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The purpose of this research is to understand language acquisitiom.
There has been a great deal of research on first language acquisition in
children, second language learning by adults, and learning of artificial
languages by laboratory subjecté. The principle goal of this research is
not gecting more experimental evidence. Rather it is td develop a working
computrer simulation model that can learn natural languages. The model
would attempt to explain the already available set of experimental facts.

It is also hoped that such a model would be a contribution to tHe artificial
intelligence goal of developing language understanding systems.

Some of the detailed plans of the research are described in the
accompanying grant proposal that was awarded by NIMA (grant number 1 RO 1
MH26383~01). The period of this award is May 1, 1975 to May 1, 1977. That
proposal states an intention to use Augmented Transition Networks as the
basic grammatical formalism. I have already completed some initial learning
programs using the augmented transition network formalism. The very earliest
of this work is describéd in the NIMH proposal. More recently I have decided
to try to develop a production system formalism asAan alternate to the

augmented transition network. There are three main reasons for this switch



2.
in representational formalism. First, I think it is easier to represent
the grammatical knowledge contained in highly inflected languages (eg.,
Finniéh, Latin) by production systems rather than augmented transition
networks. Second, T think it is easier to represent human information
processing limitations in terms of production systems, Third, I think
production systems sexrve as a ﬁeans‘of representing non-linguistic proced-
ures such as inference-making. Thefefore, a theory of ipduction of pro-
duction systems for language has the promise of generalizing to the induc;
tion of other human cognitive skills.

I have been using the SUMEX facility in a pilot project this
summaer. 1 have been bringing up a2 version of my production system called
ACT on this facility. It is hoped that in a few months this program will
be in a sufficiently developed form that other SUMEX users may use that
production system. It uses an associative network representation as its
basic datz base, This is a variant of the HAM propositional network that
I developed earlier and is described in the accomﬁanying proposal (p. 23 -
27). 1In the ACT system various portions of the network are active at any
point.of time. The productions look for patterns of activation in the net-
work, If these patterns exist, the productions are executed causing exter-
nal actions to be taken, building network structure, and possibly changing
the state of activation of the network, Activation spreads associatively
through the network and thefé is also a dampening process which deactivates
network structure. A preliminary description of the ACT system is given
in the accompanying document "An Overview of ACT.” It is a chapter from a
forthcoming book. The most relevant section in that chapter is from pages

11 to 25.



It was originally projected that this simulation work would
ba performed on the Michigan Computer Systed. However, there are a number
of advantages of the SUMEX—AIM facility. ALl the programming will occur
in LISP. The INTERLISP system in SUMEX, as surmised from my own experi-
entation, permits programming and debugging to progzress at least twice
as fast as with Michigan 1ISP. Also programs in INTERLIS? %ould be more
available to other A.L. users than programs in Michigan 1ISP. The Michigan
computer is isolated from the national A.I. community whereas I can take
advantage of the connections SOMEX-AIM has through the TYMNET and the
ARPANET. Finally, the SUMEX—AIM facility provides free éomputing resources
and so will relieve some of the-strain froa my tight research budget.

1t is intended that there will be continued development and
testing of this prqduction system formalism as a model of human information
processing. There are plans to build substantial ACT production system

models for language generation and understanding.and for inference making.



C.3.

C.4.

C.5.

Responsas to SUMEX-ATM Questionnaire

Read the accompanyiung proposal.

The research is currently supported by a grant from NIMH (grant
aumber 1 RO 1 M 26383-01) for the period May 1, 1975 to May 1,
1977. The amount of the award for the first year is $20,000.
This is to pay for a programmer, computer time, and rental of a
terminal.

Read the accomparying proposal.

It is expected that this research will have some general contribution

to make to development of language understanding systems, modeling
human cognitive processes, and development of production systems.

None

There should be no difficulty in making my programs generalfy/
available to users of SUMEX-AIM. '

Yes

Yes

Read next to last paragrazph in accompanying proposal.

The INTERLISP language on SUMEX is the principle requirement of my

research. I do not anticipate requiring any additional systems
programs not already available at SUMEX.

Estimated requirements per month:

100 connect hours
2 CPU hours VRS 1
- \(Jl' i
A W Cy; \

1500 file pages S >
s !

The principle times of use in Ann Arbor would probably be 0600-0900
and 1800-2100

I intend to cowmunicate with SUMEX via the TYMNET. I would either
use the private node in Ann Arbor or the public node in Detroit.
The toll cost to Detroit could be met from my current grant as
could the cost of terminal rental.

Not really relevant
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Special Note

N

I am in the second year of an exchange visitor's visa. I can renew

the visa for another year. My wife, an American citizen, is currently petitioning

to have my status changed to that of a permanent resident. Therefore, I )
will be able to be at the University of Michigan for the entire period of the
proposed research.



1. Dir=sction and goals of the research

Most sicply stated, the purpos e of this resesarch is to understend language®
scquisition. There has been a great denl of reseerch on first lenguage zcguli-
sition in children, second languape leerning by adults, and learning of arti-
ficial longuages by 1aboratory subjects. Tais research is nov principally
concerned with getting more experinental evidence. Ratner it is concarned wit
developing an information—processing podal that cen be usad to expilain the
already evailadle sabt of experimental_fa:ts. One of the principal concerns
govarning tne design of this model is just that i~ be =ble to leera a natural
languagze T will show thab this, in itself, is & very significant zoal.
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quite cn*olex. i 4 simply specify them veroally
or with Tbis “esearch makes use of the coapu uter as a

tool tc e cmplex models. whererore, L nave DESN GEVELO opiay &
computer io of langusgse acguisition. Tnis rmodel is called LAS
(en acronym for Languzs2 épquisition System}. tost of the proposed budyget is
concernad with suppor rting the developue ant of this Drogral Input to LAS con-
sists of sentences of tn ions of thelr

e lenguage paire =4 with repressnhe
meaning. Lnarefo* , it simulates languzge 1e3*n1“, in s
Jearner cen figure out the meaning of the sentence from ¢ ntext. The Slnp‘ st
case of such & situation would be one in which the le:rner is presented with
simple pictures end sentences deseribing them. The Drogran constructs a
grammar which allows it to g0 from sentences to rea*esop+atlcns of their under-—
lying meaning. The grammar can also be used to genarate sentences to convey
meanings. 1% is also heoped that this progranm will m=ke 2 contribution to the
evolubion of computer language understending systems. Thus, the2 research
really has two purposes, onein‘psychology and one in arbl‘lLlQl intelligence.

T became interested in language acquisiticn as & €
with a computer simulation model of human mmmory. This program is described
in & book by nyself and Cordon Bower entitled Humpan
computer progrem wes sn attempt to simulate SL_ble cue
principal purpose of that research vas to develop &a model ct une ﬂdraq fact-
retrisvel system (called HAXM) and test it in a serles of ¢

ersion of HAM 1is used within LA&S. HAM!'s systexm included e simgle languaz

understandar wnich was capable. of dealing with & restricted butb conslucr¢b
subset of English and which was capable of using nmemory bo Gise=3 1guﬂpg and
to resolve reference. Havertheless, 1t was relebively primitive in its capoe-~-
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program, Rather, I decided that the oaly compact way to characterize the
linguistic competsnce of the human was to characterize the language acquisition
svstem that generated the competence. '

Outline of Provosal

The concern in this proposal will be primarily with developing a systexn
loziecally adequate for isnguage acquisition ~d only secondarily with e system
L ) I

that simulated actual humaen performance. 1 do not
istic goal until we have a characterization of the s0O

adequate for natural language acquisition. Tpis emphasis on Logical adequacy
is eclear in the organization of the proposzl. I will irst review the work
+that has been done on computer language understanding. This is importent te-
cense LAS is a language understander as well as & learner. Then I will review
the formal results on grammar induction. Tnen LAS.1 will be deserived. LAS 1
is a first pass version of the ILAS prograzm adzgua to learn simple languages.

+h U

te
Than I will propose an extensive set of developzents to ve edded to the programn,
eimed both et increasing its linguistic powers and ~aking it a reslistic simu-
1ation. In describing LAS-1 and the proposed ewtensicns, I will review rele-
vant research in the child language litersturs. Finally, I will propose &
series of experiments with artificial languages to check specific claims LAS
makes about language 1earnability.' ’ ’

i

2. Computer Language nderstanding

Computers have been applied to natural language processing for 25 years.
There has been & succession of mejor reconcentualizations of the problem of
language understanding, each of which coastitutes 2 clear advance over the
previous conceptioas. However, any realistic assessment would concede that
we are very far from & general languzge understending system of human capability.
Tne ergument has been advanced that there are fundamental obstacles that will
prevent this goal from ever being realized (Dreyfus, 1972). These erguzents
ere shamefully imprecise and lacking in rigor. The best (e.g., Bar-Hillel,
1962) nas to do with the extreme open-endedness of language, that an effectively
unbounded veristy of knowledge is relevant to the understanding process. 1t is
boldly esserted, without proof, that 1% is not possible to rovide the computer
with the requisite background knowledge.

In reviewing the work on natural languzge systems, 1 will constantly
measure them with respect to the goal of general language understanding. I
appreciate that it is a legitimate artificiel intelligence goal to develop
a lenguage system for some special purpose application. Such attempts arz free
from the Dreyfus eand Bar-Hillel criticisms. Eowever, from any psycnological
point of view these systens are interesting only as they advance our under-
standing of how lenguage is wnderstood in general.

9
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Aagdorson

fnesolubion thesrem-proving (Rebinson, 19565) is the most stujled of the mechanl-
cal inference systems. It is also here that the mosi careful work has bean donz
on heuristics for selecting facts fron the data base. These nethods include
sapantic resolution (Slagle, 1965), lock resolution (Boyer, 1971}, and lin=ar
vesolution {Loveland, 1970; and Luckham, 1670). 1In practical applications these
heuristics nava served to considerably reduce the growth in compubtatiocn bime.
However, the demonstrations of the optimality of these heuristics ars taszi-
specific. There are no general theorems sbout their opitimzlity. I suspect that
they do not in genersl deal effectively with the problems of expenentizl growtil.

Althouzn there are potentially sericus time problems Db

o} ingz and
inferencing, ﬁhCSSvPTOUILQS have not surfaced in the pasi progrerns as oneg might
have expectai. This is becauss these programs have all been rather narrowly
constrained., Taeir language systems on.iy nesd to deal with & srall portion of
possible syntactic conshruc tions end possible word r meanings. Also, because of
restrictions in the domain of discourse, only a restricted set of inferences

are needad.

Seme of the interactive systems (ELIZA — Weizenbaum , 1966; PERRY - Colby &
o rious effort to ¢o a complete job of sentance analysis.
was performed to permit success in narrowly circum-
entences were generated by filling in pre-programzed
The ambition in programs like Colby's or Weisen-
arance of inderstanding. Weisenbaun's progran

1an psycnotnerapist and Colby’s a Pparanolc poilent.
3 errors of lvqghagp understanding it was difficult
e possibility that these nmi ight just be manifeste

+ies of the simulations.

g +s made more serious efforts at language understanding. They
ime orodlems inherent 1n arsing and inferencing by dealing with

yestricted task domzins. Slagle's DEDUCOM (1965) dealt with simple set inclu-
sion probleas; Green, Wolf, Cnomsky & Luuonerv (1963) with baseball questions;
Lindszy (1963) with kinship terms; Kellog z (1968) with datz management systems;
Woods (1953) with airline cnedule“; Woods (1973) with lunar geo1ouf Bobrow
(1564) and Cherniak (1969) with word arithmetic problems; Fikes, Hart &I 1WSson
(1972) wita a robot world; Winograd (1973) with a blocks world. Other systen
like Green and Raphael (1J68) Coles (19549), Schank (1972), Schwarcz, Berger,

s (1969), Anderson and Bower (1973) Rumelhart, Lindssy end Norzman
(19(2) end Guillian (1969) have not been especially designed for specific task
domains buu nonetheless succeed only because they worked with sericusly limited
deta vases and restricted classes of English input. Because the parser deals
with only certain word senses and certain syntactic structures linguistic amn-

biguity is nuch reduced. Thnose programs that use general inference or ocedures
1ike resolution thecrem proving are notably inefficient even with restricted
data Dases. Ulnogrud nade extensive use of the facilities in PLANLER for
directing inferencing with specific heuristic information. Tne validity of
these heuristics depended criticaliy on the constraints in the task dom ain.

11
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5% analy
poFers < to craat
standing system. I have heard it seriously clainz
could be extended to beccma a general model of la
i3 needed would be to program in all the knowledsg
parsing rules to the point where they handled all
ly, this would be a big task requiring nundreds o ,
is argued, no greater than tne work thst goes int i z big or ting
systems, Clearly, this ergument is fauliy if only because 1t do=s not deal with
the time problems in general infersncing and general parsing. However, it is
elso unclear whebher human lanzuege understanding caan ve capturad in a rixed
program, Further, it is dublous whether 1t Is manageadle to do the bookkeeping
~that is necessary to assure that all the specific plecess of knowledge sre
properly integrated and interact in the latended ways. Our linguistic conpe-
tence is not a Tixed object. This 1s clear over th= pariod of yzars as we
learn new grammatical styles, new words, and new ways of thinking. I think this
is also true over short spans of time. That is, the way humans dezl with the
time problems inherent in parsing and inferencing 1s to adjust the parsing and
inferencing according to context.

The preceding remarks were meant to sugzest how an adaptive language
system nignt provide ths solution to the fundemantal Troblems in general
larnguage understanding. Rather than defining and hand-programaing all the
reguisite xnowledge, wny nol let the language nnderstanding system discover
thot Kaovladss eud prugran iLselll cine language acgulslition system is a
mechnenized bookkeeping systen for integrating all the knowledge required for
language understanding. By its very nature it treats linguistic knowledge es

constantly changing object. So we know it would change with a changing
linguistic community. We might hope that it could adapt over short periods
(1ike hours) to its current context.

Learning systems are frequently regardsd as the universal panacea for
all that ails artificial intelligence. Therefere, one should be rightfully
suspicious wnetner LAS will provide a vieble route tc the creation of a
general language understanding system. Certainly, the initial version of
S falls far shorit of the desired goal. However, with our current state of
+ledge it is just not possible to evaluate LAS's pretensions as an eventuzl

E

{?J

S0

¥

language understanding system. It is only by systematic exploration and
developnent of LAS that we ever will be able to determine the viability of
the learning approach.

Wnatever the potential of the learning approach in artificizl intelligence,
clearly it is the only viable psychological means of characterizing huzman lin-
guistic knowledge. It would be senseless to provide a cetalog of all the Knov-
ledge used in language understanding. A catalog of everything is a science of
nothing (a quote from T. Bever). Rather, we must characterize the mecannlism
that creates that knowledge eand how that mechanism interacts with experience.

12



Lnderson

Woods! Systenm
The linguistic formalisms used by LAS are very similar to W
augnented ~ansition networks. This sechion on computer langua €
concludes with a descriptlon of Woods! systex and an exposition of the suita-
tility of his formalisms for the current projsct. There are three critical
fostures that LAS reaquires of the formelisms that will exorsss its grarmatical
¥nowledge. First, it chould be o formelism thau can ve used with egual facility
for language parsing and lenguage generation. Tnis is pecause 1t is unreason-
able to assuze that o child incdependently learns nhow to speak and hod To under-
stand. Second, ve want &a formalism for whicia 1% 1S.e25y to devise a consiructive
algzorithm for inducing gramzar. That is to say, S03e€ descriptions of gramnatical
onally easier to > than others, even though thz

tng

lznguage they describe.
Third, we want the formalism to be close e t to the assumptions 1t
rekas about the interpretative system thal uses tne gremmar for speaking and
understanding. This 1s because that interpretatlve systen is takan as innate.
- .

Thus, it is not possible to induce new prograns for jpterpreting the grammatical
rules, it is only possible to induce new grammaetical rules.

cnowladge sre computat
wo formalisms may be

ol
.
!

A guiding consideration in this reszarch is that these
grammatical formulation are satisfied by a finite-state tran
T

n
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epresentation. The provlem is that natural languages are fundamentally nore
complex than finite stete lenguages. HoWever, Vaods has shown & way to keep

scone of tne advantages of the finite state representation, but echieve the

Ea

t?—?_r\_?f'j(\rr‘nfn_'}iiongi orammar. Vnads! aneomented transition nebWworks

are similar to and ware suggested oy tae network grammars Of Thorne, pratley,
and Dewar (1968) end Bobrow snd Fraser (1970). Transition networks are like
finite state grammars except that one pernilis as iabels on arcs not only ternin-
a2l sywbols bubt also names of other networks. Determination of whether the

ere should be tazxen is evaluated by a sudroutine call to another networx. This
sub-natwork will aneiyze & sub-phrase of the linguistic string veing analyzed
by the network that called it. The recursive, context-free aspect of lanzuage
is captured by one network's ability to csll another. Figure 1 provides an
example network taken from Woods' (1970} paper. The first network in FPigure 1
provides the "rainline” network for analyzing simple sentences. ¥rom this
paipnline network it 1is possible to call recursively the second network for

sis of noun phrases Or the third network for the analysis of prepositional

phrases. Wwood (1970) describes how the network would recognize &l illustrative

i
analy

To recognize the sentence "Did the red barm collepse?" the network is
started in state S. Tae first transition is the aux transition to
state qp permitted by the auxiliary "aid." From state qp W& see that
we can get to state g3 if the next "thing" in the inpus string is an
NP. To ascertain if this is the case, Ve call the state WP, From
state NP we can follow the arc leveled det to state qgg because of the
determiner "the." From nere, the adjective "red" causes a loop which
returns. to stete g4, and the subseguent noun "parn'' causes a transi-
tion to state q7. Since state q7 is 2 final steve, it is possible

to “pop up" from the NP computation and convinue the computation of
the top level S beginning in svate dg which is at the end of the iP
arc. From q3»the vero "collapse' permits a transition to the state

13
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FlG. ::1«‘, A sample transition network. S is the start state. g,
- Gy>Gy- Qa0 300 Qy 3T the final states. (From \Woods, 197
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q),, and sincs this state is Tinal and "eollzpse' 1S the lest
word in the string, the string is accepted as & senteance

(pp. 571-592) -

T have illustrated in Figure 1 what is known as & recursive transitior
el o

Eggzg;ﬁ_which is equivalent To 2 context-free pnrase«structure LraTmar.
Woods' networks are in fact of much stronger computati nal power - essenblizlly
that of a Turing ¥Yachine. Tnis is because Woods parmius arbitrary actions.
This gives the networxs the obility of transformational granmars Lo DErEuLE,
copy, and dalate fragnents of a senbence, Taus witn his network formalisms
Woods can darive the desd s+ -ucture of a seunlonce. Tpe problem With this
grammatical re;:esenta:ion is that it 1s oo powerful and parmits comnutation
of many things that are nov pars ol & SPeaker‘ grazzatical competanca. in

—~ o 4+ Y o~

e < L of s
+he LAS system all conditions and sctions on networs arcs are tekxsa from 2
rations possible 1n the HAll memory system {ses And
nis way some context—sensitive T
anguage without introducing psychologically unrezlistlc povwers.

In meny ways the network formalisms of Voods are isomorphic in thelir
pover and nehevior to the progrem grasmmars o Winograd. HoWever, there is
one ecriticazl differencs: e flow of coatrol 1S contained in'Winograj‘s pro-
gram grammirs. Tnhat is, & particular progran 1is committed to & certain beha-
vior. Tnis is not the case in the network forzalisd. The flow of control is

interprat L

contained in en T
the netwcrus. Tous by ¥

wArl orarTsYn anacification

3

ser which uses the grammatical xnoWwiedge contained in
o z different interpretative systems the same net-—
: an be used in different WAY3. This is eritical
o LAS's success where Th: different interpreters use the same grammaticel
formalisms to gude understanding, generation, and langusge inducticn.

L
3]
o D

3. Research on Gramzar TInduction

Apparently the modern WOTrK On the problem of grawmar snduction began with
the collzboration of . Cnomsky and G. Miller in 1959 (see Miller, 1967). There
have been significant formal results obtained in this rield and it is essential
that we razview this researcn before considering [AS. The approzach teken in this
field is well characterized by the opening reparks of & recent highly—articulate
review chapter by Biermann and Feldman (1972):

The gramratical jnference problem cal pe described as follows: &
finite set of gymbol strings from some language E_and possibly & finite
set of strings fron the complement of L are known, and & grammar for
the language is 1o he discovered . . - -

Consider & class C of grawmmars and a machine M. Suppose some
G ¢ C znd soxe I (an information sequence) in 1(L(G)) are chosen for pre-
sentation to the Machins Mg. ...

Intuitively, M jdentifies G if it eventually guesses only
one gramzar and thail grammar generates exactly L{G).

(pp. 31-33)

The significant point to note sbout this statement is that 34 is completely
sbstracted away from the problem of a child trying to learn nis lenguaze.
There hzs been virtually no concern for algorithzms that will efficiently
jnduce the subset of grammars that generate natural languages. Tne problen

15



js posed 1in gencral terms. The character izaticn is
with inducing a characteriza ation of the well-formed
However, this is not the task which the child faces.
manping betwasn conceptualli 0 1 strinzs of th
pust understand what is s20 t and learn ROW
17 a characterization of th 21 ed strings em
product of the mapping petween sentences and meanings
in thz formal work on language induction, there has
about the contribution that semanbics might have to-

. o>

The grammatical lnference problem as charac cterized by Blermann and Feld-
Tutions. Workedble solut ions 4o nou axist ba=cause

man is without any practical s0
ne set of possible langusges iz too unresirictes
sibie to practical problems only when it is po:os

capdidate languagzes OT because important clues ex

.. Worrable solutlons are pos—
e to grez tly rP>*r‘cf the
Y

ct
n)
|43

priori possible languages. Choasky (1965) argued ssenzially Ior this v1ew

with respect to the probled of a child learning his first language. iHe suzgested
+hat the child could take advantage of linguistic u.Lxe sals which greatly
restricted the possible langusges. L will argue thabt such universals £xist

in the form of strong constraints oetween the gbruCuuAe of & sentence and the

sermantic structure of the referent. These constraints pr ovide criticel cues
for the inductlion problen,

Gold's Work

Prahabhly the mosh influential paver in the field is by Cold (1957). He
provided an exD icit criterion for success in a langusge 1ﬂahcb101 proolem and
o~

)
proceaded to formally determine which learner-teacne ractiaqs could ﬂchﬁeve

r
thet criterion for which languages. Gold considers a

in the limit if affer somxe finite time the learner discove a grarmer hut
gencsrates the strings of tne language. He con 1siders two 1nformation sequences -
in the first the learner is presented with all the sentences of the leangucze
end in the second the learner is presented with all strings, eacl properly
identified as senvence or non-sentence. Then Gold asks this guestion: Suppose
+he learner can assums tha language comes from some fTormally characterized class
of languages; can he identify in the limit “aich language it is? Gold considers
+the classical nesting of langusge classes - finite cardinality lanzuages, regular
{rinite state), context-iree, conueku—sen31u1ve, and imii ive. His

an

the language (i.e., the first information seguenc
finite cardinality languag25. However, given posi
(i.e., the second information sequence), he can le
sive languages. '

T
classic result is that if the learner is cnly gLu ©o
t

ve

The prooL that the finite state class is not identifieble wiih only posS-—
itive information is deceptively simple. Among the Tinite state languages
ore all languages of flnltec“?dﬁnalluy (i.e., with only finitely many strings) .
At every finite point in the information sequence the learner will not know
if the language is gener ated by one of the infinite, aite cardin-
te

ality languages s which includes the sample or an i
state grammar which includes the sample. Logica
s similarly easy tQ prove that eny leznguage in the primitive recur-
S c s can be induced given positive and negabive 1 informatioz. It 13

possible to enumerate all possible primitive recursive graminars. Assuze an

RS



2

2igorithm that proceeds through this counbably in:
one groammar after another until it finds the c
stey with any grammor as long &s the informatl
it. Any incorrect grammer G will be rejected
information :eku:nce—~eizhe;- ecause the s=2gque
e sentence generated by G, or as & positive 14s
G. o L mra he finit
alg
tec
1 1i ;
For instancaz, the pasiti nomical gr T tic
ordering of all possible context-sensitive languagss using English morphenes as
terminal symbols. HoWever Cold also provad that theres is no alcorithn uniformly
- 4

o)
s enumeration technigue. That is to say, given any algo-

nore effective then thi (v 1
ritha one can dick sone context—seusitive languege for which the enumeration
algoritha will be faster.

s startling results that we must live with.
cardinality languazes be induced without use of negative
ldren g2t little negatlive Teeddack

ck they do get (Brown, 1973). S=zcond,

and rake 1ivs (¥
nuparation. This 1is startling ovecause

=
le use of what negative reecpa
r i e

no procadure a effentive than blird
blind enumeraticn is clearly hopeless &3 2 practical induction zlgorithm for natur-
2l lang tL w2 will see how natural language can b2 induc2d despite
oS s =3 I
Gold's re v Pirst latl's review sone other research of the seme ilk.

enpts to provide & constructive algorithn was proposad by
st is, he attempted to gefine an elgorithm wnich would con-
struct bit by pit U correct grammar rather than enumerating possiole grammars.
IAS is a coastructive algorithm. His ideas were never programmad an had theilr

o

logical flaws exposed by Shamir and Bar-Hillel (1962) and by Horning (1569). In
nart Solomonoif has served as a straw man that served to justify the enumerative

. . . . -~
ppreoach over the constructive (e.g., Horning, 1969).

[ovIg

Feld=an and his students have carried the Gold analyses farther. Feldman (19707
provided some urther definitions of languages jdentifiability and proved Gold-like
resulis for these. TFeldman considered not only the task of inferring a grammar that

generated the semple, T.% &lso the task of inducing the mosit simple grarmar. Grad- -
rmar complexity was measured in terms of number of rules and the complexity of sen-
tence derivations. Horning (1969) provided procedures £or inducing grammars whose
rules have different probabilities. Biermann (1972) provided a nus-ber of efficient
constructive algorithms for inducing finite state gropmars when the numbar of states
is known. fnis is & reletively tractable problen first formulszied in 1956 by lMoore,’
however, loore's glgorithms ere much less efficient than Biermazan's.

Pao (1969) formalized an glgorithm for finite state gramsmer induction thet
did not reguire the number of states to be known in advance. A sazple sehb of
sentences was provided which utilized 211 the rules in the grazemer. A minizal
finite state network was constructed that generated exactly th
sentences. Then an ettempt was made to generalize by me o
work. The algorithm checked the conssquances of potential genevalization

v opr

17





























































































































































































