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- ABSTRACT
A series of expérimenté was pefformed concerning control étratégies for é
' speech understanding system. The main eﬁperiment tested the effects on
performance of four major choices: focus attention by inhibition or use an
unbiased best-first method, "island-drive" or process left to right, use
context checks in priority setting or do not, and map words all at once or map
only as called for. Each combination of choices was tested with 60 simulated
utterances of lengths varying from 0.8 to 2.3 seconds. The results include
analysis of the effects and interactions of the design choices with respect to
aspects of system performance such as overall sentence accuracy, processing
time, and storage. Other experiments include tests of acoustic processing
performance and a study of the effects of increased vocabulary and improved

acoustic accuracy.

INTRODUCTION

This paper reports a series of experiments concerning control strategies
for a speech understanding system.* The basic goal of the system  was to
perform a data-base management task using input in the form of coﬁtinuous
-speech rather than isolated words, and simple English ~rather than an

artificial command language.

‘' One of the major problems .‘n-'&eVeioﬁing'thé' system was 'fo  deéign'é
-framework both to 1ntegrate the comporents and ‘to provide an .overall control
'_strategy. For ‘'a Speech system,  the -choice ‘of a -coﬁtrol strategy is

partlcularly 1mportant because "false alarms,'.words 1ncorrectly accepted ‘as
0ccurr1ng in ‘the _1nput when they dre not - really there, -present -many
opportunities - to make mistakes. - Rather than'picking"é.'partiCular cohtfél
'Strategy, we designed the system framework so that it was possible to test the

* This research was supported by the Defense Advanced Research Projects
Agency of the Department of Defense and monitored by the U.S. Army Research
Office under Contract No.  DAAG29-76-C-0QL1. The  system used in the
experiments was developed jointly by Stanford Research Institute (SRI) and
‘System Development Corporation {SDC).
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B effects' of several ma;or de51gn ChOlCES. The ’results'of these testS'are'

'f'ffelsewhere (Paston 1976 and forthcomlﬂg)

i jacoustlc tests.:

"efelther rejects the word, or accep:s 1t

jzreported below. Detalls regardlng h'f system framework presented:jf_g_f-r"'

Several experlments were performed Informatlon regardlng the aconsti¢Tf'* BREET NI

'.V;jffproceSSIng was gathered in- the flrst experiment. As well ‘as) belng of 1nterestT'*

'Gﬂinfﬂits' own rlght,: thls flnformatlon was used h':51mulat1ng fthefacoustinE”

'-dproce551ng for the other experlments.; Thef second experlment dealt with theV'

5:”fanout g both for the language 'alone and 1n comblnatlon w1th the acoustlcs;{jﬁﬁ"

“Fanout - prov1des a quantltatlve meaSure_ of the dlfflculty of the task related;:_-

to the average " number of alternatlves_ confrOntlnv the system.'_ Thc thlrd'j~"

'experlment measured the performance of two spec1al test systems w1th extremely

-'-51mple de51gns.' In the fourth experlment, the main experlment of :the serles,"“

" the standard speech system was measured on a set’ of 60 test sentences .for all
’_comblnatlons of 4 control strategy de51gn ChOlCES. f The performance of the'_:
'ibest conflguratlon from_ Experlment 4 was- tested 1n th flfth experlment

f;allow1ng dlfferent s1aes of gaps' and overlaps between words 1n: the 51mu1ated“.

L acoustlc processang. The 51xth and last experrment studled the: performance off;f*:

ﬂ;the most promlslng system conflguratlons from Experlment 4;- Whll& varylnghdJif7

-”vocabulary 51ze and acoustlc process1ng accuracy

Thls paper w1ll not dlscuss all of the experlments in detall We W1ll;”h"'

:gsketch the experlments' and the maln 'results Wlth empha51s_“on' the fourthiﬂ_hf

: experlment _ concernlng controlustrategy de51gn alternatlves. A deta11ed357'°

':'_dlscu5510n of the entlre serles of experlments w1ll be 01ven 1n Paxton',

;:(forthcomlng)

MAPPLR PERFORMAWCE

EXPERIMENT 1__ '

The flrst experlment deals w1th the performance of the system conponentgjﬂ :

. 'd'called h: mapper (descrlbed in thea,xl975) : The mapper carrles out:;jiflwsm'“d

leen:;"'

locatlon 1n_the 1nput,;

”fboundarles rounded to the nearest O 05 second

‘the mapper

'fgmapper also glves 1t ‘a score between 0 and 100 1nd1cat1ng how well 1t matchesfﬂ”33°

-jhthe 1nput (100 1nd1cates a 'perfect match) Words accepted by the mapper are;,fﬂdn

'helther'"hlts,:f words really in: the 1nput sentence,- or false alarms, wordsrshi“

jaccepted although not 1n the 1nput.r;j.,.
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S The mapper “was - tested by -callmg for all o‘f"- ‘the words- Iin'the T

”:.vocabulary at the start of an utterance and then at each p051t10n: where a

”'dpprev10usly accepted word ended Thls procedure resulted 1n testlng the entlre”ﬁ ST

'fﬁfvocabulary at an: average of about 16 out of 20 posrtrons per second -of Speech*}:jfl;rxwh
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'.ﬂ(recall that word boundarles are rounded to multlples of 05 seconds,_so there;”.” :

7?fare 20 p0551b1e: endlng posrtlons per second) % Overall tests were made atd_ﬂ"

:lilSO p031trons in 11 test utterances._ For the 305—Word vocabulary used Cin the]fﬁ

sr“ffollow1ng experlments,_the mapper had 48 hlts and 1564 dlStlnCt' false alarms.“

1r{The false alarms were dlstrlbuted throughout the vocabulary (229 of ‘the 305J'd?'

':ﬂwords (75/) Were falsely accepted at” least 'once), with small words llke:” "

fland e” each account1nU for more than 30 false alarms.'

_ The false alarm rate for the mapper was determlned by countlng the numberhv
‘of false alarms that fell wrthln a sectlon of the 1nput._ For the 305 word

’vocabulary, the average rate was 114" false alarms per second of speech - Since

“'there were about 3 hltS per second of speech thls rate 1nd1cates that the o

'p}mapper produced an average of almost 40 false alarms for each hlt.; As partlalf'”

'”-compensatlon- for thls result,_there' were 1o mlsses (cases 1n whlch the-:"f

'fmapper falled to accept ‘a. correct word) and the mean hlt score was hlgher than'”

) Tthef mean” false alarm score (73 5 versus - 59 4), although both score._

5h.dlstr1butlons spread over'fthej_entlre range,' from near 100_ dOWn to;the

"-pthreshold of 45,

'giconcatenated to!

lhe remalnlng experiments use'a 51mulatlon of the mapper based on'thehg

o data gathered 1n the"first experlment._ To s1mulate the performance_ of theﬁﬂ:;.“

"lmapper on a’ partlcular sentence, ‘the words of the sentence were flrst a851gned9-

”:l-lengths 1n seconds of speech j Each word was then as51oned a score' plcked at ..

"lrandom from the h1t scores actually produced by the mapper._“Ihe' words were.ff

,determlne the length of the utterance, and the 1ength wae'°

,;pmultlplled by the false alarm rate (114 false alarms per second of speech)_toif

”f'gglve the total number of false'alarms to be 51mu1ated lhe_false_ﬁalarmshmere_if_7fu':””

e * 1h1$ experlment was orlelnally de51gned to-

record the results of allafl"'rw o

”;mapper calls that mlght be: ‘made . in a-leftito rrght parse: ‘The". 1ntention Twas ol o

'1;"}to use this: 1nformatlon in place of ‘the ‘mapper ‘in tests: of the edtire . system.gl,fqu;j;:j
. However, ‘technical’ dlfflcultles mnade ;1t 1mp0551ble to gatherf emough

'.rlnformatlon to satlsfy the or1g1nal goal f the orlglnal goal had - been to,f:53¥"’
o:provide data for a simulation’ of the mapper, the ‘mapper would have srmply been .
tested on the" entire vocabulary across each utterance dt .05 second intervals.

