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I INTRODUCTION

For two and & half years, stanford Research Institute nas
been participating with other ARPA/IPT contrsctors in a major
programn of research on the analysis of continuous speech oy
computer, The goal 1is the development, over a fivesyeyr
reriod, of a speech understanding system capible of engaging
& human operator in a natural conversstion about a specatic
task domain.e® During the first year of iic SRI project, the
domain chosen provided intiricu.ons with a simulated rodot
that knew agr_.v and could manipulate various kinds of blocks.
The @8yste in, ‘emented during this period made mgjor use of
procedures develojed by winograd (1971) for understanding
sentences i1n naturil lsznguacge entered as text.#»

During the second Year of the project, a new task domain
was chosnng the assembly and repair of semall appliances,
beginning with 32 leaky faucet, This change was made to
provide for more complex lnteractions of a user with the
systen, involving 'y saquence ot Subtuske. Ma jor
medifacations were naide in all parte of the systea, the nest
important of whic™ a8 the developrent of a rew parsing
strategy. A description of this sezond version of the SRl
speech understanding system 18 the primary convent of this
report.### Section II contains a description of the structyre
of the current systen, Section III descrives the processing
involved 4in the analysis of an utterance. Section 1Iv
presents the data available on system performance,

Recently, and 4in accordance with the recommendations
resulting from the mid-course evi'uation of the Speecn
Understanding Research Program, SRl has vegun collaboration
with the System Development Sorporation on the development of

s5ee Nevell, et al. (1973) for the recommendations of a study
grour that 1led to the estadbliishment of this progran. The
report also contains specifications of the paranmeters for tne
target systems, References are located gfter Section V.

ss#See tnhe First Annual Technical Report (Walker, 1973a) for a
description of these initial efforts; al3o see Walxer
(1973b), a copy of which i8s included as an attachment L0 this
keport.

sanSee Walker (1973¢) for a perspective on +Lhe transition
from the first L0 the second versions of tpe system; Walker
(197k) consists primarily of material from Sections Il ang
IV: copies of each are attached.

1



a Jjoint veystem that will combine festures und components of

g' the previous systems developed by each ccatracter. The
: initial steps in this effort gre described in Section Vv,

g' Papers prepared under this project are includea as
g attachments to this Report.
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I THE STRUCTURE OF THE CURRENT SYSTEM

A. System Concept

The structure of the SRI speech understanding systen is
presentcd in Figure 1, Information from various sources of
knowledge 4is coordinated bpy the parser 1t predict the
sequence of words in an utterance spoken in the context of &
particular tasx domain. Cn the basis of this information, a
priority 4is assigned to each rath dranchang from the current
choice point in the grammar. 1In following a path, when a
word iJ predicted for a particular place in the utterance, a
word function is calledq. fach word gunction contains a
representation cf the acoustic features of that word basea on
its pronunciations in a variety of contexts, A tesat of ihe
vai ticular word <function against acoustic dats £from the
utterance returns a priority for assuaing that the vword is
present. This value 4is part of ¢the informa.ion usea to
deci?e which path Lo follow next. A complete analysis of an
ut Ler.nce produces 3 progran that operates on & model of the
w.rld corresponding to the task domain, The execution of the
programn constitutes <the "understanding® of the utteranze;
then, &n aprrogriate response is made,

I ACQUSTIC
PR EPROCESSING

worD || WORD
Fuwcnoni‘"‘" YERIFICATION

Sources of
1 Knowledge
| @umesmns GYammar ard
Semantics
Worid Model
WORLD Information
< FARSIN
MODEL SING User and
Discourse Mode!
Acoustic-Phonetic
Analysis
=
RESPONSE

FIGUKE 1 STRUCTURE OF THE SRI SPEECH UNDERSTANDING SYSTEM
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Bs. Task Domgin

The task domain for the current systerm is a simulation of
the acticons required for assenmply, test, and repair of small
mechanizal devices. The initial task 18 repairing a leaky
faucet, Some additional information about +this "faucet
world" is presented in subsection b under World Model.

C. 3asic Sysiem Components
l. Accustic F eprocessinrg

An utterance 13 recorded in a double-walled IAC bootih,
using a l-inch condenser nmicrophone and a studio-quality tape
recorder, The signal 28 bandpass~filtered at 80-80,000 hz DY
an active 70 dB/cctave filter; it is then digitized at 20,000
sps with an 1ll-rit quantization, providing a signaleto=noise
ratio of about LU dB. Tne digitized wave torm is monitorsa
on a CRT for excessive peak clipping or underusage of dynanic
range, The digitization 1s performed on a PDP-1l, and he
results are transferred by DEC-tape to the FDP=10 for the
next staps (an interim expedient).

a. Classification., 1The raw signal plus the outputs
fron fcur digital filters (80=-200 Hz, 300-1000 nz,
500-280C Hz, and 3200-6800 Hz) are used to classify each
10-ms interval as vowel=like, volced stop, voiced turbulence,
uvoiced turbulence, silence, or traasient/unknown. Tilee
otrer digital filters (1500-8000 Hz, 1500-3000 Hz, ana
LO0U=80CO Hz) are used to classify turbulent intervals as s,
sh, f=th, Z, 2Zh, or v=dah, ‘The algorithms usei for
classification are presented in secker and Poza (1974), a
copy ¢f which is attached %6 this Rennrg,

. Spectral Analysis. An LPC analysis of the voiced
intervals provides frequency and half-bgndwiduin vaides
for the firsty five formants, The LPC is performed over a
15-ms interval, using 3 dB/octave preemphasis, 20
coefiicients, a Hanring windcw, and 126 estimation pcints irn
the freqg.uency continuum,

2, wWerd Functions

A Werd functicn 12 prepared after a detailed exanination of
acoustic data fOor that word 1in Selected contexts from a
variety ©0f utterances. Judgments are made about the
dcoustic parameters that are noat relevant and the variations
in the paramelers that are mnost ressonatle, Each Worag
function consists of a series of FORTRAN subroutines that use
4ata frenm a variety of sources: the arcoustic preprocessing

4




of the utterance; algoritums for 1level (volume) detection,
formant smoothink, uetectine formant discontinuities, fitting
forLent traijectories, and identifying formant baniwidths; and
specially designed 4digital filters or LPC analyses.

Spectrograns and the results of acoustic preprJicessing are
avallable for almest 300 utterances, when the interactive
speech @analysis system 1is used (see wWalker, 1973a, for a
description), & graphic display of these r~esul™.s can be sec;
for each utterance: specifically, tie classifisation of 10-nms
irntervals, the positions of each of the first inree formants,
and an indicaticn of places in the utterance where changes in
level are detected. A photograph of the aisplay developea on
traneparent acetate gand overlaid on a spectirogram of the
Uttergsnce provides a permanent form tha' can be photocepied
for ease in handlini., A more detailed representation of the
acoustic information is available in printouts containing all
of the 4data determined for each 10-ms interval during
acoustic preprocessing. Both kinds of data are presented
for the utterance whope crocessing by the system is exanined
in detail) in Section -,

The data base also can be processed by an interactive
oprogran exerciser that cali Pproduce the values of any
specified rarameters for portions of thoae utterances in tne
datsi base that ~ontain occurrences of a particular woré. 1In
addition, it is possiple to test out the various algoriinms,
digital filters, or specisl LPC analyses over these sane
intervals,

On the bagis of these socurces of information, decisions are
nade about the analysis techniques to use ir & word fun.tion,
their order of application, and the aporopriate parar.cers,
The exerciser then is used tc test the word function against
utterances in the data base to determine where 1t succeeds
and fails, Threshold changes can Dvpe made on iine,
interactively in the exerciser; or other analysis techniques
can be selected and the exerciser run again. Forty=two word
functions are currently availatle.

A more detailed description and evaluation of ypaonetic and
chonolorical analysis through word functions is presentec in
2 paper by Becker and Poza (1974), a copy of waich a8
included as an attachment to this Report,

00 A R
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3. PFarsing

The parser performs a dual role, 1In addition to handling
the usual parsing functions, it calls on the other compoiients
and coordinates information from then.

T
|
|




Ire parger executes 3 tCk=down, "best-first" strategy.
Fach new path resulting from a choice point is assigned a
rriority according to its estimated likelirood of arriving at
4 cOrrect vparse. These patns are added L0 the set of all
possitle paths created but net Yet extended during tne parse,
The system follows the highest priority path until its
sriority drops or a choice veint i8 reached, At this 1tire,
the cycle repeats. when the highest pricrity path regquires
testing for tne presence of a particular word, tne
apptorriate word function is called. A complete analysis of
an uxterance prcduces a proeranm that references rprocecures
and data in the world meodel.

jeveral sources of knowledge currently affect the value ct
2 criorivy: the grammar (parameters are assignea tc
alternative branches at g cnoize point, reflecting our
ludement about their relative lixelihood), the worid noael,
and the results cf tie word function test,

The oasic rroerans for tne parser are writven in INTERLISP,
CUt an irterpreter nas been added to handle nultiprocezsing
control structure and to facilitate sharing informavion
AMONR the compreting rrocesses looking for a parse. & single
tamily cof nprocesses acts as the sole producer of certvain
constructions (currently just simple necun phrases); processes
rneeding such con3tituents provide the contexts :ior
establisning priorivies within the fandily andq act as
censurers of structures produced by it.

A debugeging facility for the multiprccessiag convral
structures nhas bteen develcpes and integrated into tne
staindard LISP debugging package, It aliows us to trace tae
overall rarse, to check the nistory of Various processes, ana
Lo estatlish treak poirvs in tne grammar,

The ~«crperaticn of the parser is described in ncre detail in
fecticn II1 an41 1in rpapers ty Paxton and Robinson (1973
and Paxten (1374, copies of which are included as
attachments to this keport,

4 WCrldg Model

fhe wWorld ncdel containa data refiecting tvLhe current
cenfieuration of ocjects in the Lask dcmair and4 procedures
for operatine on that configuratior, The progran resulting
from a conmpleted parse wilil contain references o specific
ncjects corresgonding to definite descriptions (yefinite neoun
rhrases ard prover nounsj), yprocedures for finaing obJecus
satisfyvinz indefinite descrirtions (other noun phrases), ana
rrccedures for testing or establishing relaticns (given cy
verns and prerositions). Executing the program  icr an
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imperative piroduces a Jescription of actions performea in
carrying out tiat command, Executing the program for anr
interrorative produces a set of oblects satisfying the
queried relation.

The Zaucet world contains a fauret, screws, washers, tools,
and other obJjects relating te plumping. The opjects can pe
of different sizes and colors; their locations, type, snd
condition can be specified. Class nenbeyship, superaset
relations, and various kinds of connections among the objects
are possible. A variety of actions can be performed tnat
entail moving, picking up, screwing, unscrewing, and the
like,

The current inmplementation in QLISP (see Reboh ana
Sacerdoti, 1972) provides caoepilities for updatadble nmodel
manipulation, including agsociative storarge and retrieval of
procedures and data.

5. Restona=

The response of the systen depends c¢n t.e form of the
utterance, the utate c:f the worlid, and the reauly of
executing the Gprogranm. FOr inmperatives, the systenm simply
lists the acticns performed. For intervogatives, the iype of
the aquestion determines the general form of the response,
For examrle, a "how many” question is answWered by giving the
Size of the answer set returned bty the progranm for the
utterance and . hen descriting the members of taat sel, In
forring a description of the objects, the world model is used
to finc identifying properties (such as aize, color, ana
Lype), anG the utterance phrase corresponding to the object
(€eRa, 'What bOLL?') is used to form a2 natural abbreviation
(e.€s, 'The small one.’'). Currently, responses are typea out
on the ternminal.,

L. Sources of Knowledge
l. Grammar and Senmnantics

The gramn r contains clause, noun=¢ .. .nd verbegrcup
sudbgrammars, and a case component. The clauses nres
najor (declarative, jmperative, and Question); adjuact;
sen :nce complement; and noun=qualifying. The verb-group
SUb sJammar alloWs: present and past tense, active and passive
voi.e, and auxii’d -y preceding or separate from the main

verb. The no. i=group subgrammar allowe: deternminer,
quantifier, adject.ve oun, pronoun, qualifying pnrase. and
qualifying clause. -n the case component, verb functicns

establish for each verp sense its obligatory and optional

7
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cases-=causal actant, dinstrument, <theme, 1locus, source,
goal, lcc, and time, Each verd function calls a raradigr. that
scecifies the allovwadle clause positisns £or ihe different
case arguments and maps these argurents into a goal state tc
te achieved in the world nmodel.

The current vocabulary can handle 54 words, incliuding il
plural and five past tense fcrms, (This number ie determinea
Y the nurber cf word functions written; tnere are syntactic
and semantic scecifications for almost 300 words.) Each entry
can 1include vword type, syntactic and semantic features, a
call tc the paradigh (for veros), a function for resoiving
anaphoric reference, infcrmation specifically related to tne
world model, a function for evaluating its priority, and a
call to 1its acoustic word function. gcurrently, we can
nandle anaphora for pronoune (e.g., 'it' and 'one') and for
definite noun phrases that are in case arguments in the main
ciause of the sentence. A discussion of some of the senantic
and rfrragmatic processing in the system 18 described in
Baranofsky (1974); a copy is included as an attachment to
this Regpert,

. V¥World Model Information

In addition to 1its role as ¢ bdasic systen componept, the
wo~ld model functions as a source of knolegge to affect tne
value c¢f pricrities in the parsing. At present, its use in
this role is to determine whether Aefinite noun phrases or
prerositional ophrases correspond to some portion of the
model. Paxton (197u) provides a detailed discussion 07 tne
crocedures inveclived.

The rpresence of a model 0f the task would pe a valuatle
addition, Therefore, toward this goal, vwe have specifiea
the Jequences o0f Steps involved in repairing a faucet that
Mas a worn washer, but this information hnas not oeen
incorrcorated into the world model.

