
 
 

 
Abstract— It has been a puzzle how the syntax of natural 

language could be learned from positive evidence alone. Here we 
present a hybrid neural-network model in which artificial 
syntactic categories are acquired through unsupervised 
competitive learning due to grouping together lexical words with 
consistent phonological endings. These relatively large syntactic 
categories then become target signals for a feed-forward error-
reducing network that learns to pair these lexical items with 
smaller numbers of function words to form phrases. This hybrid 
model learns phrasal syntax from positive evidence alone, while 
covering the essential findings in recent experiments on adult 
humans learning an artificial language. The model further 
predicts generalization to novel lexical words (exceptions) from 
knowledge of function words.  
 

Index Terms— Linguistic bootstrapping, competitive learning, 
sibling-descendant cascade-correlation.  

I. INTRODUCTION 
T has long been a mystery how the syntax of natural 
language can be learned from positive examples alone, 

without any explicit negative evidence about grammaticality. 
It was argued that, if a language learner ever guesses a larger, 
more flexible syntax, she cannot be corrected to narrow her 
grammar without negative evidence [1]. While the young 
child’s utterances are sometimes corrected for truth value, they 
are rarely corrected for syntactic validity. Particularly 
vulnerable to this line of argument are error-driven learners, 
such as many neural-network algorithms, that would 
seemingly require both negative and positive to learn to 
distinguish ungrammatical from grammatical utterances.  One 
solution is to assume that significant amounts of syntax are 
innately provided  [1].  

In this paper, we show that a hybrid neural-network system, 
combining unsupervised competitive learning (CL) with error-
correcting learning (using sibling-descendant cascade-
correlation, SDCC) can learn an artificial syntax from positive 
evidence alone. In brief, syntactic categories are acquired 
through unsupervised CL by grouping together lexical words 
that have consistent phonological endings. These relatively 
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large syntactic categories then become target signals for a 
feed-forward error-reducing SDCC network that learns to pair 
these lexical items with smaller numbers of function words to 
form syntactic phrases. This hybrid system learns phrasal 
syntax from positive evidence alone, while covering the 
essential regularities in recent experiments on adult humans 
learning an artificial language. The system effectively 
bootstraps knowledge of syntactic categories and phrasal 
relations from the morpho-phonology of lexical words. The 
model further predicts generalization to novel, exceptional 
lexical words from knowledge of the function words alone. 
We begin by reviewing relevant linguistic and psychological 
evidence and the CL and SDCC algorithms before presenting 
our results.  

II. LINGUISTIC CONSIDERATIONS 
It is difficult to imagine how syntactic relations, such as 

noun phrases and verb phrases, might be acquired or even 
used without assuming that the relevant syntactic categories, 
such as nouns and verbs, are already in place. Yet syntactic 
categories are not typically assumed to be innately provided to 
language learners [2].  

It is possible though that the myriad statistics in natural 
language might provide valuable clues for identifying 
syntactic lexical categories, like nouns and verbs. Two such 
clues involve word endings or combinations with function 
words [3].  

Instances of a syntactic category often have common 
endings. For example, nouns in English are often pluralized by 
adding an –s suffix to the singular form of the noun. Likewise, 
English verbs are often used in the past tense by adding the 
suffix –ed to the verb stem.  

Cues to noun and verb phrases are often provided by the 
function words that typically accompany nouns and verbs, 
respectively. In English, a function word often precedes a 
lexical one. Such function words are typically few in number 
compared to the more numerous lexical words. For instance, a 
relatively small number of determiners, such as articles (e.g., 
an, a, the) and possessive pronouns (e.g., his, your, their, 
whose), precede nouns, thus creating noun phrases: the money, 
her wealth, etc. In a similar fashion, a relatively small number 
of auxiliaries (e.g., will, shall, might, can, could, must, should) 
precede English verbs to express shades of time and mood in 
verb phrases: can win, might lose, should continue, etc. In 
comprehension, on hearing a determiner, one might well 
expect a following noun. Hearing an auxiliary, one could 
instead expect a verb.  

Syntactic violations can be designed by clever 
psycholinguists who instead combine determiners with verbs 
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(the fought, their lose) or auxiliaries with nouns (will desk, 
may projector). Such violations would sound jarring to skilled 
English listeners, who might even classify them as 
ungrammatical phrases. