Proceedings of the 45th Annual Meeting of the Association of Computational Linguistics, pages 936–943, Prague, Czech Republic, June 2007. © 2007 Association for Computational Linguistics

Much ado about nothing: A social network model of Russian paradigmatic gaps

Robert Daland Andrea D. Sims Janet Pierrehumbert

Department of Linguistics Northwestern University 2016 Sheridan Road Evanston, IL 60208 USA

r-daland, andrea-sims, jbp@northwestern.edu

Abstract

A number of Russian verbs lack 1sg nonpast for ms. These paradi gmatic gaps are puzzling because they seemingly contradict the highly productive nature of inflectional systems. We model the persistenc e and spread of Russian gaps via a multi-agent model with Bay esian l earning. We ran three sim ulations: no gra mmar learning, learning with arbitrary analogical pressure, and m orphophonologically conditioned learning. We co mpare th e results to the attested historical development of the gaps. Contradicting previous accounts, we propose that the persistence of gaps can be explained in the absenc e of s ynchronic competition between forms.

1 Introduction

Paradigmatic gaps present an interesting challenge for theories of inflectiona l structure and language learning. Wug tests, analogical change and children’s overextensions of regular patterns demonstrate that inflectional morphology is highly productive. Yet lemmas sometimes have “missing” inflected forms. For ex ample, in Russian the majority of v erbs have first person singular (1sg) non-past forms (e.g., posadit’ ‘to plant’,posažu ‘I will plant ’), but no 1sg form for a num ber of similar verbs (e.g., pobedit’ ‘to win’, *pobežu ‘I will win’). T he challenge lies in expl aining this apparent contradiction. Given the high ly productive nature of inflection, why do paradigmatic gaps arise? Why do they persist?

One approach explains p aradigmatic gaps as a problem in generating an acceptable form. Under this h ypothesis, gaps result from irreconcilable conflict between two or more inflectional patterns. For example, Albright (2003) presents an analy sis of Spanish verbal gaps based on the Minimal Generalization Learner (Albright and Hayes 2002). In his accou nt, com petition between mid-vowel diphthongization (e.g., s[e]ntir ‘to feel’, s[je]nto ‘I feel’) and no n-diphthongization (e.g., p[e]dir ‘to ask’, p[i]do ‘I ask’) leads to paradigmatic gaps in lexemes for which the ap plicability of diphthongization has low reliability (e.g., abolir ‘toabolish, *ab[we]lo, *ab[o]lo ‘I abolish’).

However, this approach both overpredicts and underpredicts the existence of gaps crosslinguistically. First, i t pr edicts that g aps should occur whenever the anal ogical forces determining word forms are contradictory and evenly weighted. However, variation bet ween two inflectional patterns seems to more commonly result from such a scenario. Second, the model predicts that if the form-based conflict disappears, the g aps should also disappear. However, in Russian an d probably in other languages, gaps persist even after the loss of com peting inflectional patterns or ot her synchronic form-based motivation (Sims 2006).

By contrast, our approach operates at the level of inflection al propert y sets (IPS), or m ore properly, at the level of inflectional paradigm s. We propose that once ga ps are establ ished in a language for whatever reason, they persist because learners infer the relativ e non-use o f a given

1 936 combination of stem and IPS.^1 Put differently, we hypothesize that speakers possess at least two kinds of knowledge about inflectional structure: (1) knowledge of how to generate the appropriate form for a given lemma and IPS, and (2) kn owledge of the probabi lity with whi ch that combination of lemma and property set is expressed, regardless of the form . Our approach differs from previous accounts in that persistence of gaps is attributed to the latter kind of knowledge, and does not depend on synchronic morphological competition.

We present a case study of the Russian verbal gaps, which are notable for their persistence. They arose between the m id 19^{th} and early 20^{th} century (Baerman 2007), and are still strongly attested in the modern language, but have n o apparent synchronic morphological cause.

We model the persistence and spread of the Russian verbal gaps with a multi-agent model with Bayesian learning. Our model has two kinds of agents, adults and children. A model cycle consists of two phases: a production-perception phase, and a learning-maturation phase. In the productionperception phase, adults produce a batch of linguistic data (verb forms), and childr en listen t o the productions from the adults the y know. In the learning-maturation phase, children buil d a grammar based on the in put the y hav e received, then mature into adults. The existing adults die off, and the next generation of children is born.