3., User and Ciscourse Models

A user of the system is presumed t0 be task-oriented, in 4
quiev rocm, and speakiiig in a 2lear, "normal” manner without
regetiticns <r noisy hesitaticne. Currently, turesncla
taraMelers in the word functions are adjusted for the voices
of tWo different speakers; in only a few cases nas it been
necessary to provide different values for each, To extend the
system o larfer numbers ot users, speaker-depenaent
information would have to be incorpcrated for adegquate
discrimingtion,
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The person using the systerm is assumed more likely t¢ wuae
certain constructions. The initial parameters for the
priorities of different rules i1 the grammar are set
according to our intuitions about these 1likelinoods.
However, we recognize the need to model the discourse nore
accurately; for example, the parameters should vary depenaing
ch progress in the performance 5¢ the task. consequently,
We have Dbeen cmnducting orotocol experiments to gather data
about the form and sequence o0f the uttergnces likely to ocgur
in dialcgs with the system. 3ee Deutsch (1974) for a more
extended discussion; a copy is included as an attachment o
this Report. Eventually, it may be pcssible to incorporate
spveaker- dependent informatiorn about the relgtive frequencies
of use of different constructions. Robinson (197k4) provides
an extended discussion of linguistic perzormance that {is
clearly relevant %0 mnodeling differences anong speakers; a
copy of her paver is included a® an attachment O this
Report.

be Acoustic-Phonetic Data

Prosodic inforrmation can be critically dimportant in a
system oOf this design. Accordingly, we have collected azta
from the protocol experiments to use to correlate intonation
cues with wsentence type, t0 relgte stress cues 0 the
distinciion vetveen old and new content elements 4in tnhe
dlaloe, and Lo identify phrase boundaries withain an
utterance, Our studies of utterances parsed by the systenm
indicate clearly thstv this information would increase the
efficiency of the analysis,




III THE ANALYSIS OF AN UTTERANCE

Ae Introuduction

This description of the analysis of an utteranca will pe
concerned primarily with the acoustic preprocessing and
parsing steps. The utterance tc be exanined is ‘what 1little
brass rparvad are 4in the bdox?' Reference to the papers by
Becker and Pozs (197k), Paxwon and Robinson (1973), Psxton
(197k), and Baranofsky (1974), all of which are included ac
sttachments to this Report, will proviae nmore daetailed
analyses of the underlying procedures,

B, Acoustic Preprocessing

A8 described in Section II, the initial acoustic processing
0f an \utterance provides %4wo kinds of information for each
10=-ma segnment O©Of the utterance. First, a segment is
classified as one of ten categories on the busis Of aata
provided by %Wo gets of digital <filters. The alternatives
sre vowel=like, voiced &top, s, 8h, <f=-th, 2z, Th, v-dh,
silence, and transient/unknown. Second, an lpc analysis
provides frequency and half-bandwidth values for the first
five resorance reaks. For voiced segments, these values can
be used in the identification of formants; the data gathered
for other kinds of segments are not used,

Table 1 shows the classification of th: first 30 ns of tne
exsmple utterance, together with the data f£rom the first set
of aigital filters. The INT column identifies succcessive

10=n8 intervals. CL shows the classification of tne
interval: SI for silence, VS for voicea stop, V for
vowel=-like, The first column under RAW contains tuhe

rmg=values for the unfiltered signal; all the otner c¢olumns
contsin dB values, normalized so that the nighest value in
each column is 0.0. Table 2 presen%s the LPC data for ine
sanme intervals, The col.mn labeled RMS contains the
normalized 4B values provided by the LPC analysis; thay
correspord tc the 65 values in Table 1 under RAW, differang
recause 0f the interval cf time over which they are computed.
Appendix A contains the complete result (file from the
acoustic preprocessing of the example utteruince,

The results of the acoustic preprocesiing can he
represented raphically. figure 2 shows 3 spentrogram of
the eXatple utterance, Figure 3 shows ‘the spectrogran
overlaid with a Dphotograph on acetate - the rcsults on an
Adage display terminal., The first three a¥rs are shown for

10
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Table 1

ACQUSTIC PREPROCESSING FOR THE FIRST 30 MS OFf THE UTTERANCE
'WHAT LITTLE BRASS PARTS ARE IN THE B0X7': CLASSIFICATION
WITH DIGITAL FILTER OUTPUT

DIGITAL FILTER QUIPUT

INT CL RAW VOICE LOW MID HIGH
1 81 2. '5300 -5000 "SQ.O -50.0 -kO.J
2 SI 2. -h306 '32.h '53.0 -5000 'kl.2
3 SI l. 'h?c? -hl.Z 'S0.0 '5000 -k0.3
h 51 3. -kl.? 'h306 «£C.0 '50.0 '3906

5 S1 2o 'h?ol -k5.9 '50.0 =50.,0 =41.0

é

7

8

9

S1 2. =Uble6 -45.7 =50.C =50,0 =u40.7
81 3, =42.1 =40.7 =50.0 =50,0 -3908
s1 50 '37.0 '36-5 =50.0 -SOCO -hOOh
SI 1C. =30.7 =30.0 'héoh -SODO 'h0.9
10 VS 30- '21.3 -2116 -3512 -thB -hODl

11 v 1500 -?QB -9.8 -1505 '23-1 '3703
2 Vv 172. 6.1 '5.7 '7.7 -1Lk.1 '31(0
13 v Z'h. -k.2 'Sol 'ko? -1105 '27-3
iy v 206, =hed =5.3 =7.1 =1ll.k =21.8
15 b') 263. -¢.h 'h-ﬁ -h.6 -7.0 -1606
16 v 235 =3.4 =37 =3.1 ~=5.5 =15.2
17 v 296. -loh '301 =2.6 '3ok '1302
18 v Bha- 0.0 -303 0.0 'loh -609
19 v 307. '101 -h.2 '003 G.O -11.3
20 v 2860 '107 '5.3 '2-6 '2ok '7;3
21 v 183- ‘5.6 ‘6.2 '503 'Soo -ll.5
22 V 108. «10,2 '7.3 =17.6 '19.0 20,1
23 V$§ 72 =13.7 =11.5 =22.5 =29.3 =37.3
2h v 102. '10.7 =10,0 '1605 -2706 '2?03
25 VS 1ll, =9.9 =7.8 =18.7 =27.C =3k.4
26 V3 1Lk6. =7.5 =7.2 '16.& '26.3 -35.6
27 v 1360 '8.1 '5.5 '12.7 -2305 '3600
28 vV la?o 'Soh bl '11.0 '21.5 '3&09
29 v 175- -600 -3.1 -10.3 -22.5 -32.u
30V 208, =4,5 =2.6 =10,0 =21.4 ~31.5
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: Table 2
ACOUS, 'C PREPROCESSING FOR THE FIRST 3. MS OF TdE UTTERANCE °'WhHAT LIITLE

SPASS PARTS AEE IN THE BCX?': CLASSIFICATION WITn "FOKRMANT“ FREQUENCY
AND HALF=BANCWIDTH VALUELS

F 130 "FORMANT" PEAKS LPC HALF=-BANDWIDTh VALUES

- INT CL F1 F2 F3 Fl FS RMS Bl b2 83 oy Bs

1l o1 117. 1131. 1989. 26130 3“320 -15.0 0.V 0.0 0.0 ¢.0 0.0
2 SI ’75. IGB)o 2769o 3585. uuhéo -1707 0.0 000 0.0 0.0 0.0
3 SI 101u. 1716, 2301, 2276, 4095. =16,.6 0.0 0.0 0.0 0,0 0.0
L 4 SI 10lh. 2067. 2652, 3315. 42. 2. =17.k 9,0 0,0 0,0 0.0 OV
S s1 §36, 1950. 3u71. kelz. 53180 '1805 0.0 0.0 000 Q.0 0.0
6 £l 3900 1716. 2379. 3&71- h212. '170& 0,V 0.0 V.0 0.0 V.0
7 S 653. 18720 33930 h212. k536. '1706 0.0 0,0 0.0 V.0 0.0
d SI 11310 1911. 296ho 3“?10 33290 -15.5 0.0 0.0 0.0 000 OQU
9 SI 23&0 10920 20260 26k7o 3568. -1707 OOQ 0.0 0.0 0.0 0.0
V3 273, 1872, 2451. 3622, 4l73. =1lked 153.2 27243 213.Y 255,0 282,8

v 3510 702, 2886. h797o Sh°9o 7.6 61.1 15302 136,6 24,2 1}303

v u29. 760, 28L7. 3276. LLY8S. =6.7 93.7 123.3 5U.6 8/.1 23444
V125, 7T02. 2808, 3198. L5A3. =5.1 Thel 153.4 Hle7 126.6 5506417

v 429. 815, 2800, 3198. 5577. =5.5 100.2 186.,8 64,3 135.3 328,3

v 507. 6§36, 2749, 3158, 35u%. =3,5 77.3 ¥7.1 Uub,i 110.1 139.5

v 566, 1C1lu. 275%. 3276, 3666, =2.9 67.0 67,6 57.6 1¢0.0 ié€3,3

\ 505. 1053, 2730, 3276, 3666, =2.C bu.6 38.4L 28,8 1C6,8 1G6,0

] 565, 1052, 2730, 335b. 37kie =0,9 5L.6 70,8 100.2 103.,5 87.1

v 585. 1170, 2769. 3u32. 3822, <=1.0 36.4 35.2 113.4 9/7.0 110.1

v 585. 1209, 2223, 3081, 3627 =1e5 67,6 19.2 2uLe7T Hu.é 33,9

v 506, 12C7, 3003. 3306i. 5772¢ =3.0 7T7.3 19.2 Lh.9 123.3 27,6

v 312, 1131, 2%6u, 3978, L4689. ~9.6 83.9 W4Le9 6u¢3 170,0 210,5
Vs 234, 120y. 3003, 3900, 4797. =-11.8 44.9 100,2 106,6 1U3,5 202.0

v 273, 1170, 2106, 2925, 3822, <=9.9 22.s 106,8 Sh.6 173.3 193,6
VS 312. 1092, 2028. 3Cu2. 3705, =9.6 25.6 28,8 170.0 23u4.4 i03,5
Vo 312. 1092. 2223. 2886, 3627. =54 20,0 2b0¢8 173,3 35341 17.3

v 31¢. 1053, 21LS. 3081, 37ulU. =08.6 28,6 32,0 1L3.2 200,33 £4C3,7
2b V 312, 1092, 21i5. 3159, 3666. =T7.8 16.0 28.b6 170,V 3Lo.0 265.4
29 v Ji2. 1092, 218u. 296U, 3588, =78 19.2 5u4.6 90.4 22U/ 103,3
30V 273. 1209, 2223. 3120. 37hbse =73 19,2 110.1 80.6 170sJ 156,06
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PREPROCESSING FOR THE UTTERANCE '"WHAT LITTLE BRASS PARTS
ARE IN THE BOX?'
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vowel=like segnents; a8 can te +8seen, they correspond
reasonatly well to the formants, Formant amoothing and the
interpretation of discontinuities 4&re dcne A4uring wurd
verification. Tae marks for the unvoiced portions of rigure
J are c¢ades that eorreapond to the other segnent
~lassifications. fhe bar at the pottom indicates silence;
three closely sraced bars at the bottom indicate voiced stop;
three cliosely sraced bars at the t2p indicate s; three wiaely
spaced bars down 3lightly £rom the top indicate (£f-th.
The arrows at the bdottom of the 3Irectrogran shov¥ changes in
the amplitude of the rms output of the mnmid~range £ilter.
Thess data actually are computed dquring word verification,
wvhere they are useful in determining the peginning and ending
of a word and in distinguishing internal features,

C. Parsing ern Utterance

The acoustic preprocessing provides the parser with tne
beginning and ending points of the utterance, However,
parsing proceeds indedendently of the acoustic dava untii a
worda funcvion is called, There are nine sections in tne
output provided f£ol >wing the parsing of an utterance:

(1) The actual sejuence of steps in the varsing
(2) Some slatistical data on the operation of tne progran
(3) A listing of the successive nodes aiong the successful
gath
(b) An identification of the utterance that the systenm
“heard"®,
7 The resgonse ol the system to that utterance
)}  The parse tree fcor the utterance showing iis syntactic
structure
{7} The values of the acoustic tarting and :nding poinus
of the utterance
(8) A listing of the words that received scores other than
Zero in the acoustic verification steps
(9) A listing of all the words crecked acounstically for their
presence d4iuring the parse,

Each of these sections will be describeda for the utterance
'What little drass parts are in the box?' The complete trace
itself is nrrovided as Appendix B. The papers by Paxton and
Rotinson (1373) and by Paxten (1974) will oe helpfui for
nderstanding the followineg description,

les Tracing the Farse
The parsing of a2 utterance involves tracing through the
granmar rule by rule, Decisions among the alternatives at a

choice point are made on the oasis of initial priorities

14




established for those glternatives, on the basis of priorivy
functions called at that point, and on the basgis 02 tests
against “he acoustic data to verify the preesence of a
particular word.

8. Kinds of Entries in s Trace, There are gix digferent
kinds of entries in a trace:

(1) The atart of the parsing of some grammatical uvit
ENTER PARSE CLAUSE AT LOCATICN &

The entry containz the name v the grammatical unit and iis
starting 1location (in 10=-mo units) in the result ¢gile
with the acoustic data for the utterance.

(2) The creaticn of a process

1l INITSTRING 200
2 "INITSTRING" 950

ASs each process is created, it is given an identification
nunmber, a nhame=~which is the alternative to be taken in tne
grammar at that choice point when the process is activated,
and a priority. These processes 2z added to the list of all
processes created but not yet activated during the parse.
The value 922 +the priority is s function of the initial
rriority assiened to> the alternative in the grammar, the
oriority of the path up to this point, and the results of any
special priority functions called vwhen <he process is
craated. These special opriority funciions allov semantic,
pragmatic, and other sources of knoWwledge t0 Dbe used o
affect the choice of paths in a pavee (for details, see
Paxton, 1974). The example above sghows the two processes
created by entering the parse of s clause (beginning at tne
first rule in the clause grammar): a clauee may be preceaced
by an initial string--perhaps s sentence adverbiale==-or it
may be the first constituent., S8ince the parse vegins with a
priority of 1000, the respective values of 200 and y50
indicate that the initial priorities for those alternatives
are .2 and ,9S.

(3) The activation of a process

2 ("INITSTRING") 950 1

The entry for a process that 1is activated contains its
number, its name plus the nagmes of the two previous nodes
along this path, the priority of the process, and the numoer

of processes remaining on the process queue-=that is, the
ones that have teen created but not yet activated,

15
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{L) The creation of a fanmily

17 (WHNG YHQUEST QUEST) 840 12

ENTER PARSE NGROUP AT LOCATION 38

ENTER FAMILY FOR WHNGSIMP AT LOCATION &
NEW FAMILY CREATED

Ia this set of entries, Process 17 1is activated; it
indicates a path consisting of ‘"question", followed by
"WHequesticn", f£ollowed Ly "wH-noun gioup®. The prioraity ol
the rreccess is B8L40; there are 12 other processes cn the
rrocess queue. The resuit of this proces= is entry into the
noun grcup grammar. This step i8s followed by the c-eation of
a family, a device that allows all processes looking for a
noun group at a fparticular 1location to 8haTe vhe sare
information (for details, see Pax%ton and Robinson, 1573, and
Paxton, 197L).