- The change in igoals may have'resulted  in. “slightly" underestlmatlng_rthe_false=

Csvialarm” rate’ for_the mapper -because of = the untested :positions where '.no word .=
3”3,ended ' S e T R I i TR
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.-.'selected randomly from the 1564 false alarms produced by the mapper, and thenif"

..p051t10ned randomly 1n the sentence. ';As* a check on ‘our 51mulat10n,_we-- R

"ﬂcalculated the correlatlons between_ the observed score dlstrlbutlons and thef;'

"V.score

':dlstrlbutlons nﬂfthé 51mulated utterances used in the' follow;ng-;ff'

.rgiexperlments. The hlt score dlstrlbutlons had a .97 correlatlon and the false_ T

'gfalarm dlSEIlbUthﬂS had .a': 996 correlatron.f (Ihere were: many more falsepef;ff””:"“

'"palarms, hence the hlgher correlatlon ) In computlng the 51mulated proce551ng'f

.',tlme for. the mapper in later experlments,_ we used flgures of 0 25 seconds;;frf’* '

'~.process1ng per WOrd tested l 0 seconds per p051t10n of 1n1t1al proce531ng_ff*:

before trylng any words, and 10 0 seconds per second of speech in the sentence:_; :“'..

_”1f “island- driving" was belng similated - (see dlscu551on ’of Experlment &Y. o
'.These flgures are derived from rough measurements of the mapper runnlng on an

ZZ.IBH System/370 Model 145

EXPERIMFNT 2—-FANOUT

fhe second experlment dealt w1th the fanout in _the language -w1th andl:fpgs.

E fW1thout acoustlc constralnts.'f”Fanout 1s deflned as the number of words thatf=:~:”'

ﬂiﬁcan be successfully appended 't0'an 1n1t1al substrlng 'of some sentence, toaj;7:°

’hproduce' elther a complete 'sentence _or “a strlng that :c potentlally be
' completed to form. a- sentence. i The average fanout over_ a large_ number of;:p
_'1n1t1a1 substrlngs prOV1des a meaSUre of the uncertalnty of each word, as'

f'lndlcated by the number of alternatlves open to the system.j-~”'

The fanout was measured for ll sentences, tooether contalnlng a total off?]'lfT.-'

'-,67 words. fhe fanout was measured only for’ 1n1t1al substrlngs of “the actual**”

' 5{sentences,'1t was not meaSured along false paths.; The dlstrlbutlont

of the“:

3.,;51ze of the fanout was blmodal U51ng the 305-word vocabulary ~and 1gnor1ng;_'f"”

';fwhlle 33 p051t10ns (49/) had a fanou'?of more than 173 words.__ The smalli_

' fﬂfanout p031tlons were places allow1ng only vocabulary classes w1th a small"

'fnumber of members, classes such as laroe fanoutﬂ

__prep051t10n or:__f

':fanout at the beglnnlng of sentences was 206

':Ih'acoustlc constralnts, 24 pOSlthHS (36/) had a fanout of less than 30 words,'*'"'m:”

_lp051t10ns corresponded to. places where: a Toun- could_rbe expected lhe meanfﬁf.._

:l}efanout_was 117 __wrth a standard dev1at1on'of 90 and “a max1mum of 219 Iheﬂ?rf5_f

1he fanout -w1th acoustlc constralnts 1s based on the_ 51mulated mapper_fﬁﬁfﬁd3'

Vﬂ-data. It is calculated by countlng the’ number of wardS-,(a) that are accepted'f"H"":'J

;.lby the 81mulated mapper at a p051t10n startlng plus or mlnus 0 05 seconds fromjl“-f?*cﬁ-?~
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i'_'the end of an 1n1t1al substrlng of . hlts, and (b) that are also 1n the fanoutﬁ ;-

*j,:set wrthout acoustlc constralnts for that substrlng In addltlon to record1ng’733?-':'”:
'f.'the 81ze of the’ fanout, we'. ordered the set :of words by mapper scores and P

'ht_computed the.-rank of the hlt.= For example, {1f 2 false alarms had scores}'f_“'r"'ﬂf

 higher ‘than the hit, the rank of the hit would be 53 For the 305 word .

fhvocabulary, the mean fanout w1th speech was 18, and the average hlt rank was_t:“”-'l'.

iT;B 7 The fact that the h1t rank 1s snaller than half of the fanout reflectsi}fr'”

fthe prevrously mentloned dlfference between the score dlstrlbutlons for hlts

G and false alarms

The resultsj'of this ™ eﬁperiment'help to show why'the'-control strategyh :

'l.problem for speech understandlng ‘is s0 dlfflcult. ‘The results suggest that,

'lon the average, ‘there will" be betWeen 2 and 3 false alarms w1th hlgher scores:

}than the- actual hlt to tempt the system down false paths Lucklly,. thére are.

f"conpensatlng factors tendlng to brlng the system back to the' correct path

;; Oné aid is that the fanout followrng a false alarm ige probably smaller than”

3;,fthe"fanoet follow1ng a hlt, and false paths thus often lead ‘to- dead ends.;fl

S (Thls speculatlon needs to be tested emplrlcally ) The decrease in fanout 1s.ﬁ-'

":most pronounced near the boundarles of ;an utterance, where many words are“

"'ellmlnated because thelr mlnlmum duratlon is- greater than the avallable time.

”'h51m11arly, false paths may be 1mpossrble to complete because too much SpEECh”J.”

_"remalns. For example, a path wrll be a dead'end 1f 1t requlres a’ one syllable'

'_'word to fill a fourusyllable sectlon of the 1nput._ Flnally, even 1f there - are_"

':fff;next exper1ment.,~p-3:

:complete false paths,: the system may stlll Sget’ the_ sentence rlght lf the_ L

pcorrect path 1s f0und and is hglven.a.hlnher overall score than any - 1ncorrect”;”'

.'f”path 1he dlfference _1n hlt'and.false alarm score dlstrlbutlons' makes thls!dp=::”

fmore llkely These factors, and perhaps others not yet recognlzed may offsetd ;

hth' effect of the large number of hlgh scorlng false alarms, but speechfh;gf};hfpff

'lmunderstand1ng 1s stlll 2 dlfflcult task aS' 1nd1cated by the results _of the:s

FXPERIMENT 3—:TWO (TOO) SIMPLE SYSTEWS

In the thlrd experlment, two systems w1th extremely srmple desrgns Werel;-”

”*ftested a“fsetiof 60" seatences.a The sentences covered a W1de ‘range of:’?f_-;

'””fvocabulary and ﬂ{lncluded questlons N commands ;fandj_ elllptlcal sentence.f*d

' ”fragments.- There Were lO sentences at each length of 51mulated speech from:

0. 8 to 2 3 seconds at 1ntervals of 0 3 seconds.. The sentences averaged 5 9-"

7:words in length Wlth ‘a max1mum of 9 Words.
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The flrst' system tested used ‘a dynamlc programmlng method to findrthe*'
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' 'sequence of words accepted by the _s1mulated acoustlc proce551nU with thegj_ﬁ'.”

i hlghESt cumulatlve score.fﬂﬁThe sequence was constralned to start fand end'd”

q':;W1th1n 0. 05 seconds of the utterance boundarles, and to have between~word paps_i:Vuff"

}Tand OVerlaPSI Of no more than 0 05 seconds.__ There were no syntact1c orf”"'

-'j{semantlc constralnts on the :word sequences chosen.. ThlS system _selected theﬂp'”

- ?complete correct sequence of words 1n 3 sentences (5/) and found 86 of the 323qf;f3t:”

f'hlts (27/)

' The secoud test system used a’ context—free par31ng algorlthm to 'find*the“ -

'f'sequence of words w1th the best cumulatlve score that’ net the same gap and

-0verlap. constraint of " 0.05 -seconds and also satlsfled some 51mp1e phrasel;*'

c;Structure rules for a subset of Eﬂgllsh * The additional constra1nt eliminated -

many of the false paths open to the flrst test system, but the algorlthm stlll
' tselected ‘the correct sequence in only 6 cases '(104).and:found_only 100 hits
(31%) . o . P ‘ L . . -

The poor performance-fof these 81mple test systems tends to confirm"the"

;need for more- exten51ve' 11ngulst1c knowledue (or large 1mprovements ins

'flfacoustlc proce551ng accuracy) and - helps to Justlfy the greater complexlty ofl'”:'

. the’ standard -system 'whlch : as_the' follOW1ng experlments ,show,_lsﬁ able to;.

.nachleve much better results.""

EXPFRIM&NT 4——CONTROL STRATEGY DESIGN CHOICES

In the fourth exper1ment,x the performance of the standard speech systemF}f-ﬁfjfd"

”.was measured on the 60 test Sentences descrlbed above,_whlle varylng fourf_'

”spmajor controlmstrategy de31gn ch01ces.: The :ch01ces used as experlmental.fy S

.fp’varlables were the follow1n0 s

Island Drlve or Not -—” Go i' both dlrectlons from--“'.

Lo iproceed strlctly “left ;fto rlght Cfromil thell Ao
:-'gjfbeglnnln 1o Island= dr1v1ng allows the system RO L
ruse words that match well anywhere in’ an 1nput and:.
”‘7,to bu1ld “upian’ 1nterpretat10n around- them.; Left .

R rlght proce851ng is’ 31mpler ‘and 'less ' flexible

.iarbltrary startlngiﬂp01nts n- ‘the 1nput versusfﬂﬁ;:m R

o but ‘may still be'more accurate and efflclent than*f}j_f,ﬁ?-dl;fr:"'”'.

Ipflsland dr1v1ng..;_

L * lhe: rules“were:'taken from ‘the language definition:for :thedstandardjft
'1speech system used in the later experlments. L S e e e
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Map All or One - Test all the words at. once cata

_,glven 1ocat1on versus try them': one at ‘2" timeé and -

‘. delay further testlng ‘when’ ‘a good match: Cds
.ffound"' Mapplng all at once 1ets ‘the system knowh::; S

. the best. candldates from: the-acoustlcs and reduces”ﬂﬁ7'}f_:;

' the chdnces: of - following a false" path “Mapping . .

/oneat ER time avoids’ exhaustlve testlng and w1115_

be ‘more eéfficient than: ‘mapping all at’ ‘once" if tHe oo
i_system does not encounter too many false alarms.,szf”T‘;fif"

L Context Checks----Take inito account he' restrlctlons_..ﬂ”?-
e of 7 khe 90381b1e sententlal contexts as - part of:

"*;settlng prlorrtles versus’ 1gnore-;the'.contettuall

. 'restrictions -except for 'use in eliminating already

- formed structures: . Context checking should give
‘more information for- setting prlorltles and ‘should -
‘lead to better predlctlons.: ‘However, - the thecks
“ean be expen51ve and therefore may’ not lead ‘to an’.
“overall 1mprovement in performance.' :

Focus by Inhlbltlon Focus the system' on'séledtédl '

. alternatlves-- by 1nh1b1t1ng _competitlon versus
"}employ an unblased best first: strateoy Focu51ng'

-allows. fthe ‘system; ‘to‘concentrate’ ona partlcular_ffz“'
_;set' of" potentlal 1nterpretatlons :rather' ‘than

:fthrashlng -among - large number’ of alternatlves
'-However, if the: focus of attentlon is t0o. often'
‘wrong, ' ‘the’ ;ﬁ”' effect may be harmful to system'

performance..

_ All comblnatlons of the 4 control strateoy varlables were tested 5ﬁ=thé_~
60 sentences.; Thlsf experlmental de51gn allows3husﬂ-to‘ compare__*the:l16l_"'..
;hcomblnatlons of control ch01ces and to evaluate, by analys1s of ‘variance, the’ﬁ
- main’ effects_ and 1nteract10ns of the control strategy var1ables._ 1he ﬁaln_lﬂ
:lfyxeffect of a varlable 1s the change 1n performance 1t produoes,' averaged overhf'ﬁzﬁ'

7fiiall 'e p0551b111t1es for the otherf varlables. ;_Thé: 1nteract10n of two""'

';fvarlables; tells'jwhether the effect of one varlable -1s the _same -for-all.f-f*7{"'

'ffp0551b11it1es of the other.; The 1nteract10n of three varlables tells whether;f'i”"'

:“;hthe 1nteract10n of two of them 1s thfnsame for all:p0881bllltle5 of the thlrd'fhﬁ

fAnaly51s of'farlance 1s a statlstlcal technlque for:=comput1ng thefﬁﬂ'j'

. probablllty that the observed effects or 1nteractlons are reallyffaused by theLf’
W3fexper1mental varlables,'rather than the result of random varlatlon (see-e -

' f:_Wlner 1971) other words,_th1s method alds 1n_ evaluatlng results ofll'”

5,exper1ments 1nfluenced by substantlal random factors._ In our case, the randomff."fv'
factors 1nclude the random:-ch01ces of false alarms and hlt scores 1n.-f

3]_51mu1at1ng the mapper, and the selectlon of a partlcular sample of_sentences'}f'”
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Cmages

-cfrcm'.the: much larger populatlon of pbesible sentences. The stetlstlcalf:i7ﬁ3

o reSults for a maln effect ot 1nteract10n are glven in“ form such as’

t““F(l 5) 6 9 05 ": Thls means that the F ratlo (a Statlstlc for comparlng';cf*.'“"”'

-_verlances) for the effect or 1nteract10n has 1 and 5 degrees of freedom andﬂf_&'

'ffhas | value equal to 6 9 ThlS 1n turn 1mp11es that the probeblllty -15 less}gf”

':than ,;05, that h observed effect_fcr:'lnteractlon was caused by random_ij:”

t;}varlatlon alone.: If 'the probablllty 1s glven by 1tself 'i the follow1ngtf{_ﬂcn;:f5

o1,

'16 3 for pi'

based on thei_these values.: F(1'5)>

: o FCMi -
© fCmi S e feMi
- ® fCMi
68 —
g &4 ® FCMI |
g © fCml _ _
| s0k ® FCmi . ®FCml ) TR -
= : '
o .
b . .
56 . _ .
S _ ® Eclii © FoMI
o
52— - fcrni 1
e —femi © 6 Feml _ﬁ. ) : —]
© Femi ' '
a4 i~ " ACCURACY AND RUNTIME OF THE 16 DESIGNS —

I . ; i . |
o . 1,‘0 :

'f-; The most 1mportent performance measures for the system are _accuracy (theft-~-.='f“*'

.gfjpercentage of sentences for Whlch the correct.sequence of words 1s Eound) and;fz, e

the_system,flncludlng

'fproce551ng tlmE) _ these meesures,_ the controln

”trlarge,_ 51gn1f1cant effects : Before dlSCu_

'jlntroduce a notatlon for namlng the experlmental de51gns’

.51mulated acoustlc:ﬁ’fo“""'

:trategy_ Varlables hed?é}fﬂ.e
ng 'éf effects, we need toﬁ;*u

'i?he capltal 1etter¢fi;:-y3*;c

.-e7"F”: w1ll ‘refer “to' focus by 1nh1b1t10n,_ 1cwer 'case ”f": for no focus by’zitﬁ

”fflnhlbltlon,'“c”_stands for context checks,c“ " for no context check3' ”M" for'””

fj_map all at once gt for not map ‘all at cnce,'”I" for 1sland dr1v1ng;' end'” "o
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For nO 1Sland dr1V1ng Thls notatlon Wlll 1nd1cate the dlfferent comblnatlons-:““'”

'.fof ch01ces. For example,_"fCM1”'refers to the system that does not use focus:af

:fﬁby inhlbltlon, does use context checks, _does map all at once, and does not{ﬁf-u'"

'”;flsland drlve. "

U51ng thls notatlon, Flgure 1 shows the accuracy and runtlme of _the 16,.'

L experlmehtal :systems.. Notlce3 the range of values for both measures, fromtf”":'

."d46 7/ :to 73 3/ for accuracy,: and from 221 to 559 seconds proce351ng percﬂ'

._:sentence for runtlme.: These :w1de ranges conflrm the 1mportance of ! control.

”lstrategy 1n. determlnlng system performance.' Wlth respect to the 1nd1v1dual:d'

t'control varlables, comparlng the Cﬂsystems to the correspondng c-systems ‘shows

7 that context checks for - prlorlty settlng result in better accuracy and faster

.:lfialso performed and gave the same levels ofh

_runtlmes.- Slmllar comparlsons show that mapplng all at once 1mproves accuracyf.7'

but ‘increases runtlme, whlle focus by 1nh1b1t10n' and ~island- dr1V1ng both'd:

reduce the accuracy and’ 1ncrease the runtlme.- In the course of thlS paper, we

'Edlscuss these effects and propose explanatlons for them. L

table 1o "1-T:”?5ff' Table 2

“MAIN EFFECTS OF VARIABLES “FOCUS AND ISLANDuﬁRlVING;Z
o, PERCENT CORRECT ;;.-- jgj.__: | TNTERACTION " "

__..fWIIH WITHOUT DIFFERENCE ZfIl]h'filzflgiei -
SF 57,50 62090 =504 * - F . U56.7 58,3 1.6
C 66,0 544 1106 % 0 f 5906 66,3, 6.7

M 6406 55.8° . 8.8 x| . Fef =209 -8.0
o158l 623 -h2 SR .

p < O 05

Table l shows the effect -of the control varrables on accuracy. - For the =

'.purposes of analy51s of varlance, We pooled the results on the 10 sentences of}T7 SO

”L.equal length to get 6 aCCUracy measures per system.. The 1nteract10n with i S

'flength was then used the error term for ';calculatlng statlstlcalfqu:?fﬁ

L 51gn1f1cance.; Results are reported for ana1y51s of théd raw percentages,';f;33fjfk "

fis_;analy51s after an arc51n transformatlon to 1mprove homogenelty of varlance Was'”fg,;jkf,.*

smgnlflcance

'71_C331gure l suggests context checks and map all 1mprove accuracy,_ whlle focus j;f;_)g*f'
“'ff_and 1sland—dr1v1ng make:?ft worse._F_Th 1s1and dr1v1ng effect h”wasffnotd“::“ s

"l-f51gn1f1cant statlstlcally because of a- 1arge 1nteractlon w1th sentence length SR

'ﬂFor the long sentences,_l 7 to 2 3 seconds, 1sland—dr1v1ng decreased accuracy-h*.:;ﬁ:f o

o by 15 8/ but for the short ones, O 8 “to 1 N seconds,_lt actually 1ncreased;:h:f'

:;ﬂaccuracy by 7 5/.-- There was a 51gn1f1cant '1nteract10n (p < O 05) between
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'“ﬁfocus and 1sland dr1v1ng.j As shown_ in Table 2 “the" effect of 1sland dr1v1ng
- :1s less wrth focus, and the effect of focus 1s less w1th 1sland~driving chh
.explaln thlS: collectlon of 'results we must flrst _con51der;how accuracy 153;

'3r '1nfluenced by control strategy.-:;?n3'

The control strategy affects accuracy 1nd1rect1y.: All the strategles are”qu;:“rf3’

hhc complete =ih”%the sense that they only reorder,: and never ellmlnate,fi".”..: .
,}alternatlves.: If there Were no false alarms, all the systems would get 100/;§ﬁ
rof the test sentences correct Z hven w1th false alarms, the strategles wouldf:'.
h_get an equal percent correct,.lf all the poss1b1e alternatlves ‘could " be trled”'
before the system picked an 1nterpretatlon. Errors - would only occur_whenhf"
j}false alarms had high' enough scores to dlsplace“hits in the :hlghest'rated
interpretations: .'However; in - ‘the Lactial’ system, _the large ﬁumber_-of_:
alternatives makes it 1mp0551ble to con31der all of them Ain- the space and time
'hh avallable. As a result, the order in whlch the alternattves " are con31deredh
' *rcan affect the accuracy,:'and 50 can the demands on space and tlme.p Controi':fV’
Qstrategy thus"affects accuracy 1nd1rectly by reorderrng alternatlves Hand-hy'f
-modlfylng space and tlme requlrements. 10 explaln the accuracy effects,_wez-'”
; must 1ook at these other factors.'i | : ' .
'In thlS experiment,;'theh storageiiimit .wasi'anf 1mportant factor for
'saccuracy._ In the 960 tests (60 sentences.times 16 systems),__ (60 24) Were’
Ncorrect ‘and - 383 (39 8/) were wrong. Of the errors, 175 (46/) had an 1ncorrect'_
'._1nterpretat10n, whlle 207 (54/) had no - 1nterpretat10n at' all;f Slnce the':
'y:systems could potentlally get the correct _answer - and no 'time llmlt wasj5:'
“1mposed untilat least one’ 1nterpretatlon had been fouad all of the 207'

SRR gsentences w1th no 1nterpretat10n Were a result of runnlng out of storage._ S

The storage llmlt used 1n the tests was based on - the number' of phrasesh;=f:":

*jgconstructed._ When the total reached 500 the system would stop trylng newif}f'f e
:falternatlves aﬁd 1f any 1nterpretat10n had been found plck the hlghest rated_-*f P

tylnterpretatlon as 1ts answer.'y Ihe average number of phrases_ constructed wasff"'*'

55204 nontermlnal and 63 term1na1 The syst r_1th'the best accuracy, fCMl, hadd? -

'-rthe lOWeSt average (113 nontermlnals and 45 termlnals), whlle the’ system“vlthtcﬁflf'a'

'h'_the worst accuracy, chl, had one of the hlghest averages (260 nontermlnalsffﬂJfﬁ.r

"and 68 termlnals) Overall there Was

a strono negatlve correlatlon (~ 93);.H:h"-'”'“

3@between system accuracy and average numher of phrases constructed
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Tmﬂe3 RN
MAIﬂ EFTECTS ON- STORAGE.*
(number of phrases)

HITH: wrraou1 DIFFERENCF:’"”

_'281'55253 28
CCo260 295 sy
CoMwh 90 ap e
1 ].287_;¥247 ;]Lgapfa,j
- *5 p <.0l % p< 05
_ Table. 3 shows the effects of.thel'control varlables 6n*ﬁhé “nuABer'af“l
'.:phrases. The pattern is the same as “for accuracy,-context checks and map all ;l'.
have good effects,_.whlle focus and hlsland dr1v1ng ‘have bad .effects. .Agaln,f
~ ‘because of & large 1nteractlon_ioith length the-1sland~dr1v1ng”effect ]lS"hot’f
51gn1f1cant statlstlcally. " There are s1gn1f1cant interactions,_p'st;OS,

between focus aad iSland'drivihg for'storage, as seen in Table 4, and between

" 'contekt checklng and mapplng all at once, as seen 1n Table 5

Table 4 - B “Table 5 f. SR
FOCUS AND" ISLAND—DRIVING.- _ CONTEXT AND ‘MAPLALL
INTERACTTION . - CINTERACTION™

(number of phrases)

:'ﬁflj;of phrases ( 72) and

:'[once, the systemnls'

'Vlhgternlnal phrases.:

i?f:the false termlnal percentage——from 87 5/ to 86 2?, p <

l(number ‘of phrases) =

U RS SE '~]'HV.¥ S M—m'”

- o | | w
F o290 272 0 18 c 221 -°259 =38
Cof 02840222 62 . el 267 322 L1550
hF-f'_- ~50 - —44 C-c —46 --*63 ST

L 6

lhe beneflclal effect of mapplnu all at: once on’ the storage requlrements:_

accuracy 1s caused by an reductlon :iﬁ ‘the . proportlon

.._ternlnal phrases._
'lgtermlnal phrases that are= false alarms——from 88.0%" to 85 74,_
5_false termlnal proportlon 1s ln turn 51gn1f1cant1y correlated w1th

When

Ol

the accuracy (—;75)

of the dlfference 1n

llkEllhOOd of

able to take advantage

”fand hlt ;he

score dlstrlbutlons to reduce

construct1no falseﬁa

Notlce that 'a relatlvely small change 1n

'ﬂ;fpercentage has a’ large effect on system performance.ff_ﬂ;jfl;“

of false alarm?f73l

Mapplng all at once 51go1f1cantly reduces the pr0port10n of;ﬁfj%ff;: o
Thefffﬁf:fﬂ”"'
the number;;l;li_j:fﬁh

the words are all maPped atzlil;?”':iﬁ

false alarmff7::f

false term1na1nl7fl

Surprlslngly,'context checklng also results 1n a 51gn1f1cant reductlon 1n-ﬁﬂ""f

01
'lmay be ev1dence that context checklng 1s g1v1ng lower prlorlty to
.“.words adJacent to false

alarms than 1t glves:.to looklng next to hlts.

Th1s reductlon f,lf
looklng for:_if"r -
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'.ichange could affect the false termlnal llkellhood, 51nce there is always a hlt'fff

fzzadjacent to a hlt 'whlle: false alarms often have :nothlng but other false

"”-_alarms next ‘to .them.} In addltlon to 1ts effect on false -termlnals, contextV' '

: Jcheckrng -may .also be 1mprov1ng the storage requlrements and accuracy byi;ﬁcy'fv-*'

 generally lmpro"lng the P‘—'lorlty J Settlﬂg, thereby reducmg the ll_kff’_]flhood of 1

'lprollow1no false paths

hig Focus by.lnhlbltlon sllghtly 1ncreases 'the proportlon of false alarmfu.
'termlnal phrases (from 86 37 to 87 3/),“ but thls 1ncrease is too small to be"
stat1st1cally srgnlflcant..- The explanatlon of the 1ll effects of focus is

!essentlally the converse of the explanatron of the' effects ‘of context

checking" Context checklng makes performance better by 1mprov1ng prlorltles, ~

'whlle focus makes it worse by distorting prlorltles.- Focus ‘too  often changes =

-prlorltles t03 bias the system  in favor of a false alarm instead of ‘a hit.

'vaerall -focus channed prlorltles"in'faﬁor of a false  alarm 112 ‘times per

o Tsentence' and 1n favor of ‘a h1t only 15 times . per . sentence. - Thus the . .

".fprlorltles, and ‘the system performance, were _better with the ‘unbiased best-

:?flrst strategy than W1th fOCuS by 1nh1b1tlon.'

Island dr1v1ng dld not affect the false termlnal proportlon but_'lt dld"

o have bad effects on storage and accuracy'for'the longer sentences._,' get a

sentence correct 1sland-dr1v1no must start ‘at least one island wrth a: h1t._h-.-

' CIf all the 1slands'_are false alarms, -the-sentence- wfll'not be 1nterpreted'.:.

"-cOrrectly. The overall average was ‘3. 7 false alarm 1slands per sentence and:h”

B 0 9 hit” 1slands.. There were one ‘or more hit 1slands 1n 82/ of the tests usrng.

'*ﬂhamount of storage consunedump_r 1sland“'

':hplslands to grow 1n both dlrectlons, wherea

",1sland—dr1v1ng The bad effects of - 1sland drlvrng on long sentences’ ‘was notjf::"

-ﬁ'caused by ‘a’ greater llkelrhood of false alarm 1slands._ 1he average rank ofiﬁ“':°'L

':ﬁ_~the flrst hlt 1n the sequence of words for use 1n formlng 1slands was 4. 8, andhﬁw'}:'

}l"thls d1d not 1ncrease Wlth sentence 1ength (The correlatlon betWeen rank and;*fju

;length was .04) For sentences 1 7 seconds or longer,_lnstead of an lncrease'ff'”

:“axln the number of 1slands necessary to get a hlt there Was an 1ncrease 1n thef; '

: Perhaps the greater length allowed3;

"f;boundar1es blocked one dlrect1on or the other. e

rhe3 1nteractlon of focus fand 1sland_dr1vrng can be :explalned as thev:

fln shorter sentences the,sentenceFEE-*

lhfresult of | the storage llm1t. The 11m1t Put a celllng on the 31ze of the":f o

'poss1ble comblned effect._ Thus the comblned effect was | less than the sum offﬁ

'5hthe 1nd1v1dual effects.._ Slmllarly, the 1nteractlon between' context.checking'.'
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J;hand mapplng all:at 'oﬁéé?-isfa 'reSult of overlapplng Dood effects, whlchh”"

':_:consequently fall to add The same pattern of context and map-all 1nteract10n:f:ff' -

'=p”appears 1n false termlnal proportlon, p < 05 and 1n accuracy,. F 4 00 versusf“

"f,jr(l 5 =, 06 for <100

' We now turn _to a’ brlef 'analy51s of the sentences that got one or moreb o

'.fﬁﬁlnterpretatlons, but Were 1ncorrect because the1r hlghest rated 1nterpretatlon Sy

_'was wrong. :ASf mentloned prEV1ously, thls happened 1n 175 tests.,{lnf 109 off::.:...

':fthese (62/)s ;_'e: chosen 1nterpretat10n was reasonable llngulstlcally butj'ﬁ

' contalned incorrect words. In ‘10 tests (67), the chosen'.lnterpretatlon could'

*have been eliminated by a better 1anguage deflnltlon ("Was feet one builder of

“_:the Farragut7”: 1s an example from thése 10) Flnally, 56 of the errors (32/)

jswere harmless, in ‘that the system would. probably produce the’ same answer as if o
e had found the correct Sequence of words (e g.,f”What reactor does ‘it have?"

"1nstead of ”What reactors does it have7"- was one of these harmless errors)

"If the harmless errors are counted s correct in calculatlng the accuracy, ‘the

most accurate systen fCMl, 1ncreases in percent correct from 73 37 .-t0-80.04,5.

f:sand the average_ accuracy for ell the systems goes up 5, 84. The ten=ftd'bné
::preponderance- ‘of llngulstlcally reasonable_.errors' over 11ngulst1ca11y bad_f.
ferrors suggests. that, although there 1s Stlll room for 1mprovement '1n the
'flanguage def1n1tlon, the maJor way to 1mprove accuracy is to - reduce the number

= of hlgh scorln0 false alarms.- The effects of such’ acoustlc- 1mprovements are

explored 1n Experlment 6

'”hThe' accuracy effects. have ' been "erpiained:f_in 'terms g of storage:'

'threqulrements, proportlons of false. termrnal phrases, 'and prlorltles. “The

'flmportant- role of storaae llmltatlons ralses_ the questlon_ of whether the;f”zr'”

'Vﬂaccuracy effects would have dlsappeared 1f more storage had been avallable..:pr:f'

7ffspeculate that the effects would haVe been smaller but stlll 1mportant. Theh:hffiff

':Teffects on the proportlon of false termlnal phrases would remaln, as would theVV' L

fﬁjpresumed effects on prlorltles. Moreover, even 1f the storage llmlt Werek

frelaxed the llmlt con runtlme would remaln to penallze 1nefflclent

;The effects of control strategy ChOlCES on eccuracy would only vanlsh_'”

L__and runtlme 11m1tat10ns'_Were both removed, a most unllkely event 1n 'viesfoffha%“

o the current performanee of speech understandlng systems.g-

1he system runtlme 1s another 1mportant performance measure. r_Here;-wef.'f R

urw1ll the phrase }"total runtlme S to refer HFb the s1mulated ‘acoustic .

'dproce551n ' plus:the actual proce381ng tlme (on a DEC PDP KA—lO) for'the'
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_executlve and the semantlc components. The executlve _tlme 1s mainly”Spent o

S settlng prlorltles and parsmng The semantlcs tlme 1s used 1n constructlngﬁ R

':_semantlc translatlons and 1n: deallng Wlth anaphorlc references and elllp51s. L

'}szhe reported total runtlme does not 1nclude acoustlc preproce551ng or questlonh;"ﬁ

'foanswerlng,_551nce' nelther are affected by the' experlmental varlables.-linh'-:

ﬂjl.analy51s of Varlance of the runtlmes, 1nteractlon w1th length was used as the"

.,'error term and 31gn1f1cance levels were_-conflrmed by reanaly31s after a-

:-j_square root transformatlon to 1mprove homogenelty of varlance.'-

The main effects of the control varlables on total runtlme are' given in’

".'Table 6. All except c0ntext checklng increase the runtlme. : Partltlonlng :the -

" sentences into a short group (0 8 to l 4 seconds) and a long group (1.7 to 2.3

"seconds) shows that island= dr1v1ng ‘has a much worse effect ot runtlme for ‘long . -

“'than for short sentences. ' For short sentences, 1sland dr1v1ng increased the

o mean runtlme from 262 to 290 seconds, a dlfference of 28, For long sentences,

'*fthe 1ncrease was from 457 to 598 seconds,' a dlfference of 141; Recall that'
'ﬂeflsland dr1V1ng also had worse 'effects for -1ong sentences-:on accuracy and

T'fstorage._nf

SR Table 6 L
-UWAIN 'EFFECTS ON TOTAL RUNTIME
: (seconds per sentence)
V”ft-WITH WTTHOUT DIFFERENCE -
F 4170386 31 %
G383 421 =38 ww
COM 498 30500 193wk
104440359 j 85 #E;rjhh::;
~f¢f*'§-<:.05:;;##;p;<j # p < 10 _;;_-:.
'hFFECTS o’ rxccurlvn RUNTIME ' EFFECTS N Acousrrcs RUNIiME-*
(seconds per sentence) pe ;_ (seconds per sentence)
.3;,:”'w1ra WITHOUT DIFFLRFNCh ”ff;;ffWITH WIIHOUT DIFTERENCE
CUF1200 010600 1A “4f?af-~--a: 27602600 le A
SUC109 0 17 o a8 G a5 g8y -.afzsg;##,a-_;g'
-_r?.M;f'90':"135*.-=a-45 Rk ﬁ;]e:ja}Mji389ﬁ; 147 .-242;1555_,=;=$-:¥_..T-*
’ L 127 98 29 4 -:'f_f_i*-129_51.-.'.__2_4.1- Sk b

lables 7 and 8 show the ‘main effects on executlve runtlme and 51mulated

_ acoustlcs runtlme _respectlvely. In both cases, context checks decrease_the:hi_,#"

':'5runt1me,- whlle focus and 1sland~dr1v1ng 1ncrease lt.-'_Mapplng_allfyat’once
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_.fimproveS?ﬁthe-ekecutive runtlme 'but 1eads .to a’ huge ﬁlncrease in acoustlc"“-

{,pracesSiﬁgwtimé;_ As usual examlnatlon of the results accordlng to sentence:'-”

7'length shows that 1slandﬂdr1v1ng 1s worse for' 1onger sentences.j- Slnce the;f

T.dhaverage execut1ve and acoustlc tlmeS together account for 95/ of the average'”""'f”

”dtotal We do not report separate effects for semantlcs._

Analy51s of varlance for total executive and acoustlc runtlmes reveals“' o

lda 51gn1f1cant '1nteract10n between context checklnn and mappang all’ at once ;l

.h (p < Ol for total and acoustlcS' p < 05 for executive) : For total and-p
'acoustlc runtlme, the good effect of context checklng was’ reduced when words N
were mapped all at_once, and the increase in: runtime caused by map-all was:
' greater when alsohcontekt- checklng. For " executlve runtlme, both 'context-and'
map~all-  had éood’ effeets-‘*and there - was actually a’ synerglstlc relation;

:_context checklng helped more when mapplng ‘all at’ once, and vice versa.-~

There was also a- 51gn1f1cant three way 1nteract10n'among focus, map all

if;}and _1sland drlvlng (p <. ol for:-total and acoustlc 'runtlme5°” .05 for.'

"f_executlve) When not mapplng all at once, there was 'negllglble 1nteract10n:'

JVbetween focus and 1sland—dr1v1ng : However, when mapplng 'all at once,sthe""

:icomblned bad effect ‘of focus and 1sland dr1v1ng was 51gn1f1cantly less than'

'the sum of the1r 1nd1v1dual bad effects.-

The runtlme results follow ba51cally the same pattern ‘as the accuracy and

:storagei resalts.-f Focus and 1sland drlving have bad effects w1th worse

'f3-results frOm 1sland-dr1v1ng for: lonoer sentences whrle context checklng has :

7_.con51stent1y good effects.. Map all has a crood effect on executlve runtlme,:*"'

'3but; unfortunately, 1t causes large 1ncreases in ac0ust1c and total runtlmes._;

l;The only 1ncon51stency Wlth the preV1ous pattern of effects for accuracy and;pd.jt

“storage is the bad © effect of map all on the acoustlc runtrme.{ Th:s fact 1sn?

"d.explalned by polntlng out that the mapper was de51gned for mapplng words onef

"Q;:make subsequentftests more efflclent.

iﬂpat a tlme and 1n the 51mulat10n does not accumulate or share_ 1nformatlon toia,wfﬂ:"5“"

”fextra effort for context checklng resulted An” a net decrease:

'?“g§to do context checks, but was stlll 41 seconds per sentence faster than fch.;l

ZfIhe runtlme flgures above are 1n unlts of seconds -used to processia;

: 15 noteworthy that i the
_1n_PI'DCESSlngf.' SR

’]Qtlne.” For example, fCMl requlred an average of 6 3 seconds more per sentence?fif;”-

*ffsentence.' A more common unlt for runtime 1s seconds per second .of-speech; ERR

"-I:Thls is a reasonable scale 1f the runtime 1s essentlally a llnear functlon offr:

; _isentence length and has a Zero 1ntercept., Both assumptlons' are con51stent o
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: ffw1th our” data. Vo 51gn1£1cant nonllnearlty waS- found by an F test Of the""ﬁ"

"',varlance of the mean for each length about the regre551on llne,.'relatlve to“f

”fithe comblned varlance .of the sentences w1th1n a glven length (for lnstance,?*”'”"

h;the data for del gave F l 37 versus F(A 54) 1. &l for p < 25) Moreover,.theggpsfgfc'

'ﬁthQSA confldence 1nterva1 for the 1ntercept of the regre551on llne 1ncluded thehtttfhjh.t

'h:eorlgln._ Wlth thls gustlflcatlon, e uSed zero—lntercept llnear regre551on to“wf

Ii:'calculate the proce551ng tlnes per second of speech and thelr 95/ confldence.f

'5f1ntervals.: i

e The resuits for - the fastest - system, mel, were.lél 1'plua or 'minue'l4' .
" seconds processing per second of speech for total runtime; 66 plus 6r minus 9
fot executive runtlme"and 63, plus’ or minus 7 for acoustic runtlme. The'
'5results for the most accurate system, :fCMl,_were-247, _plus_or manS' Zl.for”
.totai'rUntime;.Bé;i plus or minus = 6 for'execntiveh runtine; and 205' plus or

minUS-lh'for'acoustic runtime; Thus,_for fCMl, 834 of the ‘total runtlme slope'“

'fcomes from acoustlc proce551ng, 14/ from the executlve, and the remalnlng 34:~,'3'5"

h hirom the semantlcs.. Clearly, the best approach to 1mprov1ng fCMl runtlme is ppﬁ

h:c:to redesmgn the mapper for mapplng all at “once. The potentlal 1s 1arge for"

_fsharlng work to lmprove efflclency 1n the mapper,1.51nce the data show thata_

UFCMi is - napplng all the words at an average of 15 out of the 20 p0551b1e" -’

p081t10ns per second of speech

1he results of Experlment 4 have reiativeiy'clear implicatione-hfor'the"

“fcontrol—strategy de51gn cholces._ 1he effects of focus by 1nh1b1t10n .Werevalif"

“bad, too often focu51ng the' system . on: false alarms 1nstead “of hitSL;-An_5 L

'P'T'unblased best= flrst strategy is hetter;' The effects of '1sland dr1v1ng were

*fpﬁaccuracy and runtlme,_ 1t was worth the extra :

f'.also bad,_and they Were partlcularly bad for longer sentences.; lsland dr1v1ng:'

'”Iwas hurt by false aiarm 1slands,'espec1ally when the sentence was- long enough""

”for the' 1slands to grow 1n both dlrectlons._: Perhaps 1sland dr1v1ng ‘can. be}'..

ﬁrmodlfled overcome_ thlS problem,' but untll then, 51mple 1eft to—rlghtétfh R

._fr;proce331ng is better._ Context checklng had unlformly good effects.ﬁ For bothhi}' RS

_ffort 1n order to get betteri;hh'ﬁf'

ff‘prlorlty settlng The only amblguous control ch01ce 15 whether or not to map;:fﬂ'a“

lf;all at once._ Mapplng all at once 1mproves accuracy and executive runtlme, but

~at a large cost 1n acoustlc and total runtlme.- Redesign of the mapper could[”pfr'“

' ﬁundoubtedly resolve thls ch01ce 1n favor of mapplng all at once.z For example,ﬂf'”ﬁ s

'Just cuttlng the acoustlc proce551ng 1n half would make the FOM :system about"""

Cas faet as the fCmi system.-' The ch01ce, whether to map all 'orV:not, 1seﬁ_ff'
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jexplored further 1n Experlment 6 Flnally, note that changes in- the mapper:i'rﬂn

' happear to offer the best chances for 51gn1f1cant 1mprovements 1n both accuracyfr"”'

”hﬁamimmﬁm&"'

EXPERIHﬁNT 5~~GAPS AND OVERLAPS

-lﬂih data from Exper1ment 1 do not ald us 1n sxmulatlno the mapper s

T]_performance when called fonf t test whetherﬁntwo ords 'f has accepted%, Sl

f"1nd1v1dually are- also acceptable_ as’ a contlguous .palr.- Such tests are]f;gf:}

"necessary whenever words and phrases are comblned to form larger unlts."ln s

the basic 51mulat10n of ‘the mapper, . we ' 51mply ‘allowed gaps ‘and overlapS"'

_between words of up to 0 05 seconds of speech Experlment 5 tests the’ effect

L of d1fferent;-yalues of the _gap- overlap parameter on the - performance of the_"e-

".fCMi'system from . Experlment 4. Table 9 glves the results fora varlety of -

':t~f1mprovements 1n both accuracy and runtlme. H S,

fmeasures with gap overlap 51zes of O 00 0. 05, and 0. lO seconds.-

Table 9 - S
BFFECTS OF GAP OVERLAP PARAMETER

| GAP~OVhRLAP szzs -
0. oo;_ 0.05° 0410 -

_Fanout W1th acoustlcs (Words) 6;61'_ 18.0 h29.4
_:Rank ‘of ‘hit in fanout ' : 1.9 37 5.6
" Raw’ accuracy e R 96,7 73;3;_'p4853
 Forgiving accuracy % - 98.3 - 80.0 ~  58.3
- False terminal % .. - . 58.2 . :83.2 .. 89.1 .
- Number of nonterminals ' .~ 31 11300 0217
. 'Total runtime- (sec/sec~5peech) s 140-: 2647 0003330 0
- Executive runtime "o U100 34 69
o Acoustlcs runtlme R o 128_'}. 205 - 243

1 1he performance 1s much better for O 00 and much worse for 0 lO ééeanasi- i

.fof gap overlap S Thls f strong ev1dence for the 1mportance -of spec1allfh?_

':Qaacoustlc tests to verlfy word~palr Junctlons.; Such tests can lead to a large}5ﬂ3“7:ﬁ;,.g

:l'reductlon ln the :average ;hlt rank 'and consequently, -tow.51gn1f1cant?:f=35”'

EXPLRIMFNT 6~—I€CREASED VOCABULARY AND IMPROVED ACOUSTICS

Experlment ?Er'studles the effect on system rperformance of 1ncreased-ﬁ?

: 7;vocabulary 51ze and _1mproved acoust1c~proce551ng accuracy test systems,f

h:we use_ fCMl and mel from Experlment 4, These were the best systems forlpfhf S

”g:accuracy and speed respectlvely, and would also glve_us_;more_1nformatlon;'-
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;about the map all control strategy ch01ce Thus there were three experlmental':

Page 18 .

‘varlableS' vocabulary 514e, acoustlcs,-and map~ all Data for two of the elght .h

'*-gcomblnatlons, map all or not for smaller vocabulary and regular acoustlcs,f

'.'jcame from Experlment 4 For Experlment 6 hef other SlX comblnatlons were.f'

'ﬂfvarlables.f;__jr'

;tested to prov1de a complete set of data for analys1s of the effects of_the:fi_zf.

lhe large vocabulary 13 a 451—word superset of the' 305~word vocabulary?-b'.

1__used 1n the other experlments.' The data gathered in: Experlment 1 showed that:h:

‘with the 451 word vocabulary the mapper made 2026 false alarms’ and had a false .

'alarm rate of 142 false alarms per second of speech (compared to 114 for the. -
305-word . Vocabulary). - Using this information, the mapper performance was

| simulated fOr the large ‘vocabulary on the same set of 60 test séntences.

Improved acoustlc—proce551ng accuracy was simulated'by a -77'd0wnward

-VVStretch of the false alarm’ score dlstrlbutlon whlle leav1ng the hlt scores

'f,unchanged In other words,_a false alarm score k, in the range 45 to 100, wasz' o

']ﬁlreplaced by l 07X— If the result was below the threshold of 45 the false'.

falarm was ellmlnated Thls process reduced the number of false alarms for the-,'_”"

':305ﬂword vocabulary from 1564 to. 1204 -and for the 451mword vocabulary froms...

'.2026 to lSAl Because the subthreshold scores were ellmlnated the s1mulated

'1mprovement left the average false alarm Score almost unchanged for the 305~ TR

word vocabulary, 1t Went from 59 & to 60.2 , and for the 451—word vocabulary,-"'

"f'lt went from 58 7 to’ 58 8. We feel that an 1mprovement 1n acoustlc accuracy' '

IJﬂﬁxto 85 OA,_or from 80 0/ to 95 0/ 1f harmless errors are forglven;

'fof the magnltude 51mulated here could have been achleved by careful tunlng_oflf:”

H’the mapper.

Table lO records_ the accuracy results usmng the notatlon “M"; for testsj

"f w1th mapplng all at once, Mt for those w1thout, ”A“ for systems w1th 1mprovedf

H ll'

'hf;acoustlcs,' a" for those"w1thout, "V” for systems w1th 1ncreased vocabulary,fjff}jrjf"”

‘and - g for those w1thout.. Improved acoustlcs ralses fCMl accuracy from 73 37fff':""

"f:vocabulary 51ze 1s; also 1ncreased accuracy drops sllghtly from 73 3A to:'a

However, 1ff:-:”

lh7l 6A.y Thus,.lin3 thlS experlment,;__ 74 1mprovement 1n- acoustlcs almostlfhhfprﬁ“P:

",compensates for a 48/ 1ncrease in vocabulary. Comparlson of the Mmresults to”f.fffffjff'

:.h;ﬂthe m—results shows that map all con31stently helps accuracy
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EXPERIMERTS N SPEECH'UNDERSTANﬁING.SYSTEMJCONTRDLf:_f : ' '

]fﬁ;jable 10
ACCURACY RESULTS
(percent) :

CRaw 1385 D 783 73.3 7156 70.0 68.3 68, 31)53;3a7""’

-F;afrorg1Vlng J-,ﬁ95 [ 85,0 80 0 78.3 76, 7 7. 775 off58}3;:.?;c?r3-va;,-:

The maln effects on accuracy and several other measures7a' glven Ant

':Table 11 ImprOVEd aCDUStlcs 1ead5 “to blg galns ‘in accuracy, storage,-and]'ﬂ*"”

"runtlme. ' Increased vocabulary makes performance worse, but 'at 1east ‘the

_system does not collapse. As in Experlment 4, mapplng all at once’ improves 3"'

-everythlng except acoustic and total runtlmes.

Sy o Table 11 : 5 '
' MAIN EFFLCES OF ACOUSTICS VOCABULARY AND HAP AL

: : WITH WITHOUT DIFFERENCE
Raw Accuracy (percent) :
s CA 75 8 66 3 9 5 _
;.‘gV't CB5.4 7657 -~11 3 _#“

SRR R : oM 740606705 0 T .
-",Phrases (total ‘number’ termlnal and nontermlnal) A
= - CA e U155 2080 53k o T

SV 2040 159 AS kR
S M o156 0 206 S5 Rk
-False Termlnals (percent) R T AT
: A 80.6 0 85.9 25,3 A%
Vo 84.3 8201 2.2 .
s . Moo BL.7 0 B4UB L L3UL AR
: Total Runtime (seconds/sentence) A e
' COUA 26600320 00 oBh Rkl
SV Bl2e T 275 T 3T R
s _ oMo 383000204 00 G179 RE
“Acoustlc Runtime (seconds/sentence) R R S
LA 1870213 .A26,f*#;fzi”
2_va 205 07195 O
A : iM"';P’ 3150 0 84“" f23l],?fgt_'_ﬂ¢};;gﬁ--l
511Ekecut1ve Runtlme (seconds/sentence) L
o ST SH6 89 e
:fffﬁHV:?' 88 67;:"ﬁ,
'*;.ﬁ’M}. 55 101g*;3s"

** P <. Ol o 05 # p < ioﬂiv:   

There Were few 51gn1f1cant 1nteract10ns._ Vocabulary 31ze and mapplng allifure:733ﬁ-

'at once 1nteracted 51gn1f1cantly for acoustlc runtlme (p < 05) and for totale;f_fJ-Tl.

:'j-_runtlme (p < .10) Table 12 shows that the 1ncrease -caused by mapwall 1s*f;f:”r :

fgreater for the blgger vocabulary, and, surprlslngly, that the ;1ncrease 1nf'

“"yocabulary - “size: leads to a reductlon in’ proce551ng,_1f the system 1s:not,:Q;L""

s f~mappiog allxat once. -
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CTable 12 ;:*5'fft_ ‘Table 13-

~ VOCABULARY ‘AND MAP=ALL - ACOUSTICS CAND MAP~ALL .
. INTERACTION " "_T-;.};.; CINTERACTION - o 5 i
for "ACOUSTICS RUNTIME';L,-,;. for FALSE. ThRMINALS i:=' '
(seconds/sentence) L ~:'7_] S (percent)
: ;ari,ﬁ-ﬂitp.._-r-14fnr, S _;_j“f';@ ;ri_”-l'n1:s1;: }&—hi?[":f. ST

o _'_V '335 502600 A T TB06 T 826 =R 0

'i{‘,v 296 '_94[9 '202“3__a1qa*”-;-ﬁ:84'8 B7i0 =202
'*-v -V _*- : -—19a 58'-_'&:HA73 ;;i~~6 2 -4 4 ’-1.8 *y-'

 nagez0

Happlng all:et once also" 1nteracted 51gn1f1cantly w1th acoustlcs for'piﬂ_:':

",acoustlc‘ runtime (p < Ol), total runtlme (p'<" 01),_ and false termlnal”
-.percentage (p < 05) All cases were similar to the one shown in  Table 13.

There was a synerglstlc interaction - causing mapping all at once to be more

_'effectlve w1th better ‘acoustics, . and vice versa. “This resﬁlt ‘is readily -«

explalned since map ‘all  is designed jtc' take’ advantage of the differeﬁce

L _between false alarm and h1t score dlStrlbUthnS, and 1mprOV1ng _the ‘atoustics

'thszMl remalned

".fenhances that dlfference by reduclng the number of hlgh scorlng false alarms.,

In addltlon to the maln tests- “for Experlment 6 we'also ran'itwbrother

,tests to study the effect of 1mproved .acoustlcs ofi’ :systems7 ﬁsing'islaﬁdé,a

: dr1v1ng and focus by 1nh1b1tlon..--The best 1slandedriving system from'-”

.:Experlment _ﬁ ‘was fCMI _When=_testea on the: 305 word vocabulary w1th 7/_:"

’;smmulated-slmprovement in: _acbtétiés ECMT galned in- accuracy from 68 3/ to f}

: 78'3zr'tit;was"still'beicw the ncn—islandédrivino fCMl, and the gep between'

them’ remalned large (Recall ‘that fCMitwept from 73 3/ to 85 O%.) ‘The best5
focus by 1nh1b1tlon system :was FCMl.. Improved acoustlcs ralsed 1ts accuracyt'

~and .reduced its’ runtlme, ‘but 1t was still less accurate than- fCM1 (80.0%

'ff_versus 85. 0/) and also slower (235 SECOﬂdS Per sentenCEa_versus 200) Theﬁ*I”'“t”ﬁzt

faccuracy dlfference: vanlshed w1th a 244 51mulated 1mprovement in’ acoustlcs 3.[f__gt."'

' fb.t, even w1th a 51/ .51mulated 1mprovement,_ 1 sllvht runtlme advantege;for:iﬁfp

In summary, thls experlment has glven us 1nformatlon about how badly the_77ﬁ'f'fﬁTﬂﬂ

fsystem 1s hurt by 1ncreased vocabulary,.and how much 1t 1s helped by 1mproved:r

ujacoustlcs ' W1th respect to the control—strategy de51gn :ch01ces, further_gj"ﬂ-fs-"

' :ev1dence appeared 1n favor of mapplng ell at once, and agalnst 1sland derlng:_::?i:

”:rtand focus by 1nh1b1t10n-jj”.“”'” i
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S : : CONCLUSION : : _ :
Rev1eW1ng the serles of experlments the flrst experlment showed that the'

'.:aCOUSth proce531ng component called the mapper had a hlgh false alarm rate,g

“hﬂzpage”ziij:=“

7fhut tended to rr1ve better scores to hlts than to false alarms I the second';.pf

'fexperlment we meaSured the number of alternatlves open 'to the- system foriﬂ,;"'

Lefvextendlng segments ‘of sentences ' The srze of the fanout helps to explaln theh"””'

ﬁf};dlff1culty of Speech understandlng Th thlrd experlment found that twoﬂ*fdﬁ@l-'“

'151mple system de31gns were .too 51mple, a ﬂresult that helps to Justlfy the "

;[icomplexlty of the standard system._ The fourth experlment Studled the effects-h i

on system performance of “four’ control—strategy de51gn 'ch01ces . Focus by _

inhihition-hand 1sland—dr1V1ng had bad - effects, “while context -checks for

':everythlng Except | acoustic .and total 'runtime, and:Vthese'bad effects could'

;fprlorlty settlng had -oood effects. - Mapplng:all-_at’once had-good effects on f-y. .

3probably be_ eliminated by-redesigh' of the mapper.-,*In fact, mapper changes.--'ﬁ

'~appear to offer the best hope for large galns 1n both accuracy and runtlme.fi
"?Tg The flfth experlment varled the s1ze 'of allowed gaps and overlaps betweenQ-
o words and shOWed the potentlal value of spec1al acoustlcs tests to verlfyff’

'prword-palr Junctlons.f ?1nally, the s1xth experlment gave quantltatlve measuresfg-

:fof how badly the system 1s hurt by 1ncreased vocabulary, and how much 1t 1shn
:helped by 1mproved acoust1C' accuracy.. The experlment also' provlded more:

ﬂjlnformatlon-about -the control ch01ces Overall the seriéé' of experlments'

' .glves 1ns1ghts. into system- performance and control strategy that should_be_ﬁ

:useful 1n de51gn1ng future speech understandlng systems
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