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An Equipment Model and its Role in the Interpretation of Noun Phrases
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Abstract quite extensive sitmulastions model for the specific piece of
For natural language understanding systems designed equipment which the texts deal with. We see the following
for domains including relatively complex equipment, merit-, of having a simulation model:
it is not sufficient to use general knowledge about e The model provides us with a reliable background
this equipment. We shsow problems which can beagiswhc eanhckteorcnssfteu-
solved only if the system has access to a detailed aeratst n whic e cn checvethl cree of t he un-
equipment model. We discuss the structure of such disdn oe~ t eea ee. idn referents
models in some detail and, ir. particular, the mixed of notini phrase-. as-iaesiila semantic cases to verbs. es-

19static 'dy-namic nature of the model. As an illustra- tabhishin? cats-al ielkitioii-.sip betwsees insdividusal sell-
tion. we describe parts of a simulation model for an tersce.' of the tet.o iuainhl st eiewa

arcompressor. Finally, we demonstrate how to find 9Terequirementsofsmltnhe)usodciewa
referents in this model for noun phrases. -k-kind of kisowledi, about the equipmsent shsould be in-

cluded ini the model, how it could best be organized
I. Inrodutionand which inferences it should be possible to make.

It appears that the informsation needed for simulation
The work presented here is part of PROTEUS' IPROto- largel% coincides with that necessary for language un-

-,I

* ,typse TExt Understanding Systemi. currently tinder devel- derstanding.
opment at the Courant Inuitute of Mathematical Sciences. aTeaiiyt iuaetebhvo fapeeo

New orkUnivrsi%," -Th obectie~o ou resarc isequipment provides a very nice verification method ofto understand short natural language texts. iout equip- the understanding process at the level of interaction
menit. Our texts at present are CASualtv REPorts (CAS- with a user - a dynamic graphival interface provides
a RES ~hics dscrbe filues f eluiitiesi nstlle onthe user with insight into the way his input has been
Navy ships. -Osr initial donsain is tlse starting air system nesoo yte ytm
for piroputlsion gas turbines. A typical CASREP consists
of several senitence,. for example: In the remainder of this paper we shall address three

Unale o mintin ubeoilpresur toSACissues: W~.hy is a detailed equipment model needed? Howtareto A mti lbe...... oieprasur to. SAC should such a model be structured and, in particular. what

tevafterg alrm. *p articles Dinae oismle balance should we strike between a static model arnd one
ately ateral. Meapatcsinolape created dynamicaly as the text requires? How should a

sy~. noun phrase analyzer be organized to utilize such a model.V'It is widely accepted among researchers that in order and how is it affected by this static/dynamic balance?
to create natural language understanding systems robust
enough for practical application, it is necessary to pro- I1. Need for a Model
vide them with a lot of common-sense and domain -specific
knowlede,. However, so far, therp is no consensus as to In many natural language processing systemns. the domain
what is the best way of choosiine. organizing and using knowledge consists of general information about the oh-
such knowledge. jects and operations in the domain. Its the equipment do-

The novelty of the approach presented here is that, main, this would include knowledge of the possible states
besides general knowledge about equipment. we also use a and actions of equipment components. such as valves.

pumps. and gears. It is clear, however, that such knowl-
.This research was supported in part by the Defense Advanced edge i% not sufficient for a complete understanding of the

Research Projects Agency under contract N00014-85-K.Ol83 from CASREP messages we are stiidying.
the Office of Naval Research and the National Science Foundation One feature of technical texts is the heavy, use of nom-
under grant DCR-85-OI843. inal compounds. It seems that their averagelntrspo

-This work is being done in collaboration with Unisys Defense clntispo
Systems (formerly the System Development Corp.) as r o he portional to the complexity of the discoure domain. In
DARPA Strategic Computing Progra'. the doniaii of the tartia air system. examples like



stripped lube oil pump drive gear a predicate-argument structure. As part of the seman-
tic analysis. the noun phrase analyzer (described below)are by" no means seldom occurrences.