(5) Testing for a word in the acoustic data

26 (#WORD# BEAUX POLAR) 815 1k
AC Is 6 0.C

26 #WORD» 315
26 (#WORD» BEAUX POLAR) 815 1u
AC ARE 8 1,125 11 22

26 #WORD#» 916

when & process calling fcr a word is activated, a word
verification function is called (indicated by "AC"; "ACAC" 1is
used for oplurals). 1If the word i3 not present, 4«8 in the
¢irst instance, the locaticn where the search was conducted
is given, followed by "C.O0",. If the word is gound, the
sucsequent entries indicate where the search started, tne
value ¢¢f its priority (the results of the acoustic tesy,
modified accordine to gab/overlay with adiacent words, as
jescribed in Faxton, 197:t), and tne begirning ana ending
points of the word as provided by the word verification
function. The priority for the word multiplied by the
oriority for the process tha% called for the word ylelds ihe
result shown on the lagst line.

(6) The end 9f the parsing of some grammatical unic

EXIT PARSE (WHNGSIMP WHNG GQDET PLURAL)
228 PARTS 2233 FROM 17

when parsing has been completed for a grammatical unit, it is
indicated by an entry that specifies the grammatica.
structure of ihe unit parsed., If this 4is an exit from a
family, then the next line will show a nhew process createq,
the last node, the new priority value, and the nunmber of the
orocess from which this parse was entered.

16
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. The Seauence of Sters in a pParse. Ir, parsing an
utterance, at each choice point in tne grammar, the
highest rpricrity process is selectea from the process Jueue,
consicder the followine set of entries taxcn fron the
teginning of the rarse:

UNTER PAR3E CLAUSE AT LOCATION 8
1 INITSTRING 200
2 "INITSTRING" 950
2 {("INITSTRING") 95C 1
3 L2CLAR 570
L IMPER Gie
5 QUEST 912
5 (QUEST "INITSTEING") 312 3
é WhQUEST €75
7 POLAR 875
¢ (IMPER "INITSTKING") 912 u
8 EMFHATIC 182
9 NEg 182
10 SIMFLF 87¢
10 (SIMFLE IMPEF "INITSTRING") 075 6
1l BE 178
12 SIMF 810
7 (POLAR QUEST "INITSTRING") 875 7
13 DCAUX L37
14 MCPALAUX 175
15 HAVEAUX 175
16 BEAUX o3l
5 (AHGUEST QUEST "INITSIRING") 875 10
17 WHKG 8Ly
18 w~hFREP 175
19 dCWADJ 175

The parse pegins ir the clause zrammar, ang tWd processes are
¢reated, as described atove, The one Witn the nignest
orierity (2) is run, and iv creates ivnree processese--one for
declarztives, one for imperatives, and one tor questions.
There are now four processes on the process queue: i, 3, 14,
and 5, The one with the highest priority tnat was 1ast
entered is ac-ivated first. As shown in 4he renaining
enitries, tne parser creates rrocesses that extena ootn tne
auestion any inperative raths,

2. Stavistics on Progrda™ Operation

ihe fcllowing data, presenteg in tne second part of the
output from the parse, were collected for the utterance:

A:L8 RUNTIME
0:17 GCTIME
25:24 PEAL TIME

17
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31775 CONSES
9881 PAGE FAULTS
LOAD AV 3,2 2.93 2.54

Values 1in minutes and seconds are given for runtime, garvage
collection tinme, and console tinme, CON5 is a LISF
list=building function; it indicates in a4 crude way the level
of program activivy. Similarly, PAGE FAULTS ¢gaves an
overall indication of the amount of system overhead. The
LOAD AV values show the level of activity in the time sharing
system; the number of processes in the ready queue waiting
for a processor are shewn for the current time and for the
last 1C¢ minute and 30 ninute periods,

3. The Successful Path

The nodes along the successful path are listed in the taird
part of the output from the parse:

PATH: ("INITSTRING" QUEST WHQUEST WHNG QDET WHAT "NUM"
ADJNOUN ADJSTRING "ADV" ADJ 0ADJ LITTLE ADJSTRING "ADV"™ ADJ
OADJ BRASS "ADJSTRING" NOUN PARTS “"ENDINGS" FULLFORM AUX
BEAUX ARE "VG=-MODIFIERS" WHSUBJ "THERE" COP PREPCOMPL iN ART
THE “ORL"™ "NUM"™ "ADJSTRING" NOUN BOX "ENDINGS")

A more detailed listing of all the entries in the parse slong
the successful path is presented in Appendix C.
4. The Utterance the System Heard

The fourth part of the output from the parse contains the
utterance identified as & result of tne parsing:

SYSTEM HEARD: (WHAT LITTLE BRASS PARTS AKE IN THE BOX)

S« The Response of the svsgten

The (fifth part of the output <from the parae shows the
response of the systenm:

RESPONSE: 2 SCREWS

There were two little brass screws in the box at the time ¢he
question was asked.

18




6. The Parse Tree

The sixth part of the output from the parse contsins a iree
representation of the syntactic structure of the utterancet

PARSE TREE (CLAUSE MAJOR QUESTIGN BE WHQUEST)
S5UBJECT! ¥QCUSELT: (NGROUP WHNGSIMP WHNG QDET PLURAL)
(WHNGSIMP WHNG @DET PLURAL)
WHAT (QDET)
LITTLE (ADJ)
BRASS (ALJ)
PARTS (PLURAL NOUN)
MVB: ARE (BE PLURAL PRESENT TENSEDVERB)
GOALPE: IN (PREP)
COMPLEMENT: (NGROUP NGSIMP DEF ART SINGULAR)
(NGSIMP DEF ART SINGULAR)
THE (DEF ART)
BOX (SINGULAR NOUN)

The utlterance 3is a WHequestion c¢onuisting of one major
clause, 1Its subject, which is the focus-element (it would
not be for utterances like 'What tool do you want?'), 18 a
noun phrase consisting of a aquestion deternminer, \ L)
adjectives, and a noun. The main verd is the present plural
form of 'be’. There is a goai preposition, <followea by a
simple noun phrase as complenmert,

7. The 8tartine and Ending pPoints
The seventh vart of the output fron the parse specifiea, in
10=ms uaits, thie beginning and ending peints of the utterarnce

in the azcustic datal

INPUT lTARI = 8
INPUT uND = 201

These values may be uociul in dinterpreting the following
sections,

8. Words Getting Non=Zero Scores in Acoustic Teats

The seventh part of the trace contains a list of the vwords

that were identified as possibly present during the acoustic
verification steps:
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WORDS GETTING NONZERQO VERIFICATION DURING PARSE

6 ARE .9 11 22
HCw .5 11 22
WHAT .9 11 26

22 TEE 1.0 27 37

26 ONE 1,0 27 L1
HANLCL 2,0 23 L2 2
LITIL 1.0 27 LS

U1 AKE 1.0 L3 LS

LS THE 1,0 50 63
WKENC ,56 58 81 2
HANLL .5 50 &7 2
FAUCE ,492L48 50 ¢1 2
BOX 1.0 50 o 2
BRASS 1.0 50 81

63 WRENC .56 6C 081
HANCL 40095 63 87
BOX 1.0 50 96

8. WRENC .6 97 122 2
PART 1,0 82 11k 2
FAUCE 1.0 91 15¢C

87 PLZ .85 91 96 2

€6 AFE 1.0 97 112

112 THE 1.C 12% 131
1lu FLS 1.0 llo 122
122 ARE 1.0 126 137

137 THERE 1.0 137 148
IN 1.0 132 145
lus THE 1.0 137 1L8
148 ON 1,0 157 178
EOX 1.9 14§ 2C1
FOUND:30 TRIED:10h TIMES:1hl

Jn the first line, the number 8 1indicates <he 1location atv
wnich the vword verification routines began to look for ArE.
The value ,9 18 the result of the acoustic test; values can
range fron 0,0 %2 1,0, The last twO numnoers are the beginning
anc ending pointles esutgbiished for that worda. AN extra
nunper at the end of scme entries, for example, tne 2 fcr
JANDL, show the nunmber of processes that called for tnhat wcrd
at that 1location; of courase, the verification test is only
gene cnce, PLZ is the voiced opliural ending; PLS 18 %ne
unvoiced plural ending:; there aiso is a PLES for plural %witn
inserted vowel,

This 1list makes it possible to trace bdoth the correct patn
and the rartial false paths in the parsing itaat resulted fron
failures of the word functions 1o reject words, for tae
correct path, teginning with WHAT, its end point directs one
to words that begin at that location: ONE, HANDL, LITTLE.
LITTLE ieaas t9 49; BRASS to 81; PART to 1llhk; PLS to 122; AHE
10 137; IN to 1kS: THE tno 1L8; BOX vo 201; and 201 is the ena
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point ef the utterance, The secuences ARE THE and HOw THE
rre not continued; no word is sought beginning at 37. wHAY
LITTLE HANDLES ARE THE did not continue beyond 131. It
should te noted that not all tne sequences of words that can
te constructed from the 1ist are on the same path. It
would be necessary t0 1look at the complete trace f£or that
information. Paxton (1974) presents all the false patns, and
identifies the reasons for their failing.

TS PO

A

The last line indicates that 30 words were found, thai 104
words were tried, ané that these 104 wcrds were calleld for
14l times; as indicated above, the verification test is aone
anly once for each word.

9. Words Getting \coustic Tests

The last part of the trace 1lists 3ll the words checked
during the Dparse. Because of its length, tne list is not
reproduced here; it is included in Appendix B. The
interrretation of the entries is the same as that given Jor
the precedini section,
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IV SYSTEM PERFORMANCE
A. General

The system has been in operation for only 8 fev montns.
During tnis +time, we have made many modifications to ensure
that the varicus acoustic, syvntactic, semantic, and pragnatic
processing steps are werking satisfactorily. Thus, although
we have now processed 71 utterances, not all of them
constitute "tests" of the systen. That 1s, in developing
the algorithms for a werd function, the gcoustic data for &n
utterance may have rceen used n establishing tnresnold
values, our -xperience with word functions is still
sufficiently 1irit 'd so thet modifications do not necessarily
reneralize to accommodate the occurrence of a3 given word in a
ditferent ccntext., In contrast, changes in the grammar and
the semantics, which are made so that a particular utterance
can te understood, contribute tc the ¢verall improvement ot
the sys'em in a cumulative fgshion. Before discussing the
results Yor the votal set of utterances, it is appropriate to
consides the results for one tlock of ten that were processed
as & test set.

Be 4analysies of 3 Test Set of Uiterances
Four sentences were recorded:

Z0 Putl one washer in the faucet.

Z1 Grasp the crescent wrench,

22 Is it in 1v?

Z3 +What little btr.ss parts are in the pox?

Three sceakers were used: tha tWo for whom thresholds in the
word functions had been written (B and P), and ore whose
voice had not teen recorded for the system before (K). kach
Speaker recorded the first three sentences; the fourth was
recorded just py the third speaker, since the otner two had
recorded it previously,

The resu.ts fur the test set were examinec in 3 two=step
procedure, First, the word tunctions were checked against
the acoustic data for tne utterances; thece recults are
oresented in Table 3, For three utterances (coincidentally,
one for each @8peaker) all of the word functions worked
correctiy. For four others, adjustments in thresholds were
made, For the last three, a change in one of the algurithns
would have been required.
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Table 2

ACQUSTIC RESULTS FOR THE TEST UTTERANCES:
WORD FUNCTIONS REQUIRING MODIFICATION

Speaker B Speaxer P Speaker K
Z0 put put, one, wasaer, in
faucet
1 wrench# 0K crescent, wrench
12 0K ins 0K
3 little#, part

sSubtotsl 1271k = 86% 1071 = T1% 17/23 = 4%
Total 39/51 = 17%

sAlgorithm changes wWould have been reGiired for these words;
only threshold changes wece Mmade fOr the others.

Some examples will be ¢given of the kinds of thresnold
adustments made. The values of the upper limit for the farst
formant for several of the vowels had to be changed, For
‘put', the value had been set at 300, buty in utterance Z0 for
Speaker B, it was actually S1&. Corresponding peirs of
values for ‘'in' were 500 and 533, and for ‘crescent' 600 and
602. For ‘'faucet', the upper 1limit on the variance about tne
line fitted¢ to the second formant had been set at 5; in
utterance 770 £9r Speaker K, it was actually 5.9. Because of
the relativelv little experience we have had with setting
thresholds for word functions, these adJjustments are not
ccnsidered to be sirgnificant errors in the system, Actually,
a change in the form of the threshold cutecff furction f{rox
atsolute to graded would have accommoditea most of tne
differences,

changing an algorithnm in a wvord function 1is nmcre
significant; it indicates a failure to account for a certain
kind of acoustir event, For example, in utterance ZJ for
Speaker K, the second 1iquid in 'little' nad such a reduced
£lap=D that it could not be detected by our current
algorithnms, More adequate detectors would provide the
discriminastion needed. In compiling s.atistics for tne
acoustic secticn, these requirenments for algorithmic changes
are considerel fail.res.
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Given these interpretations, the acoustic resiults may be
summariz~d as 1indicated 3t the bottom of Table 3, For the
three sreakers, the word functions were coirect for 12/1y =
86%, 10/14h = 71%, and 17/23 = 4%, respecrively; the
agxregate value is 39/51 = 77%,

The seven utterances for whiech the word functions were
considered to wOrk satisfactorily wvere parsed, Firse,
however, WO minor changes were made., It was necessary to
raise the priority for a construction with s null deternminer
(in Z0), because, through an oversight in setting the initial
paraneters, it had an unrealistically lovw value, The word
‘is' was included among verbs that could take WO anapnoric
references; this modifZ.cation had not been made rhen that
addition to our anaphoric routines had been introduced for
the other verbs, With these changcs, five ¢f the utterances
were analyzed correctly, as shovwn in Table . For one, tne
gystem recognized 'a' rather than 'the's the response {yrom
the aystem 1wculd be the same in either case, In the last
utterance, the correct analysis was found, »ut the presence
of vocal fry at the end o0f the utterance resulted in a
lovwering of the priority of thst analysis; 8o, the parser
containued to 1look for a longer word and, subsequently,
accepted an interpretation for whieh the values of the wvord
functions actually were lower,

Table Lk
PARSING RESULTS FO.. THE TEST UT “RANCES

Speaker B Speaker P Speaker K
20 0K '‘a'/'tLhe’ 0K
21 o= 0K 0K
22 0K ol failed
Z3 ey
Suybtctal 2/2 = 100% 2/2 = 100% 2/3 » 67%
Total 6/7 s 86%

#Parsing was not attempted for these utterances,
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To summarize, the system varsed six of the seven utterances
for a rating of 86%. If we include the three utterances that
failed on acoustic grounds, ihe system analyzed six out of
ten, or 60%,

The results from this set 0f test utterances represent our
first attempt at an assessment of the syster. They are more
veluable t0 us as guides to further work, than as benchmarks
0f achievenent. From this perspective, the implications of
their analysis will bpe considered ir the next section
together with *he results from all of the utterances that
have been processed by the systen,

Ce ANalysis of All Processed Utterances

0f the almost 300 utterances we have recorded relating
specifically to the faucet wcrld task domain (there wvere :lso
a large number done for the "blocks world"), 71 have beern run
through the system.# For most 5f the remainder, there are not
enough wWord functions vwritten ¢to handle the vocabulary.
About th-ee dozen for which there are word functions have not
been run, either because they contain constructions that we
heve not yet included in the grammar, because our semantics
cannot yet process them, or because they 4o not make sense.
Utterances in this last category were recorded primarily to
provide alternate acoustic contexts without concern for their
syntactic or semantic adequacy. (The larger set of
utterances for which we do not have enough word functionsa
also contains instances of each of these three categories,)
Eventual.y, we would want the systen to respond to every
input in some constructive manner, but we Dbelieve tnat
efforts in that direction are best deferred until we J¢
better on the utterances the system should oe able to
process,

0f the 71 utterances run, the system returned a conplete
carse with a resoonge for Sl. 0f theae, uk were understood
carrectly, This number includes three instances in which
'a' wWas recognizec instead of 'the'; one with 'the' for ‘'a‘;
one with 'in' for 'on'; and one with 'one' fcr 'the'. In all
six cases, the response of the system was apfpropriate for the
utterance as recorded.

