in NETL's data base. However, as the
system stores more and more meanings in NETL's data base this heuristic ‘becomes much more
uscful. A few times during the cxperiment dcsr,rib.cd in chapter 6 this heuristic could be used to help -

a P d. Itcan hclp di iguate a large number of ambiguous compounds if the
data base contains sufficient information.

7.2.6. Occurrence Heuristic

‘The occurrence heuristic attempts to make up for the binary nature of the cognate and embedded
cognate heuristics. However, it can not be considered an overly reliable heuristic. If one possible
interpretation has been seen more often’than another one, it is still quite possible that the other one is
the correct interpretation to use. Thus this heuristic only gives a slight preference for a particular
interpretation. This heuristic was never considered dgring the experiment in chapter 6 since all the
compounds in the articles were used consistently throughout. Other heuristics, such as the context
heuristic or the similar compounds heuristic are allowed to overrule the occurrence heuristic.

7.3. Completeness

One problem that is hard to address with a program of this nature is how well it covers all the
possible meanings for a compound. ‘The data base is hand built, and thus may have been
unknowingly biased to select particular meanings for a compound. ‘There is no casy answer to this
problem. One method to attempt o address this problem is to allow a naive user to play with the
system and sec how often he breaks it. Breaking it means for the prog'mm_ to produce incorrect
interpretations or to miss interpretations for compounds for which the data base contains enough

information so that it should be able to produce the correct result.

Another approach to this problem is the onc taken in chapter 6. In this approach a large number
of compounds arc examined to sce how well the program would handle them. Chapter 6 gives details

of how this experiment was carried out and the results. ‘The program as it currently siands can
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process about 60% of the compounds encountered in real-world text. The program requires access to
the context in which a compound occurs to process about 8% of these compounds. Another

D! i 30% of the ds can be proc correctly if some reasonable assumptions are
made and if a couple of new patterns are added to the systens. The remaining 10% of the compound
can not be d by the i in this thesis. They scem to need more sophisticated

using ic i ion as well as semantic information.

7.4. Program Timings

‘The program currently runs under MacLisp on a DEC PDP 20 model 2060. It uses about 215K
words of storage when it is started up. ‘The compiled program uses about 14K words of storage. A
simulator for the NETIL. machine also runs under MacLisp and is used by the program as its
underlying knowledge representation system. The NETL simulator takes up another 12K words of
storage. Another 35K words are used to store knowledge for about two hundred English words, A
further 70K is used for working storage. The rest of the space is taken up by the MacLisp system and
utility functions. There are two types of timings that must be considered for this program. One is
how much CPU time it takes to process a compound. The other is how many cycles of a possible
NETL machine arc necessary to process acompound.

‘The amount of time the program takes to process a compound using the simulator fo_r NETL is
somewhat misleading. The scarch algorithms used to process the meaning of a compound rely on the
fact that NET1. is mcant to run on a parallel machine. This means they do things that are cheap on a
parallel machinc but more cxpensive on a serial one, such as scanning up or down VC links from any
node. With a parallel implementation of NETL, such a scan takes an amount of time proportional to
the Tongest chain of VC links. -With a-scrial implementation, as with the current simulator, such a
scarch takes time proportional to the number of nodes encountered. FFor cxe||n|{lc. the scan used to
mark all the slots that a node can not fill (sce scction 3.1.1 for details of this scan) uses an algorithm
that is likely to look at a large number of nodes because it first docs an upward scan marking all the
ancestors of onc node. 1t then steps across split links twice marking possibly many different nodes.
Finally, a downward scan from all these newly marked nodes is done. In a parallel implementation,

this scarch takes time proportional to the longest VC chain, i.

about twice as long as an upward or
downward activation scan. ‘This search has the potential of encountering more than half the nodes in

the data basc, and thus can be very expensive in a serial i ion. This means that the amount

of knowledge stored in the network must be kept relatively small, otherwise it would ke a long time

for the program to process a compound. Currenly, the jnitial data basc used by the program has
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approximately fiftcen hundred nodes that are used to represent the meanings of about two hundred
words plus other concepts that are not di.rccﬂy mapped into a single word. As the system processes
compounds, the number of nodes in the system increases as meanings for compounds are added to
this data base. Even with the small number of words stored in the data base, the system uses up over
cighty percent of the address space available on a PDP 20, before it has processed any compounds. A
fair amount of this storage is used as working'slorage, but without a fairly large amount of working

storage, garbage collection would slow the system down to an unacceptable level.

“The amount of CPU time it takes to process a compound depends on the compound. If the
compound is simple, i.c., a compound with two nouns and a single meaning (c.g., wine glass), the
program takes from two to five scconds of CPU time. If the compound contains several words, but
still only has onc meaning (c.g., water méter cover adjustment screw), the program takes about five to
ten seconds of CPU time to process it. If the compound, has multiple meanings (c.g. golf club), then
the amount of CPU time can increase to as much as about fitteen scconds. For long compounds that
are ambiguous, the program can take even more time. One compound (car assembly plant) takes
over thirty seconds of CPU time to be processed. The CPU time is very dependent on how much
information is available to the program. If the program, can make a decision as to which meaning is
the best one by using centext or cognates, then the CPU time used will be significantly reduced than

if it has to use the costly similar ds heuristic. For example, without using context

with the compound "golf club”, the program takes about twelve seconds of CPU time to produce two
meanings and to ratc them as cqually good. However, using comcxl.thal is sufficient to select only
one of the meanings, the program takes about four seconds to arrive at the correct one. These times
will vary depending upon how many garbage collections take place during the processing. Each
garbage collection scems to cost somewhat more than -a second of CPU time. In the more complex
cases, several garbage collections are likely to occur, and thus will add a significant amount.of time to

that needed to actually discover the meanings for a compound.

Another measure that can be used to determine the amount of processing needed to process a
noun compound is the niumber of cycles that a parallel NET1. machine would need. As part of the

simulator that runs on a PDP 10, a crude estimate of the number of cycles a NETE machine needs to

perform scarches is kept. Itis possible to make a rough estimate of how much time it would take o,
process a noun compound using these cstimates.  One proposal for building a NETL. machine

[FFahlman 80) suggests that it is possible to build a million clement (nodes and finks) NET1. machine
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that has a cycle lim;: of about one milli-second’. "This design is not fully parallel, in that a significant
amount of time sharing is done so that the cost of the machine is not prohibitive. However, using the
assumption of a onc milli-second cycle time, and the estimate of the number of cycles a search takes
from the simulator, it is possible to make an estimate of how long it would take to process a

compound.

In the simple case, i.e., where there are only two nouns and a single meaning, the NETL simulator
cstimates that it would take about four hundred cycles. This translates into less than half a sccond of .
real time using a NETL machine. Fora com_pound containing several nouns (c.g., water meter cover

adjustment screw), the number of cycles is about i d, which ‘into about

seventeen seconds of real time on the NETI. machine. Over half of this time is spent creating the
coﬁpound. “This is because it must scarch the network to find the verb associated with the noun
"adjustment”. This is necessary so that the correct structure is built in the network for the compound
“water meter cover adjustment screw”, since it has a nominalized verb in the middle of the
compound. Compounds that have multiple meanings, such as "golf club”, scem to take about
thirteen hundred cycles, or about 1.3 seconds on the NETL machinc. In the case, of "golf club”, if
context is proyidcd that disambiguates it, the number of cycles uscd drops by about seven hundred.
‘These estimates do not include any time used by the serial machine used to drive the parallel NETL
machine. The amount of actual time used would be somewhat higher, although, most of the work
goes into processing the searches. Also note that no matter how many nodes or links exist in the
NETL machine, these times should remain fairly constant, since the number of cycles does not
depend on the number of nodes or links in the network, only the length of the longest path. It is
possible to increase the number 6f cycles by increasing the length of paths that occur in the data base.
These increases should be fairly small, and should under no circumstances make as much difference

as an order'of magnitude.

So that the results of the two types of timings can be compared, table 7-1 shows the approximate
times of some of the compounds the system is able to process successfully. ‘The column labelled
"CPU time" gives the time the program took ui\ a PDP-20 \'ncludi‘ng the time if any used in garbage
collections. Unfornately it is difficult to get an estimate of’ the time used excluding the amount of
time used in garbage collections. ‘The column labelled "NET1. machine time™ is an estimate of the

amount of time a NETL. machine having a one milli-sccond cycle time would take to process the

1 Actually, I-ahiman 80] uscs a cycle time of about fen scconds duc o the use of comriercially available 64K rams. 1If
custom designed chips are used. the one milli cycle can be achieved.
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s:\gne compound. These timing are only meant to give an indication of- the performance of the
prégram and may vary somewhat depending on various factors. The most important aspect of these
times is how they grow with the size of the data base. .CP(_J time should grow roughly proportionally
to the total amount of knowledge, whereas NETL machine time should grow very slowly. As more
knowledge is added to the network, the length of the longest path between concepts may increase by
at most a factor of two. The NETL machine times assume the use of a simple network that does not
contain all the mechanisms that are necessary for a more complex data base. Another factor of two is
necessary for NETL to be able to process cancellation links in the type hicrarchy. Another factor of
two is probably needed for more complex matching in i}m network. With these acditional

mechanisms and a much larger data base, the NETL machine time should only increase by a factor of

six to cight.

Compound CP1 Time NETI, Machine Time ::'
Wine Glass 3 secs. 0.4 sces.

‘Water Meter Cover Adjustment Screw 8 secs. 17 secs.

Golf Club (no context) . 13 secs. 1.3 secs.

Golf Club (The golfclub hit the ball) 4 secs. 0.7 secs.

Golf Club (The golf club fired its manager) 4 sccs. 0.6 secs.

Table 7-1: Table of Comparative Timings for Simulator and NETI. Machine
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-Chapter 8
Conclusions

This chapter presents several conclusions from the rescarch described in thg previous chapters.

The answers to the following questions form the basis for the conclusions from this work:

o How hard is it to extend the program to process new compdunds’.' Since much of the
knowledge used to process compounds is contained in NETL's data base, in most cases it
should only be necessary to add new knowledge to the data base to have the program
process new compounds. No new procedures should have to be written to handle new
compounds. It will be necessary to run the program on any new compounds because the
data base is likely to contain crrors.

o Is a real-world knowledge base required? Onc of the problems with understanding noun
compounds is to reconstruct information that is omitted when the compound was formed.
To reconstruct this information it is sometimes necessary to perform complex inferences
about the concepts involved. To do this effectively requires a data base containing
real-world knowledge.

& What features of NETL are necessary to process noun compounds? NETL provides
several facilities the program to understand noun compounds uscs to its advantage.
Other knowledge representation systems could be used as the underlying representation
scheme, but some searches would have to be done differently.

© How well does the program model the way people process noun compounds? It probably
does not model the way people process compounds very well in the current
implementation. It docs things that people do not scem to.

e Docs the program learn from experience? The "similar compounds” heuristic, the
“cognate” heuristics, and the "instances of an interpretation” heuristics provide a simple
but effective means of learning. Since the meanings of new compounds are added to the
data base, these heuristics use this inf ion to help di subs
compounds.

o How well does the program deal with ambiguity? ‘The program scems to be able to cope
with some forms of ambiguity that any natural language system must cope with.

o How hard would it be to interface the program to a parser? Interfacing the program as it
currently stands to a parser is probably the wrong way to proceed. As discussed in
chapter 5, it should be possible to use the ideas presented in this thesis to help a parser
disambiguate noun compounds.
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The following scctions present these conclusions in more detail. The last section of this chapter
describes some areas for future research,

8.1. Extending the Program to Process New Noun Compounds

One of the goals of this research from the start was to develop a small set of rules or patterns that
could be uscd to understand noun compounds. This goal, to a large extent, has been satisfied. There
arc a few patterns into which a compound can be "parsed”. T}xere are somewhat more rules
(heuristics) necessary to actually ﬁnd the best inter ion for i ds. The

important thing is whether it is nccessary to add many more rules to the system for it to be able' to
understand new compounds. In most cases, adding knowledge about the words making up a new
compound should be sufficient to allow the system to produce the correct meaning (or meanings) for
the compound. This means it should be fairly casy to extend the system by adding new declarative
knowledge, since it should not be necessary to add new procedures for the'system to process new
compounds. As shown in chapter 6, there are at least two patterns for noun compounds the current
program docs not process correctly, i.c., when the head noun fills a slot of a previous noun and when
a group of related congepts fill the same slot in the head noun. Also, about 10% of the compound do
not fit the paradigm of one noun filling a slot of another noun in the compound. These compounds

seem to be formed by one of several processes:
e A more general relationship exists between the nouns.
© The compound is formed by using a metaphorical meaning for one of the nouns.
e Local context suggests an interpreu;t.ion that would not normally be considered.
@ ‘I'he relationship between the nouns is buscd.on some process that occurs between them.

With these additional capabilitics, the system should be able to process almost all the compound it

would come across in real-world text.

‘The approach taken to the problem of understanding noun compounds by this thesis is
significantly different than that of most linguists, but not all.  Much of liac linguistic literature
[Hatcher 65, Jespersen 46, 1.ces 60, Lees 70, Marchand 69] atempts to dclcnpinc a fixed set of
underlying relationships that can be used to produce noun compounds. ‘I'he current system also tries
to find underlying rcla(iur;ships between the nouns of a compound. However, it does not explicitly
rely on a fixed set of relationships as does much of the work of linguists. At any point in time, there is
only a fixed sct of relationships that the system can use as defined by the relationships c‘xisting in
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NETL's data base. However, if a new relationship is introduced into the data base, the system is able

to usc it diately to construct ings for d

without the necessity of changing any of
its internal structure. Thus, the system is limited to the relationships existing in the data base, not to
some arbitrary fixed set of relationships.

8.2. Need for Real-Word Knowledgé to Understand Noun Compounds

The system to understand noun compounds uses the NETL rcprcseﬁ!au'on system to represent its
knowledge about the meanings of words, as well as, other real-world knowledge. It is unlikely that

any system to noun could them without the usc of such

knowledge. In some cascs, it is necessary to use the context in which a compound occurs to be able to

disambiguate its meaning. A purely syntactic to ding noun ds could not

possibly be able to produce a meaning for such compounds, even though syntax does help decide
what role a compound can play in a sentence. Part of the motivation for this research was to design a
system that could be integrated with a natural language system. The important aspect is that during
the parsing of a phrase, it is nccessary to have access to semantic knowledge, as well as syntactic
knowledge. In many cases, this should produce fewer possible paths that a parser has to follow to
process a phrase.

8.3. Features used in NETL and their Necessity

The program to understand ‘noun compounds has used some of the features of NETL to its
advantage. For example, the parallelism provided by NETL allows certain types of scarches to be
processed very quickly. One instance of this is the search to find the slots that can not be filled by a
concept. ‘This scarch involves processing a large number of nodes in the network. If the parallclism
provided by NETL is not available, it may be cheaper to use the simpler scarch t')f placing a concept
in a slot and finding out whether it it can fill the slot or not. ‘I'hus, there are certain scarches that
would be more expensive if NETL's parallclism is not available, or that would have to be done

differently.

Another very important feature that NETL. provides is the split statement. “T'he program takes
great advantage of this when it scarches for possible interpretations for a compound. 'The split
statement in NETL. provides a very simple mcthod to distinguish between several different
conflicting concepts. For example. when,a concept is to be placed into a slot, the system checks split
statements to sce if this concept would causc a clash if it is placed into the slot. If it docs, the

interpretation for acompound based on the concept ﬁlliné this particular slot is rejected.
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The features of NETL, in terms of knowledge representation, that the program uses can be
provided by other representation systems, such as KRL [Bobrow: 76} or the partitioned scmantic
networks of Hendrix [Hendrix 75]. In particular, the program could be rewritten using a different

ge rep ion system. The in features for a

p ion system that
is to be used for undcrstamiing noun compounds or other natural language phrases are:

o It must have a method to specify relationships between concepts, such as roles in NETL,
relationships in semantic networks, slots in KRL. This is the most important
requircment. The current system relics on being able to find relationships between the
meanings of nouns to form the basis for an interpretation. Without this ability, it would
be impossible to use the current paradigm to process noun compounds.

© It must have some method to distinguish between two or more classes of concepts. NETL

* provides split statements that do this efficiently. This ability is necessary so that it is casy

to place restrictions on slots and then be able to quickly check to see if the restrictions are
violated when a concept is placed in the slot.

e It should provide a hicrarchy of concepts so that it is possible for concepts to inherit
information from their superiors. Without a hierarchy of concepts, such as that provided
by NETL, it is necessary to have a large amount of redundant information stored in the
data base. Much of the redundant information can be inherited via a hicrarchy. If a
hierarchy of concepts is not used, every time a meaning for a compound is formed a large
amount of knowledge would have to be copied into the newly created description.

o It must allow for ambiguity in word mcnmngs, ie., a many to many mapping bclwcen
words and concepts is necessary. This is an for any
representation system that is going to be used as part of a na!ural language underslandmg
system. A word may have meanings represented by many different concepts. Similarly, a
concept may be named by many different words.