The ellt- ioble wvith ninal compounds is their a ' identifies elements of the equipment model correspond-

auitv. T i, -yttactic analysis i, of almost tio hlpI hee. in to the referents of noun phrases. The discourse an-
Even'I uising se:niaritic ( selectjonlla coIs rait-, as in 'Fiti, alver Joskowicz et at.. 19S7 . using the equipnient model.

10$G. u iaeial arnbiguiry ofte reraiii . Wh L ell We identifies implicit causal and temporal relatiotns in the nes-
h h ti c o n ree in ojet eising saet, IGrishinan et al.. 19S5 i describes tile overall organi-know that e ionnal compound refer to objects existing zation of PROTEUS. The syste is implemented o Svn-

in the svstein. and have access to a model of the savstel, be LIPRmacine sm e
we can impo-e much tighter constraints, thus reducing the
ambiguity.

The need for an equipment model is even mir' evidhnt IV. Simulation Model
whet, we consider tile analysis of a multi-senteure text such

A. Structure of the simulation models

Startiig air regulating valve failed. The taiget domains for PROTEUS are equipment unitA

Unable to comcsit.'ntlv start nr lb turbin. I EU): complex technical systemis which accomplish phy,-
ical ta-k- on demand. The-e tasks are carried ot as se-

t - ;it ft i a it artt CASR EP li t be hit;, t i;,1 and parallel combination - of simpler tasks, which ate
inl ;,i -a .::. *t ,i inital dc tl itz th le at. t let. h- ]Ctrf nod by constituent E U of the main equipment unit.

v~i ak-*t ~I t art inc air - rto qies t a it ii~i I),1 ( ft ii thIe,(e inmpler t ask- can ine decomiposed further.- lead-
w-"it. conow-,i,,n w~th this short text: t i which "f t, iit to a hierarchy of tasks and El's.

tlt '-. valx.** e.a- ntilitr in thl firs t senlttelce" 2 c, eillI thTil EUs transmit their effects through various mt-
failirte of the wlve neivitiontd in the first se-ltence ,,.th,' did. such as gases. liquids, mechanical movement, and elec-
eati- of th.- trouble reported in the second sentee'. . tric current. These media travel from one EU to another

The general knowledge of equipment may tell it- a lot through conduis, appropriate to the different types of me-
about failure , such as: if a machinery element fails. then dia.

it is inoperative. or if an element Is inoperative. theni the PROTEUS models have the structure of a set of tran-
element of which it is part is probably inoperative as well. sition networks. They consist of nodrs connected by di-
etc. Unfortunately. such knowledge is not enough: there rected links. The nodes correspond to the constituent EUs
i' ne way to answver these twee questions (not only fier anl of the system; the links to the conduits connecting the
artificial understanding systemni. but even for us. humans) EU.s. The hierarchical structure of the EUs is reflected
without acress to rather detailed knowledge about how in the hierarchical structure of the networks. To represent
various elements of the given piece of equipment are inter- the internal structure of an EU, we have the corresponding
connected and how they work as an ensemble. In our case node point to another network in the model.

* we could hypothesize using general knowledge about text Associated with each lini, s a working-substance
structuresi that there is a causal relationship between the (WS). These WSs correspond to the media entering and
fct, statedl in the two sentences. To test this, we would leaving an EU (for example. the rotary motion provided to

'a. have to consider each of the three valves in turn and check a pump and the fluid entering and leaving the pump). We
how its inoperative state could affect the starting of the can think of the WSs associated with links entering and
specific (i.e. nr Ib) turbine. To perform these tests we leaving a node as the input and output data of the node.
would need a simulation model. If one of the three valves. Associated with the nodes, links, and working sub-
when inoperative, would make the turbine starting unre- stances are properties, recording the structure, function
liable, then we could claim that this valve is the pioper and (time-dependent) state of the system elements.
referent for the tarttmg air rfgalating va!tve mentioned in One design criterion for our models is that they make
the first sentence. This finding would let us also answer possible the qualitative simulation of the modeled EUs (in
question (2) affirmatively, most cases a precise quantitative simulation is not required