The other seven utterances were processed incorrectly.
For three, a path for the correct parse also was present, bput
audivle sounds on the recording after the last wcrd (e.g.,

*Apperidix D 1lists all the sentences recorded for the faucet
world task dcmaln. Appeindix E 1ists the 71 utterances
processecd and identifies the result of each analysis.
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vocal £fry) caused the system to 1look for an alternative
analysis that would be longer. The results were: 'Pick up a
big wrench.' instead of 'Pick up a big one.'; 'How many big
brass rcarts are the handle?' instead of 'How many big brass
Parts are there?! (clearly, the grammar should have precluded
that result); 'ls there a wrench?' instead of 'Is it 4n iv?!
(the priorities for the correct path were higher, except tor
the penalty caused by the faulty identification at the ena of
the utterance). 1In another, the path for the correct parse
Was present and the acoustic score for the correct word was
actually higher; hrowever, the combination with the plural
forn was slightly lower: 'HoWw many wrenches are in the oox?!'
instead of 'Hovw many washers are in the box?' Two others
accedted incorrect words without ever considering looking tor
the correct ones: *‘How many big tools are on it?' instead of
‘How many big tools are there?'; 'Is there a little one in
the faucet?' instead of 'Is there g little one in the box?!
(the vath leading to 'faucet' was so high that it compensated
for a relatively low rating for the acoustis match). In the
last utterance, a word function failed, and a word with a
relatively low acoustic score was accepteq: '‘ls there a
little handle in a box?' instead of 'ls there a little one in
the box?'

Iwenty utterances never parsed. For 11 0f these, the wora
functions failed to identify words that were present; with
one exc«ption ('one'), these Were function words ('a', 'the!,
‘in', ‘'lnere') and words with liquids (<hree instances of
‘tool' and vwo of 'little'). A more refined acoustic analysis
will help with 1iquids, but function words have long oeen
recognized as problems for speech recognition gand speech
understanding, and they will continue to be. We believe that
it may be possible to develop syntactir and semantic
strategies that will compensate for this kind of acoustic
failure to some extent,

Another six uttarances terminated by exceeding the limit on
the number of processes that could pe created (set for 50C);
however, each contained g path representing a correct
analysis of the utterance d4p to the point of termination.
rost cf these cases resultes from failures by the vwora
functions tu reject words that were not present-=with a
consequent proliferation of paths in the analysis, Altnough
better word functions also would help here, other sources of
knowledge could be used advaniageously to lower the prioritvy
functions for paths that were inappropriate for semantic or
pragnatic reasons.

One utterance ialled by exceeding the limit because a word
Was erroneousiy accepted at the beginning of the unte~ance,
and the parser never returned to consider alterrstive words
for that place. Another utterance terrminated by exceeding the
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process limit because a large gap betWeen successive wWords
reduced the r;riority of the correct path; procedures for
nandling intervord ccarticulation~-required in any
case=~=should he.p. The last utterance failed becauae tne
initial priority for ‘one' as a nour group was set 1to0 1loOW;
however, the word itself was accepted at the appropriare
tosition as an ordinal,

Table S provides a summary., In processing (i utterances,
the system responded 48 fcllows: L (64%) understood
correctly; 7 (1C%) understood incorrectly; and 20 (28») not
undersiood. A indicated atove, the interpretation of tnese
results is not clear:; not all of thec analyses constitute
valid testis, However, the system was designed to Mmake use
of many scurces of xnowle4dge in the analysis of an utteraace.
Since the current perstormance regtlects the use of only
primitive capatilities, these results could be interporeted as
a lower tound on the paver of the sysien,

More important for further systenm development, the analysis
of each utterance provides guidance for modifications. In
addition, we Kknow how o0 refine and augment each of tvne
syster conmponents to handle inadegquacies e already
recognize. Therefore, we pelieve that our experiences with
the SRI speech understanding systen will prove valuacple in
cur further efforts toward satiefying the specifications for
systen perfornance descrived in the ARFA Study Group Replrt
(Newell, et al., 1973), now in conjuaction with the Systen
hevelopment Corporation, as indicated in Sectioen V.,
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Tadle S
RESULTS FOR UTTERANCES PROCESSED

Understood Correctly ¥ 62%

Understood Incorrectly 7 10%

Not Unaerstood 20 20%
werds viassedq 11

Fath Proliferation [

Werds Not Rejected 1
Gap Penalty 1
Priority value 1
TOTAL 71 100%
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V THE DEVELOPMENT OF A JUINT SRI-SLC SYSTEM

A, Introduction

In accordance With the recommendations resulting ¢from tne
mid-course evaluation of the ARPA Speech Understanding
kesearch Progran, SRI has begun collaodoration with the Systen
Development corporation on the design and implementation of &
joint systen. It will combine features and components of
the ©previous two Ssystens, building directly on the work of
poth =2ontractors.« The task domain selected for the initial
efforts involves data management; the initial data base will
contain information about naval vessels of *he United States,
the Scviet Union, and the Unitea Kingdon, Following
demonstration of satisfiztory progress on this task, a second
domain will be identified, and subsequent worxk vill continue
on both tasks.

The responsibility for the development of the joint sysienm
is sharea by Skl and SDC. However, SRI will concentirite
srimarily on syntax, semantics, pragmatics, discourse
analysis, ard prosodics, while 5SDC will oe conceraned
primarily with signal rprocessing, acoustics, phonetics,
phonology, and system software and hardware support, 1Ine
initial implementation of the system will be at SDC on ‘tre
Raytheon 70L and IBM 370/145 computers. Accessipility of tne
system cver the ARFA Computer Network to other participants
in the AFPA rrogran will pe provided at the earliest posasitle
tinme.

puring the rermainder of the current contract, efforts by
poth SRI and SLC toward the implementation of a joint systenm
have the following major objectives:

(1) Developing an 4initial opersgting version of the
five-year system; the SRI parser and grammar are veing
revised and integrated vitnh the SDC acousticephonetic and
vhonological c¢emponents.

(2) Testing the robustness of the acoustic-phonetic
algorithnms of tha current SDC aystem with a 1larger
vocabulary (300 worais); the existing SDC  predictlave
linguistic constraints comoonsnts are being used for tihis
purpose.

sFor descriptions of the current SDC system activities, see
Ritea (197k), PRBarnett (197ha), Barnett (1974p), Kanmeny
(1974), Weeks (1574), Molno (1974), ana Gillmann (1974).
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Be Current Activities

The following tasks are currently in progress; all of tnen
will continue into the follewing contract period. Primary
responsidbility for each is inaicated in parentheses?

(1) System architecture, (SRI, SDC) The design concepts
underlying the systens developed by SRI and SPC during the
£irst tuwe years of the ARPA Frogran are being reanalyzed, and
4« new 8system is being designed that will combine the
procedures for syntactic, semantic, and pragmatic analysis of
SRI with the procedures for acoustic, phonetic, and
phonoclogical analysis of SDC. The SDC control structure
language is bveink extended tc accommoda*t® the new design, and
software support prorrams are peing modified accordingly.

(2) Protocol Experiments. (SRI) We are locating people who
are thoroughly familiar with information retrieval operations
on data O0f the type rontained in the initial task domain. On
the basis of dinter.lews with them, a sev of tasks will pe
igentified and used in eliciting task-oriented dialozs.
Early results will be used immedlately to determine caditions
to the vocabulary and to the 4ata base, 3Subsejuent analyses
will guide revisions t¢ the grammar and the design Ot an
effective discourse nmodel,

(3) Acoustice-Phonetic Analysis. (SDC) The algorithms useaq
to build the A-Matrix for an utterance are teing refined ana
extended, and new procedures are being added to improve tne
accuracy of the classificaticns.

(L) Mapping Procedures. (SDC) The current lexical mapping
procedure, with niner rmodifications, will pe adequate for
testing the vocabulary additions using the current 35UC
systen, More substantial chandes are being made for
coordination with the SKI parser and grammar in the initial
version of the joint systen,

(s) Parsing. (SRI) The design of the SRI parser is oeing

revised Lo acconmodate the SDC procedures for
acoustic-rnonetic analysis and lexical mapping. (hanges also
may result from additions to the grammar, An initial

version of the revised purser will be operating in the new
system ty September.

(6) Grammare. (SRI) A major reorganization of the SK{
grgmnar is being made, The selection of rules for tne
initial revision will be guided p, 2i210k3 collected during
the early protocol experiments. The structure of the granmmar
is bveing changed so that additions and modifications can be
made more easily.
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(7) Semantics. (SRI) Major changes in the semantics
developed for the original SRI tasx domain will be made
initially to accommodate the data management taske.
Subseguently, as the data base is extended in accord witn the
findings from the protocol experiments, additional
modificataions will pe msade,

(8) System Hardware, (SDC) wWork is proceeding on the
ARPANET interface for the SDC conputer facility. A8 tne
special Fpurpose signal prc:oessing and acoustic analysis
computers are acquired, taey will be interfaced into tne
systienm,

(9) Support Contractve.s. (SRI, SDC) A set of tasks 1is
being defined that .an guide the activities of other AkKPA
contractors so that they will begin to contribute directly to
further system development,

(10) Management Review, (SRI, SDC) A Joint SRI=SDC
committee has been formed to monitor the ©progress of the

overall effore, It will meet, quarterly, and s
deliberations will form the ©basis for the Quarverly
Management Reports, In addition, technical developmen:is

will te reviewed monthly by the two Project Leaders,
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APPENDIX B

The Trace of the parse for the Utterance
‘Yhat Little Brass Farts Are in the Box?!

PP8 = What little bra.s parts are in the box?

ENTER PARSE CLAUSE AT LOCATION 8

2

S

L

1 INITSTRING 200

2 "INITSTRING" 950
("INITSTRING") 950 1

3 DECLAR 570

L IMPER 912

S5 QUEST 912

(QUEST "INITSTRING") 912 3
6 WHQUEST 875

7 FOLAR 875

(IMPER "INITSTRING") 9§12 &
8 EMPHATIC 182

§ NEG 182

10 SIMFLE 875

10 (SIMFLE IMPER "INITSTRING") 875 6

2

A

11 BE 175

12 SIMP 840

(POLAR QUEST "INITSTRING") 875 7
13 DOAUX 437

lu MODALAUX 175

15 HAVEAUX 175

16 BEAUX 831

(WHQUEST QUEST "INITSTRING") 875 10
17 WHNG 840

18 WHFREP 175

19 HOWADJ 175

17 (WHNG WHQUEST QUEST) 840 12

ENTER PARSE NGROUP AT LOCATION 8

ENTER FAMILY FOR WHNGSIMP AT LOCATION &
NEW FAMILY CREATED

20 NIL 80

20 NIL 80 12
ENTER PARSE WHNGSIMP AT LOCATIOM 8

12
16

21 HOWG 806

22 WHADJ 168

23 QLET 806

24 QFEON 168

(SIMP SIMPLE [(MPER) 84O 15
25 #dCRD# 815

(BEAUX POLAR QUEST) 831 15
26 #WORD# 815

B=l




R e

LA

i

25
AC

(#WORD# SIMP SIMNPLE) 815
UsSE 8 0,0
25 #WORD» 815

15

25 (#WORD# SIMP SIMPLE) 815 15
AC UNSCREW 8 0,0

25 #wORD» 815
25 (#WORD# SIMP SIMPLE) 815 15
AC SCREW 8 0,0

25 #*WORD# 815
2!, (#WORD® SIMP SIMPLE) 815 1S
AC PUT 8 0.0Q

25 #VWORD# 815
25 (#WORD# SIMP SIMPLE) 815 1S

PLACE 8 0.0

25 #WORD» 815
25 (#WORD« SIMP SIMFLE) 815 15
AC PICKk 8 0,0

25 #WORD# 815
25 (#WORD# SIMP SIMPLE) 815 15

AC GRASP 8 0.0
26 (#WORL# PEAUX POLAR) 815 14
AC Is 8 0,0

26 #WORD» 815
26 (#WORDs BEAUX POLAR) 815 1%
AC ARE 8 1.125 11 22
26 #WORD» 916
26 (#WORD# BEAUX POLAR) 916 1k
27 ARE 916
27 (ARE BEAUX POLAR) 916 1k
28 VG-MODIFIERS 183
29 "VG-MODIFIERS" 871
29 {("VG-MODIFIERS"™ ARE BEAUX) 871 15
30 NG 853
31 THERE 836
30 (NG "VG-MODIFIERS" ARE) 853 16
32 NOT-REL 845
32 (NOT=PEL NG "VG-MODIFIERS") 84S 16
ENTER PAFSE NGROUP AT LOCATION 22
ENTER FAMILY FOR NGSIMP AT LOCATINN 22
NEW FAMILY CREATED
33 NIL 845
33 NIL 845 16
ENTER PARSE NGSIMP AT LOCATION 27
34 ART 811
35 DEMADJ 507
36 POSSADJ 169
37 QNTFR 507
38 NUMD 507
39 NUMCOMPAR 169
8O ATPHRASE 169
Ll ASPHRASE 1.)
bz PROPN 169