@ To increase the number of compounds the current system can process, it is necessary to
add new knowledge to the data basc. It is casier to add new knowledge to a declarative
data base than onc that is not declarative. Also, with a declarative data basc there should
be no need to change any of the search routines. As mentioned in scction 8.1, there are
some mechanisms that have to be added to the current program for it to process more
compounds than it currently can,

© The program to understand noun compounds needs to make several searches in the data
base to find the information it needs to form meanings for noun compounds. ‘The
underlying knowledge representation must allow for these complex searches and must be
able to exccute them efficiently.
Any knuwlcdgé representation system that has the facilitics described above could be used as the

basis for a program similar to the current one.
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8.4. Modellin'g the Way People Process-Noun Compounds

As shown in previous the chapter, the system produces meanings for some fairly complex
compounds. When it has i i ion, it is able to di i many inhcren}Iy

ambiguous compounds. The question arises whether the model of understanding noun compounds
described above provides any insight about how peopfe perform. It seems that the current system, or
even if it is moved to the NETL machine described above [Fahlman 80}, runs slower than the time it
scems to take a human to 'pfocess similar compounds. "1t also does its processing somewhat
differently. It carries along all the possible meanings for a compound as it scans the words of the
compound left to right, and then proccsscé Lﬁcsc' possibilities at the end to find the best one. Thus,
the system never backs up, since if a particular meaning becomes invalid, it can continue with the
meanings remaining. People, on the other hand, seem to have a particular meaning in mind as they
process a phrase from left to right. When that meaning becomes invalid, they reconsider and try a
different interpretation. The current system does not behave in this fashion, and thus can not be said
to be a very good model of the way people process compounds. The design of the program was not
based on any modei of how people process noun compounds, and thus it is not surprising that it does

not model the way people scem to process noun compounds. -

8.5. Learning

The program uses some simplc learning i to improve its perfc The learning the
program docs comes from the use of various heuristics. The following paragraphs describe in more

detail the learning the program pcrfon-ns

‘I'he “similar compounds™ heuristic provides a simple but effective form of learning. As the system
adds meanings of new compounds to NETL's data base, the "similar compounds™ heuristic becomes
more useful. When the system is first started up, it has very few meanings of compounds stored in its

data base. As it S it stores the ings found in NET1s data base. "These

meanings can be used by the “similar compounds” heuristic to help disambiguate subscquent

compounds.

Another form of learning is provided by the “instances” and “embedded instances of an

pretati istics. “T'he ki

dge uscd by these istics comes from every day experiences
where instances of objects are observed. ‘These instances can then be used to guide the program to

the best meaning of a d. This ge is of a non-linguistic_naturc, but because it is
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stored in the same representation system, it can be used by linguistic processes, such as understanding
noun compounds.

The "cognate” heuristics also provides a simple abifity for the program to learn. Once an
interpretation has been stored in the data base, it will be sclected over other interpretations for a
compound. Thus, if there are several possible interpretations and only a few of them have cognates,
this information will help the system select the best compound.

8.6. Dealing with Ambiguity

Ambiguity is a problem that any program dealing with natural language must address. The current

program addresses issues related to some of the following kinds of ambiguity:

© One of the most common forms of ambiguity is caused by a word having two or more
parts of speech. A word has a different meaning according to the part of speech it is used
as. The current program does not address this problem.

© Another common form of ambiguity is caused by a word having multiple meanings for
the same part of speech. A word used as a noun, for instance, may have several meanings.
‘The program described above is able to cope with this problem to a large extent. The
main problem scems to be having sufficient information to allow the program to
disambiguate the meaning of a noun. This information may come from context,
constraints provided by the structure of the d itself, or other h:

e Another form of ambiguity arises due to multiple rclationships between underlying
concepts. Syntax provides no clues when the concepts in a compound can be related by
more than onc relationship. The program seems to be able to cope with this problem to a
large extent. Again, the main problem is having sufficient knowledge available to allow it
to disambiguate which slot provides the basis for the best interpretation for a compound.
‘This information may come from context, constraints provided by the structure of the

pound, the exist of similar inter ions stored in the data base, and other
heuristics. ’

"These three types of ambiguity cause problems for any natural language processing system. Two of

them have been dealt with fairly successfully by the current program.
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8.7. Interfacing the Program to a Parser

As mentioned earlier, the program was designed with the possibility of eventually interfacing it to
aparser. How hard would it be'to actually do this? Chapter § gives a relatively simple design of how
the ideas in the thésis could be interfaced to Parsifal {[Marcus 80]. The program as it currently stands
is not easily interfaced directly to Parsifal or any other. It is best to split the program into several
parts, one part for each of the various patterns described in chapter 3, and one part that can finish

the d if the i ion necessary to process the compound comes

after the compound. All these parts would need to have access to the various heuristics and NETL's
data base. Two other parsers, Diamond [Robinson 80] and Rus [Bobrow 78, Woods 79, Bobrow 80],
could be interfaced to the system in a similar manner, though no details for these two parsers have
been worked out. ) :

8.8. Directions for Future Research

This section describes several arcas where future rescarch could be undertaken.

8.8.1. Extending the Coverage of the System

As discussed in chapter 6 and section 8.1 of this chapter, there are several compounds that can not
be processed correctly by the current system. One direction for future research is to attempt to
develop methods to deal with these kinds of compounds. Some of the new features should be fairly
casy to add, such as allowing the head noun of a compound to fill a slot of the previous one or having
a group of related concepts fill the same slot of the head noun. !

‘The interesting problems arise when more complex pragmatic and semantic processing is necessary
10 process a compound. It seems that several new techniques need to be developed o process some
compounds correctly. These techniques would involve allowing a more flexible method to find
relationships between concepts, allowing for metaphorical uses of concepts, overriding restrictions on
slots in some contexts, and allowing for the relationships between nouns to be specified by a complex
process. 1 all these capabilities could be added successfully to the system, it would be able to process

most of the compounds encountered in real-world text.
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8.8.2. Increasing the Size of the Data Base

One direction for future rescarch is to create a data base significantly larger (say by a factor of ten)
than the current one which contains definitions for less than two hundred words. The interesting
question here is whether the system would still be able to process the compounds as well as it
currently does. With a bigger data base, it is much more likely that the information in it will interact .
in strange ways and possibly produce errors. Also, with a larger data base, it is more likely to have
multiple word senses and this issue would have to be addressed mére fully. Errors in a large data
base would become a major concern and Lcchniqu‘cs would have to be developed to deal with them.
Onc way to help is to have the data base make consistency checks as new information is added to the
data basc. The uscr could be asked to make corrections to information that is inconsistent with what
is alrcady in the data base. This should catch many of the' errors that would be introduced into a
large data base. The current implementation is close to its limit, since the address space of a PDP 20 .
is too small to hold the amount of information necessary. With the current implementation, it might
be possible to double the number of words, but the system would very quickly run out of working
space necessary to process compounds. Thus, to increase the size of the data base to a reasonable
one, it would be necessary to cither rc&csign the system so ﬂ]nt a lot more spacc is available, or to

move to a different machine that has a larger address spﬂcc.‘

8.8.3. Extending the Paradigm to Other Phrases

The paradigm described in this rescarch..scems to work well for the problem of understanding
noun compounds. Can it be extended to other types of phrases occurring in natural language? If it
can be extended to other phrases, it might be possible to build a natural.langungc understanding
system that is extensible by adding new information to the data base, not by developing new rules or

procedures. This mean

ignificant number of procedures must be developed to access the NETL

data base to form meanings for phrases and sentences.

As a simple test to sce whether this is feasible, the system was extended to handle adjectives

oceurring before a compound, i.c., simple adjective phrases. "This cextension w;n:s fairly simple in
nature, in that it used many of the mechanisins already developed for noun compounds.  Adjectives
are currently represented in NETL as a type node that represents the class off lhini;s that the adjective
describes. For example, the colour red is represented as a type node that is the parent of all the red
things. Other colours also have similar type nodes. ‘The nodes for all the different colours are

included in a split statement that says they are all distinct. 'This means that something that is red, can
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not at the same time also be bluc. Adjectives are allowed to modify the head nouns of compounds
(including sub-compounds). To see if a concept can be modified by an adjective the system tests to
see if the concept can be placed into the classv of objects described by the adjective. If it is already in
the class, then the information specified by the adjective is redundant. If it can not fit into the class,
the syétem rejects that interpretation for the adjective phrase. This happens because a split statement
somewhere detects a clash. It could be the split statement between colours if, for example, an attempt
is made to modify something that is already blue with the adjective red. Or, if the object can not be
modified by a colour. For cxample, "green ideas™ would cause a clash, because only physical objects
can normally be modified by colours, and an "idea"'is not a physical object. If NETL detects no
clash and docs not already contain the information, the system creates an interpretation for the
adjective phrasc by creating a sub-type of the noun compound and adding it to the class of things
described by the adjective. This is a fairly simple scheme to process adjectives. If it is to be used
more extensively, it would have to be improved to handle more difficult cases. It may be possible to
handle other types of phrases, such as verb phrases, using similar techniques. Appendix A contains a

couple of examples showing how adjective phrases are processed.

8.8.4. Using Default Values for Slots

Slots in NETL may have restrictions placed on them by having a VC link pointing at the type node
for the class of things the slot can accept. When a concept is placed into a slot, there are three
possible outcomes:

© The concept can not fill the slot, because a split statement exists somewhere in the

hierarchy between the ancestors of the concept the slot expects and the concept actually
placed into the slot.

« The coneept can be placed into the slot, but is not a member of the class of concepts that
the slot expects. :

® The concept can be placed into the slot, and is a member of the class of concepts that the
stot expects.
Currently, this is the only information available to the program about the status of a slot with respect
to a concept to be placed into it. The distinction between the last two possibilities is provided by the
"slot verification" heuristic. 1t would be better to allow a more flexible scheme for specifying what
can fill aslot. "The reason this is important is that there are some compounds that can be formed by
filling a slot with something that is not expected, but sill makes sense. For example, the meaning of

the compound "sand cup” can be formed by placing "sand"” in the "contains™ slot of cup. Normally,
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"cup” would expect a liquid, and the scheme presented in the body of the thesis would not find this
interpretation. The proposal here allows for a more flexible way to find interpretations.

One way to do this is to allow VC links providing restrictions on what can fill a slot to also provide
an indication of the strength of the restriction. For example, a scheme having the following
categories could provide a much more flexible method for deciding how well a concept fills a slot:

e An unbreakable VC link, i.e., only a concept that docs not conflict with the class defined

by the concept at the head of the VC link can be placed in the slot. The single VC link in
use now corresponds to this type of VC link.

© A strong VC link, i.c., provides a fairly strong constraint, but can be violated in-a few
special cases.

o A default VC link that specifies a default only, i.c., the set of concepts Lh-at are expected to
fill a slot. Other concepts could fill the slot if necessary.

To actually use this knowledge, the system would perform most of the scarches it does now with
very little change. The major change comes from deciding which VC links are active during a search.
Since there are three levels of VC links, it may be necessary to perform three different scarches, as
follows:

1. All VC links are active. This provides the most constraint, since default values for slots

will be uscd to rule out possible interpretations for a compound because a concept to fill
aslot can not conflict with a default.

2. All VC links except the default ones are active. This provides less constraint, since
defaults are no longer respected, and may be overridden.

3. Only unbreakable VC links arc active. This provides the least constraint. ‘Anything that
does not conflict with the concepts pointed at by unbreakable VC links is allowed to fill a
slot.
“I'he system would start out using scarch method (1) which provides the most constraint.  If no
possible interpretations are found for a compound using this scarch method, scarch method (2) could
be used. This provides less constraint, and thus is more likely to find possible interpretations.
Finally, if methad (2) fails to find any interpretations, method (3) could be used. ‘T'his still provides
some constraint, but reduces it significantly. and is likely o allow more possible interpretations.
Some minor details would have  be worked out before this type of scarch could be integrated into

the program, but it should improve the performance of the program in some cascs.
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8.8.5. Moving the Heuristics Back into the Generator

It is possible to move some of the heuristics back into the part of the program that generates

possible i ions for a Some of the i is already available during this

phase (c.g. the information for the "cognate”, “"ecmbedded cognate”, the “instances of an

interpretation”, and the " of an int ion" heuristics is d during the
phase uscd to generate the list of possible interpretations). The results are not used until after all the
possible interpretations have: been found. Some of the other heuristics could also be calculated
during the generation phase. This has ti1c advantage that only the best interpretations would be

considered at any point in the cc fon. It has the di that the program would need to

be able to back up if it follows a path that leads to a dead end. Other heuristics that could be
processed during the generation phase include: the heuristics based on context, the "slot verification™
heuristic, and the "occurrence™ heuristic. The "similar compounds” heuristic probably should not be

moved back into the generator, since it is very expensive to process.
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Appendix A
Example Run of the Program

This appendix contains an example run of the program.

@compound
Compound, Created: 2-Sep-81 20:39:52)
(setq AskuUser NIL)

IL

(setq debug 51.)

(meamng '(wine glass) m‘l)
***+ It took 353 cycles to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
WINE-GLASS:
WINE-GLASS is a GLASS [&GLASS-B [&CONTAINER]]
GLASS-BICONTAINEE: WINE [SWINE [&BEVERAGE]]

Using the only meaning found for the compound.

Creating compound: WINE_-GLASS
WINE-GLASS [&WINE-GLASS-A] is a GLASS [&GLASS-B [&CONTAINER]].
GLASS-B!CONTAINEE: WINE [WINE [&BEVERAGE]]

*»* [t took 439 cycles to process the phrase: WINE GLASS.

It took 2.665 seconds of CPU time to process the phrase:
WINE GLASS.

((NODE BWINE-GLASS-A))

(mean1ng ‘(glass wine.glass) nil)’
*** It took 853 cycles to find all the poss1b111tﬁes
There is 1 compound after finding all possibilities.
The possible compounds are:
© GLASS-WINE-GLASS:
WINE-GLASS [BWINE-GLASS-A] is a GLASS [&GLASS-B [&CONTAINER]]
GLASS-B!CONTAINEE: WINE [BWINE [&BEVERAGE]]
GLASS-WINE-GLASS is a WINE-GLASS [BWINE-GLASS-A [&GLASS-B]].
PHYSOB!MADE-OF : GLASS [&GLASS-A [&MATERIAL]]
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Using the only meaning found for the cohpound.

Creating compound: GLASS-WINE-GLASS
Using cognate: ZWINE-GLASS-A
WINE-GLASS [&WINE-GLASS-A] is a GLASS [&GLASS B [&CONTAINER]].
GLASS-BICONTAINEE: WINE [BWINE [&BEVERAGE]]
GLASS-WINE-GLASS [&GLASS-WINE-GLASS-A] is a
WINE-GLASS [RWINE-GLASS-A [&GLASS-B]].
PHYSOB!MADE-OF : GLASS [&GLASS-A [&MATERIAL]]

*** It took 927 cycles to process the phrase: GLASS WINE GLASS.
It took 3.105 seconds of CPU time to process the phrase:

GLASS WINE GLASS.
((NODE &GLASS-WINE-GLASS-A))

fsetq debug 55..)
55

(meaning '(golf club) nil)
*** It took 402 cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible compounds are:
GOLF-CLUB:
GOLF-CLUB is a CLUB [&CLUB-B [&STICK]]
CLUB-BIUSED-IN: GOLF [&GOLF [RGAME]]

GOLF-CLUB:
GOLF-CLUB is a CLUB [&CLUB-A [&ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [8GAME]]

*** Tt took 0 cycles to process context.
The following interpretations remain after context:
GOLF-CLUB:
GOLF-CLUB is a CLUB [&CLUB-B [&STICK]].
CLUB-BIUSED-IN: GOLF [&GOLF [&GAME]]

GOLF-CLUB:
GOLF-CLUB is a CLUB [&CLUB-A [8ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [8GAME]]

*** It took 21 cycles to verify the slots of the interpretations.
*** It took 739 cycles to check for similar compounds.
The compounds and their ratings are:

GOLF-CLUB is a CLUB [RCLUB-B [&STICK]]

CLUB-BIUSED-IN: GOLF [RGOLF [&GAME]]

Final Rating: 8.0
Context: 0.0 Embedded Cognate: 0.0 Slot Verification: 8.0
Instances: 0.0 Embedded Instances: 0.0 Occurrence: 0.0
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Similar Compounds: 0.0

GOLF-CLUB is a CLUB [&CLUB-A [&ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [ZGAME]]
Final Rating: 8.0
Context: 0.0 Embedded Cognate: 0.0 Slot Verification: 8.0
Instances: 0.0 Embedded Instances: 0.0 Occurrence: 0.0
Similar Compduads: 0.0

Creating compound: GOLF-CLUB
GOLF-CLUB [&GOLF-CLUB-A] is a CLUB [&CLUB-B [&STICK]].
CLUB-B!USED-IN: GOLF [&GOLF [&GAME]]

Creating compound: GOLF-CLUB
GOLF-CLUB [&GOLF-CLUB-B] is a CLUB [&CLUB-A [&ORGANIZATION]J
CLUB-A!PURPOSE: GOLF [&GOLF [&GAME]]

*** It took 1302 cycles to process the phrase: GOLF CLUB.

It took 12.6056 seconds of CPU time to process the phrase:
GOLF CLUB.

((NODE 8GOLF-CLUB-A) (NODE 8GOLF-CLUB-B))

(mean1ng '(golf club)
'(((&hit (hitthitter hitlwith) (h1t'h1tee &ball-1)))))
*** It took 418 cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible ccmpounds are:
GOLF-CLUB:
GOLF-CLUB' [8GOLF-CLUB-A] is a CLUB [&CLUB-B [&STICK]].
CLUB-B!USED-IN: GOLF [&GOLF [&GAME]]

GOLF-CLUB:
GOLF-CLUB [8GOLF-CLUB-B] is a CLUB [&CLUB-A [8ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [RGAME]]

*** It took 252 cycles to process context.

For Context: ((&HIT (HIT!HITTER HIT!WITH) (HIT!HITEE &BALL-1)))
There are 1 compounds that are supported.
There are 0 compounds that are ruled out.

Checking for context produced one meaning.

Creating compound: GOLF-CLUB
Using cognate: &GOLF-CLUB-A
GOLF-CLUB [&GOLF-CLUB-A| is a CLUB [&CLUB-B [&STICK]].
CLUB-B!USED-IN: GOLF [8GOLF [&GAME]]

*** It took 670 cycles to process the pﬁrase: GOLF CLUB.
It took 4.201 seconds of CPU time to process the phrase:
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GOLF CLUB.
((NODE &GOLF-CLUB~A))

(mean1ng '(golf club)
"(((&fire (firelfirer) (f1relf1ree &manager-1)))))
**+ Tt took 418 cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible compounds are:
GOLF-CLUB:
GOLF-CLUB [&GOLF-CLUB-A] is a CLUB [&CLUB-B [&STICK]]
CLUB-B!USED-IN: GOLF [&GOLF [&GAME]]

GOLF-CLUB:
GOLF-CLUB [8GOLF-CLUB-B] is a CLUB [8&CLUB-A [&ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [&GAME]]

*** It took 142 cycles to process context.

For Context: ((&FIRE (FIRE!FIRER) (FIRE!FIREE &MANAGER-1)))
There are 1 compounds that are supported.
There are 0 compounds that are ruled out.

Checking for context produced one meaning.

Creating compound: GOLF-CLUB
Using cognate: &GOLF-CLUB-B
GOLF-CLUB [&GOLF-CLUB-B] is a CLUB [&CLUB-A [&ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [8GAME]]

**« Tt took 560 cycles to process the phrase: GOLF CLUB.

It took 3.773 seconds of CPU time to process the phrase:
GOLF CLUB.

((NODE &GOLF-CLUB-B))

(meaning '(golf club) '((&organization)))
*+* It took 418 cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible compounds are:
GOLF-CLUB:
GOLF-CLUB [&GOLF-CLUB-A] is a CLUB [&CLUB-B [&STICK]].
CLUB-B!USED-IN: GOLF [&GOLF [&GAME]]

GOLF-CLUB:
GOLF-CLUB [&GOLF-CLUB-B] is a CLUB [&CLUB-A [ZORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [&GAME]]

**+ Jt took 146 cycles to process context.
For Context: (&ORGANIZATION)
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There are 1 compounds that are supported.
There are 0 compounds that are ruled out.
Checking for context produced one meaning.

Creating compound: GOLF-CLUB
Using cognate: &GOLF-CLUB-B
GOLF-CLUB [RGOLF-CLUB-B] is a CLUB [&CLUB-A [&ORGANIZATION]].
CLUB-A!PURPOSE: GOLF [&GOLF [&GAME]]

*** It took 564 cycles to process the phrase: GOLF CLUB.

It took 3.776 seconds of CPU time to process the phrase:
GOLF CLUB.

((NODE &GOLF-CLUB-B))

(meaning '(computer maintenance) nil)
*** It took 266 cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible compounds are:
COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE!MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]] .

COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

**+ It took 0 cycles to process context. . .
The following interpretations remain after context:
COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]

COMPUTER-MAINTENANCE : .
COMPUTER-MAINTENANCE is a MAINTENANCE [&MAINTENANCE [8ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

*** It took 25 cycles to verify the slots of the interpretations.
*** It took-432 cycles to check for similar compounds.
The ceompounds and their ratings are:

COMPUTER-MAINTENANCE is a MAINTENANCE [BMAINTENANCE [8ACTION]].

MAINTCNANCE !MAINTAINER: COMPUTER [&COMPUTLR [&MACHINE]]

Final Rating: 8.0
Context: 0.0 Embedded Cognate: 0.0 Slot Verification: 8.0
Instances: 0.0 Embedded Instances: 0.0 Occurrence: 0.0
Similar Compounds: 0.0

COMPUTER-MAINTENANCE is a MAINTEMANCE‘[&MAINTENAMCE [&ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]
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Final Rating: 8.0 .

Context: 0.0 Embedded Cognate: 0.0  Slot Verification: 8.0
Instances: 0.0 Embedded Instances: 0.0 Occurrence: 0.0
Similar Compounds: 0.0

Creating compound: COMPUTER-MAINTENANCE
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]

Creating compound: COMPUTER-MAINTENANCE
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-B]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

*** It took 847 cycles to process the phrase: COMPUTER MAINTENANCE.
It took 9.937 seconds of CPU time to process the phrase:

COMPUTER MAINTENANCE.
((NODE &COMPUTER-MAINTENANCE-A).(NODE &COMPUTER-MAINTENANCE-B))

(meaning '(computer maintenance)
‘(((&maintenance ()
(ma1ntenance!ma1nta1nee &data/ base- 1)))))
*** It took 282 °cycles to find all the possibilities.
There are 2 compounds after finding all possibilities.
The possible compounds are
COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]

COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-B]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE IMAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

*** It took 63 cycles to process context.
For Context: ((&MAINTENANCE NIL
(MAINTENANCE'MAINTAINEE &DATA BASE-1)))
There are 1 compounds that are supported.
There are 1 compounds Lhat are ruled out.
Checking for context produced one meaning.

Creating compound: - COMPUTER-MAINTENANCE
Using cognate: &COMPUTER-MAINTENANCE-A
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [RMAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]
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*** It took 345 cycles to process the phrase: COMPUTER MAINTENANCE.
It took 2.005 seconds of CPU time to process the phrase:

COMPUTER MAINTENANCE.
((NODE &COMPUTER-MAINTENANCE-A))

i

(meaning '(car maintenance) nil)

*** It took 241 cycles to find all the possibilities.

There is 1 compound after finding all possibilities.

The possible compounds are:

CAR-MAINTENANCE :

CAR-MAINTENANCE is a MAINTENANCE [&MAINTENANCE [&ACTION]].

MAINTENANCE !MAINTAINEE: CAR [&CAR [&AUTOMOBILE]]

Using the only meaning found for the compound.

Creating compound: CAR-MAINTENANCE
CAR-MAINTENANCE [&CAR-MAINTENANCE-A]
is a MAINTENANCE [BMAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: CAR [&CAR [&AUTOMOBILE]]

**+ Tt took 309 cycles to process the phrase: CAR MAINTENANCE.
It took 1.509 seconds of CPU time to process the phrase:

CAR MAINTENANCE.
((NODE &CAR-MAINTENANCE-A))

(meaning '(truck maintenance) nil)
*** It took 239 cycles to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
TRUCK-MAINTENANCE :
TRUCK-MAINTENANCE is a MAINTENANCE [BMAINTENANCE [&ACTION]].
MAINTENANCE IMAINTAINEE: TRUCK [&TRUCK [&VEHICLE]]

Using the only meaning found for the compound.

Creating compound: TRUCK-MAINTENANCE
TRUCK-MAINTENANCE [&TRUCK-MAINTENANCE-A]
is a MAINTENANCE [SMAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: TRUCK [&TRUCK [&VEHICLE]]

*** It took 307 cycles to process the phrase: TRUCK MAINTENANCE.
It took 3.008 seconds of CPU time to process the phrase:

TRUCK MAINTENANCE.
((NODE &TRUCK-MAINTENANCE-A)) |

(meaning '(computer maintenance) nil)
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*** Tt took 284 cycles to find all the possibilities..
There are 2 compounds after finding all possibilities.
The possible compounds are:
COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]

COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-B]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

***. ]t took 0 cycles to process context.
The following interpretations remain after context:
COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE IMAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]

COMPUTER-MAINTENANCE :
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-B]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE |MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

**+ It took 25 cycles to verify the slots of the interpretations.
““* Tt took 146 cycles to check for similar compounds.
The compounds and their ratings are:
COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-A]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINER: COMPUTER [&COMPUTER [&MACHINE]]
Final Rating: 17.0
Context: 0.0 Embedded Cognate: 8.0 Slot Verification: 8.0
Instances: 0.0 Embedded Instances: 0.0 Occurrence: 1.0
Similar Compounds: 0.0 N

COMPUTER-MAINTENANCE [&COMPUTER-MAINTENANCE-B]
is a MAINTENANCE [&MAINTENANCE [&ACTION]].
MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]
Final Rating: 20.5
Context: 0.0 Embedded Cognate: 8.0  Slot Verification: 8.0
Instances: 0.0 Cmbedded Instances: 0.0 Occurrence: 0.5
Similar Compounds: 4.0

Creating compound: COMPUTER-MAINTENANCE
Using cognate: &COMPUTER-MAINTENANCE-B
COMPUTER-MAINTENANCE [&COMPUTER- ~MAINTENANCE - -B]
is a MAINTENANCE [&MAINTENANCE [RACTION]].
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MAINTENANCE !MAINTAINEE: COMPUTER [&COMPUTER [&MACHINE]]

*** It took 455 cycles to process the phrase: COMPUTER MAINTENANCE.
It took 4.051 seconds of CPU time to process the phrase:

COMPUTER MAINTENANCE.
((NODE &COMPUTER-MAINTENANCE-B))

Esatq debug 51.)

(mean1ng '(woman coal miner) nil)
*#** Tt took 700 cycleés to find 211 the possﬂnht\es.
There is 1 compound after finding all poss!b111t1es
The possible compounds are:
WOMAN-COAL-MINER:

COAL-MINER is a MINER [&MINER [&PERSON]]

MINER!MINES: COAL [&COAL [BMINERAL]]
WOMAN-COAL-MINER is a COAL-MINER and is a WOMAN [&WOMAN [&PERSON]].

Using the only meaning foﬁnd for the compound.

Creating compound: WOMAN-COAL-MINER
COAL-MINER [&COAL-MLNER-A] is a MINER [&MINER [&PERSON]].
MINER!MINES: COAL [ZCOAL [&MINERAL]]
WOMAN-COAL-MINER [&WOMAN-COAL-MINER-A]
is a COAL-MINER [&COAL-MINER-A [&MINER]]
and is a WOMAN [SWOMAN [&PERSON]].

*** It took 927 cycles to process the phrase: WOMAN COAL MINER.
It took 2.562 seconds of CPU time to process the phrase:

WOMAN COAL MINER.
( (NODE &WOMAN-COAL-MINER-A))

(meaning '(boy king) nil)
**+ It took 389 cycles to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
BOY-KING:
BOY-KING is a KING [&KING [&MAN]] and is a BOY [&BOY [&CHILD]].

. Using the only meaning found for the compound.

Creating compound: BOY-KING
BOY-KING [&BOY-KING-A] is a KING [8KING [&MAN]]
- and is a BOY [&BOY [&CHILD]].

**+ It took 528 cycles to process the phrase: BOY KING.

It took 3.218 seconds of CPU time to process the phrase'
BOY KING.
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((NODE 8BOY-KING-A))

(meaning '(water meter cover adjustment screw) nil)
*** It took 5369 cycles to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
WATER-METER-COVER-ADJUSTMENT-SCREW:
WATER-METER is a METER [&METER [&INSTRUMENT]].
METER!MEASURES: WATER [&WATER [&LIQUID]]
WATER-METER-COVER is a COVER [&COVER [&NON-LIVING-PHYSOB]].
COVER!COVERS: WATER-METER
WATER-METER-COVER-ADJUSTMENT-SCREW
is a SCREW [&SCREW [&INSTRUMENT]]
&ADJUST-1
ADJUST!TOOL-OF-&ADJUST-1: SCREW [&SCREW [&INSTRUMENT]]
ADJUST ! ADJUSTEE-OF-&ADJUST-1: WATER-METER-COVER

Using the only meaning found for the compound.

Creating compound: WATER-METER-COVER-ADJUSTMENT-SCREW
WATER-METER [8WATER-METER-A] is a METER [&METER [&INSTRUMENT]]
METER!MEASURES: WATER [SWATER [&LIQUID]]
WATER-METER-COVER [&WATER-METER-COVER-A]
is a COVER [&COVER [&NON-LIVING-PHYSOB]].
COVER!COVERS: WATER-METER [8WATER-METER-A [&METER]]
WATER-METER-COVER-ADJUSTMENT - SCREW
[RWATER-METER-COVER-ADJUSTMENT-SCREW-A]
is a SCREW [&SCREW [&INSTRUMENT]].
&ADJUST-1
ADJUST ! TOOL-OF -8ADJUST-1: SCREW [&SCREW [&INSTRUMENT]]
ADJUST ! ADJUSTEE-OF-&ADJUST-1:
WATER-METER-COVER [&WATER-METER-COVER-A [&COVER]]

*** It took 17022 cycles to process the phrase:
WATER METER COVER ADJUSTMENT SCREW.
It took 7.625 seconds of CPU time to process the phrase:
WATER METER COVER ADJUSTMENT SCREW.
((NODE &WATER-METER-COVER-ADJUSTMENT-SCREW-A))

(meaning '(blood donor recruiter) nil)
*** It took 635 cycles to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
BLOOD-DONOR-RECRUITER:
BLOOD-DONOR is a DONOR [&DONOR [&PERSON]].
DONOR!DONATES: BLOOD [&BLOOD [&LIQUID]]
BLOOD-DONOR-RECRUITER is a RECRUITER [&RECRUITER [&PERSON]].
RECRUITER!RECRUITEE: BLOOD-DONOR
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Using the only meaning found for the compound.

Creating compound: BLOOD-DONOR-RECRUITER
BLOOD-DONOR [&BLOOD-DONOR-A] is a DONOR [&DONOR [&PERSON]].
DONOR!DONATES: BLOOD [&BLOOD [&LIQUID]]
BLOOD-DONOR-RECRUITER [&BLOOD-DONOR-RECRUITER-A]
is a RECRUITER [&RECRUITER [&PERSON]].
RECRUITER!RECRUITEE: BLOOD-DONOR [&BLOOD-DONOR-A [&DONOR]]

**» It took 791 cycles to process the phrase: BLOOD DONOR RECRUITER.
It took 4.372 seconds of CPU time to process the phrase:

BLOOD DONOR RECRUITER.
((NODE &BLOOD-DONOR-RECRUITER-A))

(meaning '(coal mine supervisor) nil)
**+ It took 641 cycles'to find all the possibilities.
There is 1 compound after finding all possibilities.
The possible compounds are:
COAL-MINE-SUPERVISOR:
COAL-MINE is a MINE [&MINE [&BUSINESS]].
MINE ! PRODUCES: COAL [&COAL [&MINERAL]]
CGAL-MINE-SUPERVISOR is a SUPERVISOR [&SUPERVISOR [&EMPLOYEE]].
EMPLOYEE !EMPLOYER: COAL-MINE

Using the only meaning found for the compound.

Creating compound: COAL-MINE-SUPERVISOR
COAL-MINE' [&COAL-MINE-A] is a MINE [&MINE [&BUSINESS]].
MINE!PRODUCES: COAL [RCOAL [&MINERAL]]
COAL-MINE-SUPERVISOR [&COAL-MINE-SUPERVISOR-A]
is a SUPERVISOR [&SUPERVISOR [&EMPLOYEE]].
EMPLOYEE {EMPLOYER: COAL-MINE [RCOAL-MINE-A [8MINE]]

*** Tt took 797 cycles to process the phrase: COAL MINE SUPERVISOR.
It took 4.044 seconds of CPU time to process the phrase:

COAL" MINE SUPERVISOR.
( (NODE &COAL-MINE-SUPERVISOR-A))

(meaning '(watch repair person) nil)
**» Tt took 4284 cycles to find all the possibilities.
There is 1 compound after finding all poss1b1|1t1es
The possible compounds are:
WATCH-REPAIR-PERSON:
WATCH-REPAIR-PERSON is a PERSON [&PERSON [&MAMMAL]].
&REPAIR-A-1
REPAIR-A!REPAIRER-OF-&REPAIR-A-1: PERSON [&PERSON [3MAMMAL]]
REPAIR-A!REPAIREE-OF-&REPAIR-A-1: WATCH [&WATCH [&INSTRUMENT]]
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Using the only meaning found for the compound.

Creating compound: WATCH-REPAIR-PERSON
WATCH-REPAIR-PERSON [&WATCH-REPAIR-PERSON-A]
is a PERSON [&PERSON [&MAMMAL]].
&REPAIR-A-1
REPAIR-A!REPAIRER-OF-&REPAIR-A-1: PERSON [&PERSON [&MAMMAL]]
REPAIR-A!REPAIREE-OF-&REPAIR-A-1: WATCH' [&WATCH [&INSTRUMENT]]

*s* It took 15961 cycles to process the phrase: WATCH REPAIR PERSON.
It took 4.809 seconds of CPU time to process the phrase:

WATCH REPAIR PERSON.
((NODE &WATCH-REPAIR-PERSQN-A))

Esetq debug 0.)
0

(meaning '(small wine glass) nil)
There is 1 compound after finding all possibilities.

Creating compound: SMALL-WINE-GLASS
Using cognate: &WINE-GLASS-A
WINE-GLASS [&WINE-GLASS-A] is a GLASS [&GLASS-B [&CONTAINER]]
GLASS-B!CONTAINEE: WINE .[&WINE [&BEVERAGE]]
SMALL-WINE-GLASS [&SMALL-WINE-GLASS-A]
“is a WINE-GLASS [8WINE-GLASS-A [8GLASS-B]]
and is SMALL [&SMALL].

((NODE &SMALL-WINE-GLASS-A))

(meaning '(red car) nil)
There is 1 compound after finding all possibilities.

Creating compound: RED-CAR
RED-CAR [&RED-CAR-A] is a CAR [&CAR [&AUTOMOBILE]]
and is RED [&RED].

((NODE &RED-CAR-A))
(quit)
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Appendix B
Examples of Noun Compounds

This appendix presents the list of noun compounds used in chapter 7 to evaluate the program ic
ds. The iption of each p

line contains the noun compound, the parse that { believe is meant by the author, a code giving some

d noun

consists of several lines. The first

information about how the program described in this thesis would process the compound, and finally
a description of what I believe the author was trying to say when he used the compound. The parse
of the compound shows how v.h'c words in the compound are to be grouped. Any words in curly
braces are not nouns, and would not be processed by the system described in the main body of the
thesis. They arc there to provide context or when they are essential part of the phrase. The code
given in the first line is a short phrase enclosed in square brackets. These short phrases have the
following meanings:
o Correct left to right parse: The compound should be processed correctly by the program
using a left to right parsc. This means selecting the correct slot from possibly many as the
basis of the relationship between the nouns. Also, in a few cases multiple meanings of

onc or more nouns should be resolved successfully with just the context provided by the
compound itself.

o Correct middle ternary parse: The program finds the correct interpretation for the
c d by forming a using the middle ternary pattern.

o Correct end ternary parse: ‘The program finds the correct interpretation for the compound
by forming a compound using the end ternary pattern.

© Multiple meanings duce to word ambiguity: The program would find multiple meanings
for the compound because at Ieast one of the words in the compound has more than one
meaning. With the appropriate context, these compounds should be correctly processed
by the progran. .

© Multiple meanings due to slot ambiguity: The program would find multiple meanings for
the compound because one of the words provides two or more slots that can be used to
form an intery ion for the d. With the appropriate context, these
compounds should be correctly processed.
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@ No meaning found: The program would not find any slots to usc as a basis to form the
meaning for the compound. .

o Wrong meaning found: The program would probably find the wrong meaning for the
compound. .

© Questionable slot used: The program would find the correct meaning for the compound
if the slot used to form the meaning was available. This code shows that a slot may be of
a questionable nature,

© Questionable slot assignment: The program would find the correct meaning for the
compound if the slot used to form the meaning could accept the value placed into it. This
code shows that the slot assignment may violate restrictions place on concepts that can fill
the slot.

o Correct as far as it goes: ‘Ihe program would find the indicated meaning. This code
shows that the meaning does not cover the full meaning of the compound, but only part
of the meaning.

« First noun provides a slot for the second: The program would find no slots to use as the
basis for forming a meaning of the compound. However, if the sccond noun is placed
into a slot of the first one, the correct meaning for the compound would be formed.

o Cempound defined in the text: The compound is defined in the text to have a specific
meaning. The pregram can not currently input such a definition other than by hand.

@ Union of concepts forms meaning: The compound scems to be formed from a union of
concepts all filling the same slot of the head noun.
Finally, the last few lincs give the interpretation for the compound that I belicve the program would

generate. Note that the program has not been run on these examples.

B.1.Examples from an article in Scientific American

‘The following noun compounds arc from The Fuel Economy of Light Vehicles in Scientific
American, Volume 244, Number 5, May 1981.

1. [Fuel Fconomy] [Multip
Feonomy:
Resource Managed: FFuel
Fconomy:
Based on: FFuel

duc to word iguity]: Economy as a saving of fuel.

2. [Oil Production] [Correct left to right parse]: Production where thing produced is oil.
Production:
Product: Oil
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3. [Underground Oil] [Correct left to right parse]: Location of oil is underground.
Oil: .
Location: Underground

4. [Post-Petroleum Era] [Questionable slot used]: Era after all the petroleum has been used up. ’
Era:
‘Time-Span: Post-Petroleum

5. [Passenger Car] [Correct left to right parse]: Car that is for transporting passengers.
Car: . . .
Transports: Passcnger

6. [Pickup Truck] [Correet as far as it goes]: A truck of a particular style used to transport pickups.
Truck:
Transports: Pickup

7. [Petroleum Products] [Correct left to right parse]: Product made from petroleum.
Product:
Source: Petroleum

8. [Oil Embargo] [Correct left to right parse]: Embargo where the thing embargoed is oil.
Embargo:
Object Embargoed: Oil

9. [Gasoline Shortage] [Correct left to right parse]: Shortage where gasoline is in short supply.
Shortage:
Thing Short of: Gasoline

10. [Oil Imports] [Correct left to right parse]: Import where the thing imported is oil.
Import: to
Thing Imported: Oil

11. [Automobile Industry] [Correct Ieft to right parse]: Industry that produces automobiles.
Industry: '
Product: Automobile

12. {Personal}-[Consumption K ditures] [Questi Ie slot used]: E; i for personal-
* consumption items,
Expenditure:
Purpose; Personal-Consumption

13. [Consumer Preference] [Mulli i duc to slot ambiguity]:  Preference where
consumer prefers efficicnt vehicles. .
Preference:
“I'hing Preferred: Consumer
Who Prefers: Consumer

14. [Automobile Worker] [Correct Ieft to right parsc]: Worker who works producing automobiles.
Worker:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



194 * Examples of Noun Compounds
Produces: Automobile

15. [Car Maker] [Correct left to right parse}: Maker who makes a car.
Maker: :
Makes: Car

16. [Capital Expenditure] [Correct left to right parse]: Expenditure of capital for a particular
purpose.
Expenditure:
Thing Expended: Capital

17. [Production Facility] [Correct left to right parse]: Facility where production takes place.
Facility:
Thing Facilitated: Production

18. [Automobile Ficet] [Correct left to right parse]: Flect made up of automobiles.
Fleet:
Fleet-Member: Automobile

19. [[Fuel Economy] Standard] [Corréct left to right parse]: Standard for saving of fuel.
Standard: .
Standard-For: Fuel Economy

20. [Consumer Demand] | ipl due to slot iguity]: Consumer demands light
vehicles.
Demand:
‘Thing Demanded: Consumer
Demander: Consumer
2L Program] [Multipl due to word iguity]: Program for investing.

Program: as in schedule.
Program for: Investment.
Program: as in computer program.
Program for: Investment.

22. [Dynamometer Test] [Correct Ieft to right parse]: Test using a dynamometer.
“Test:
“Tool used in test: Dynamometer.

23. {Light} [Vehicle Miles] [No meaning found]: Miles travelled by light vehicles.
24.10il Consumption] [Correct left to right parse]: C ion where oil is

Consumption:
“Thing Consumed: Oil

25. [Drive Lines] [No meaning found}: Mcthod of getting power to the wheels of a car.

26. [Power Plant] [Wrong meaning found]: A car engine.
Plant: as in a factory.
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Product: Power
27. [Passenger Vehicle] [Correct left to right parse]: Vehicle used to transport passengers.
Vehicle:
Transports: Passenger
28. [[{Two}-Passenger] Car} [Wrong meaning found}: Car with a capacity for two passengers.
Car:
Transports: Two-Passenger
29. {Internal}-[Combustion Engine] [Questi slot used]: Engine where fuel is burned within

the engine.
Engine:

Method of using fuel: Internal-Combustion

30. [Production Vehicles] [First noun provides a slot for the second]:  Vehicle produced in
quantity.

31. [Fuel Efficiency] [Correct Ieft to right parse]: Efficient use of fucl.
Efficiency:
Efficient in use of: Fuel

32. [Emission Standard] [Correct left to right parse]: Standard for cmission of car cxhaust.
Standard:
Standard for: Emission

33. [Gasoline Price] [Correct left to right parse]: Price of gasoline.
Price: :
Price-of: Gasoline

34, [Vehicle Capacity] [Correct left to right parse]: Capacity of a vehicle.
Capacity:
Capacity-of: Vchicle

35. [Transportation Requirements] [Correct left to right parsc]: Requirements for transportation of
people. -
Requirement:
Required-for: Transportation

36. [Market Behaviour] [Correct left to right parse]: Behaviour of the market for a car.
Behaviour:
Behaviour-of: Market

37. [Price Increase] [Correct left to right parse]: Increase where the price of something is increased.
Increase:
‘Thing increased: Price

38. [[[Passenger Car] Sales] Mix] [Correct left to right parsc]: Mix of salcs of passenger cars.
Mix:
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Mix-of: Passenger Car Sales
Sales: .
Item Sold: Passenger Car
Car:

Transports: Passenger

39. [Weight Reduction] [Correct left to right parse]: Rcducuon where weight is reduced.
Reduction:
Thing Reduced: Weight

40. [Interior Space] [Questionable slot used]: The space inside a car;
Space:

Space taken up by: Interior - -

41, [Passenger Compartment] {Correct left to right parsc] Compartment of a car for holding

passengers.
Compartment:
Contains: Passenger
42. [Trunk Space] [Multipl ings due to word iguity]: Space taken up by the trunk of a
car.
Space:

Space taken up by: Trunk [car or luggage]

43. [Enginc Horsepower] [Questionable slot used]: The power rating of an cngine.
Horsepower:
Horsepower-of: Engine

44, [[Weight Reduction] Program] [Corrcct left to right parse]: Program to reduce the weight of a
car.
Program: .
Schedule-for: Weight Reduction

45. [[{ Front}-Wheel] Drive] [Questionable slot used]: Power applied by the front wheels of a car.
Drive:
Applicd-by: Front-Wheel

46. [Engine Compartment] [Correct left to right parsc]:. Compartment of a car that contains the
cngine.
Compartment:
Contains: I-ng,mc

47. |Luggage Compartment] [Correct left to right parsc]: Compartment of a car that contains
luggage. )
Compartment:,
Contains: Luggage

48. [Encrgy Consumption} [Correct left to right parsc]: Energy is the thing consumed.
Consumption:
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Thing Consumed: Energy

49. [Automobile Engine] [Correct left to right parse]: Engine that is part of an automobile.
Engine: . .
Part-of: Automobile

50. [Performance Requirement] [Correct left to right parse}: Requirement for performance of a car.
Requirement:
Requirement-for: Performance

51. [Acceleration Capability] [Correct left to right parse]: The capability of a car to accelerate.
Capability: .
Thing capable of: Acccleration

52. [Air Conditioning] [No meaning found]: Thing conditioned is air.
Conditioning:
Thing Conditioned: Air

53. [Test Weight] [Compound defined in the text]: Weight of a car plus 300 pounds for load.

54. [Air Resistance] [Multiple meanings due to slot ambiguity]: Resistance of air pressing against a
car.
Resistance:
Thing Doing Resisting: Air
"Thing being resisted: Air

55. [Prototype Car] [First noun provides a slot for the second]: A new car to be tested before
production.

56. [[{High}-Pressure] Tire] [No meaning found]: Tire that contains air under high pressure.

57. [Engine Power Output] [Correct end ternary parse]: Output of power produced by an engine.
Output:
‘Thing Output: Power
‘Thing Doing the Output: Engine

58. [Engine Speed] {Correct left to right parse]: Speed of an enginc.
Speed:
Speed-of: Engine
59. [Road Speed] [Questionable slot used]: Speed of a car on a road.
Speed:
Location: Road
G0. [Power Output] [Correct left to right parsc]: Output where power is the thing output.
Output:
‘Thing Output: Power’

61. [Power Loss] [Correct left to right parsc]: Loss where power is the thing lossed.
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Loss:
Loss-of: Power

62. [Engine Power] [Correct left to right parse]: Power that is produced by an engine.
Power: !
Power Source: Engine

63. [Peak Power] [No meaning found]: Amount of power produced when an engine is at full
power.

64. [Diescl Engine] [Correct as far as it goes]: Engine that runs on diesel fuel. Miss invented by

Dicsel.
Engine:
Fuel: Diesel
65. [[{36} Horscp ] Enginc] [Questi slot used]: Enginc with-a power rating of 36
horsepower.
Engine:

Power Rating: 36 Horsepower
66. [[{5- to 15}-horscpower] range] [No meaning found]: Range in horsepower from 5 to 15. .

67. [Fucl Encrgy] [Questionable slot used]: Energy contained in a particular fuel.
Energy:
Energy derived from: Fuel

68. [Emission Standard] [Correct left to right parse]: Standard for emission of exhaust gases.
Standard: )
Standard for: Emission

69. [Engine Designer] [Correct left to right parse]: A person who designs engines.
Designer: .
Thing designed: Engine

70. [1'ruck Diescl] [Correct left to right parsc]: A truck powered by a Diesel engine.
Dicsel: . .
Part-of: ‘I'tuck
71. {Exhaust Gases} {Questionable slot used]: Gases exhausted from a combustion engine.
Gas:
Source: Exhaust
72. [Power Stroke] [No meaning found]: Stroke of an engine cycle in which power is delivered.
73. [Engine Size] {Wrong meaning found]: Size ofan engine in terms of power rating.
Size:

Size-of: Engine

74. [[Fuel Economy) Advance] [Correct left to right parsc]: Advances in saving fucl in cars.
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Advance:
Thing advanced: fuel economy

75. [Engine Friction] [Correct left to right parse]: Friction in an engine.
Friction:
Friction in: Engine

76. [Efficiency Map] [No meaning found]: Map of how efficient an engine is.

77. [Accessory Power Requirements] [Correct end ternary parse]: Requirements for power to run
accessories.
Requirements:
Requires: Power
Required-for: Accessory

78. [Driving Cycle] [Wrong meaning found]: Lifetime of a vehicle.
Cycle:
Cycle Repeated: Driving

79. [City Dnvmg] [Correct left to nght parse]: Dnvmg that takes place inacity.
Driving:
]ocauon City

80. [[{1980} model] year] [No meaning found]: The year for a particular style of car.

81. [Vehicle Weight] [Correct left to right parscl Weight of a vehicle.
Weight:
‘Weight-of: Vehicle

82. [Weight Range] [Correct léft to right parsc]: Range of possible weights.
Range: .
Range-of: Weight

83. [Performance Specifications] [Correct left to right parsc]: Specifications for the performance of
acar.
Specifications:
‘I'hing specified: Performance

84. [Vehicle Fleet] {Correct left to right par\c] Fleet made up of vehicles.
Fleet:
Fleet member: Vehicle

85. [Propulsion Energy] [Correct left o right parse]: Energy used for pmpul:mn ofacar.
Inergy:
Uscd-for: Propulsion

86. ﬂl)nvc I'rain] Efficiency] [No meaning found): Efficiency of delivering pnwcr 1o the wheels of

acar,
Efficiency:
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Emci‘cncy-of‘: Drive-Train

87. [Prototype Vehicle] [First noun provndes a slot for the second]: A new vehicle that is tested

before being produced.

88. {Direct}-[Injcctor Diesel] [No meaning found]: Dicsel engine where fuel is directly injected
into the cylinder.

89. [Gasoline-{Equivalent} [[[C i City-}{ighway] Fuel] Efficiency]] [No meaning found]: A

measurement of the fuel efficiency of a car.

90. [[{Recent} Model] Car] [Wrong meaning found]: A car made recently. Probably taken as a toy
car.

91. [[Fuel Economy] Goal] [No meaning found): A particular goal for fuel saving.

oost Objective: Fuel Economy -
92. [Scat Belts] [No meaning found]: Belts attached to scats of cars for safety.
93. [Injury !lisk] [Correct left to right parse]: Risk of being injured.

Rk Thing Risked: Injury

94. [Automobile Makers] [Correct left to right parse]: Makers that make automobiles.
Makei: )
Thing Made: Automobile

95. [[Crash-Test] Standard] [Correct left to right parse]: Standard for testing crash worthiness of
cars,
Standard:
Standard-for: Crash Test
Test:
Test-of: Crash

96. [Air Pollution] [Correct left to right parsc]: Pollution of the air.
Pollution:
‘Thing Polluted: Air

97. [Diesel Engine] [Multipl ings duc to word iguity]: Engine powered by diesel fucl.
Also developed by Diesel.
Engine:

Powered by: Dicsel
Developed by: Diesel

98. [Dicsel Emissions] [Multiple meanings duc to word ambiguity]: Emissions caused by burning
diesel fuel in a diesel enginc.
Emissions:
Caused-by: Dicsel [anme]
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Source: Diesel [Oil]
99. [Nitrogen Oxide] [Correct left to right parsc]: Oxide of Nitrogen produced in combustion
process.
Oxide:

Oxide-of: Nitrogen
100. [Acid Rain] [No meaning found]: Rain that is more acidic than normal.
101. [[[Pre-Chamber] Dicsel] Engine] [No meaning found]: A type of diesel engine.

102. [[Nitrogen Oxide] Emissions] [Correct left to right parse]: Emissions of nitrogen oxide.
Emission:
Thing Emitted: Nitrogen Oxide

103. [Particulate Emissions] [Correct left to right parsc]: Emissions of particulate matter.
Emission:
Thing Emitted: Particulate

104. [Diesel Particulates] [Correct as far as it goes]:  Parti emitted after ion of diesel
fuel in a diesel engine.
Particulate:
Source: Dicsel [Engine or Fuel}

105. [Diesel Fumes] [Wrong meaning found]: Fumes produced by burning diesel fuel.
Fumes:
Source: Diesel [Fuel or Engine]

106. [Pollution Problem] [Questionable slot used]: Problem of pollution.
Problem:
Problem-type: Pollution
107. [[{Dircct} Injector] [{Stratificd} Charge] Enginc] [No meaning found]: A type of diesel engine.

108. [[Fucl-Air] Mixturc] [Union of concepts forms meaning: A mixture containing fucl and air.

109. [C ion Chamber] [Questionable slot used]: Chamber where combustion takes place.
Chamber:
Contains: Combustion
Purposc: Combustion

110. [Plant Material] [Multipl ings duc to word iguity]:  Material derived from green
plants.
Material:

Source: Plant [at least two different meanings]
111. [Storage Battery] {[No meaning found]: A particular type of battery.

112. [Methano! Routc] [No meaning found]: Possibility of using methanol as a fuel for cars.
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113. [[Fucl Economy)] lmprovcmcmsl [Corrcct Ieft to right parse]: Improvement in fuel economy of
cars.
Improvement:
Thing Improved: Fuel Economy

114, [[Cost-Benefit] Analysis} [Union of concepts forms meamng] Analysis of costs and benefits of
something.

115. [Fuel Savings] [Correct Ieft to right parse]: Savings where Lhmg saved is fuel.
Savings:
Thing Saved: Fuel

116. [Fuel Cost] [Correct left to right parse]: Cost of fuel.,
Cost:
Cost-of: Fuel

117. [Fuel Waster] [Correct left to right parse]: A car that wastes fuel.

Waster:
‘Thing wasted: Fuel
118. [Overseas Production] [Questi slot used): Production of cars overseas.
Production:

Location: Overseas

119. [Automobile [Fuel Economy]] [Wrong meaning found]: Fuel use of an automobile.
Economy:
Resource Managed: Automobile Fuel
Fuel:
Fuel-for: Automcbile

120. [[Motor Vehicle] Fucl] [Correct Ieft to Tight parsc]: Fuel used to power a vehicle powered bya
motor.
Fuel:
Fuel-for: Motor Vehicle
Vehicle:
Propelled-by: Motor

121. [[Fuel Economy] Test] [Correet left to right parse]: Test of the fuel cconomy of a car.
“Test:
‘Test-of: Fuel Economy

122, |jiFuel Feonomy] Race} [Questionable slot assignment]: Race to improve the fuel efficicncy of
cars.
Race:
Race-for: Fuel Economy
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B.2. Examples from the Communications of the Association for
Computing Machinery

This first set of compounds comes from the article Computer ngnims Jor Detecting and

Correcting Spelling Errors by Peterson, J. L. in C ications of the Association for Cq

Machinery, Volume 23, Number 12, December 1980.

123. [Document Preparation] [Correct left to right parse]: Preparation of a document.
Preparation:
Thing Prepared: Document

124, [File System] [Questionable slot used]: System that contains computer files.
System:
Element-of-System: File

125. [Text Editor] [Multiple meanings due to word ambiguity]: Editor on a computer that edits text.
Editor: [Person or computer program}
Thing edited: Text

126. [Text Formatting Program] [Correct middle ternary parsc]:  Program that formats text on a
computer.
Formatting:
Formatter: Program
‘Thing formatted: Text

127. [Text Formatter] [Correct Icft to right parsc]: Formatter that runs on a computer that formats
text.
Formatter:
Thing formatted: Text

128. [Text File] [Correct left to right parsc]: A computer file that contains text.
File:
Contains: Text

129. [Batch Program] [Questionable slot used]: A program that is run in batch mode.
Program:
How executed: Batch

130. [Spelling Error] [Correct left to right parse]: Error in the spelling of a word.
Error:
‘T'ype of error: Spelling

131.[T'ext Processing System] [Correct middle ternary parse]:  System used to process text on a
computer.
Process:
Thing processed: Text
Processor: System
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132. [Spelling Checker] [Correct left to nght parse]: A program that checks the spelling of words.
Checker:
Checked for: Spelling

133. [Spelling Corrector] [Correct left to right parse]: A program that corrects the spelling of words.
Corrector: -
‘Thing corrected: Spelling

134. [Input File] [First noun provides a slot for the second]: A file that is input to a program.

135. [Pattern Recognition] [Correct left to right parsc]: Recognition of a pattern.
Recognition:
‘What is recognized: Pattern

136, [Lctter Sequence] [Correct left to ught passe]: Sequence whose clcmenls are letters.
Sequence:
Element of scqucncc. Letter

137. [Candidate Word] [First noun provides a slot for the sccond]: Word that is a candidate for the
correct spelling of an incorrect word.

138, [Word Spacc] [Correct as far as it goes]: The space of all words that can occur.
Space:
Contains: Word

139. [Author Ignorance] [Correct left to right parse]: Ignorance of an author of the correct spelling.
Ignorance:
‘Who is ignorant: Author ~

140. [Finger Movement] [Correct left to right parse]: Movement of the finger that cause particular
types of spelling errors.
Movement:
Thing Moved: Finger

141. [Storage Error] [Questionable slot used]: Errors caused in the swmgc of information.
Error:
Cause: Storage

142, [Transmission I<r|or] {Questionable slot used]: Errors caused by transmitting information.
Error:
C‘m:cA ‘I'ransmission

143, [ I'tansmission Mechanism] [Correct left to right parsc]: Mechanism for transmission of
information.
Mcchanism:
Uscd-for: ‘Transmission

144, [Spelling Correction] [Correct Ieft to right parse]: Correction of spelling errors.
Correction:
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Thing Corrected: Spelling
145. [{Optical} Character Recognition Input] [Wrong meaning found}: Input of characters through
optical recognition.
Input:
Thing Input: Character Recognition
Recognition: .
Thing recognized: Character

146. [Data Enr.ry] [Correct left to right parse]: Entry of data into a computer system.
Entry. Entry-of: Data

147. [Input Device] [Correct left to right: parse]: Device used to input information to a computer
system. ’
Device:
Purpose: Input

148. [Airline Flight] [Correct left to right parsc]: Flight scheduled by an airline.
Flight:
Flight by: Airline

149. [Inquiry Name] [First noun provides a slot for the second]: Name cnlcrcd as an inquiry to a
airline flight reservation system.

150. [Key Word] [No meaning found}: Word that specifies a function in a programming language.

151. [Spelling Problem] [Questionable slot uséd]: Problem of correcting the spelling of words.
Problem:
Problem type: Spelling

152. [Software Tool] [Questionable slot used]: Tool used to build software.
Tool:
Uscd while working with: Software

153. {String Matching] [Correct Ieft to right parsc]: Maiching where the things matched are strings.
Matching:
‘Thing matched: String

154. [Corrector Algorithm] [Questionable slot u\cdl Algorithm l‘ur a program that correct spelling

errors,
Algorithm:
Algorithm for: Corrector
155. [Application Program] [Questionable slot used]: A program that is used for a particular
application..
Program:

‘Type: Application

156. [Software Technology] [Correct Ieft to right parsc]: Technology used in designing and building
software.
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Technology: .
Technology-of: Software

157. [Compound Words] [First nour provides a slot for the second]: A word that is compounded
from two or more other words.

158. [Case Problems] [Multipl ings due to word iguity]: Problems with the case of a letter.

Problem:
Type: Case
159. [Computer Literature] [Questionable slot used]: Literature containing information about
computers. !
Literature: .

Literature arca: Computer

160. [Candidate List] [Correct left to right parse]: List whose clements are candidates for the correct
spelling of a word.
List:
List element: Candidate

161. [Comparison Operator] [Questionable slot used]: Operator that performs a comparison.
Operator: .
Operation performed: Comparison

162. [Letter Error] [Questionable slot used]: Error causes by a single mistyped letter.
Error: )
Type: Letter

163. [Character Position] [Correct left to right parsc]: Position of a character in a word.
Position:
Position of: Character
164. [Dictionary Structure] [Correct left to right parse]: Structure of a dictionary of words.
Structure:
Structurc of: Dictionary

ition Error] [Questionable slot used]: - Error caused by transposition of two letters in a

Causc: I'ransposition
166. [Chain Scarch] [Wrong meaning found]: Search of the entry of a hash table that uses chaining
1o resolve conflicts.
Scarch:
Scarch-for: Chain
167. [Dictionary Word] [Correct left to right parse]:" Word that is in a dictionary.
Word: .

Location: Dictionary
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168. [Correction Accuracy] [Correct left to right parse]: Accuracy of a program for spelling
correction. . '
Accuracy:
Accuracy of: Correction

169. [Correction Speed] [Questionable slot used]: Speed of a program that does spelling correction.
Speed: .
Speed-of: Correction

170. [Confusion Matrix] [Compound defined in the text): Matrix giving the chance of reading the
wrong character.

171. [Digram Frequency] [Correct left to right parse]: The frequency of digrams (two letter
combinations). .
Frequency:
Frequency of: Diagram

172. [Trigram Frequency] [Correct left to right parse]: The frequency of trigrams (three letter
combinations).
Frequency:
Frequency of: Trigram

173. [Typewriter Keyboard] [Correct left to right parse]: Keyboard that is part of a typewriter.
Keyboard:
Part-of: Typewriter

174. [Word Sound] [Correct left to right parse]: Sound made when speaking a word.
Sound: )
Sound of: Word

175. [Performance Reason] [Questionable slot used]: Reason for doing something based on the
performance of a program.
Reason:
Type: Performance

176. [Affix Removal] [Correct left to right parsc]: Removal of the affix of a word.
Removal:
‘Thing Removed: Affix

177. [Root Word] [First noun provides a slot for the second]: Word that is the root of several words.
178. [Suffix Removal] [Correct left to right parse]: Removal of the suffix of a word.
Removal:
“Thing removed: Suffix
179. [Affix Analysis] [Correct left to right parsc]: Analysis of the affix of a word.

Analysis:
‘Thing Analyzed: Affix
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180. [Programming I’rincip'lc] [Questionable slot used]: Principle used in programming computers.
Principle: .
Domain of principle: Programming

181. [Spelling Program] [Wrong meaning found]: Program that performs spelling correction.
Program:
Type: Spelling

182. [P ing Project] [Questionable slot used]: Project that is to program a computer.
Project: . .
Project domain: Programming

183. [Document Word] [Correct left to right parsc]: Word that occurs in a document.
Word:
Location: Document

184. [Text Portion] [Compound defined in the textl:  Comments in a program describing the
algorithm. .
Portion:
Portion of: Text

185. [Code Portion] [Compound defined in the text]: The code to implement the algorithm above.
Portion: . .
Portion of: Code

186. [Code Representation] [Correct left to right parse]: The coded representation of an algorithm.
Representation: )
Represented-by: Code

187. [Design Choice] [Questionable slot used): Choice made in designing an algorithm.
Choice: .
Thing Chosen: Design

188. [Design Document] [Correct Ieft to right parse]: Document that describes the design of a
program.
Document:
About: Design

189. [Data Type] [Correct left to right parsc]: ‘I'ype of data used in a computer program.
Type: . .
‘T'ype-of: Data

190. [Variable Declaration] [Correct left to right parsel: Declaration of a variable in a computer

program.
Declaration:
‘Thing declared: Variable
191. [[Index Variable] Declaration] [Questionable slot used]: I ion of a variabled. used for
indexing.
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Declaration: E
Thing declared: Index Variable
Variable:
Purpose: Index

192. [[Procedure Call] Overhead] [Questionable slot used]: Overhead needed to invoke a procedure.

Overhead:
Cost-of: Procedure Call
Call:
Thing called: Procedure
193.[E ion Time] [Multipl ings due to slot iguity]: The time taken to exccute a
program.
Time:

Time-of: Exccution
Time taken for: Execution

194. [Program Readability] [Correct left to right parse]: Readability of a program.
Readability: .
Readability-of: Program

195. [Memory Storage Requirements] [Correct end ternary parsc]: ~ Requirements of memory for
storage of words.
Requirements:
‘Thing Required: Memory
Required-for: Storage

196. [Input Token] [First noun provides a slot for the second]: Token that is input to a computer
program.

197. [Variable Name] [Correct left to right parse]: Name of a variable.
Name:
Name-of: Variable

198. [Output File] [First noun-provides a slot for the second}:  File that is output by a computer
program. .
199. [Scarch 'l'ime] [Multiple meanings due to slot ambiguity]: ‘The time taken to perform a scarch.
‘lime:

‘Time-of: Search
‘lime-to: Scarch

200. [Hash 'Table] [No meaning found]: A method of implementing a symbol table in a computer.

201. [Frequency Count] [Correct left to right parsc]: Count of the frequency of something.

Count:
‘I'hing Counted: Frequency
202. {Table Structurc] [Multipl ings Juc to word iguity]: Structure of a table in computer
memory. : .
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Structure:
Structure-of: Table’

203. [[Token List] Concept] [Correct left to right parse]: Concept of using a list of tokens.
Concept: :
Concept-of: Token List
List:
List element: Token

204. [[System Dictionary] Administrator] [Correct left to right parse]: Administrator of a dictionary
stored in a computer.
Administrator:
Thing administered: System Dictionary

205, [System Dictionary] [Correct Ieft to right parse]: Dictionary stored in a computer system.
Dictionary: . .
Part of: System

206. [Topic Arca] [Correct left to right parsc]: Area of a particular topic.
Area:
Area-of: Topic

207. [Individual User] [No meaning found]: Standard user of a computer system.
208. [Batch Checker] [No meaning found]: A program that checks spelling that runs in batch mode.

209. [Response Time] [Multiple meanings due to slot ambiguity]: The time take for a program to
respond. )
Time:
‘Time-of: Response
Time taken for: Response

210. [Computer System] [Questionable slot used]: A system that allows people to compute things.
System:
System type: Computer

211. [Memory Size] [Multiple meanings duc to word ambiguity]: Size of the memory of a computer
: system.
Size:
Size-of: Memory [Human or Computer]

212 ]| Access) Method] [Correct left o right parse}: Method used to access a ile in a computer
system.
Method: .
Method for: File Access
Access:
Thing accessed: File

213. [Data Structures] [Correct left to right parsc]: Structure of data in a computer.
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Structure:
Structure of: Data

214. [Computer File] [Questionable slot used]: File that is part of a computer system.
File:
Part-of: Computer
215. [Token Length] [Correct left to right parse]: Length of a token.
Length:
Lengr.h_oﬁ: Token
216. [Search Algorithm] [Questionable slc-n used): Algorithm used to scarch a dictionary.
Algorithm: . s
Algorithm for: Search
217. [[Hash Chain] Tablc] [No meaning found]: Table whose cntrics are hash chains.
218. [Hash Chain] [No meaning found]: A chain of words that has to the same cntry of a hash table.

219. [Hash Function] [No meaning }'ound]: Function used to find an entry in a hash table.

220. [Hash Table] Entry} [Multipl ings due to slot iguity]: Entry in a hash table.
Eniry: . : .
Entry in: Hash Table
221.[T'ree Structure] [Multipl ings due to word iguity]: of a tree in
memory. °
Structure:

Structure of: Tree [Plant or Computer]

222. [Drum Storage] [Questionable slot used]: Storage of information on a drum.
Storage:
Location: Drum

223. [Disk Storage] [Questionable slot used]: Storage of information on a disk.
Storage:
Location: Disk

224. [In-Core Index] [Correct left to right parse]: Index located in the memory of a computer.
Index: . .
Location: In-Core

225. [Fable Sizc] [Multiple meanings due to word ambiguity]:  Size of a table in a computer.
Size: .
Sizc-of: Table

226. [Scarch Strategy] [Correct left to right parsc): Strategy uscd to scarch a table in computer

memory.
Strategy:
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Strategy for: Search

227. [Search Time] [Questionable slot used]: Time taken to perform a search.
Time: .
Time of: Search
Time taken to: Search

228. [Subject Arca] [Questionable slot used]: The area in which a subject occurs.
Area:
Type: Subject

229. [Segmentation Scheme] [Correct left to right parse]: Scheme for segmentation of memory.
Scheme:
Scheme for: Segmentation

230. [[Memory Management] Scheme] [Correct left to right parse]: Scheme for the management of
memory in a computer system.
Scheme: )
Scheme for: Memory Management
Management:
‘Thing Managed: Memory

231. [Suffix Analysis] [Correct left to right parsc]: Analysis of the suffix of a word.
Analysis:
‘Thing Al}alyzcd: Suffix

232. [Prefix Analysis] [Correct left to right parse]: Analysis of the prefix of a word.

Analysis:
Thing Analyzed: Prefix

233. [Syntax Checker] [Correct Ieft to right parsc]: A program that checks the syntax of a document.
Checker:
Thing checked: Syntax

“The following compounds come from Learning and Reasoning by Analogy by Winston, P. H. in
Communications of the Association for Computing Machinery, Volume 23, Number 12, December
1980.

234. |Water Pipe] [Correct left to right parse]: A pipe that contains water.
Pipe:
i Contains: Water
235. [Constraint Description] [Correct left to right parse]: Description of a constraint on a situaticn.

Description: .
‘I'hing Described: Constraint
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236. [Case Study] [Multiple mcanmgs due to word ambiguity]: A study of all the possible cases ofa
problem.
Study:
Thing Studied: Case

237. [Constraint Relation] [Questionable siot used]: A relation provided by a constraint.
Relation: .
Relation type: Constraint

238. [Voltage-Resistance-Current  Situation] [Union of concepts forms meaning]:  Situation
involving voltage, resistance, and current.
Situation:
Situation type: Voltage-Resistance-Current

239. [[Water Pipc] Law] [Multiple meanings duc to word amhlguuy] Physical law about the way
that water in pipes behaves.
Law: [Physical or Legal]
Law about: Water Pipe

240. [Plot Outline] [Multipl ings due to word iguity]: Outline of the plot of a story.
Outline:

Outline of: Plot [Story or Land]

241. [Word Group] [Correct left to right parse]: A group whose clements consist of words.
Group:
Group clement: Word

242. [Glass Hose] [Correct left to right parse]: A hose made from glass.
Hose:
Made from: Glass

243, [[Case-Grammar] Theory] [Questionable slot used]: Theory based on the use of a grammar
using cases of words.
‘Theory:
Subject: Casc-Grammar
244. [Sentence Meaning] [Correct left to right parse]: Mcaning of a sentence.
Mecaning:
Meaning of: Sentence
245. [Case Slots] [No meaning found}: Slots based on the cases of words.
246. [Sentence Analysis] [Correct left to right parse]: Analysis of a sentence.
Analysis
"Thing Analyzed: Scnlcncc
247. [Case Grammar] [No meaning found): Grammar based on the cases of words.

248. [Situation Parts] [Correct left to right parsc]: Parts of a situation.
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Part: .
Part of: Situation
249. [[{ iblc}-Relation] Rep ion] [Correct left to right parse]: Representation based on
extensible-relations.
Representation:
R d by: Extensible-Relation

250. [Information Content] [Questionable slot used]: lnformauon contained in a sentence.

Content:
Type: Informauon
251. [State Relation] [Multiple ings duc to word ambiguity]: Relations that specify the state of
something.
Relation:
Type: State [the state something is in or part of a country]
252. Case Names [Multi ings due to word iguity]: Name of the cases that a word can -
fill. .
Name:

Name of: Case [Casc of a word or letter or court case]

253. [[Agent-Act-Object] Combination] [Union of concepts forms mcamng] Combination of agent,
act, and object. .
Combination:
Combination of: Agent-Act-Object

254. [C(;mmcnl Frame] [Compound defined in the text]: A frame that comments on an Agent-Act-
Object Combination.

255. [[Frame-Slot-Value] Combination] [Union of concepts forms meaning: ~ Combination of
frame, slot, and value. :
Combination:
Combination of: Frame-Slot-Value

256. [Knowledge Representation] [Correct left to right parsc]: Representation of knowledge:
Representation:
‘T'hing represented: Knuwlcdge
257. [Situation Description] [Correct Ieft to right parse]: Description of a situation.
258. [Input Transparency] [No meaning found]: Input of information to a systenris made casy.
259. [Translator Complexity] [Correct left to right parse]: Complexity of a program to translate
information from ong form to another.
Complexity:
Complexity of: ‘I'ranslator

260. [Casc Information] [Multiple meanings duc to word ambiguity]: Information about case of a
word.
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Information: . .
Information about: Case

261. [[Case-Filler] Combination] [Union of concepts forms meaning]: Combination of a case and its
filler.
Combination:
Combination of: Case-Filler

262. [Input Language] [First noun provides a slot for the second): Language that is input to a
program.

263. [Reference Feature] [Correct left to right parsé]: Feature that is used to refer to something
easily. .
Feature:
Featurc of: Reference

264. [Control Scheme] [Correct left to right parse]: Scheme for control of something. e
Scheme:
Scheme for: Control

265. [Story Plot] [Correct left torright parsc]: Plot of a story.
Plot: .
Plot of: Story

266. [Relation Pairs] [Correct left to right parsc]: Pairs of relations.
Pair: )
Pair of: Relation

267. [Input Interface] [Questionable slot used]: Interface to a program for input of data.
Interface: |
Type: Input

268. [Similarity Score] [Questionable slot used]: Score that shows how similar two frames are.
Score:
‘Type: Similarity

269. [Scoring Module] [Correct feft to right parse]: Module that computes the score.
Module:
Module function: Scoring

270. [T'otal Score] [No meaning found]: ‘The score after all computation is finished.
tion] [Correct left to right parse]: Abstraction of the classes that data falls into.

ion:
Abstraction of: Class

272. [Class Membership] [Correct left to right parsc]: M: of an item in a particular class.
Membership: .

Membership in: Class
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273. [Analogy Process] [Multip} ings duc to slot iguity]: The process of using an analogy
in reasoning about a problem. .
Process:
Process type: Analogy
Processes: Analogy

274, [Cause Relation] [Questionable slot used): Relation based on the cause for some effect.
Relation:
Type: Cause

275. [Act Abstraction] [Correct lcft to right parse]: Abstraction of an act that was performed.
Abstraction:
Abstraction of: Act

276, [[{Tragic} Event] Situation] [Correct left to right parse]: Situation specifying an cvent that is
tragic. . .
Situation:
Situation of: Tragic Event

277. [Feature Sets] [Correct left to right parsc]: A set whose members are features.
Sct:
Member: Feature

278. [Water Pressure] [Correct left to right parsc]: The pressure of water in a pipe.
Pressure:  +
Pressure of: Water

279. [Water Flow] [Correct left to right parse]: The flow of water in a pipe.
Flow:
Thing flowing: Water

280. {[Symbol Arrangement] Conventions] [Correct left to right parse]: Conventions for the
arrangement of symbols. .
Convention:
Convention of: Symbol Arrangement
Arrangement:
“Thing Arranged: Symbol

281. [Pipe .aw] [Multiple meanings due to word ambiguity]: Physical law about the behaviour of
water in pipes.
Law: [Physical or Legal]
About: Pipe

282 [[Water Pipe] Situatien] [Correct left to right parse):  Situation involving a particular
arrangement of water pipes.
Situation:
Siwation of: Water Pipe

283, [Pipe Resistance] | ipl ings duc to slot iguity]: Resi to water flowing in a
pipe. .
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Resistance:
Thing resisted: Pipe
Thing causing resistance: Pipe

284. [Resistance Situation] [Correct left to right parse]: A situation in which resistance is involved.”
Situation:
Situation of: Resistance

285. [[Water Pipe] Analogy] [Correct left to right parse]: Analogy of an electrical circuit to water
pipes. . .
Analogy: . .
Analogy to: Water Pipe

286. [Key Assumption] [Wrong meaning Foun&]: Assumption made that is crucial to solving a

problem.
Assumption:
About: Key
287. [Cause Structure] [Correct left to right parse]: Structure built up to represent the causes of
effects.
Structure:
Structure of: Cause
288. [[{C }-Sense] R ing] [Questi slot used]: R ing done using common
sensc.
Reasoning:

Type: Common-Sense

289. [Situation Analysis] [Correct left to right parse]: Analysis of a situation.
Analysis: to
Thing Analyzed: Situation

290. [Similarity Net] [Questionable slot used]: A net showing similéﬁty between concepts.
Net: '
Net Flement: Similarity

291. [Data Base] [No meaning found]: A store of information or data.

292. [Information Retrieval] [Correct left to right parse]: Retrieval of information.
Retrieval: . . .
"Thing retricved: Information

293. [Classification Information] [Wrong meaning found]: Information used to classily items.
Information: :
About: Classification

294. [List Structure] [Correct left to right parsc]: Structure of a list

Structure:
Structure of: List
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295. [Deduction System] [Correct left to right parse]: System used to perform deduction.
System:
Purpose: Deduction

296. [Miniature Analogy] [Wrong meaning found]: Use of a small analogy to learn the use of
something.
Analogy:
About: miniature

297. [Resistor 1.aw] [Multipl ings due to word iguity]: Physical law about resistors in
electrical circuits,
Law: [Physical or Legal]
About: Resistor

298. [Capacitor Law] [Multiple meanings duc to word ambiguity]: Physical law about capacitors in
clectrical circuits.
Law:
About: Capacitor

299. {Ind Law] [Multip! ings due to word ambiguity]: Physical law about inductances
in electrical circuits. .
Law:
About: Inductance

300. [Damper Law] [Multiple meanings due to word ambiguity): Physical law about the way
physical systems are damped.
Law:

About: Damper
301.[M Law] [Multi ings due to word ambiguity]: Physical law about momentum

of physical objects.
Law:

About: Momentum

302, [Spring 1.aw] [Multiple meanings-duc to word ambiguity]: Physical law of the behaviour of
springs that bounce. .
Law:
About: Spring

303. [L.carning Ideas] [Correct left to right parse]: Ideas about how learning is performed.
Idea:
Idea about: Learning

304. [Reasoning Ideas] [Correct left to right parse]: Ideas about how reasoning is done.
Idca:
Idca about: Reasoning

305. [1.carning System] [Correct left to right parse]: System that is able to learn.
System:
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Purpose: Learning

306. [{Geometric} Analogy] Problem [Questionable slot used]: Problem of using analogy in
geometric problems.
Problem:
Problem of: Geometric Analogy

307. [Key Representation Idea] [Wrong meaning found): Idea about how the primary nceds for
representation of knowledge.
Idea: .
Idea About: Key Representation
Representation:
Thing Represented: Key

308. [Discovery System] [Correct left to right parse]: System that discovers new theorems.
System: . .
Purpose: Discovery
309. [Computer Learning] [Multiple meanings due to slot ambiguity]:  Learning done by a
computer. .
Learning:
About: Computer
‘Thing doing the learning; Computer

B.3. Examples from an Article in a Book

The examples here come from the article What's in a Link:" Foundations for Semantic Networks by
Woods, W. A. in Representation and Understanding edited by Bobrow, D.G. and Collins, A. M.

published by Academic Press, New York, 1975)

310.[[{ ic} Network] Rep ion] [Correct left to right parsel: Representation using
semantic networks.
Representation:

Represented by: Semantic Network

311 [[{Conceprual} | dency] Rep ion] [Correct leit to right parsc]: Representation using
Conceptual Dependency.
Representation:
Represented by: Conceptual Dependency

312. [[{Semantic} Newwork] Structuref [Correct left to right parse]: Structure of a semantic network.
Structure:
Structure of: Semantic Network

313. [Solution Technique] [Correct left to right parsc]: Technique for arriving at a solution to a
problem.
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Technique:
Technique for: Solution

314. [[{Scmantic} Network] Notation] [Correct left to right parse]: Notation for a semantic network.
Notation:
Notation for: Semantic Network

315. [[Programming Language] Theorists] [Correct left to riéht parse]: Theorists who work with .’
1 for i
‘Theorists:

Subject: Programming Language
Language:
Language for:-Programming - *

316. [Truth Conditions] [Questionable slot used): Conditions to cstablish the truth of a statement.
Condition: .
Condition for: Truth

317. [Truth Values] [Wrong meaning found}; The values used when working with logic.
Value:
Value of: Truth

318. [Inference Technique] [Correct left to right parse]: T cchmquc for performing inferences.
Techrique:
‘Technique for: Inference

319. [Word Scquence] [Correct left to right parse]: Sequence whose elements are words.
Sequence:
Sequence Eleman Word

320. [Inference Capabilitics] [Correct left to right parsc}: Inferences that something is capable of
performing.
Capability:
Thing capable of: Inference”

321. [kcll‘i"\vhll Capabilitics] [Correct Icft to right parsc]: Capability to retrieve certain information.
Capability:
‘I'hing capable of: Rc(rlcval

322. [Language Processing] [Correct left to right parsc]: Processing of languagc
Processing:
‘Thing Processed: Language
323. [Inference Process] [Correct left to right parsc]: The process of performing an inference.
Process: .
Process type: inference

324. [Input Sentence] [First-noun provides a slot for the sccond): Sentence input to a computer
program.
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325. [[Programming Language] Theory] [Correct left to right parse}: Theory about languages used in

programming computers.
Theory: .
Subject: Programming Language
326.[Case R ion] [Questionable slot used]: Rep ion using the cases of words.
Representation:
Represented by: Case
327. [[{Canonical} Form] Function] [Correct left to right parse]: Function that translates something
into canonical form.
Function:

Result: Canonical Form
328. [Data Bas] [No meaning found]: Store of information or data.

329, [Inference Chain] [Correct left to right. parsc]: Chain of inferences nceded to reach a -t
conclusion.
Chain: .
Elements of Chain: Inference

330. [Retrieval Process] [Correct left to right parsc]: Process used to retrieve data.
Process:
Process Type: Retrieval

331. [[{Canonical} Form] Mcchanism] [Correct left to right parse]: Mcchanism for using canonical
forms to hand equivalence.
Mechanism:
Mcchanism for: Canonical Form

332. [[{Canonical} Form] Solution] [Wrong meaning found]: Solution of equivalence problem using
canonical form.
Solution:
Solution of Problem: Canonical Form

333. [Family Unit] [Questionable slot used]: Family as a single unit.
Unit:
Unit Name: Family

334. [Network Notation] [Wrong meaning found]: Notation for a semantic nctwork.
Notation:
Notation for: Network

335. [Morning Star] [Wrong meaning found]: A planct scen in just before sunrise.
Star:
‘Time: Morning

336. Evening Star [Wrong meaning found]: A planct seen during the evening.
Star:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



222 Examples of Noun Compounds

Time: Evening

The system would not realize that the above two stars are planets and also that they are likely to be
the same. Would people if they heard these phrases without having the added knowledge that they
are really the same.

337. [[Computer Science] Application] [Correct left to right parse}: Application of the science that
studics computers.
Application:
Application of: Computer Science
Science:
. Studies: Computer

338. [Property List] [Correct as far as it gocs]: Property list in the Lisp sense.’
List:
List clement: Property

339. [[Attribute-Value] Pair] [Union of concepts forms meaning]: A pair consisting of an attribute
and a value.
Pair:
Element: Attribute-Value

340. [Attribute Name] [Correct left to right parse]: Name of an attribute.
Name:
Name of: Attribute

341. [Attribute Link] [Questionable slot used]: Link that represents the meaning of an attribute.
Link:
Type: Attribute

342. [Link Name] [Correct left to right parsc]: Name of a link,
Name:
Name of: Link

- 343. [Noun Phrasc] [Wrong meaning found]:  Linguistic sense that is more cncompassing that
phrase containing only nouns.
Phrasc: .
FElements: Noun
344, [[Case Structure] Rey ion] | ipl ings due to word ambiguity]: R
of knowledge by structures based on the cases of words.
Representation:
Represented by: Case Structure
Structure:
Structure of: Case
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345. [Knowiedge I‘lcprcscntation] [Correct left to right parse]: Representation of knowledge.
Representation: -
Represents: Knowledge

346. [[{Relative} Clausc] Relati ip] [Questionable slot used]: Relationship specified by a relative
clause.
Relationship:
Type: Relative Clause
347. [[{Relative} Clause] M ism] [Questionable slot. used]: M ism used to rep
relative clauses. '
- . Mechanism:

Used for: Relative Clause

348. [Stage Directions] [Wrong meaning found]: Dircctions used to cause something to happcn
Directions:
.. e Direction to: Stage

349. [[{Relative} Clausc] Problem] [Questionable slot used]: Problem of dealing with relative
clauses.
Problem:
Type: Relative Clause

350. [Memory Contents] [Multiple meanings due to word ambiguity]: Contents contained in
memory.
Contents:
Contents of: Memory [Human or Computer]

351. [[Transient Process] Acccunl] [Questionable slot used]: Account of a process that is transient.
Account:
Account of: Transient Process
Process:
Type: Transient

352. [Scarch Specification] [Correct left to right parsc]: Specification for a search for information.
Specification:
‘I'hing Specified: Scarch

353. [Slot Filler] {Carrect left to right parse]: Hllcr that fillsa slm
Filler:
Fills: Slot

354. [Network Structure] [Wrong meaning found]: Structure nf'dwm.mlu. network.
Structure:
Structure of: Network

355. [Quunllfcr Prefix] [Wrong meaning found]: In logic the quantifiers before a statement.

Prefix:
Prefix of: Quantifier
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356. [[[{Higher}-Operator] Rep ion] {of Quantification}] [Correct left to right parse]:

Representation of quantification using higher-operators.
Representation: .

Represented by: Higher-Operato!

357. [[Case Representation] Notation] [Correct left to right parse]: Notation for representing things
using the cascs of words.
Notation:
Notation of: Case Representation

358. [Inverse [Agent Link]] [Wrong meaning found]: The inverse of the link that represents an agent.
Link: :
Type: Inverse Agent

359. [Paticnt Link] [Correct as I'r as it goes}: Link that is uscd to represent the patient casc.
Link:
Type: Patient .

360. [Quantifier Node] [Correct left to.right parse]: Node used to represent a quantifier.
Node:
Represents: Quantifier

361. [Theorem Proving] [Correct left to right parsc]: Proving of a theorem.
Proving:
Thing Prgvcd: Theorem

362. [Resolution Theorem Proving] [Wrong meaning found]: Proving of a thcorem using the
Resolution method.
Proving:
Thing Proved: Resolution Theorem

363. [[{Natural} Language} Dialog] [Questionable slot used]: A dialog taking place in a natural
language.
Dialog:
Dialog uses: Natural Language

364. [[Skolem Function] Notation] [Multiple meanings due to word ambiguity]: Notation using
Skolem functions.
Notation:
Notation using: Skolem Function
Notation for: Skolem Function

365. |[I'heorem Proving] Circles] [No meaning found]: People working in the arca of thcorem
proving.

366. [[Skolem Form] Expression] [Correct left to right parsc]: Expression using Skolem form to
represent information. "
Expression: .
Expression using: Skolem Form
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367. [Negation Operator] [Correct left to right parse]: Operator that performs a negation,
Operator: .
Operation: Negation
368. [[Quantifier Prefix] Form] [Wrong meaning found]: Form containing quantifier prefixes.
Form:.
Form of: Quantifier Prefix

369. [Church's Lambda Notation] [No meaning-found]: Notation using lambda that was developed

by Church.
370. [Variable Name] [Correct left to right parse]: Name of a variable.
Name:
Name of: Variable
371. [LLambda Expression] [Questi slot assi ]: Expression using lambda notation.
Expression: .

Consists of: Lambda

372.[Lambda Abstraction] [Correct as far as it gocs]: Abstraction of information. using lambda
notation.
Abstraction:
Abstraction of: Lambda

373. [{Higher}-Operator Quantifier Representation] [Wrong meaning found]:  Higher-operator
representation of quantification.
Representation:
Represents: Quantifier
Represented by: Higher-Operator

374. {Lambda Opcrator] [Questionable slot assignment]: operator that operates on lambda notations.
Operator:
Operates on: Lambda

375. [[{Semantic} Network] Formalism] [Correct left to right parsc]: Formalism developed for
semantic networks. .
Formalism:
‘Thing formalized: Semantic Network

376. [Human Performance] [Correct left to right parsc]: Performance as would be done by a buman,

Performance:
Performance by: Human
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B.4. Examples from the Apnl 27,1981 Newsweek Article on the
Space Shuttle

377. [Rocket Engine] [Correct left to right parse]: An engine used to propel a rocket.
Engine:
Part of: Rocket

378. [Flight Director] [Correct left to right parse]: Director who directsa flight.
Directer: .
Directs: Flight -

379. [Mission Control] [Correct left to right parse]: The thing that controls a mission.
Control: ’
Controls: Mission

380. [Fucl Tank] [Correct left to right parse]: Tank that contains fuel,
Tank:
Contains: Fuel

381. [Lic_.id Oxygen] [No meaning found]: Oxygen that is in liquid form.

382. [Elbow Room] [Wrong meaning found]: Room for people to move around without knocking
clbows.

Room:

Contains: Elbow
Room:

Room for: Elbow

383. [Relay Station] [Correct Ieft to right parse] Stauoll used to rclay signals.
Station:
Purpose: Relay

384. [Space Shuttle] [Questionable slot used]: Shuttle used to get things into space.
huttle:
Travels in/on: Space

385. [Satellite Communications] [Correct left to right parsc]: Communication done via satellites.
Communications:

Communicate with/via: Satellite .

386. |['Test-Flight] Program] [Correct left to right parse]: Schedule of flights l(l‘lcﬁl the space shuttle.
Program:
Schedule for: "T'est-Flight

387. [Space Business] [Corect left to right parsc]: Business related to the development of space.
Busincss:

Iocation: Space
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388. [Veteran Pilot] [First noun provides a slot for the second]: A pilot who has flown alot.

389. [[Spacc-Suit] Helmet] [No meaning found]: Helmet of a suit worn in space to protect people.
Helmet: . . .

Part of: Space-Suit
Space-Suit:

390. [Computer Glitch] [Correct left to right parse]: A problem with a computer.
Glitch:

Thing doing the glitching: Computer
391. [Engine Pod] [Correct left to right parse]: Pod that contains an engine.
Pod: .
Encloses: Engine
392, [Hcat Shield] [Correct left to right parse]: Shield used to protect something from heat.
Shicld: P
Shielded from: Heat

393. [{Main}-Tank Anachmc.nt Point] [Correct middle ternary parse]: Point used to attach the
main tank to the space shuttle.

Attachment:

Thing attached: Main-Tank
Attached to: Point

394, [Explosive Separator] [Questionable slot assignment]:  Thing used to separate fuel tanks from
shuttle with explosives.

Scparator:
Scparated with: Explosive

395. [[Ground-Crew] Work] [Correct left to right parse]: Word done by a crew located on the
ground.

Work:

Worker: Ground-Crew
Crew: .

Location: Ground

396. [T'ow Vehicle] [Questionable slot assignment]: Vehicle used to two some other vehicle.
Vehicle:

Purpose: Tow
397. [[{Post}-Flight] Picture] [Questionable slot assignment]:  Pictures taken after the flight of the
shuttle,
Picture:
Time: Post-Flight
398. [Ground Crew] [Correct left to right parsc]: Crew that works on the ground.
Crew: .
Location: Ground
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399. [Fuel Lines] [No meaning found}: Pipes used to deliver fuel to engines from the fuel tank.

400. [Shuttle Operation Director] [Correct middle ternary parse]: Director who directs the
operation of the shuttle.
Director:
Dirccts: Shuttle Operation
Operation: .
Thing Operated: Shuttle

Operation:
Thing Operated: Shuttle
Operator: Director

401. [[{Solid}-Fuel] Boosters] [Correct left to right parsc]: Boosters that are fucled with solid-fuel.
Booster: -
Fucled by: Solid-Fuel

402. [Computer Hours] [No meaning found]: Time spent by a computer to calculate information.

403. [Thruster Dance] [Questionable slot assignment]: Dance done by the thrusters on take off.
Dance:
Dancer: Thruster

404. [[Cargo Bay)] Doors] [Correct left to right parse]: Doors allowing access to a bay for containing
cargo. .
Door:
Door of: Cargo Bay
Bay:
Contains: Cargo

405. [Payload Bay] [Correct left to right parse]: A bay used to contain the payload of the shuttle.
Bay:
Contains: Payload

406. [Flight Recorders] [Correct left to right parsc]: Recorders used to record a flight.
Recorder: . .
Records: Flight

407. [T elevision Camera] [Questionable sot used]: A type of camera used to take television pictures.
Camera:
‘Type: Television

408. [Cargo Bay] [Correct left to right parse]: Bay that contains cargo.
Bay:
Contains: Cargo

409. [Ascent |cader] [Correct left to right parsc]: Person or thing thai leads the ascent of the shuttle.

I.cader:
Directs: Ascent
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410. [Flight Opcrauon] [Correct left to right parse]: Operation involving the flight of the shuttle.
Operation:
Thing Operatcd Flight

411. [Entry Profile] [Correct left to right parse]: The profile of the entry of the shuttle.
Profile:
Thing Profiled: Entry

412. [Spy Satellite] [Qucsuonable slot used]: A satellite used to perform spying.
Satellite:
Purpose: Spy

413. [Tile Hunt] [Correct left to right parsc]:" A hunt where the thing scarched for is a tile.
Hunt:
Thing hunted: Tile

414, [Sccurity Considerations] [Correct left to ngh( parsc]: Thing considered is the sccumy of
something.
Consideration:
Thing consndcrcd Security

415. [Radio Channel] ICorrect Ieft to right parsc]: Channcl used to transmit radm messages.
Channel:
Type: Radio

416. [Ground Controllers] [Correct left to right parsc): Controllers of the shuttle Jocated on the
ground. )
Controller:
Location: Ground

417. [Space Rookie] [No meaning found]: Someone who has never becn in space before.

418. [Shoulder Strap] [Questionable slot assignment]: A strap used to sccure the shoulder of a
person. :
Strap:
Sccures: Shoulder

419. [Entry ‘I'rajectory] [Correct left to right parsc]: Trajectory of the entry of the shuttle into
atmosphere.
“I'rajectory:
Ir‘uccmryof Entry

420.[1-38 Chasc Planc| [Questionable slot assignment]: A planc with mndcl number T-38 whose
purpose is to chase things.
Plane:
Purpose: Chase
Type: T-38

421. [Space Agency] [No meaning found]: Agency that is involved in cxploring space.
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422. [Space Vehicle] [Correct left to right parsc]: A vehicle that travels in space.
Vehicle:
Travels on/in: Space
423, [Space Truck] [Correct left to right parse]: A truck like object that travels in space.
Truck:
Travels on/in: Space

424, [Corporate Jet] [First noun provides a slot for the second]: A jet used to fly corporation officers.

425. [Launch Vehicle] [Questionable slot used}: A vehicle used to launch the shuttle into orbit.

Vehicle:
Purpose: Launch
426. [Payload Arca] [Correct left to right parsc]: Area taken up by the payload for the shuttle.
Area:
Areca of: Payload x
427. [Radio T ] [Questi le slot used): Technology needed to use radio.
Technology:
Type: Radio
428. [Radio Platform] [Correct left to right parse]: A platform for using radio.
Platform:
Platform for: Radio
429. [C ication Network] [Questionable slot used]: Network over which communication
happens.
Network:

Purpose: Communication

430. [Plant Metabolism] [Correct Ieft to right parse]: The metabolism of a living plant.
Metabolism:
Metabolism of: Plant

431. |Animal Metabolism] [Correct left to right parse]: The metabolism of a living animal;
Metabolism:
Metabolism of: Animal

432. [Space Colony] [Correct left to right parse]: A colony located in space.
Colony:
I.ocation: Space
433. |Space History] [Questionable slot assignment]: The history of man’s exploration of space.
History:
istory of: Space

434, [Astronaut Crew] [Correct Ieft to right parsc]: A crew whose members consist of astronauts.
Crew:
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Crew member: Astronaut

435. [Space Telescope] [Correct left to right parse]: A telescope located in space.
Telescope:
Location: Space

436. [[{Deep}-Space] Probe] [Correct left to right parse]: A probe used to probe space not near the
Earth.

Probe:
Thing Probed: Decp-Space

437. [[{Low}-Earth] Orbit] [No meaning found]: Orbit that is close to the Earth.
438. [Earth’s [Sister Plancts]] [No meaning found]: Venus and Mars.
439. [Ball Bearings] [No meaning found]: Bearings shaped like a ball-used to reduce friction.

440. [[[Space-Processing]-Program] Manager] [Questionable slot assignment]: A manager who
manages a program to do certain processing in space.

Manager:
Manages: Space-Processing-Program

Program:
Schedule for: Space-Processing

Processing:
Thing Processed: Space

441, [[Power Utilization] Platform] [Questionable slot assignment]: A platform that is to utilize
Platform for: Power Utilization
Utilization:
‘Thing utilized: Power
442, [Power Platform] [No meaning found]: meaning as above.

443, [Shuttle Mission] [Correct left to right parsc]: A mission that uses the space shuttle.
Miss

Mission by: Shuttle
444, [Space Suit] [No meaning found]: A suit used in space to protect men.
445, [Sales Promotion] [Correct left to right parse]: Promotion of sales of space on the shuttle.

Promotion:
“Thing promoted:- Sales
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B.5. Examples from Articles in the New York Times

‘The examples in thiz section came from several articles in the New York Times newspaper during

the last couple of weeks of April, 1981.

446. [Oil Exccutive] [Correct left to right parse]: Executive who works in the oil industry.
Executive:
Executive of industry: oil

447, [Petroleum Industry] [Correct lcﬂ to right parse]: Industry that pmduccs petroleum and
associated products.
Industry:
Product: Petroleum

448, [Price Tag] [Questionable slot used]: Tag used to specify the price of an item for sale.
Tag:
Specifies: Price

449, [Surveillance Planc] [Correct left to right parse]: A plane used in the surveillance of something.
Plane:

Purpose: Surveillance

450. [Grain Sale] [Coirect left to right parse]: Sale of grain.
Sale:
"Thing Sold: Grain

451. [Grain Exports] [Correct left to right parse]: Exports that are grain.
Export: .
Thing exported: Grain

452. [Export Curb] [Correct left to right parse]: Curb of exports of grain in particular.
Curb: .
Thing curbed: Export

453. [Grain Decision] [Questionable slot used]: Decision of whether to export grain to Russia.
ecision: ’
Decide about: Grain

454. [Policy Matters] [Correct left to right parsc]: Matters assuciated with the policy of the
administration.
Matters:
Concerning: Policy

455. [Campaign Pledge] {Questionable slot used]: Pledge made during a campaign for political
office.
Pledge:
Time: Campaign
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456. [Grain Curb] [No meaning found}: Curb of the sale of grain to Russia.

457. [Military Pressure] [Correct left to right parse]: Pressure brought to bear by the military.

Pressure:
Pressure by: Military
458. [Military P ion] [Multipl ings due to slot iguity]: Pi ion by the military
for action if necessary.
Preparation:

Preparer: Military
Thing Prepared: Military

459. [Farm Bill] [Multiple meanings due to word ambiguity}: A Bill in Congress dealing with farms.
Bill: invoice
Bill for: Farm
Bill: legislative
‘Topic: Farm at

460, [Grain Agreement] [Correct left to right parse]: Agreement about the sale of grain to Russia.
Agreement:
About: Grain

461. [Price Index] [Wrong meaning found): Index showing how prices change over time.
Index:
'l:hing indexed: Price

462. [Energy Prices] [Correct left to right parsc]: Prices for energy.
ic

Price:
Price of: Energy
463. [[Oil Price] Controls] [Correct left to right parsc]: Controls used to control the price of oil.
Control:
‘Thing Controlled: Oil Price
Price:
Price of: il
464. {Inflation Figures] [Multipl ings duc to word iguity]: Figures showing the current

rate of inflation.
Figure: numbers
Data about: Inflation
Figure: diagram
Figure showing: Inflation
Figure: of person.

465. [[{Singlc}-Digit] Rates] [Questionable slot used]: Change in inflation is less than 10%.
Rate:
Measured in: Single-Digit

466. [[Cost-of-Living] Increase] [Correct left to right parse]: Increase in the cost of living.
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Increase:
Thing increased: Cost-of-Living

467. [Consumer Prices] [Multiple meanings due to slot ambiguity]: Price charged to consumers.
Price: .
Price of: Consumer
Price charged to: Consumer
Price charged by: Consumer

468. [[Home Purchase] Price] [Correct left to right parse]: Price paid to buy a home.
Price: Price of: Home Purchase
Purchase:
Thing purchased: Home

469. [Encrgy Cost] [Correct Ieft to right parse]: Cost of energy.
Cost: .
Cost of: Energy

470. [Comparison Report] [Correct as far as it goes]: Report on the comparison of prices.
Report:
About: Comparison

471. [Production Worker] [First noun provides a slot for the second]: . Worker who produces a
product rather than a service.

472. [Production Performance] [Correct left to right parse]: Amount of product produced.
Performance:
Performance of: Production

473.[Money Supply] [Multiple meanings due to word ambiguity]l: The amount of money in
circulation.
Supply: action of supplying something
Thing supplicd: Money
Supply: amount available
Amount of: Money

_474. [Money Creation] [Correct left to right parse]: Creation of money.
Creation:
‘Thing Created: Moncy

475. [[Moncy Supply] Series] [Correct Ieft to right parse]: Scries of figures showing the moncy
supply over time.
Series:
Element: Muoiiey Supu!;

476. [Oil Prices] [Correct left to right parse]: Price of oii.

Price:
Price of: Oil
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471. [I‘ranspumti;m Component] [No meaning found]: The component of inflation caused by
transportation costs.

478. [Housing Component] [No meaning found]: The component of inflation caused by the cost to
house people.

479. [Food Prices] [Correct left to right parse]: Price of food.
Price: .
Price of: Food

480. [Beverage Prices] [Correct left to right parse]: Price of b.evcrage. :
Price:
Price of: Beverage -

481. [Gasoline Prices] [Correct left to right parsc]: Price of gasoline.
Price: .
Price of: Gasoline

482. [Detroit’s [Rebate Program]] [No meaning found]: Car makers giving rebates for people to buy
cars.

483. [[{New}-Car] Index] [Corrcct Ieft to right pz\rse] Index of how many new cars are sold during a
period of time.
Index:
_Thing indexed: New-Car

484, [Food Element] [No meaning found]: Ttie part of inflation caused by increases in food prices.

485. [Beverage Element] [No mcamng found]: The part of inflation caused by increases in beverage
prices.

486. [[Savings and Loan] Association] [No meaning found]: An institution that provides many of the
services of a bank

487. {Interest Rate] [Multipl ings due to word ambiguity]: Rate of interest to borrow money.
Rate:

Rate-of: Interest [monctary or attention]

488. [Credit Market] [Correct left to right p.nm] ‘The market where credit can be sold or bought.
Market:
‘Thing marketed: Credit

489. [['Vreasury Bill] Rates] [Correct left to right parse]: ‘The rate. p.nd hy credit instruments sold by
the Treasury of the US.
Rate:
. Rate of: Treasury Bill
Bill:
Issucd by: Treasury

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



236 * Examples of Noun Compounds

490. [Consumer Rep ive] [Multipl anings duc to slot iguity]: P who
represents consumer mlercs(s
Representative:

Represents: Consumer
Belongs to: Consumer

491. [Savings Exccutive] [Correct left to right parse]: An exccutive who works in the savings
industry.
Exccutive:
Exccutive of industry: savings

492. [[{ Variable} Ratc] Mortgages] [Quesuonablc slot used]: Mortgages whose interest rate changes
duc to credit conditions.
Mortgage:
Type: Variable Rate

493. [Home Financing] [Correct feft to right parse]: Financing the purchase of a home. . -
Financing:
Thing financed: Home

494. [[{Fixed}-Ratc] Home Mortgage] [Questionable slot used]: M whose interest rate stays
constant.
Mortgage:
Thing mortgaged: Home
Type: Fixed-Rate

495. [Home Loans] [Correct left to right parse]: Loan to purchase a home.
Loan:
Loan for: Home

496. [Construction Industry] [Correct lcft to right parse]: Industry that constructs new buildings.
Industry:
Type: Construction

497. [Savings Units] [Wrong meaning found]: Institutions at which pcople save money.
Units:
Mcasure of: Saving

498. [Consumer Groups] [Correct left to right parsc]: Groups whose members are consumers.
Group:
Group Member: Consumer

499, {[{ Variable} Rate] Instrument] [Questionable slot used]: A financial obligation with a variable
interest rate.
Instrument:
Type: Variable Rate

500. [Home Ownership] [Correct Ieft to right parsc]: The ownership of a home.
Ownership:
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Thing owned: Home

501. [[Interest Rate] Fluctuations] [Correct left to right parse]: Change in the interest rate.
Fluctuations:
‘Thing fluétuating: Interest Rate

502. [{Adjustable} [Mortgage Loan]] [Correct left to right parse]: Loan for a mortgage that has an
adjustable intercst rate. i
Loan:
Purpose: Mortgage

503. [[Loan Repayment] Schedule] [Correct left to right parsc]: Schedule for the repayment of a
loan.
Schedule:
. ‘Thing scheduled: Loan Repayment
Repayment: .
Thing Repayed: Loan

504. [Loan Balance] [Correct left to right parse]: The amount of money left to pay off aloan.
Balance: .
Balance of: Loan

505. [Industry Trade Group] [Wrong meaning found]: Group that represents a particular industry.
Group:
Group Element: Industry Trade
Trade:
Trade of: Industry

506. [{Free-Floating} [[Interest Rate] Adjustments] [Correct left to right parse]: Free-floating
adjustments to the interest rate.
Adjustments:
‘Thing Adjusted: Interest Rate

507. [[Housing Finance] Sector] [No meaning found]: Sector of the economy responsible for
financing housing. N

508. [News Conference] [Correct as far as it goes]: - Conference called to impart news to the public.
Conference:
‘T'opic: News
509. [Mortgage Rate] [Correct Teft to right parsc]: Interest rate charged on a mortgage.
Rate:
Rate of: Mortgage
510. [Home Buyers] [Correct left to right parsc]: People who buy homes.
Buyer:
‘Thing Bought: Home

511. [[Interest Rate] Changes] [Correct left to right parse]: Changes in the interest rate.
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Change: :
‘Thing Changed:- Interest Rate
512. [Consumer S ds] [Multipl due to slot iguity]: Safeguards that protect the
consumer.
Safeguard:

Thing safeguarded: Consumer
Thing safeguarded against: Consumer
Safeguarder: Consumer

513. [[Interest Rate] Increasc] [Correct left to right parsc]: Increase in the current interest rate.
Increase:
Thing Increased: Interest Rate

514. [Deposit [Interest Rate]] [Questionable slot used]: Interest rate paid by savings institutions for
deposits.
Interest Rate:
Rate for: Deposit

515. [Space Shuttle] [Questionable slot usedi: Shuttle used to get things into space.
Shuttle:
Travels in/on: Space

516. [[Space Agency] Official] [Questionable slot used]: Official employed by the agency responsibl
for activities in space.
Official:
Employer: Space Agency
Agency:
Concerned with: Space

517. [Shuttle Operations] [Correct left to right parse]: Operations where the shuttle is the thing
operated. .
Opecration:
Thing operated: Shuttle

518. [[Flight Test] Manager] [Correct left to nghl parse]: Manager who manages the test of the flight
of the shuttle.
Manager:
Manages: Flight Test
Test: .
“Thing tested: Flight

519. [Test Flight] [First noun provides a slot for the second]: ‘I'est the flight wurlhmcx‘s of the space
shuttle.

520. [[{Hard}-Clay] Surface] [Correct Icft to right parsc]: Surface made from hard-clay.

Surface:
Made of: Hard-Clay
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521. [Heroin Addict] [Correct left to right parse]: A person addicted to heroin.
Addict:
Thing addicted to: Heroin

522. [Eyewitness Account] [Correct left to right pz.xrse]: An account of something by an eyewitness.
Account:
Accounter: Eyewitness

523. [Ncedle Mark] [Correct left to right parse]: Mark made by a needle.
Mark:
Made-by: Needle

524. [Executive Editor] [No meaning found): An official of a newspaper.

525. [Police Scarch] [Multiple meanings due to slot ambiguity]: Search made by the police for a
boy.
Scarch:
Scarch for: Police
Search by: Police
Thing Searched: Police

526. [Burn Victim} [Correct Ieft to right parse]: A person who has been burned by a fire.
Victim:
Victim of: Burn

527. [Shark Cartilage] [Correct Ieft to right parsc]: Cartilage that comes from a shark.
Cartilage:
Part of: Shark

528. [Skin Grafts] [Questionable slot used]: Grafts made to the skin of a burn victim.
Graft:
Graft to: Skin
529. [Burn Patient] [Questionable slot used]: A person who has been burned.
Patient: :
Discasc, Injury: Burn
530. [Burn Carc] [Correct Ieft to right parse]: Care of the burn of somcone who has been burned.

Carc:
“Thing cared for: Burn

531.[Scar Formation] [Correct left o right parse]: Formation of scar tissuc on a burn victim.
Formation:
‘Thing Formed: Scar

532. [Assassination Attempt] [Correct left to right parse]: Attempt to assassinate the president.

Attempt:
‘Thing attempted: Assassination
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533. [Gunshot Wound] [Correct left to right parse]: A wound caused by a gunshot.
Wound: .
Cause: Gunshot

534, [Family Friend] [Correct left to right parse]: A friend of the whole family.
Friend: -
Friend of: Family

535. [Laboratory Analysts] [Multipl ings due to slot iguity]: Analysts who work in a
laboratory.
Analyst:
Location: Laboratory
Employer: Laboratory

536, [Mctal Fragments] [Correct left to right parsc]: Fragments made from a metal.
Fragment: . B
Made of: Metal

537. [Television App ] [Questionable slot assi; I A of the president on
television. .
Appcarance:

Location: Television

538. [Radio Address] [Questionable slot assignment]: Address made via radio.
ddress: -
Via: Radio

539. [Business Possibility] [Correct left to right parse]: Possibility for doing business.
Possibility: ~
Possibility for: Business

540. [Consumer Market] [Correct left to right parse]: The market for items bought by consumers.
Market:
Buyers: Consumer

541.[Debt Ceiling] [Correct left to right parsc]: The maximum amount of debt that the U.S. can
have outstanding.
Ceiling:
Maximum limit of: Debt

542. [[Spot News] Ph ] [Questi slot assi; ]: 1 y of news that happens
on the spot.
Photography:
“Type: Spot News
News:
Location: Spot

543, [Budget Proposal] [Correct left to right parsc]: Proposal for the budget of the U.S.
Proposal:
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Thing proposed: Budget

544.  [Budget Cutters] [Correct left to right parse]: People who want to reduce the size of the
budget.

Cutter: .

Thing cut: Budget

545. [Tax Cut] [Correct left to right parse]: Cut in taxx'm
Cut:
Thing cut: Tax

546. [T'ax Plan] [Correct left to right parsé]: Plan to reduce taxes.
Plan: . s
Thing planned: Tax

547, [Press Secretary] [Wrong meaning found]: ‘The-press secretary of the White House.
Sccretary:
Secretary to: Press

548. [Income Tax] [Correct left to riéhl parse]: Tax on the income earned by people.
Tax:
Thing taxed: Income

549. [Security Adviser] [Correct left to right parse]: Personwho advises the president on security
matters,
Adviser:
Advises about: Sccurity”

550. [[Income Tax] Form] [Correct left to right parse}: Form used to calculate the income tax of
someone. .
Form: .
Form for: Income Tax

551. [Tax Rate] [Correct left to right parse]: The rate at which income is taxed.
Rate:
Rate for: Tax

552. [T'ax Drive] [No meaning found]: Drive to reduce the taxes payed by people.

553. [[Tax Reduction] Plan] [Correct left to right parsc]: Plan that is to reduce tax.
Plan: o
‘Thing Planned: Tax Reduction
Reduction:
“Thing reduced: Tax

554. [Recovery Program] [Multiple meanings duc to word ambiguity]: Plan for recovery of the
cconomy.
Program: Schedule or Computer Program
Program for: Recovery
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555. [Rate Cut] [Correct left to right parse]: Cut in the rate charged for something.

Cut:
Thing cut: Rate
556. [Constil Pressure] [Questi slot assij nt): Pressure brought on members of the
government by their constituents.
Pressure;

Pressure by: Constituent
557. [Budget Cut] [Correct left to right parse]: Reduction in the size of the budget.
Cut:
. Thing Cut: Budget

558. [[{No}-Compromise] Campaign] [Questionable slot used]: Campaign in which no
compromised are to be made.
Campaign:
Type: No-Compromise 2

559. [Administration Leader] [Correct left to right parse]: Leader of the administration.
Leader:
Thing lead: Administration

560. [Government Agent] [Correct left fo right parsc]: Agent employed by the government.
Agent:
Employed by: Government

561. [Intelligence Division] [No meaning found]: A particular division of the FBI responsible for
intelligence operations.

562. [Prosccution Proceedings] [Correct left to right parse]: Proccedings to prosecute someone for a

crime.
Proccedings:
Thing proceeded: Prosecution
563. [Burcau Agent] [Questi slot assi ]: An agent cmployed by the FBL
Agent:

Employed by: Burcau

564. [Fugitive Member] [No meaning found]: A member of the Weather Underground organization
who is also a fugitive.

565. [Intelligence Community] [No meaning found]: Group of people involved in intelligence
operations.

566. [Law Enforcement Official} [Correct middle ternary parse]:  An official responsible for the
enforcement of the law.,
Enforcement: .
Enforcer: Official
Thing Enforced: Law
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567. [Telephone Call} [Questionable slot used]: Call made via telephone.
Call: .
Made via: Telephone
568. [[{Black} Bag] Job] [Compound defined in the text]: Illegal entries by FBI agents.

569. [Search Warrant] [Correct left to right parse]: Warrant allowing law officers to perform a search.
Warrant:
Purpose: Search

570. [[{Forcign} Intelligence] Scarch] [Questionable slot assignment]: Search for foreign intelligence
operations.
Search:
Secarch For: Foreign Intelligence

571. [Budget Proposals] [Correct Ieft to right parse]: Proposals for the budget of the U.S.
Proposal:
Proposal for: Budget

572. [Assassination Attempt] [Correct left to right parse]: Attempt to assassinate the president.
Attempt:
Thing attempted: Assassination

573. [[Tax Cut] Proposals] [Correct left to right parse]: Proposals for a cut in taxes.
Proposal:
Proposal for: Tax Cut
Cut:
‘Thing cut: Tax

574. [Administration Official] [Correct left to right parse]: Official cmployed by the administration.
Official:
Employed by: Administration

575. [News Conference] [Correct as far as it goes]: Conference called to impart information to the
public. .
Conference:
Topic: News

576. [[{forcign} Policy] Developments] [Correct left to right parsc]:  Development in the policy
towards forcign countrics.
Development:
‘Thing developing: Foreign Policy

577. [News Attention] [! i ings duc to slot ambiguity]: A ion focused on
by the news media.
Attention:
‘Thing attended to: News
‘Thing attending: News
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578. [Grain Sale] [Correct leftto right parse]: Sale of Grain.
Sale: .
Sale of: Grain

579. [[Iricome Tax] Cﬁ!] [Correct left to right parse]: Cut in the tax on income.
Cut:
Thing Cut: Income Tax
Tax:
Thing taxed: Income

580. [Election Campaign] [Correct Ieft to right parsc]: Campaign waécd fora pbmon to get clected.
Campaign:
Thing campaigned for: Election

581. [Budget Cut] [Correct left to right parsc]: Cut in the budget.
Cut: o
Thing Cut: Budget

582. [Budget Package] [Questionable slot assignment]: Package of the whole budget.
Package:
Thing packaged: Budget

583. [Newspaper Editor] [Correct as far as it goes}:  Editor who oversees the day to day operation of
a newspaper. . . :
Editor:
Edits: Newspaper

584. [Debt Collection] [Correct left to right parse]: Collection where the thing collected is a debt.
Collection: .
Thing collected: Debt |

585. [Tuition Loan] [Correct left to right parsc]: Loan made to somcone to pay for tuition.
Loan:
Loan for: Tuition

586. [College Graduate] [Correct left to right parse]: Someone who has graduated from college.
Graduate: .
Graduate from: College

587. [Veteran Loan] [Multi ings duc to slot iguity]: J.oan to a veteran of the armed
services. R
Loan:
Loancd to: Veteran
Loancd by: Veteran

588. [Export Loans] [Cun:ccl Teft to right parsc]: L.oans for exporting products.
Loan:

Loan for: Export

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Understanding Noun Compounds . 245

589. [Encrgy Negotiations] [Correct left to right parse]: Negotiations about energy.
Negotiation:
‘Thing negotiated about: Energy

590. [Government Pension Plan] [Multipl due to slot iguity]: Plan made by the
government for pensions.

Plan:
Plan for: Pension
Plan by: Government

Plan:
Plan for: Government Pension

Pension: Provided by: Government

591. [Capital Project] [Wrong mcaning found]: Project that requires a large amount of money.
Project:
Location: Capital

592. [[Oil Production] Cutback] [Correct left to right parse]: Cutback in the production of oil.
Cutback: .
Thing cutback: Oil Production
Production: .
Thing produced: Oil
593. [Resource Revenue] [Correct left to right parse]: Revenue generated by resources.
Revenue:
Revenue source: Resource

594. [Energy Agreement] [Correct left to right parse]: Agreement about energy.
Agreement:
Agreement about: Energy

595. [[Oil Company] Earnings] [Correct left to right parse]: Earnings by a company that is involved
in oil.
Earnings:
Earnings of: Oil Company
Company:
Produces/Provides: Oil

596. [Automobile Sales] [Correct left to right parse]: Sales of automobiles.
Sales:
‘Thing sold: Automobile

597. [|{Oil Field] Service] Company] [Multi ings duc to word iguity]: A company that
provides service to a field that produces oil.
Company:
Produces/Provides: Oil Field Service
Service: )
Thing serviced: Oit Field
Ficld: |
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Produces: Oil
Service: )
Thing serviced: Oil Field
Servicer: Company

598. [Oil Exploration] [Correct Ieft to right parse]: Exploration for oil.
Exploration: X
Thing explored for: Oil

599. [Gas Exploration] [Correct left to right parse]: Exploration for gas.
Exploration:
Thing explored for: Oil

600. [[{Health Care] Product] Company] [Questionable slot used]: Company that produces products
. for taking care of health.

Company: .
Produces/Provides: Health Care Product
Product:

Type: Health Care
Care:

Thing cared for: Health

601. [[! House] Issue] [Multipl ings duc to word iguity]: Stock of a company
involved in trading securities.
Issue:

Issue about: Brokerage House
House:

Produces/Provides: Brokerage
Issue: Stock
Stock of: Brokerage House

602. [Credit Market] [Correct left to right parse]: Market where instruments of credit is sold and
bought. ° .
Market:
Thing marketed: Credit

603. [[Corn Futures] Market] [Correct lIeft to right parse]: Market where future production of corn is
' traded.
Market:
‘Thing marketed: Corn Futures
Futures:
Commodity: Corn

604. [Wheat Futures Market] [Correct left to right parse): Market wherc futv.c production of wheat
is traded.
Market:
Thing marketed: Wheat Futures
Futures:
Commodity: Wheat
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605. [Bond Market] [Correct left to right parse]: Market.where bonds are traded.
Market:
Thing markclcd. Bond

606. [Discount Bond] [Questionable slot used]: A bond that is selling at a discount from its
denomination.
Bond:
Type: Discount

607. [Market Rntc] [Wrong meaning found]: Rate set by the. market. _
Rate:
Rate set by: Market
Rate of: Market

608. [Stock Price] [Correct left to right parsc]: Pncc of astock.
Price:
Price of: Stock

609. [[{High} Technology] Issuc] [Wrong meaning found]: Stock.of a company producing high
technology products.
Issue:
Issue abcut High chhnology

610. [Dow Jones Industrial Average] [No meaning found]: An indicator of the perfnrmancc of the
New York Stock Market.

611. [[Oil E ion) Concern] [Multi icanings due to word iguity]: A pany involved
in the exploration for oil.
’ Concern:
Concern about: Oil Exploration
Concern: business
Produces/Provides: Oil Exploration

612. [Auto Export] {Correct left to right parse]: Export of automobiles.
Export:
Thing cxported: Auto

613. [Record Price] [Wrong meaning found]: ‘The best price for something.
Price:
Price of; Record [as in stcreo]

614. [Technology Stock] [Questionable slot used]: Stock of a company producing technology.
Stock:
Type: Technology

615. [Rescarch Director] [Correct Ieft to right parsc]: Person who directs rescarch.

Director:
Dirccts: Research
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616. [Technology Company] [Correct left to right parsc]: A company that produces technology.
Company:
Produces/Provides: Technology

617. [Market Prospect] [Correct left to right parse]: Prosp;:sct of what is going to happen to the stock

market. -
Prospect:
Prospect of: Market
618. [B: Group] [Questi le slot assi ]: Group of stock issues of brokerage houses.
Group:
Group member: Brokerage
619. [B: Stock] [Questionable slot assi; ]: Stock of a t house.
Stock: ’

" Type: Brokerage

620. [Market Lcader] [Correct left to right parse]: A stock that leads the market.
Leader: .
Thing lead: Market

621. [Merger Announcement] [Correct left to right parsc]: Announcement of a merger of two
companics.
Announcement:
Thing announced: Merger

622. [{Strong} [Unit Growth]] [Correct left to right parse]: Strong growth in the sales of a particular
unit.
Growth:
Thing growing: Unit

623. [Earnings Growth] [Corrcct left to right parsc]: Growth in the earnings of a company.
Growth:
Thing growing: Earnings

624. [{Global} [Oil Glut]] [Correct left to right parse]: Over supply of oil.
Glut:
Glut of: Oit

625, [[Trading Volume] Figures] [Correct left to right parsc]: Figures showing the volume of trading
on astock exchange.
Figures:
Figures showing: 'I'tading Volume
Volume:
Volume of: Trading

626. [[{Short} Intcrest] Ratio] [No meaning found]: Ratio of short sales of stock to long sales.

627. [Market Closc] [Wrong meaning found]: Time at which the stock market closes.
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Close:
Thing closed: Market

628. [Composite Index] [No meaning found]: Index showing what happened to all stocks on the
New York Stock Exchange.
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