The above two considerations demonstrate thitt in for language understanding). The model includes time-
cases where the domain is very specialized and complicated dependent values for the states of modeled components

S. (a typical situation for real-life equipment), language un- and functions which determine the state and outputs of
derstanding systemns should be provided not only with gen- the nodes. Simulation is performed by an event-driven
eral knowledge about the equipment but also have access algorithm which is triKgoered by an external event (such as
to its model, operator action or reported failure) and continues until a

stable state is reached.
III. PROTEUS structure We have implemented the model by defining proto-

ofitypes for the mriou- types of components (valves. gear-PROTEUS consist- of a syntactic anialyzer. a semantic boxes. etc.) and then a.,sembling a system as a collection
analyzer and a discourse analyzei. The semantic an- of instances of these prototypes implemented in Fla, ,rot).
alyzer translates the regularized syntactic analysis into lnformnatin about each type of copoet is stored in the

Inomto-aotec-tp__cmpnn sstrdi h



prototy.pe, so that only information specific to a particular rg'
compiIonenlt need he stored in the instance. For example. *n Inq _____________________

the case of a gearbox. the information about it, ucto

1e Lanz, , hould be stored xxx the prototype,. an oiU -
ttratt o f tI- chance should re-ide in the ini-Ir ofi
ate citic a." aax. The li bra ry'of pra t otype shou, trea I

-xxx.,phfN t lt cre-ation of niew equipiliviezx nlodvl ilnIi E ,E,:

B. Level of detail

H(% ealdamodel should we coxstitict' A ______________ re-_

11a ereferred to in the reports This. howeve' sesrI--

('a:t-alrxn that'ito t uith iu,1

ax, vt:.111much alike. its obvious that creating a -eparate iir'1TeLb i ~- x

d.-cziio for each of them wouldnt be rea'ona',le. The iue1ThLb OlS-tn

-i' reiark is true for halls bearinigs or for co:axecting
elpexiext- like screws, bolts or pins. .On the other hand. V. Noun Phrase Analysis
iii 'liiatioil about the tooth conveyed in the above sen-
tenice canniot go unnoticed. The solution we acrepted for A. The role of noun phrase analysis

-uci e,'ixets s ot o iclde hei dscrptinsin he The goal of the Noun Phrase Analyzer (NPA) is to
model'l 'iII a permanent basis but to keep openi the possi- ov tanu haeit t e frfiit htmyb
bilitv to create and add them to the nmodel if -uchi a iwd conert ay nun phi a-ntas of riit the-senToatomay beis

* aris- during the analysis. A rule of thumb for deciding tiruse the sb equpent o t o waytsn .To irccomplis
whether a particular element deserves a permanent place thiel it use te eonuipme podbleltowas. Frte nohn
ini the mxodel can be formulated as a question: How rnich modlrsase t consttet fimpbl reat hins betwgeen nounh
information specific to this element is necessary. to solve phase ajcntent' (ft ox aplt eotha tit isde aperovichs

iinf' iir.-' polm.lkefnigrfret rmkn a set of referents for the phrase.

If there is substantial specific information, the element The \PA converts from the linguistic reptresenxtation

is included as part of the permanent model. On the other to one in terms of domain predicates. The interface be-

hxatixl. if all the needed information can be derived froxix tween the XPA and the model is called thme Model Query
?Llaie. nitof hic ths lemnt s apar i he eorof Processor (NIQP). The NIQP evaluates the donmain predi-

S.tho. ie unoit ofd whis elemeunt is aart meted i o cates relative to the equipment model, and creates internal
laa~toaatq~ri.andths lrge unt s away mntinedin representations for EUs when needed. \Iajor equipment

Ia -riiatiaaii- of the part. then the element can bc added to units are part of the static model: others, must be created
tla :no,; l.- alvnicaliv when it is mentioned in at messate. dnmcly

C. An example: the starting air system B. The Analysis Procedure
A- o iiitil doainwe ave hosn te **raringair The NPA fetches a %emantic cla-s and variotus other fea-

-a.eiIS ttl for starting ga- turbines on Nayship-. The tures for each word in the nouin phrase. Coxxstitienta. are

inoal. I consists of 15 nxetwork-, with a total of about 173 combined bottom-up based on a set of rule, stated in terms
nod.-. ne o thse ntwoks i shwn i Fi 1. his of these classes. These rules identify- relat ionshxips tof thle

tia'xr', i- a Symbaabcs scr1eenl image generated by PROTEUS form iPred Arg-l Arg-2 ... ) where Pred is a p~redicate
of the domnain and the Arq-i are constituent, of the noun

fia the niodel networks. Some parts of the h~-pla 'y are lie.W ht%(avy/f aopuof3 enncsad
tliiii. exir' rotate, oil moves as visible partialt'. f.tc*. plas.W hvaxlvt'lacruof3stutcean
Thxi- laraL aiale- a direct visuial presentation of th' iV-stem s, identified a st of 13 pr~In at I traayignu iimss

xii.'i-tx t i12of a mnessage aoil mnay. stop flowire , atIa it xa adjacent. to alarmn couple drive bIb ihe adle-aofini--
vrttiti i. The d *ynanaic displa ' s are achievedl a- a -id,- -;ire iiaiie operate-ox pmrt-of revilate start ltaa-
ref-t a f thle 'iniat stion used for uxiderst andin at xx at ase' t ion



Most curri'iit systems validate the application of these hierarchyv. There are several example!. in our corpus. such
rules through such selections!a checks constraints on the a., the coupling front due.le! to SAC lubf oil pump.
argiltlnt cla-se, of each predicate, IFinini. 1986] We per- The predicate verification queries mu-st also distin-
fin. -uwh check,. heI, gi. it tep furtbei and check for tle guish between static and di nainicalIN created EUS. Whete

*N :1 ftw hwp-ic rels tin bem t slvee 1.-v: - enem ie- all tile argumevnt are stat iaI"lly i nid.-t'd. lie NI QP need
Thi- cI, t-o ihioi :gl th I(J I The NI QP is first invo ked onily check the model at trnibute co rrvspondim!. to tile pred-
f" vaol I iii it miii.t- te: .itl reccitat ionl in thle ica te. When dvnamiically crea ted. t he %I QP will gerieralN

.4". iioili'. and t hei- fo, eiich proposedl predicate to verify the have to modify theargument to reflect the cons~trainit ex'
exi-teiic of the corresputidiniz reistion in the model, Ithe pressed by the predicate. For examiplIc in verifying (part-
r latioui exist-. the \IQP returns the representation for the oflucSA.werbthluhadSA aesatal
hie;td vil-.ituerit iof the relation. modeled, we check the PART-OF role of clutch. Whereas.

F1in p-.t -iiiona niio ndifiei - the predicatte is st ronly1  
in verifying ipart-of tooth gecrj, with toothc dyiiamicall,,

inici' ti. I,., tile iepiii:t. aiid ari iunt. th hie iadi creat ed. we fill t he PART -OF irolte (if to~oth.
ut.ii and i t lii ohbject of tile pr-ep osition are explicit antd
d-llit.'d 1 Pr-tioininiI tnodifieiz are wore difficult. Tile V1. Future W~ork

.1 .1 -in r, I ced. wlhat pt-edt'e t- ho iil be tised and
!;;t. io ill aii:Ilen' rif the-, prc-dichte Botih thle pt-ed- Ill aildit ii. ti) nloiil ph at.'italv'-is.tlii t'iuiiieiit mod'-!
Wi,- 1 ,1 it, !hi-u itralilliti:i- ual lie, lzivfi, rxplicit ly or is uiid Itiavil * inl disc, it-si analdv'i' - ident if'viiig implicit

x Bjiuil~Eitinpl- at. ?f ,p, raoiir rf *calcttqi valvt the Vianshl antd tenipiura! relwuins We li ,vp develoiped a i-
'- ui lo'tl it, aiunc ' v-i 6 i. dzPa iiiai ujiltnwit tin .f di-~co-ititli 'Joskoitc/

h 't lit- a p t- rt and onie of it- at-atiment - ri explicit - t lit ct al . 19S7' hut much %N-'ink renmainu, to Ibe done, parttiu-
ot- ie: itruent. the oiljuct of DRIVE. is implicit ). prip hirly reeardime. timte dependeticieN. NWe also intentd tii de-
,hoff the predicate. PART-OF. i- iniplicit. both, of it ar- velop tool' for the nmore efficient acijuisitioti oif equipmet
aiitielit, are explicit ). The NPA con-iders the senmatitic models. arid to study techiniquie, for dealitie with gaps iii
features of the itemns. together with order constraints, to thle domain model.
ialtcl; the items~ with arguments of some canonical piecli- The initial motivation for PROTEUS wa' text uii-

elite A tiatch is considered successful, if it is possible to derstandirig for subsequenit querying. summnarizationt. arid
identify sonme tiot necessarilN all) of the argument,. of the trend analysis Our use of a detailed equipmnt model
pitidirate aniotig the modifiers For verification purposes. sinmilar to that employed in simulation systems (eg.
it is as-tinumd that the enipt. argumetnts mtatchi anvtilimg. STEAN!ER;Hollan et al.. 19S4'1 and diagnostic systemis

zic,- a maitchiing canonical predicate has been found arid suggests that PROTEUS is also usefuil as an interface to
a-, inany of their arguments matched with the modifiers as such systems.
po)iili. tile NPA poses a verification query to the model.

lii niiy cases the noun. phrase does not determtine References
it ttiijui entity', so a set is returtned. Context arid de-
fault ifirination are used to resolve such refereiices. This [Finin. 1966 T. AN. Finiti. Constraininig the interpretationi

5I is il.-i Il( yt Rleference Resolution Modtle. following of nominal roinpoutids, in a limiited context. It R. Gr-
Plieit .a.Ill G ishman and R. Kittredge. editors. Analyzing Language

in a Re.stricted Domain. Lawrence Erlbaun Assoc..

C. Model Query Processor Hillsdale, NJ. 1986.
[Grishman et al.. 19861 Ralph

We have observed the mixed static/dynamic characteristic Grishman. Toniasz Ksiezy.k. and Ngo Thanth Nhan.Nof iiir ti presentation. Since the other modules are de- Model-bb.sed Analysim of Metstaqjel about Equipment.
sigiiedl tii be inidepenident of the model representation. this PROTEUS Project Memoranduim 2. New York Ciii-
distitctioti must he hidden by the NIQP. We discuss here versity. 1986.
I.% ijtii-ries posed by the NPA. i.e. requests for the rep- lHollan et *al.. 19S4) J. Hollan. E. Htttcinis. arid L. Welt7-

to-i-ttwuilt of a word, and predicate verification queries. man. Steamer: an interactive isetbestiltoi
Tlii imain Et's are recorded permanently in thle ehltip- based training system. Al Maga:iri. 3(:13 27.

itietit inml.-1 For word., corresponditng to these EUs. the Sumnmer 1984.
NIQP contains pointers to all the nodes in the model to [Joskowicz et al.. 19S71 Leo .loskowir,. Ralph Grishnuan.
wlttilte word may refer (for example. the entry for piitttpanToaz iev.CuladTmpalRatti
will potint to all pumps in the model 1. However, two classes adTms srik atla~ fprlRlto.
iii EU- iri' created dynamically by the %IQP. The first class in Equipment Me.4.ages. PROTEUS Project Memito-

radr .NwYr nvemt.F4ir O7
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