B-2




PRy

3
L3
3L
49
AC
23

21

51
AC

51
S4
S3

AC

52
AC

52
57

5%

50

63

64
62

L3 PRON 8211

4k TLUIWGPRON 169

LS EVERPRON 169

Lé POSSPRON 169

L7 POSSN 169

L8 NULL 507

(THERE "VG-MODIFIERS" ARE) 836 30

L9 #WORDs 811

(PRON) 811 30

S50 #WORD# O

(ART) 811 30

S1 »WORD+ 795

(#WORD# THERE "VG-nuvIFIERS") 811 30
THERE 22 0.0

(QDET) 806 29

52 a«WORD» 782

(HOWy) 806 29

53 »WORD» 782

{(#WORD» ART) 795 29
THE 22 1.010714 27 37

S1 #WORD# 803

(#WORD» ART) 803 29
Sh THE 803

S1 #WORD# O

(THE ART) 803 30

S5 ORD 160

56 “ORD" 763
(#WORD# HOWQ) 782 31
HOW & .6 11 22
53 #WORD# 469
(#WORD# QDET) 782 31
WHAT 8 1.4 11 26
52 #WORL# 1095
(#WORD# QDET) 1294 31
57 WHAT 1095
(WHAT QDET) 1095 31
56 NUM 657
59 "NUM" 1040
("NUM" WHAT QDET) 104O 32
60 ACJNOUN 968
61 "ALJNOUN" 208
(ADJNOUN "NUM" WHAT) 988 33
62 ALJSTRING 8950
63 "ALJSTRING" 939
("ADJSTRING" ADJNOUN "NUM") 939 34
6L NOUN 901
65 CLASSIFIER 901
(CLASSIFIER "ADJSTRING™ ADJNOUN) 901 35
66 #»WORD# 883
(NOUN "ADJSTRING" ADJNOUN) 901 35
67 #WORL» 883
(ACJSTRTNG ADJNOUN "NUM®") 890 35
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i i Gt

68 ALV 178
69 "ADV" bLS
67 (#WORL# NOUN "ADJSTRING") 883 36
AC WRENCH 26 0,0
67 #WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
AC WASHER 26 0.0
67 #WORD# 883
67 (#«WORD# NOUN "ADJSTRING") 883 36
AC TOOL 26 0.0
67 »WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
THING 26 0,0
67 #WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
TABLE 26 0.0
67 #WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
SINK 26 0.0
67 #WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
AC SCREWDRIVER 26 0.0
67 #%WORD# 883
67 (#WORD# NOUN "ADJSTRING") 883 36
AC SCREW 26 0.0
87 #WORD» 883
67 (#WORD# NOUN "ADJSTRING") 883 36
PLUG 26 0.0
67 #WORD« 883
67 (#WORD# NOUN "ADJSTRING") 483 36
PIPE 26 0.0
67 #WORD# 883
67 (#WORD# NOUN "ADJSIRING") 883 36
AC PART 26 0.0
67 #WORD# 882
67 (#WORC# NOUN "ADJSTRING") 843 36
AC ONE 26 1.6 27 4l
67 #WORD# 1lhllb
67 (#WORD# NOUN "ADJSTFING") 1lhlk 36
70 ONE ikly
67 #WORD# 883
‘70 (ONE NOUN "ADJSTRING") 1klk 37
EXIT PARSE (WHNGSIMP WHNG QDET ANAPHOR SINGULAk)
71 ONE 1L87 FROM 17
71 (ONE NOUN "ADJSTRING") 1487 37
72 ENDINGS 669
73 "ENDINGS" 1413
73 ("ENCINGS" ONE NOUN) 1k13 38
EXIT PARSE (NGROUP WHNGSIMP WHNG QDET ANAPHOR SINGULAK)
74 FULLFORM 1342
7S "FULLFORM" 282
7L (FULLFORM "ENDINGS"™ ONE) 1342 39
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B AL LU L UL

74 FULLFORM 13k2
74 (FULLEORM "ENDINGS" ONE) 13k. 39
76 AUX 1288
77 NOAUX 805
76 (AUX FULLFORM "ENDINGS") 1288 40
78 DOAUX 6Ll
79 MODALAUX 257
80 HAVEAUX 257
81 BEAUX 1224
81 (BEAUX AUX FULLFORM) l122h 43
82 #WORD# 119V
62 (#WORD# BEAUX AUX) 1199 L4u3
AC I8 1l 0.0
42 #WORD# 1199
AZ (*WORD» BEAUX AUX) 1199 L3
AC ARE 41 1.25 L3 49
82 #wORD# 1499
S52 (#WORD» BEAUX AUX) 1k99 a3
83 ARE 1499
83 (ARE BEAUX AUX) 1LuS9 43
84 VG-MODIFIERS 299
85 "VG-MODIFIERS" 1424
85 ("VG=MODIFIERS" ARE BEAUX) 1424 Lk
86 NCTWHSUBJ 854
47 WHSUBJ 1396
87 (WBSUBJ "VG-MODIFIERS" ARE) 1396 4S5
67 (#WORD#» NOUN "ADJSTRING") 883 ki
AC HOLE 26 0.0
67 #WORD» 883
67 (#WORD# NOUN "ADJSTRING") 883 4l
AC HANDLE 26 1.6 23 49
67 #WORKD# 1hll
67 (#wORD# NGUN "ADJSTRING"“) 1hlh 4k
88 HANDLE 1lulh
€7 #=dCRD» 883
88 (HANLLE NOUN "ADJSTRING") 1L1L LS
EXIT PARSE (WHNGSIMP WHNG QDET SINGULAR)
89 HANDLE 1L4€7 FROM 17
89 (HANDLE NOUN "ADJSTRING") 1487 LS
90 ENDINGS 669
91 "ENDINGS" 1413
61 ("ENLDINGS" HANDLE NOUN) 1lul) 4é
EXTT PARSE (NGROUP WHNGSIMP WHNG QDET SINGULAR)
92 FULLFORM 13L2
93 "FULLFO=RM" 282
92 (FULLFORM YENDINGS"™ HANDLE) 13h2 47
92 FULLFORM 13Lh2
92 (FULLFORM "ENDINGS" HANDLE) 13k2 47
oL AUY 1288
95 NOAUX 805
94 (AUX FULLFORM "ENDINGS") 126886 48
96 DOAUX 6Lk
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97 MQOLaLAUX 257
98 HAVEAUX 2357
39 BEAUX 1224
99 (BEAUX AUX FULLFOK:) 1224 51
100 #WQRD* 1159
10C (»wWORD# BEAUX AUX) 11§89 351
AC Is L5 2.0
10C #WQRD# 1185
100 (#wORLs BEAUX aUX) 1193 51
AC ERE 45 T.0
€7 (#WQOKL» NOUN "ADJSTRING") 883 50
AC FAUCET 26 C.72
67 #a0sD» 003
67 (#wWORKD« NOUN "ALJSTRING") 863 50
AC CAPNUT 26 2.0
£7 #W(RD# 8b3
&7 (#WwOkDw« NOUN "ADJSTRING") 883 50
AC EQX 26 C.O
67 #WCRD# 843
67 (#wWQRL+« NCUN "ALJSTRING") 683 SO
AC BQLT 26 0.C
€7 «WCRD» 856
66 (#WORD# CLASSIFIER "ADJSTKING") 883 50
AC TOCL 26 C.¢C
66 »WCRL» 6483
06 (#WORD# CLASSIFIES "ADJSTRING") 883 S0
FIFE 26 C.¢
66 #WC KD 883
66 (#WOkD» CLASSIFIER "ADJSTRING") 883 50

AC CRESCENT Z2e 0.0
67 (#d0FCe NOUN "ADJSTPING") 856 LS
AC WRENCHES 26 C,0

€7 #WORD# 856
47 (#wOkL«# NOUN "ALJSTRING") 856 4§
AC WASHERS 26 0.0
67 #WCrpw 336
A7 (#WORDx NCUN "AZJSTRING") 856 L9
aC TOOLS 26 0.0
67 #wORD# 856
67 (#WORD# NOQUN "ALJSTRING") 856 49
THINGS 26 0.C
57 #«WlrL# 8E=
67 (#»wOKD# NOUN "ADJSTRING") 856 49
TARLES 24 G0
67 #WCRD» 855
67 (#40RD# NOUN "ALDJSTRING") 656 L9
SINKS 26 2.0
67 #WORL# b56
A7 (#WQRD® NOUN "ADJSTRING") 8S6 L¥
AC SCREWS 26 0.9
67 #wORD# 856
{(#%¥ORD» NOUN "ADJSTRING") 856 49
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AC SCREWDRIVERS 26 0,0
67 #WORD# 854
67 (#*WORD# NOUN "ADJSTRING") 854 L9
PLUGS 26 0,0
67 #wWOkD» 856
67 (#WOKD# NOUN "ADJSTRING") 856 L9
PIPES 26 0.0
T #WORD» 856
67 (#WORD# NOUN "ADJSTRING") 856 LS
AC PARTS 26 0.0
67 #WORD# 856
67 (#WORD# NOUN "ADJSTRING") 856 L9
AC HOLES 26 0.0
87 #WORL#+ 856
67 (#WORD# NOUN "ADJSTRING") 856 L9
ACAC HANDLES 26 0,0
67 #WORD« 856
67 (#WORD# NOUN "ADJSTRING") 856 4%
AC FAUCETS 26 0,0
07 #WORD« 866
67 (#WORD# NOUN "ADJSTRING") 856 49
AC CAPNUTS 26 0.0
67 #WORD# 856
67 (#WORD# NOUN "ADJSTRING") 856 L9
AC BOXES 26 0,0
67 #WOED# 856
67 (#WORC# NOUN "ADJSTRING") 856 LS
AC BOLTS 26 0,0
86 (NOTWHSUBJ "VG=MODIFIERS" ARE) 85} 48
101 NG 837
102 THERE 492
69 ("ADV" ADJSTRING ADJNOUN) 84S LS
103 ADJ 81l
1CL NUMQUANTITY 169
105 ADJSUP 169
106 ADJCOM 169
101 (NG NOTWHSUBJ "VG=MODIFIERS") 837 52
i07 NOT=REL 829
107 {(NOT=REL NG NOIWHSUBJ) 829 52
ENTER PARSE NGROUP AT LOCATION L4y
ENTER FAMILY FOR NGSIMP AT LOCATION 49
NEW FAMILY CREATED
108 NIL 829
108 NIL 829 52
ENTER PARSE NGSIMP AT LOCATION 49
109 ART 796
110 DEMADJ 497
111 FOSSADJ 165
112 QNTFR L97
113 NUMD 437
114 NUMCOMPAE 165
115 ATPHRASE 165
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116 ASPHRASE 165
117 PROPN 165
118 PRON 796
119 THINGPRON 165
120 EVERPRON 145
121 POSSPRON 165
122 FOSSN 145
123 NULL 497
103 (ADJ "ADV" ADJSTRING) 811 66
124 QADJ 779
125 VB=EN 162
126 VB=ING 162
95 (NOAUX FULLFORHM "ENDINGS") 805 68
127 VG=-MODIFIERS 161
128 "VG=MODIFIERS" 765
77 (NOAUX FULLFORM "ENDINGS") 805 69
129 VG-MODIFIERS 161
13C "VG=MODIFIERS" 765
118 (FPRON) 796 70
132 #WORD« O
109 (ART) 796 70
132 #¥WORD« 780
132 (#WORD# ART) 780 70
AC THE 49 1.25 50 63
132 #WORD#» 975
132 (#WORD# ART) 975 70
133 THE 975
132 #WQRD# O
133 (THE ART) 975 71
134 ORKD 195
135 "ORD" 926
135 ("ORD" THE ART) 926 72
136 NUN 5586
137 “NUM" 880
137 ("NUM" "ORD" THE) 880 73
138 ADJSTRING 792
139 "ADJSTRING" 836
139 ("ADJSTRING" "NUM" "ORD") 836 T4
10 NOUN 8C2
141 CLASSIFIZR 802
1:1 (CLASSIFIER "ADJSTRING™ "NUM") 802 75
142 #WQOKD# 766
140 (NOUN "ADJSTRING" "NUM") 802 7S
1i3 »J0kD# 762
138 (ADJSTRING “NUM™ "QRD") 792 75
14k ADV 158
lu5 "ADV" 752
142 (#WORD# CLASSIFIER "ADJSTRING") 786 76
AC TONL 63 0.0
142 #WORDw# 786
142 (#WORD# CLASSIFIER "ADJSTRING") 786 76
PIPE 63 0.0
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W 0l Ly i

142 #WQORD# 78¢
1b2 (#WORD# CLASSIFIER "ADJSTRING") 786 Té&
AC CRESCEN. 63 0,0
124 (OATLJ ADJ "ADV") 779 15
146 #WORD# 755
136 ("VG=MODIFIERS" NOAUX FULLFORM) 765 75
130 "VG-MOLCIFIERS" 765
13C ("Va=MODIFIERS" NOAUX FULLFORM) 745 75
128 ("VG-MODIFIZRS" NOAUX FULLFORM) 765 74
128 "VG=MODIFIERS" 765
128 ("VG~MODIFIERS" NOAUX FULLLFORM) 765 74
56 ("ORL" IHE ART) 763 73
147 NUM 458
lu8 “NUM" 725
143 (#WCRD# NOUM "ADJSTRING") 762 74
ACAC WRENCHES 63 0,0
143 #WORD# 762
1L3 (#WORL# NOUN "ADJSTRING") 762 7L
AL WASHERS 63 0,0
13 »WORDs 762
143 (#WORD# NOUN "ADJSTRING") 762 Tk
AC TOULS 63 0.0
143 #WORD« 762
lu3 (#WORD® NOUN "ADJSTRING") 762 7.
THINGS 63 0.0
143 =WOPRD» 762
143 (#WOKD# NOUN "ADJSTRING") 762 7L
TLABLES 63 0.0
143 #WORD» 762
143 (=WORC# NOUN “ADJSTRING") 762 74
SINKS 63 0,0
143 »WORDw» 762
143 (#WORD® NOUN "ADJSTRING") 762 7L
AC SCREWS 63 0.0
143 *»WORD» 762
143 (#WOFD# NOUN "ADJSTRING") 762 74
AC SCREWDRIVERS 63 0,0
1L3 #wWORD# 762
1u3 (#WORD# NOUN "ADJSTRING") 762 7L
PLUGS 63 0,0
143 *WORD» 762
143 (#WCFD# NOUN "ADJSTRING") 762 74
PIFES €3 0,0
1L3 =wWORD# 762
lL3 (#WCED# NOUN "ALJSTHING") 762 74
AC PAKTIS 63 0,0
143 #WORD® 762
1L3 (#WOKD® NOUN "ADJSTRING") 762 74
AC HOLES 63 0.0
1h3 #WORD» 762
1L3 (#WCRD# NOUN "ADJSTRING") 762 7L
ACAC HANDLES 63 .281615 63 96
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lU3 #WOKD# 762
143 («WORD® NOUN "ADJSTRING") 762 T4

AC FAUCETS 63 0.0

. 143 #WORD» 762
1L3 (#WCRkD® NOUN "ADJSTRING") 762 71
AC CAPNUTS 63 0,0

143 #WORD#» 762
143 (*WCRD® NOUN "ALJSTRING") 762 74
ACAC o’ (ES 63 0.0

143 #»WORDe 762
143 (#WCRD# NOUN "ASJSTRING") 762 74
LC BOLTS 63 0.0

143 #WORD» 21}
1hé (#WORD# OADJ ADJ) 755 i

E AC WORF 26 0.0

: 146 #WORD 755

1k6 (#WCKD# « .DJ ADJ) 755 7i
AC LITTLE 26 1.6 27 k9

Tué6 #WOkDs 1209
146 (#WORD# OADJ ADJ) 120y 74
149 LITTLE 120§
146 #¥ORDe 755
149 (LITTLE OALJ ADJ) 1209 75
150 ADJSTRING 1027
151 "ADJSTRING" 1148
£ 151 ("ATJSTRING" LITTLE OADJ) 1148 76
252 NOUN 1102
153 CLASSIFIER 1102
153 (CLASSIFIER "ADJSTRING" LITTLE) 1102 77
154 =WOkDe 1080
152 (NOUN ®"ADJSTRING" LITTLE) 1102 77
155 #WORDe 1080
155 (#WORD® NOUN "ADJSTRINJ") 1080 77
AC WRENCH 49 .3065143 58 81
155 #WOQRD# 1080
155 («WQFD# NOUN ®"ADJSTRTNG") 1080 77
AC WASHER L9 0.0
155 #wORDs 1080
155 (#WOPD® NOUN "ADJSTRING") 1080 77
AC TOOL 4% 0.0
155 #WORD# 1080
155 («WO,.D# NOUN "ADJSTIRING") 108C 77
THING 19 C,O0
155 #»WORD#» 1080
155 («WORD# NOUNW "ADJSTRING®) 1080 77
TABLE L9 0.0
185 #¥WORuUs .2°0
155 (=WORD# NOUN "ADJSTRING") 1080 77
SINK U9 0.0
155 #%¥OoxDe 1080
155 (#wORD® NOUN "ADJSTRING") 1080 7
AC SCREWDRIVER 49 0.0

I
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155 #WORD» 1080
155 (#WCRD# NOUN "ADJSTRING") 1080 77
AC SCREW 49 0.0
155 «WORD# 1080
155 (#WORD# NOUN "ADJSTRING") 1080 77
PLUG L9 0,0
155 #wORD# 1080
155 (#WC ¢D» NOUN "ADJSTRING") 1080 77
PIPE 49 0,0
155 #WORD# 1080
155 (#WCRD# NOUN “ADJSTRING") 1080 77
AC PART 49 0.0
155 «wWORD# 1080
155 :¢~¥OkD# NOUN "ADJSTRIN3") 1080 77
AC ONE 49 0.0
155 «WORD» 1080
155 (#«WORD# NOUN "ADJSTRING") 1080 77
AC HOLE 49 0.0
155 «WORDe 1080
155 («WORD# NOUN "ADJSTRING") 1080 177
AC HANDLE 49 .6 50 87
155 #WORD# 1080
155 (#WORD# NOUN "ADJSTRING") 1080 77
AC FAUCET 4% .58493 50 81
155 «WORD* 1080
155 (#WOFD# NOUN "ADJSTRL.NG") 1080 77
AC CAPNUT 49 0,0
155 #WORD# 1080
155 (#WORD# NOUN “ADJSTRING™) 1080 77
AC BOX 49 1.6 50 96
155 #WORDe 1729
155 (#«WORD® NOUN "aADJSTRING") 1729 77
156 BOX 1729
155 #*WORD» 1080
156 (BOX NOUN "ADJSTRING") 1729 78
FAIT PARSE (WANGSIMP WHNG QDET SINGULA..)
157 BOX 1875 FROM 17
157 (BOX NOUN "ADJSTRING") 1875 78
158 ENDINGS 843
159 "ENDINGS" 17861
159 ("ENDINGS" BOX NOUN) 1781 79
EXIT PAKSE (NGROUP WHNGSIMP WHNG QDET SINGULAR)
160 FULLFORM 1692
181 "FULLFORM" 356
160 (FULLFORM "ENDINGS" BOX) 1692 80
160 FULLFORM 1692
160 (FULLFORN "ENDINGS™ BOX) 1692 80
162 AUX 1624
163 NOAUX 1015
162 (AUX FULLFORM "ENDINGS") 1é62L 81
16k COAUX 512
16S MODALAUX 32i
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166 HAVEAUX 324
167 EEAUX 1543
267 (BEAUX AUX FULLFORM) 1543 8L
168 #WORD# 1512
148 (#WORD» BEAUX AUX) 1512 84
AC IS 66 0.0
168 »WwORD# 152
168 (#WORD# BEAUX AUX) 1512 84
AC ARE 96 1,25 97 212
168 «WORD#» 1891
168 (#«WCRD# pEAUX AUX) 1891 8L
169 ARE 1891
69 (ARE BEAUX AUX) 1891 8.
170 VG-MODIFIERS 378
171 "VG-MODIFIERS" 1796
171 (%“VG=-MODIFIERS" ARE BEAUX) 1796 85
172 NOTWHSUBJ 1077
173 4HSUBJ 1760
173 (WHSUBJ "VG=-MODIFIERS"™ ARE) 1760 86
154 (#WOKRD# CLASSIFIER "ADJSTRING") 1080 o5
AC TOOL 49 0.0
154 #WORD#» 1080
154 (#WOPD# CLASSIFIER "ADJSTRING") 1080 85
PIPE 49 0,0
15k #WORD#» 1080
154 (#WORD» CLASSIFIER "ALJSTRING") 1080 85

AC CRESCENT 49 0,0
155 (#WORD# NOUN "ADJSTRING") 1080 8L
AC BOLT k9 0.0

155 «WORD#» 1047
172 (NOTWHSUBJ "VG-MODIFIERS" ARE) 1077 64
174 NG 105€
175 THERE 62C
174 (NG MNOTWHSUBJ "VG-MODIFIERS") 1056 8%
176 NOT-REL 104S
155 (#WCKD» NOUN "ADJSTRING") 10L7 85
ACAC WRENCHES 49 0.0
155 #VORD® 1047
155 (#4OPD» NOUN "ADJSTRING") 1l0OL7 85
AC WASHZR3 49 0.0
155 #»WORD# 1047
155 (#WORD# NOUN "ADJSTRING™) 1047 85
AC TOOLS 43 0.0
155 «WORD» 1047
155 (#WORD» NOUN "ADJSTRING") 10L7 85
THINGS 49 0.0
155 #»WORD+ 1047
155 (#»WORD# NOUN "ADJSTRING") 10L7? 85
TABLES 49 0.0
155 #¥WORD# 1047
155 (#wORD® NOUN "ADJSTRING") 1047 85
SINKS 49 0.0
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155 »*WORD# 1047
155 (#WCRD# NOUN "ADJSTRING") 1047
AC SCREWS L9 0.0

155 #WORD# 1047
155 (#WCPDe NOUN "ADJSTRING") 1047
AC SCREWDRIVERS L9 0.0

155 #WORD* 1047
155 (#WORD® NOUN "ADJSTRING") 1047

PLUGS 49 0,0

155 #WORD» 1047

155 (#WORD# NOUN "ADJSTRIKG") 1047
PIPES 9 0,0

155 #WORD# 10L7
155 (sWORD# NOUN "ADJSTRING") 1047
AC PARTS 49 0.0

155 #WORD# 1047
155 (#WORD# NOUN "ADJSTRING") 1047
AC HOLES L49 0.0

155 #WOkDe 1047
155 (#WORD# NOUN "ADJSTRING") 1047
ACAC HANDLES 49 .45 SO 96

155 #WORD# 1047
155 (#WORD# NOUN "ADJSTRING") 1047
ACAC FAUCETS 49 0,0

155 #WORD# 1047
155 (»WORD® NOUN "ADJSTRING") 1047
AC CAPNUTS L9 0,0

155 #WORD# 1047
155 (#WORD# NOUN "ADJSTRING") 1047
ACAC BOXES 49 0,0

155 #*WORD# 1047
155 (#WORD# NCUN "ADJSTRING") 1047
AC BOLTS 49 0.0

155 #WORD# 646
<76 (NOT=KEL N3 NOTWHSUBJ) 10L4S 85
ENTER PAKSE NGROUP Al LOCATION 112

ENTER FARMILY FOR NGSIMP AT LOCATION 112

NEW FAMILY CREATED
177 NIL 1045
177 dIL lous 85
ENTER PAFSE NGSIMP AT LOCATION 112
178 ART 10903
179 CEMADJ €27
180 POSSALJ 209
181 QNTFR 627
162 NUMD 627
183 NUMCOMPAR 209
18L ATPHRASE 209
185 ASPHRASE 209
186 PROPN 209
187 PRON 1003
188 THINGPRON 209
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189 EVERPRON 209
190 POSSPRON 209
191 POSSN 209
192 NULL 627
150 (ADJSTRING LITTLE OADJ) 1027 99
193 ADvV 205
194 "ADV" 976
163 (NOAUX FULLFORM "ENDINGS") 1015 100
195 VG-MODIFIERS 203
196 "VG-MODIFIERS" 96}
187 (PRON) 1003 101
197 #WORD# Q
176 (ART) 1003 101
198 #WORDe 983
198 (#WORD# ART) 983 101
AC THE 112 .33 124 131
196 #wORDs 3214
194 ("ALV" ADJSTRING LITTLE) 976 101
199 ADJ 937
200 NUMQUANTITY 195
201 ADJSUF 195
202 ADJCOM 195
196 ("VG-MODIFIERS" NOAUX FULLFORM) 964 104
196 "VG-MODIFIERS" 964
196 ("VG-MODIFIERS" NOAUX FULLFORM) 96L 104
199 (ADJ "ADV"™ ADJSTRING) 937 103
203 OKDJ 899
204 VB-EN 187
205 VB=ING 1487
203 (OALJ ADJ "ADV") 899 105
206 #WORD» 872
206 (=WORD# QADJ ADJ) 872 105
AC YORN 49 0.0
206 =WQRDs 872
206 (#WORD# QADJ ALJ) 872 105
AC LITTLE L9 0.0
206 sWORD# 872
206 (#WCED# OATJ ADJ) 872 1058
AC BRASS 49 1.6 50 81
206 #WORD# 1396
206 (#WOkD® GADJ ADJ) 1396 105
207 BRASS 1396
206 #wQORD»s 872
207 (BRASS OADJ ADJ) 1396 106
208 ADJSTRING 1117
209 "ADJSTRING" 1326
209 ("ATJSTRING" BRASS oALJ) 1326 107
210 NCUN 1273
211 CLASSIFIER 1273
211 (CLASSIFIER "ADJSTRING" BRASS) 1273 108
212 #WORD# 1248
210 (NOUN "ALJSTRING® BRASS) 1273 108
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213 #WORDw 1248
213 (#WORD# NOUN "ADJSTRING") 1248
AC WRENCH 81 .1584 97 122
213 «#WORD# 1248
213 (#WORD# NOUN "ADJSTRING") 1248
AC WASHER 81 0.0
213 «WORD# 1248
213 (=WORD# NOUN "ADJSTRING") 1248
AC TOoOL 81 0.0
213 «#WORD# 12,8
213 (#WORD# NOUN "ADJSTRING") 1248
THING 61 0.0
213 #WORD# 1248
213 {(#WCRD# NOUN "ADJSTRING") 1248
TABLE 81 0.0
213 #WORD# 1248
213 (#WORD# NOUN "ADJSTRING") 1248
SINK 81 0.0
213 #WORD# 1218
213 (#WORD# NOUN "ADJSTRING") 1248
AC SCREWDRIVER 81 0.0
213 #WORD# 1248
213 (#WOFD# NOUN "ADJSTRING"™) 1248
AC SCREw 81 0.0
213 «#WORD# 1248
213 (#WORD# NOUN "ADJSTRING"™) 1248
PLU7 81 0.0
213 #WJIRD# 1248
213 {(#WOrD# NOUN "ADJSTRING") 1248
PIPE 81 0.0
213 #WORD#» 1248
213 (#¥ORD# NOUN "ADJSTRING") 1248
AC PART 81 1.6 82 11}
213 #WORD# 1997
213 (#WORD# NOUN “ADJSTRING") 1997
21k FART 1997
213 «WORD# 1246

108

108

108

108

108

108

108

108

108

108

108

108

21t (FART NOUN "ADJSTRING") 1997 109

EXIT PARSE (WHNGSIMP WHNG QDET SINGULAR)

215 PART 2233 FROM 17

215 (PART NOUN "ADJSTRING") 2233 109

216 ENDINGS 1004
217 "ENDINGS" 213
217 ("ENDINGS" PART NCUN) 2121 110

EXIT PARSE (NGROUP WHNGSIMP WHNG QDET SINGULAR)

218 FULLFORM 201§
| 219 "FULLFORM"™ ki

218 (FULLFORM "ENDINGS" PART) 2015 111

218 FULLFORM 2015

218 (FULLFORM "ENDINGS"™ PART) 2015 111

220 AUX 1934
221 NOAUX 1209
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220 (AUX FULLFORM "ENDINGS") 193k 112

222 LOAUX 967
223 MCDALALX 386
224 HAVEAUX 386
225 BEAUX 1638
225 (BEAUX AUX FULLFORM) 1038 115
226 #WORD# 1801
226 (#WORD# BEAUX AUX) 1801 115
AC I8 1k C.0
226 #WORD# 1801
226 (#WORD« HEAUX AUX) 1801 115
AC ARE 114 0,0

212 (#WORD# CLASSIFIER "ADJSTRING") 1248 11k

AC TooL 81 0,0
212 #»WORD# 1248

212 (#WORD# CLASSIFIER "ADJSTRING"™) 1248 11}

PIPE 81 0.0
212 #WORD# 1248

212 (#WORD# CLASSIFIER "ADJSTRING") 1248 114

AC CRESCENT 81 0.0
213 (#WORD# NOUN "ADJSTRING") 1248
AC ONE 81 L.0

213 «#WORD® 1248
213 (#»WORD# NOUN "ADJSTRING") 1248
AC HOLE 81 0.0

213 #WORD# 1248
213 (#WORD# NOUN "ADJSTRIMNG") 1248
AC HANDLE 81 0.0

213 #WQORD# 1248
213 (#WORD# }NOUN "ADJSTRING") 12L8
AC FAUCET 81 .528 91 150

213 #WORD#s 1248
213 (#WORD# NOUN "ADJSTRING") 1248
AC CAPNUT 81 0.0

213 #*WORD# 1218
213 (#»WORD® NOUN "ALDJSTRING") 1246
AC Box 81 0,0

213 #WORD# 1248
213 (#4ORD* NOUN "ADJSTRING") 1248
AC BOLT 81 0.0

213 #WORD# 1210
213 («WORD# NOUN "ADJSTRING") 1210
ACAC WRENCHES 81 0.0

213 #WORD# 1210
213 (#WORD# NOUN "ADJSTRING") 1210
AC WASHERS 81 0.0

213 #WORD# 1210
213 (#WORD#» NOUN "ADJSTRING") 1210
AC TOOLS 81 0.0

213 #»VWORD# 1210
213 (»VWORD# NOUN "ADJSTRING") 1210

THINGS 81 0.0
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213 #WORD# 12i0
213 (#WORD# NOUN “ADJSTRING") 1210
TABLES 81 0.C
213 #WORD# 1210
213 (#WORD# NOUN "ADJSTRING") 1210
SINKS 81 0.0
213 #WORD#s 1210
213 (#MORD* NOUN "ADJSTRING") 1210
AC SCREWS 81 0.0
21) #WORD# 1210
213 (#WORD® NOUN "ADJSTRING") 1210
AC SCREWDRIVERS 81 0,0
213 #WORD+ 1210
213 (#WORD# NOUN "ADJSTRING") 1210
PLUGS 81 0,0
213 #WORD# 1210
213 (#WOPD# NOUN “ADJSTKIANG") 1210
PIPES 81 0,0
213 «#WORD» 1210
213 (#»WORD# NOUN "ADJSTRING*) 1210
ACAC PARTS 81 1.6 82 122
213 #WORD® 1336
213 (#WORD# NOUN "ADJSTRING") 1936
227 PARTS 1936
213 #WORD# 1210
227 (PARTS NOUN "ADJSTRING") 1936 1
EXIT PARSE (WHNGSIMP WHANG QDET PLUR
228 PARTS 2233 FROM 17
228 (PARTS NOUN "ADJSTRING") 2233 1
229 ENDINGS 1004
230 "ENDINGS" 2121
230 ("ENDINGS" PARTS NOUN) 2121 115

EXIT PARSE (NGROUF WHNGSIMP WHNG QDET FLURAL)

231 FULLFORM 2015
232 "FULLFORM" L2u

231 (FULLFORM "ENDINGS" PARTS) 2015 116

231 FULLFORM 2015

231 (FULLFORM "ENDINGS" PARTS' 2015 116

233 AUX 1934
234 NOAUX 1209
233 (AUX FULLFORM "ENDINGS") 1934 1
235 LOAUX 9.7
23€ MODALAUX 386
237 HAVEAUX 386
238 BEAUX 1838
238 (BEAUX AUX FULLFCRM) 1838 120
239 #WORD#+ 1801
239 (#WORD# BEAUX AUX) 1801 120
AC Is 122 0,0
239 #WORD# 1801
239 (#WORDs BEAUX AUX) 1801 120
AC ARE 122 1.130357 126 137
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239 #»wORD# 2036
239 (=dCFD# BEAUX AUX) 2036 120
240 ARE 203¢
240 (ARE BEAUX AUX) 2036 120
24l VG-MODIFILRS 407
2L2 "VG-MODIFIERS" 1234
2ke ("VG=MODIFIERS" ARE BEAUX) 1934 21
243 MNOTWHSU3J 1160
2Lk WHSUBJ 1695
2hiy (WHSUBJ "VG=MODIFIERS" ARE) 1895 122
24l WHSUBJ 189S
2kl (¥HSUBJ "VG~MOLIFIERS" AFE) 1895 122
24LS THERE 151e
246 "THERE" 1800
246 ("THERE" WnSUBJ "VG-MODIFIERS") 1800 123
2L7 FRQGRESSIVE 360
2Ly FASS 360
249 COP 1530
249 (COF "THEZRE" WESUBJ) 153C 12%
250 NGROUP 918
251 ALJCOMFL 1L69
252 FREPCCMPL 1469
2L> (THERE WHSUBJ "VG=MODIFIERS") 1516 127
253 #WORD» 1,71
253 (#WCRD* THEkE WHSUBJ) 1L71 127
AC THZRE 137 1.25 137 148
253 #W)ORD» 1838
253 (#WCRD# THEKE WHSUopJ) 1833 127
254 THEEF 1834
254 (THEPE THERE WiSUBJ) 18238 127
255 PRCGRESSIVE 367
<56 FASS 367
257 COP 1562
257 (COF THERE THERE) 1562 129
258 PGCOMP 1500
259 NCCOMF 150
259 (NQCOMP COP THERE) 1500 130
258 (FGCCMP COP THERE) 1500 123
ENTER PAFSE FEFFG AT LOCATION 148
26C #WORD» 1455
252 (FREPCOMPY COP "THEEKE") 1469 129
261 #WokDs 1425
251 (ADJCCMPL COF "THLRE") 1469 129
ENTER PARSE ALJG AT LGGATION 137
262 COMPAFR 233
263 AS=ADLJ=AS 2§53
264 THE=-SAME=~AS 293
265 ADJCOMPL 1110
260 (#WCRD* PGCONMP COP) 1455 132
AC WITH 148 0.0
260 #WORD#® 1455
260 (#WQFDe» FGCOMP COP) 1455 132
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AC ON 148 .5321429 157 178
260 #WORD# 1455
260 (#WORD# PGCOMP COP) 1455 132
AC IN 148 0.0
260 #WCRD# 1455
260 (#WCRD* PGCOMP COP) 1455 132
FROM 248 2.0
260 #WOPD# 14565
260 (#WORD# PGCOMP COP) 1455 132
AC BETWEEN 146 0.0
260 »WORD# 1455
260 (#WORD# PGCOMP COP) 1455 132
SEMIND 148 0.0
260 #WQRD#* 774
261 (#WUKD#» PREPCOMPL COP) 1425 132
AC WITH 137 0.0
261 #WORD# 1L2S
261 (#WOPD# PREPGCOMPL COP) 1h25 132
AC ON 137 0.0
261 #WORD# 1425
241 (#WORD# PREPCOMPL COP) 1425 132
AC IN 137 1.25 132 145
261 #»VWORDe 1781
261 (#WORD# PREPCOMPL GOP) 1781 132
266 IN 1781
261 #VWORD# 1425
266 (IN PREPCOMPL COP) 1781 133
ENTER PARSE NGROUP AT LOCATION 14§

ENTER FAMILY FOR NGSIMP AT LOCATION 1ub

NEWd FAMILY CREATED
267 NIL 1781

267 NIL 1781 133

ENTER PAFSE NGSIMP AT LOCATION 145
268 ART 1710
265 LEMADJ 1069
270 POSSADJ 356
271 QNTFR 1069
272 NUMD 1069
273 COMPAR 356
274 ATPHRASE 356
275 ASPHRASFE 356
276 FROPN 356
277 FRON 1710
278 THINGPRON 336
279 EVERPRON 356
280 FOSSPRON 356
281 PISSN 356
282 NULL 1069

277 (PROKN) 1710 147
283 #WORD® 1676

268 (ART) 1710 1u7
284 sWO D» 1676
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284 («WORD# ART) 1676 1lL7
AC THE 1lhS l.25 137 118
284 #WORKD# 2095
284 (#WORD® ART) 2095 147
285 THE 2095
28k #WQRD# 1590
285 (THE ART) 2095 146
236 ORD Ll9
287 "ORD" 1990
287 ("ORD" THE ART) 1990 149
288 NUM 1194
289 "NUM" 1891
289 ("NUM" “ORD" THE) 1891 150
290 ADJSTRING 1701
291 "ADJSTRING" 1796
291 (*ADJSTRING" "NUM" "ORD"™) 1796 151
292 NOUN 1724
293 CLASSIFIER 1724
293 (CLASSIFIER "ADJSTRING"™ “NUM") 1724 152
29L «WORD#« 1690
252 (NOUN "ADJSTRING" “NUM®") 1724 152
295 #WORD#» 1690
290 (ADJSTRING "WUM* "ORD*) 1701 152
296 ADV 340
297 "ADV" 1616
295 (#WCRD# NOUN "ADJSTRING") 1690 153
THING 118 0.0
295 *WORD# 1690
295 (#WOPD# NOUN "ADJSTRING") 16$0 153
SINK 148 0.0
295 #WORD# 1690
295 (#WORD# NOUN "ADJSTRING") 1650 153
AC ONE 148 0.9
295 «WORD# 1690
295 (#WORD# NOUN "ADJSTRING") 1690 153
AC HOLE 148 0.9
295 #WORD# 1690
295 (»WORD# NOUN "ADJSTRING") 1690 153
AC FAUCET 148 0.0
295 «WORD# 1690
295 (#W0o2D# NOUN "ADJSTRING") 1690 153
AC bBOX 148 1.6 149 201
295 #WORD® 270L
295 (#WORD# NOUN "ADJSTRING"™) 270L 153
298 BOX 2704
295 #WORD#» 1638
298 (BOX NOUN "ADJSTRING") 2704 15k
EXIT PARSE (NGSIMP DEF ART SINGULAR)
299 BOX 2815 FROM 266
299 (BOX NOUN "ADJSTRING") 2815 15L
300 "ENDINGS” 2675
300 ("ENDINGS"™ BOX NOUN) 2675 1Sk
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EXIT PARSE (NGROUP NGSIMP DEF ART SINGULAR)
30C "ENLINGS" 2675

300 ("ENDINGS" BOX NOUN) 2675 154

FXIT PARSE (CLAUSE MAJOR QUESTION BE WHQUEST)

6348 RUNTIME

9:17 GCTIME

25312 REAL TIME

31775 CONSES

9681 PAGE FAULTS

10AD AV 3.2 2.93 2.54

PATH: ("INITSTRING' QUEST WHQUEST WHNG QULET WHAT "NUM" ADJNOUN
ADJSTRING "ADV" ADJ OADJ LITTLE ADJSTRING "ADV" ADJ OADJ BRAS3
"ADJSTRING" NOUN PARTS "ENDINGS" FULLFORM AUX BEAUX ARE
"VG=MODIFILRS" WHSUBJ "THERE" COP PREPCOMPL IN ART THE "ORD"
"NUM" "ADJSTRING" NOUN BOX "ENDINGS")

SYSTEM HEARD: (WHAT LITTLE BRASS PARTS AKRE IN THE BOX)
RESPONSE: 2 SCREWS

PARSE TREE
(CLAUSE MAJOR QUESTIUN BE #HQUEST)
SUBJECT: FOCUSELT: (NGROUP WHNGSIMP WHNG QDET PLURAL)
(WHNGSIMP WHNG QDET PLURAL)
WHAT (QDET)
LITTLE (ALJ)
BRASS (ADJ)
PARTS (PLURAL NOUN)
MVB: ARE (BE PLURAL PRESENT TENSEDVERB)
GOALPR: IN (PREP)
COMPLEMENT: (NGROUP NGSIMP LEF ART SINGULAR)
(NGSIMP DEF ART SINGULAR,
THE (DEF ART)
BOX (SINGULAR NCUN)

INPUT START = 8
INPUT END 3 201

WOKDS GETTING NONZERO VERIFICATION DURING PARSE

) ARt .9 11 22
HOW .5 11 ¢2
WHAT .9 11 2%

22 TFE 1.0 27 37

26 ONE 1,0 27 14l
HANCL 1.0 23 LG 2
LIITL 1,0 27 u9y

bl ARE 1,0 43 49

L9 THE 1,0 50 63
ARENC ,56 58 81 2
HANCL .5 S0 87 2
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FAUCE .L49248 50 81 2
BOX 1.0 50 §¢& 2
BRASS 1.0 50 81

63 WRENC .56 6C 81
HANCL L4005 63 87
BOX 1,0 50 96

81 WRENC ,8 97 122 2
PART 1,0 82 114 2
FAUCE 1.0 91 150

87 PLZ .85 91 96 2

96 ARE 1,0 97 112

112 THE 1,0 124 131

114 PLS 1,0 116 122

122 A%E 1,0 126 137

137 {NERE 1,0 137 143
IN 1.0 132 145

145 THE 1.0 137 148

148 ON 1.0 157 178
BOX 1.0 149 201

FOUND:30 TRIED:10k TIMES:1lhl

ALL WORLS CHECKED DURING PARSE
8 USE 0.0
UNSCF 0.0
SCREW 0.C
PUT 0,0
PICK 0.0
GRASP 0.0
I$ C.0
ARE .§ 11 22
HOW .5 11 22
WHAT .9 11 26
22 THERE 2.0
THE 1.0 27 37
26 WRENC 0,0 2
WASHE 0.0 2
TOCOL 0.0 3
SDRIV 0,0 2
SCKEW 0,0 2
PART 0,0 2
ONE 1,0 27 41
HOLE 0.0 2
HANCL 1.0 23 49 2
FAUCE 0.0 2
CAPNU 0,C 2
80X 0.0 2
BOLT 0.0 2
CRESC 0.0
WORN 0,0
LITTL 1.0 27 U4S
Ll IS 0.0
ARE 1.0 L3 U9

B=22




i

L9

63

81

a7
96

I8 0.0

ARE 0,0

PLZ 0,0

THE 1,0 50 €3
WRENC .56 58 81 2
WASHE 0,0 2

TooL 0,0 3

SDRIV 0.0 2
SCREW 0,0 2

PART 0,0 2

ONE 0,0

HOLE 0,0 2

MANDL .5 50 87 2
FAUCE .u492u8 50 81 2
CAPNU 0,0 2

BOX 1,0 50 96 2
CRESC 0.0

BOLT 0,0 2

WORN 0.0

LITTL 0.0

BRASS 1,0 50 81
TooL 0.0 2

CRESC 0.0

WRENC ,56 60 81
WASHE 0,0

SCREW 0,0

SDRIV 0,0

PART 0.0

ROLE O.v

HANDL 40095 63 87
TAUCE C,O

CAPNU 0,0

BOX 1,0 50 96
BILT 0.0

PLES 0,0 2

PLS 0,0

WRENC .8 97 122 2
WASHE 0.0 2

T00+ 0,0 3

SDRIV 0,0 2
SCREW 0,0 2

FART 1.0 82 114 2
CKESC 0.0

ONE 0.0

HOLE 0.0

HANCL 0,0

FAUCE 1.0 91 150
CAP'U C.O

BOX 0,0

BOLT 0.0

rtz .85 91 96 2
PLES 0,0 2
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112
11}

122

137

1u5
148

IS 0.0

AKE 1.C 97 112
THE 1.0 124 131
I8 0.0

ARE 0.0

PLS 1,0 116 122
PLES 0,0

18§ 0.0

A\KE 1,0 126 137
THERE 1,0 137 143
WwITH 0.0

ON 0.0

IN 1.0 132 145
THE 1,0 137 144
WITH 0,0

ON 1.0 157 178
IN C.0

BETWE 0,0

ONE 0,0

HOLE 0,0

FAUCE 0,0

BOX 1.0 149 201

FOUND:3C TRIED:10h TIMES:14l
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APPINDIX
The Successful Path of the Parse for the Utterance

'‘Wwhat Little Brass Parts Are in the Box?!

PP8 = wWhat little brass parts are in the box?

ENTER PARSE CLAUSE AT LOCATION 8

2 ("INITSTRING"} 950 1

5 (QUEST 'INITSTRING") 912 3

6 (WHQUEST QUEST "INITSTRING") 875 10

17 (WHNG WHQUEST QUEST) 840 1C

ENTER PARSE NGROUP AT LOSATION 8

ENTER FAMILY FOR WHNG3IX® AT LOCATION &

NEd FAMILY CREATED

ENTER PAPSE WHNGSIMP AT LOCATION &

23 (QLET) 806 2§

S2 (#wORLe QDET) 782 31

AC WHAT 8 1.k 11 26

ST (WHAT QLET) 1095 31

59 ("NUM®" WHAT QDET) 1040 32

60 (ACJNNUN “NUM" WHAT) 988 33

62 (ADJSTRING ADJNOUN "NUM") 890 35

69 ("ADV" ADJSTRING ADJNOUN) 8uS5 L9

103 (ADJ "ADV" ADJSTRING) 811 66

22k (OALJ ADJ "ADV"™) 779 75

1L6 (##ORD® OADJ ADJ) 755 7k

AC LITTLE 26 1.6 27 L9

149 (LITTLE CADJ ALJ) 1209 75

150 (ADJSTRING LITTLE OADJ) 1027 99

194 ("ACV"™ ADJSTRING LITTLE) $76 101

199 (ADZ "ADV" ADJSTRING) 937 103

2C3 (UALJ ADJ "ADV"™) 899 105

206 (»wORD# OADJ ADJ) 872 105

AC BRASS 19 1.6 50 &1

207 (BRASS OACJ ADJ) 1396 106

209 ("ALJSTRING"™ BRASS 0ALJ) 1326 107

21C (MOUN "ALDJSTRING"™ BRASS) 1273 108

213 (#WCRD# NOUN "ALDJSTRING®) 1210 113

ACAC PARTS 81 1.6 82 122

227 (PARTS NOQUN "ALDJSTRING") 1936 11l

EXIT PARSE (wHNGSIMP WHNG QUET PLURAL)
228 PARTS 2233 FROM 17

228 (PARTS NOUN "ADJSTRING") 2233 lik

23C ("ENCINGS" PARTS NOUN) 2121 115

EXIT PARSE (NGROUP WHNQSIMP WHNG ODET PLUKAL)

231 (FULLFORM "E™DINJS" PARTS) 2015 116

233 (AUX FULLFORM "ENDINGS") 1923L 117
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236 (BEAUX AUX FULLFORM) 1838 120
239 (#WORD» BEAUX AUX) 1801 120
AC ARE 122 1.130357 126 137
2u0 (ARE BEAUX AUX) 2036 120
2h2 ("VG-MODIFIERS" ARE BEAUX) 193k 121
2Ly (WHSUBJ "VG-MODIFIERS" ARE) 1895 l22
246 ("THERE" WHSUBJ "VG-MODIFIERS") 1800 423
249 (COP "THERE" W'ISUBJ) 153C 125
252 (PREPCOMPL COF "THERE") 14é9 129
261 (»WORD» PREPCOMPL COP) 1425 132
AC IN 2:7 1.25 132 145
266 (IN PREPLVUMPL COP) 1781 133
ENTER PARSE NGROUP AT LOCATION 145
ENTER FAMILY FOR NGSIMF AT LOCATION 145
NEW FAMILY CREATED
ENTER PARSE NGSIMP AT LOCATION 145
268 (ART) 1710 147
AC THE 1L5 1.25 137 148
285 (THE ART) 2095 1ké
287 ("ORD" THE ART) 1990 1L9
289 ("NUM" "ORD" THE) 1891 150
251 ("ADJSTRING" “NUM" “ORD") 1796 151
292 (NOUN "ADJSTRING" "NUM") 1724 152
295 (+WORD# NOUN "ADJSTRING") 14690 153
AC BOX 148 1.6 149 201
298 (BOX NOUN "ADJSTRING") 2704 154
EXIT PARSE («GSIMP DEF ART SINGULAR)
299 BOX 2815 FROM 266
299 (BOX NOUH "ADJSTRING") 2815 15k
300 ("ENDINGS" BOX NOUN) 2675 154
EXIT PARSE (NGROUP NGSIMP DEF ART SINGULAR)
300 {("ENDINGS" BOX NOUN) 2675 15%&
EXIT PARSE (CLAUSE MAJOR QUESTION 3E WHQUEST)
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APPENDIX D

Sentences Recorded for the !'Faucet wWorld' Task Domaine

Grasp it between the two holes,

Now bolt the parts together,

Does the bHolt f£it in the hole?

can you grasp a bolt by the hega?

Please grasp it now,

Grasp the part with a hole between the bolts,
Bolt the two two inch dolts together,

Put tWwo holes together to grasp,

Now it can be put together,

Put a part between a hole and the part.,

Group H

VE~JOVNEWNKHO

Grasp two wingbolts together,
Bolt it now with two parts.

Will 4t £it pbetween the holes?
Can you now grasp the part?

Can you put it together now?

Now put it between tLWO new parts.
Move a hole between then,

Place two bOlts together.

Between one and iwo inches,

Ncw welve got it all together.,

group I

WV R-JOWVMEWNMFO

Fix the worn faucet later,

NOW unscrew the 0ld screw,

NoW f£ix two worn valves.

NeXt uns-rev an old bolt.

Fix a new valve in the faucet.
Then we car screw on & nev one,
Can we fix the same 0ld faucet?
After we holt it you can f£ix it,.
Turn off the same valve later-
Then turn on the next valve,

areup J

MM E-JOVMIEFEWNHFO

#The sentences in Gruups H through S were recorded by 1two
speakers. Group N WwWas recorded a second time py the same
speakers as if in resmonse %0 a request from the system to
repeat their first utterances. The first three sentences in
3roup Z were recorded ny the previous two speakers and by a
third ont, The latter alone recorded the fourtn sentence in
that Grou, .
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Group K

Group M

Jroup N

Group L

VoeJdJownrwmn kO VONOOWMFEFWOKFO voJdowmEwhoerro

O JoOoMmEwWwRO

Turn off the same faucet.

I bolted an old one on.

Then 1 fixed the new valve,

Next 1 unscrewed the sagme one.
Can you screw it on later?
Unacres one after we fix it.

Will you turn off the next valve?
We unscrewed it later on,

Turn the Zaucet off and on.

The vorn one screws on next,

Put a screw in the hole.

Did you put a screvw in the hole?
Turn the screwv two turns.

What part 1s in the hole?

I but a worn bolt in.

Put the new faucet together,

Now put a valve in between.
After that grasp a bolt.

After you fix the sanme part,

Can we f£ix a worn valve?

1 grasped the o0ld part.

You put one on later.

We unscrewved it after thai,
Now turn off the o0ld parts.
After you turn the o0ld one.
Then I can grasp two.

Now fut in the same bolt.
Turn a nev and old screw,
Then unscrez« one later.

The worn faucet's next,

Grasp the handle with a hole in it.

Put the handle on the faucet.

Screw a big screw in the handle.,

Is there a crescen' wrench in the box?
Unscrew the capgnut with the little one.
Is the washer in the faucet worn?

Pick up the big screwdriver.

Use it to unscrew the brass screw,

Hew mary paits are there?

What t00ls are in the box?

D=2
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Group P

MWM®-JOUE WwWN-O

rcup ¢

O JOWé W N - C

Grcup kK

O P OONE WO

Pick up tne worn crescent wrench.
Wnere are the washers for the faucets?
How many washers are in the pox?

There 18 a big screwdriver in the box.
Pick up tne little pipe wrench.

Grasp the handle ¢n the faucet,

Use a little washer in the big box.

Is the screvwdriver on th. worn handle?
HOW many big toecls are there?

Is one a little crescent wrench?

Pick ur tne little wrerch by the capnut,

Pick up the tig obrass wasner by the box,

Are tnere rany washers by the screvdriver?
How many tools are on the table?

Use the crescent wrench to put the capnut on.
Is there a 1ittle tool in the box?

Is the handle on the big bolt?

What tool 18 used to screv things?

what little brass parts are in the box?

How Many capnuts are on the taple?

The big brass part on the faucet is the handle,
The little part on the handle is the capnut.
There 48 a washer betvween the capnut and the
handle.,

How 1is a screvdriver used?

Pick up the washer by the screwdriver,

Use a screwdriver to screw it in,

The pie tool i’ a crescent wrench.

The little brass washer is or the table,

How many tig brass parts are there?

What wrench is in the box?

Place the plug in the hole ir the sink.
Put the tlack pipe wrench on the table,
Is the pluz telhind the box?

Flace it on tor of the box,

Place the faucet in the 8ink,

what is in tack of the fgucev?

dnat olack t00ls are behind the box?

Put the pipe wrench on top of the table.
Is there a2 tool in back 0f the box?

Hos rany washers are bdlack?




Screv the screv in it.

Put it on the faucet.

Pick up s big one.

Is there a little one in the box?

Is it on the pox?

What tools are in the big one?

Unscrew a little brass one,

Screw a screw in the handle with it,
Unscrevw the capnut with the big one.
What little brass parts are in the box?

Group 38

AT A ‘\mmlmmmﬂmmnmqmnmm

VPO IEWRHO

Put one washer in the faucer,

drasp the crescent wrench,

Is 1t 4in 1?2

What little brass parts are in tie box?

group 2

W~ o

D=4

1




APPENDIX E
L0 Put a screw in the hole.

P = understood correctly
L3 What part is in the hole?

B = understood correctly

Utterances Processed bty the SRI Speech Understanding Systen#
B = understocd correctly

P = understcod correctly
N1l Fut the handle on the faucet,

B = understood correctly
P = understood correctly
M3

B = understood correctly

P - nissed
N&

N2 Screw a big acrew in the handle,
B = understcod correctly

P = understood correctly

Is there a cres3cent wrench in the box?
wrench ...

"a'; exceeded limit;
N8

Unscrew the capnut with the little one,
B = understood zorrectly

P = false acceptances; exceeded 1limit;
N6 Pick up the big screwdriver.

B = understood correctly

NS

‘is there creascent
P = understood correctly
How many parts are there?
‘tool!

B = understcod corrertly
B.

failed

wrhat tools are in the box?
o2

uynscrew the ...
P = false acceptances; exceeded limit;
P = understood correctly
B = understood correctly

00 Pick up the worn crescent wrench.
P = understcoa cerrectly

'how MANY eee!
accepted

B = understooa correctly
penalty

How many washers are in the box?

'Wwashers'

#B, P,

screvdriver ,..

P = understcod 'How many wrenches are in the box?';
03 There is a big screwdriver on the box.
B = understood correctly

with lover score because of gap
P = false acceptances; exceeded limit;

‘there 18 a vig

and X are speakers who recorded the utterances.
E-1
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05

08

09

PS5

P8

Qo

Ql

Q6

Q8

S0

Sl

S2

Qrasp the handle on the faucet.

B = understood correctly

P = understood ~orrectly

How many biz tools are there?

B = 'there' failed; exceeded limit; *‘how many big tcols
are o..'

P = understood ‘How many big tools are on it?'; never
“ested for 'there!

Is one a little crescent wrench?

B - gap between ‘'is' and ‘ene'; ‘is ... one iittle
crescent ...’

P = priority assignment for ‘one' <8 neun group too low;
never tested for ‘'a‘; 'is one . ' . "e crescent wrench'

Is there a little tool in the box?

B = understood correctly

P = understood correctly

What little brass parts are in the box?

B = understood correctly

P = understoed correctly

The tig brass part on the faucet is the handle,

B - false acceptance of °'put' at bdbeginning; exceeded
l1imit pefore testing for ‘the'; ',,. Drass part on
the !‘ucet l..'

P = false acceptances; exceeded .imit; 'the big brass
part on the faucet oo’

The little part on the handle is the capnut.

B « false acceptances; eaceeded limit; ‘the little part
on the ...

P = 11ittle' failed

The big tool is a crescent vwrench.

B - ttool! failed

P = 'tool' faileda

How rany big brass parts are thera?

B - understood 'How many big brass parts are the handle?';
error in grammar

P = understood correctly

vhat wrench is in the box?

B - understood correctly

P = understood correctly

Screw the acrew in it.

B = understood correctly

P = understcod correctly

Put it on the faucet,

B = understcod correctly

P = understood correctly

Pick up a big one,

B = understood ‘Pick up a tig vwrench.'; had correct
analysis with higher prioriiy for path, but vocal
“ry at end of utterance resulted in looking for
longer word

P = understood correctly
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il

83

Sk

H

86

37

S8

85

20

1

Z2

1s there a 1little one in tne box?

B = understood 'Is there & little one in tne faucet?';
accepted 'faucet' in spite of 10w score becausc of

nigh prioriiy for path; never tested for 'box!
P = understood 'Is there a little nandle in a box%';

‘one! falled
Is it on the box?
B = understood correctly
P = understood correctly
Wwhat tools are in the dig one?
B = understood correctly
P - understood correctly
Unscrev a little brass one,
B -« understood correctly
P - understood correctly
screw a screw in the handle with it
B - 'in' failed; 'screw s screv «..'
P - 'in' failled; 'screw a screv .eo'
Unscrew the capnut with the big one.

B - 'the' failed; 'a' accepted at that place but with

low rating; exceeded limit; ‘'unscrev & capnut e’
P - 'one' failed; ‘'unscrew the capnut with the big oo’

¥hat little brass parts are in the box?

B = '1ittle' failed

P - false acceprances; exceeded 1imit; 'what little

brass partvs are ...’
Put one washer in ths faucet,
B = understood correctly
P = understood correctly
K = understood correctly
Grasp the crescent wreénch.
P = understood correctly
K = understood correctly
Is it in 1v?
B = understood correctly

K = understood 'Is there a wrench?'; nad co.rect
analyeis with higher priority for path,
fry at end of utterance resulted in looking for

longer word

E=3
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