Our model exhibits sim ilar behavior t o what is known about the development of Russian gaps.

2 The historical and distributional facts of Russian verbal gaps

2.1 Traditional descriptions

Grammars and dictio naries of Russian frequentl y cite paradigmatic gaps in the 1sg n on-past. Nine major dictionaries and grammars, including Švedova (19 82) and Zaliznjak (1977), y ielded a combined list of 96 gaps representing 68 distinct stems. These verbal gaps fall almost entirely into the second conjugation class, and the y overwhelmingly affect the subgrou p of dental stems. Comm only cited gaps include: * galžu ‘I make a hubbub ’; *o u us’ ‘I come to be (REFL)’;

1SG *oš uš u ‘I feel’; *pobežu ‘I will win’ ; and *ubežu ‘I will convince’.^2

1 Paradigmatic g aps also prob ably serve a so ciolinguistic purpose, for ex ample as m arkers of edu cation, bu t s ociolinguistic issues are beyond the scope of this paper.

There is no satisfactory s ynchronic re ason for the existence of t he gaps. The grouping of gaps among 2^{nd} conjugation dental stems is seemingl y non-arbitrary because these ar e exactly the forms that would be subject to a palatalizing morphophonological alternation (t^j t or ^j, d^j , s^j , z^j ). Yet the Russian gaps do not meet the criteria for morphophonological co mpetition as intended by Albright’ s (2003) model, because the alternations appl y automatically in Contemporary Standard Russian. Analo gical forces should thus heavily favor a single form, for example, pobežu.

Traditional explanations f or the gaps, such as homophony avoidance (Š vedova 1982) are also unsatisfactory since they can, at best, explain only a small percentage of the gaps.

Thus, the data suggest that gaps persist in Russian primarily because they are not uttered, and this non-use is learned by succeeding generations of Russian speakers.^3 The clustering o f the gaps among 2nd conjugation dental stems most likely is partially a rem nant of the ir original causes, and partially represents anal ogic extension of gaps along morphophonological lines (see 2.3 below).

2.2 Empiri cal evidence for and operational definition of gaps

When dealing with descriptions in se miprescriptive sources such as dictionaries, we m ust always ask whether they accuratel y represent language use. In other words, is there em pirical evidence that speakers fail to use these words?

We sought evidence of g aps from the Russian National Corpus (RNC).^4 The RNC is a balanced textual corpus with 77. 6 million words consisting primarily of the contemporar y Russian literar y language. T he content is prose, pla ys, mem oirs and biographies, literary criticism, newspaper and magazine articles, school texts, religious and

2 We use here t he stand ard C yrillic transliteration used b y linguists. It should not be considered an accur ate phonological representation. Elsewhere, when phonological issues are relevant, we use IPA. 3 See Mann ing ( 2003) and Zuraw (2003) on learning from implicit negative evidence. 4 Documentation: http://ruscorpora.ru/corpora-structure.html Mirror site used for searching: http://corpus.leeds.ac.uk/ruscorpora.html. 937 philosophical materials, t echnical and scientific texts, judicial and governmental publications, etc.

We gathered token frequencies for the six nonpast for ms of 3,265 ra ndomly selected second conjugation verb lemmas. This pr oduced 11,729 inflected forms with non-zero frequency .^5 As described in Section 3 below, these 1 1,729 form frequencies became our model’s seed data.

To test the c laim that Ru ssian has ver bal gaps, we examined a subsample of 557 2nd conjugation lemmas meeting the foll owing criteria: (a) total non-past frequency greater than 36 raw tokens, and (b) 3sg and 3pl constituting less than 85% of total non-past fre quency.^6 These constra ints were designed to select verbs for which all six personnumber combinations should be r obustly attested, and to m inimize sam pling errors b y rem oving lemmas with low attestation.

We calculat ed the probabilit y of the 1sg inflection by dividing the number of 1sg form s by the total number of non-past forms. The subset was bimodally di stributed with one peak near 0% , a trough at around 2%, and the other peak at 13.3% . The first peak represents le mmas in which the 1sg form is basically not used – gaps. Accordingly, we define gaps as second conjugati on v erbs which meet criteria (a) and (b) above, an d for which t he 1sg non-past form constitutes less than 2% of total non-past frequency for that lemma (N=56).

In accordance with the grammatical descriptions, our cri teria are disp roportionately likely to identify dental stems as g aps. Still, only 43 of 412 dental stems (10.4%) have gaps, compared with 13 gaps among 397 examples of other stems (3.3%).

Second, not all dental stems are equally affected. There seems to be a weak protot ypicality effect centered around stem s ending in /d^j/, from which /t^j/ and /z^j/ each differ by one phonological feature. There may also be some weak semantic factors that we do not consider here.

/d^j/ /t^j/ /z^j/ /s^j/ /st^j/ 13.3% (19/143)

12.4% (14/118)

11.9% (5/42)

4.8% (3/62)

4.3% (2/47)

Table 1. Distribution of Russian verbal gaps among dental stems

5 We excluded 29 high-fr equency lemmas for which th e corpus did not provide accurate counts. 6 Russian has a number of verbs for which only the 3sg and 3pl are regularly used.

2.3 Some relevant historical facts

A significant difference between the morphological com petition appr oach and our statistical learning appr oach is that the former attem pts to provide a single account for both the ri se and the perpetuation of paradigmatic gaps. B y contrast, our statistical learning m odel does not require that the morphological sy stem provide sy nchronic motivation. The following question thus arises: Were the Russian gaps originally caused by forces which are no longer in play in the language?

Baerman and Corbett (2006) find evidence that the gaps be gan with a single root, -bed- (e.g., pobedit’ ‘to win’ ), and subsequently spread analogically within dental stems. Baerman (2007) expands on the historical evidence, finding that a conspiracy of several factors provided the initial push towards defective 1sg form s. Most important among these, many of the verbs with 1sg gaps in modern Russian are histo rically associ ated with aberrant morphophonological altern ations. He argues that when these unusual alternations wer e eliminated in the languag e, so me of the words failed to be integrated into the new morphological patterns, which resulted in lexically specified gaps.

Important to the point here is that the elimination of marginal alternations rem oved an earlier sy nchronic m otivation for t he gaps. Yet gaps have persisted and new gaps have arisen (e.g., pylesosit’ ‘to vacuum ’). This persistence is the behavior that we seek to model.

3 Formal aspects of the model

We take up t wo questions: How m uch machinery do we need for gaps to persist? How much machinery do we need for gaps to spread to phonologically similar words? We model three scenarios.

In the first scenario there is no grammar learning. Adult agents prod uce forms by random sampling from the forms that hear d as children, and child agents hear those form s. In the subsequent generation children become adults. In this scenario there is thus no analogic al pressure. Any perseverance of gaps results from word-specific learning.

The second scenario is similar to the first, except that the lea rning process includes analogical pressure from a random set of words. Specifically, for a target concept, the esti mated distribution of its IPS is infl uenced by the distribution of k nown words. This enables the learner to express a known 938 concept with a novel IPS . For exam ple, imagine that a learner hears the present tense verb form googles, but not the past tense googled. By analogy with other verbs, learners can expect the past tense to occur with a certain frequency, even if they have not encountered it.

The third scenario builds upon the second. In this version, the analogical pressu re is not completely r andom. Instead, it is weighted b y morphophonological similarity – si milar word forms contribute more to the analogical force on a target concept than do dissimilar fo rms. This addition to the model is motivated by the pervasive importance of ste m s hape in the Russian morphological sy stem generally , and potentiall y provides an account for the phonol ogical prototypicality effect among Russian gaps.

The three s cenarios thus represent i ncreasing machinery for the m odel, and we use the m to explore the conditions necessary for gaps to persist and spread. We created a multi-agent network model with Bay esian learning component. I n the following sections we describe the m odel’s structure, and outline t he criteria by which we evaluate its output under the various conditions.

3.1 Social structure

Our m odel includes two generations of agents. Adult agents output li nguistic forms, which provide linguistic input for child agents. Output/input occurs in batches.^7 After each batch all adults die, all children mature into adults, and a new generation of children is born. Each run of the model included 10 generations of agents.

We model t he social structure with a rando m network. Each adult produces 100,000 verb forms, and each child is exposed to every production from every adult to whom they are connected. Each generation consisted of 50 adult agents, and child agents are connected to adults with so me probability p. On avera ge, each chi ld agent is connected to 10 adult agents, meaning that each child hears, on average, 1,000,000 tokens.

3.2 Linguistic events

Russian gaps are localized to second conjugation non-past verb forms, so productions of these forms are the focus of interest. Formally, we define a linguistic event as a concept-inflection-form (C,I,F) triple. The c oncept serves to connect the different forms and inflections of the same lemma.

7 See N iyogi ( 2006) f or why b atch learning is a reasonable approximation in this context.

3.3 Definition of gram mar

A grammar is defined as a probability distribution over linguistic events. This gives rise to natural formulations of learnin g and production as statistical processe s: le arning is esti mating a probability distribution fr om existing data, and production is sam pling from a probability distribution. The grammar can be fa ctored into modular components:

p(C, I, F) = p(C) · p(I | C) · p(F | C, I)

In this paper we focus on t he pr obability distribution o f concept-inflection pairs. In other words, we focus on the relative frequenc y of inflectional propert y sets (IPS) on a lemma-by - lemma basis, represented by the middle term above.

Accordingly, we m ade t he sim plest possible assumptions for the first and last ter ms. To calculate the probability of a concept, children use the sample frequency (e.g., if the y hear 10 to kens of the concept ‘eat’, and 1,000 tokens total, then p(‘eat’) = 10/1000 = .01) . Learning of form s is perfect. Tha t is, learner s alw ays produce the correct form for every concept-inflection pair.

3.4 Learning model

Although production in the real world is governed by sem antics, we treat it here as a statistical process, much like rolling a six-sided die whic h may or may not be fair. When producing a Russian non-past verb, there are six possible com binations of inflectional properties (3 persons * 2 numbers). In our m odel, word learning inv olves estimating the probability distribution over the frequencies of the six form s on a lemma-by-lemma basis. A hypothetical example that introduces our variables:

jest’ 1sg 2sg 3sg 1pl 2pl 3pl SUM D 15 5 45 5 5 25 100 d 0.15 0.05 0.45 0.05 0.05 0.25 1

Table 2. Hypothetical probability distribution

The first row indicates the concept and the inflections. The second row ( D) i ndicates the 939 hypothetical number of tokens of jest’ ‘eat’ that the learner heard for each infl ection (bolding indicates a six-vector). We use |D | to indicate the su m of this row (=1 00), which is the concept frequency . The third row ( d) indicates the sam ple probability of that i nflection, which is simply the second row divided by |D|.

The learner’s goal is to esti mate the distribution that generated this data. We assu me th e multinomial distribution, whose param eter is simply the vector of probabilities of each IPS. For each concept, the learner’s task is to es timate the probability of each IPS, represented by h in the equations below. We begin with Bayes’ rule:

p(h | D) p(h) · multinom(D | h)

The prior di stribution constitutes the analogical pressure on t he le mma. It is generat ed fro m the “expected” behavior, h^0, which is an average of the known behavior from a random sample of other lemmas. The param eter determines the num ber of lemmas that are sampled for this purpose – it represents how many existing words affect a ne w word. To model the effect of morphophonological similarity (mpSim), in one variant of the model we weight this average by the si milarity of the ste mfinal consonant.^8 For example, this has the effect that existing dental ste ms have more of an effe ct on dental stems. In this case, we define

h^0 = _{c’ in sample} d_{c’} · mpSim(c, c’)/ mpSim(c, c’)

We use a featural definition of similarity, so that if the stem-final consonants differ by 0, 1, 2, or 3 or more phonological features, the resulting similarity is 1, 2/3, 1/3, or 0, respectively.

The prior distribution should assign higher probability to hypotheses that are “closer” to this expected behavior h^0. Since the hypothesis is itself a probabilit y distribution, the natural measure to use is the KL divergence. We used an exponentially distributed prior with parameter :

p(h) exp(- ·h^0 || h)

8 In Rus sian, th e s tem-final consonant is important for

morphological behavior generally. An y su ccessful Russian learner would have to extract the generalization, completely apart from the issues posed by gaps.

As will be shown shortly, has a natural interpretation as the relative strength of the pri or with respect to the observed data.

The learner calculates their final gramma r by taking the mode of th e posterior distributio n (MAP). It can be shown that this value is given by

arg max p(h | D) = ( · h^0 + |D|· d)/( +|D|)

Thus, t he o utput of thi s learning r ule is a probability vector h that represents the esti mated probability of each of the six possible IPS’ s for that concept. As c an be seen fro m th e equation above, this probabilit y vector is an average of the expected behavior h^0 and the observed data d, weighted by and the amount of observed data |D|, respectively.

Our approach entails that from the perspective of a language learner, gaps are not qualitatively distinct from prod uctive forms. Instead, 1sg nonpast gaps represent one extreme of a range of probabilities that the first person singul ar will be produced. In this sens e, “gaps” r epresent an artificial boundary which we place on a gradient structure for the purpose of evaluating our model.

The contrast between our learning model and the account of gaps presented in Albri ght (2003) merits emphasis at this point. Generally speaking, learning a word invol ves at l east two tasks: learning ho w to generate the appropriate phonological form for a given concept and inflectional propert y set, and learning the probability that a concept and inflectional propert y set will be produced at all. Albright ’s model focuses on the former aspect; our model focuses on the latter. In short, our account of gaps lies in t he likelihood of a concept-I PS pair being expressed, not in the likelihood of a form being expressed.

3.5 Production model

We model language pr oduction as sam pling from the probability distribution that is the output of the learning rule.

3.6 Seeding the model

The input to the first generation was sampled from the verbs identified in the corpus search (see 2.2). Each input set contained 1,00 0,000 tokens, which was the average amount of input for agents in all succeeding generations. This m ade the first 940 generation’s input as sim ilar as possible to the input of all succeeding generations.

3.7 Parameter space in the three scenarios

In our model we manipulate two parameters – the strength of the analogical force on a target concept during the learning process ( ), and the num ber of concepts which create the analogical force ( ), taken randomly from known concepts.

As discussed above, we m odel three scenarios. In the first scenario, there is no grammar learning, so there is only one condition ( = 0). For the second and third scenarios, we run the model with four values f or , ranging from weak to strong analogical force (0.05, 0.25, 1.25, 6.25), and two values for , representing influence from a small or large set of other words (30, 300).

4 Evaluating the output of the model

We evaluate the output of our m odel against the following question: How well do gaps persist?

We count as gaps any forms meeting the criteria outlined in 2.2 above, ta bulating the number of gaps which exist for onl y one generation, for two total generations, etc. We define as the expected number of generations (out of 1 0) th at a given concept meets the gap criteria. Thus, represents a gap’s “life expectancy” (see Figure 1).

We found t hat this distrib ution is exp onential – there are few gaps that exist for all ten generations, and lots of gaps that exi st for only one, so we calculated with a log linear regressi on. Each value reported is an average over 10 runs.

As discussed above, our goal was to discover whether the model can exhibit the same qualitative behavior as t he historical development of Russian gaps. Persist ence across a handful of generations (so far) and spread to a li mited number of sim ilar forms should be reflected by a non-negligible .

5 Results

In this section we present the results of our m odel under the scenarios and parameter settings above.

Remember that in the first scenario there is no grammar learning. This run of the model represents the baseline condition – c ompletely word-specific knowledge. Sampling results in rando m walks on form frequencies, so once a word form disappears it never returns to the s ample. Word-specific learning is thus sufficient for the perse verance of existing paradigmatic gaps and the creation of new ones. With no analogical pressure, gaps are robustly attested ( = 6.32). However, the new gaps are not restricted to the 1sg, and under t his scenario, lea rners are unable to gene ralize to a novel pairing of lexeme + IPS.

The second scenario presents a m ore complicated picture. As shown in Table 3, as analogical pressure ( ) increase s, gap life expectancy ( ) decrease s. In other words, high analogical pressure quic kly elim inates aty pical frequency distributions, such as those exhibited by gaps. The runs with low values of are particularly interesting because they represent an approxim ate balance between elimination of gaps as a general behavior, and the short-te rm persistence and even spread of gaps due to sa mpling artifacts and the influence of existing gaps. Thus, although the limit behavior is for gaps to disappear, this scenario retains the abilit y t o expl ain persistence of gaps due to word-specific l earning when there is weak analogical force.

At the sa me tim e, the fa cts of Russian differ from the behavior of t he model in that the Russian gaps spread to m orphophonologically sim ilar forms, not random ones. The third version of our model weights the analogi cal strength of different concepts based upon m orphophonological similarity to the target.

(random)(phono.)

-- 0 6.32

30 0.05 4.95 5.77 30 0.25 3.46 5.28 30 1.25 1.91 3.07 30 6.25 2.59 1.87

300 0.05 4.97 5.99 300 0.25 3.72 5.14 300 1.25 1.90 3.10 300 6.25 2.62 1.84

Table 3. Life expectancy of gaps, as a function of the strength of random analogical forces

Under these conditions we get two interesting results, prese nted in Table 3 above. First, gaps persist slightly better overall in scenari o 3 than in 941 scenario 2 for all levels of and .^9 Compare the values for random analogical force (scenario 2) with the values for m orphophonologically weighted analogical force (scenario 3).

Second, strength of analogical force matters. When there is weak analogical pressure, weighting for morphophonological similarity has little effect on the persistence and spr ead of gaps. However, when there is relatively strong analogical pressure, morphophonological similarity helps aty pical frequency distributions t o persist, as shown in Figure 1. This results fro m the fact th at there is a prototypicality effect for gaps. Since d ental stems are more likely to be gaps, incorporating sensitivity to ste m shap e caus es the analogical pressure on target dental ste ms to be relatively stronger fro m words that are gaps. Correspondingl y, the analogical pressure on non- dental stem s is relatively stronger from words that are not gaps. The prototypical ste m shape for a gap is thereby perpetuated and gaps spread to new dental stems.

0 1 2 3 4 5 6

1 2 3 4 5 6 7 8 9 10

# of generations log(# of gaps) random, = 0.05 random, = 1.25

phonological, = 0.05 phonological, = 1.25

Figure 1. Gap life expectancy ( =0.05, =30)

9 The apparent increase in gap half-life when =6.25 is an artifact of the regression model. There were a few well-entrenched gaps w hose hi gh l emma fre quency enables them to resist e ven hi gh le vels of a nalogical pressure over 10 generations. These data points skewed the regression, as s hown by a much lower R^2 (0.5 vs. 0.85 or higher for all the other conditions).

6 Discussion

In conclusion, our m odel has in ma ny respects succeeded in getting gaps to perpetuate and spread. With word-specific l earning alone, wellentrenched gaps can be maintained across multiple generations. More significantly , weak analogical pressure, especially if weighted for morphophonological similarity, results in the perseverance and short-term growth of gaps. This is essentially the historical pattern of the Russian verbal gaps.

These results highlight sev eral issues r egarding both t he nat ure of para digmatic gaps and the structure of inflectional systems generally.

We clai m that it is not necess ary to posit an irreconcilable conflict in the generation of inflected forms in order to account for gaps. Remember that in our m odel, agents face no conflict in term s of which form to prod uce – there is onl y one possibility. Yet the gaps persist in part because of analogical pressure f rom existing gaps. Albright (2003) himself is agnostic on the issue of whether form-based co mpetition is necessary for the existence and persistence of gaps, but Hudson (2000), among others, claims that gaps could not exist in the absence of i t. We have presented evidence that this claim is unfounded.

But why would som eone assume that grammar competition is necessary ? Hudson’s claim arises from a confusion of two issues. Discussing the English paradigm atic gap amn’t, Hudson states that “a si mple applicati on of [the usage-based learning] principle would be to say t hat the gap exists si mply because nobody sa ys amn’t... But this explanat ion is too si mple... There are m any inflected words that m ay never have been uttered, but which w e can nevertheless i magine ourselves using, gi ven the need; we generate them by generalization” (Hudson 2000:300). By his logic, there must therefore be some source of grammar conflict which prevents speakers from generalizing.

However, th ere is a substantial difference between having n o information about a word, and having information about the non-usage of a word. We do not dispute learners’ abilit y to generalize. We onl y claim that information of no n-usage is sufficient to block such generalizations. When confronted with a new word, speakers will happil y generalize a word form, but this is not the sam e task that they perform when faced with gaps.

942

The persever ance of gaps in the abs ence of form-based co mpetition shows that a different, non-form level of representation is at issue. Generating inflectional m orphology involves at least two different types of knowledge: knowledge about the appropriate word form to express a given concept and IPS on the o ne hand, and knowledge of how often that concept and IPS is expressed on the other. T he emergence of paradig matic gaps may be closely tied to the first type of knowledge, but the Russian gaps, at least, persist because of the second type of kno wledge. We therefore propose that morphology may be defective at th e morphosyntactic level.

This returns us to the question that we began this paper with – how paradigmatic gaps can persist in light of the overwhelming prod uctivity of inflectional morphology. Our model suggests that the apparent contradiction is, at least in some cases, illusory. Productivity refers to the likelihood of a given inflectional pattern appl ying to a given combination of stem and IPS. Our account is based in the likelihood of the ste m and inflectional property set being expressed at all, r egardless of the form. In short, the Russian paradigmatic gaps represent an issue which is orthogonal t o productivity. The two issues are easily confused , however. An unusual frequency distribution can make it appear that there is in fact a problem at the level of form, even when there may not be.

Finally, o ur simulations raise the question of whether the 1sg non- past gaps in Russian will persist in the language in the long ter m. In our model, analogical forces delay convergence to the mean, but the lim it behavior is that all gaps disappear. Althoug h there is evidence in Russian that words can develop ne w gaps, we do not know with any great accuracy whether the s et of gaps i s currently expanding, contracting, or approximately stable. Our model predicts that in the long run, the gaps will disappear under general analogical pressure. However, another possibility is that our model inclu des onl y enough fact ors (e.g., morphophonological similarity) to approximate the short-term influences on the Russian gaps and that we would need more factors, such as semantics, to successfully model their long-term developm ent. This remains an open question.

References

Albright, Adam. 2003. A quantitative study of Spanish paradigm gaps. In West Coast Conference on Formal Linguistics 2 2 proc eedings, eds. Gi na Ga rding and Mimu Tsujimura. Somerville, MA: Cascadilla Press, 1-14.

Albright, Ad am, an d Bru ce H ayes. 2002. Mod eling English p ast ten se in tuitions with minimal generalization. In Proceedings of the SixthMeetingof the Asso ciation for C omputational Li nguistics Special Interest Group in Computational Phonology in Phi ladelphia, J uly 2 002, ed. Michael Maxwell. Cambridge, M A: Association fo r Computational Linguistics, 58-69.

Baerman, Matth ew. 2007. The d iachrony of defectiveness. Pap er presented at 43r d An nual Meeting of t he C hicago Linguistic So ciety i n Chicago, IL, May 3-5, 2007.

Baerman, Matthew, and Greville Corbett. 2006. Three types of defective paradigms. Paper presented at The Annual Meeting of the Linguistic Society of America in Albuquerque, NM, January 5-8, 2006.

Hudson, Richard. 2000. *I amn’t. Language 76 (2):297- 323.

Manning, Christo pher. 2003. Prob abilistic syn tax. In Probabilistic linguistics, eds. Rens Bod, Jennifer Hay and Stephanie Jannedy. Cambridge, MA: MIT Press, 289-341.

Niyogi, Par tha. 2006. The co mputational nature o f language lea rning and evolution. Cam bridge, M A: MIT Press.

Sims, An drea. 200 6. Minding th e gap s: In flectional defectiveness in p aradigmatic mor phology. Ph .D. thesis: Lingu istics Dep artment, Th e Ohio State University.

Švedova, Ju lja. 198 2. Grammatika sovrem ennogo russkogo literaturnogo jayzka. Moscow: Nauka.

Zaliznjak, A.A ., ed . 1977. Grammati eskij sl ovar' russkogo j azyka: Slovoizmenenie. Mo skva: Ru sskij jazyk.

Zuraw, Kie. 2003. Probability in language change. In Probabilistic linguistics, eds. Rens Bod, Jennifer Hay and Stephanie Jannedy. Cambridge, MA: MIT Press, 139-176. 943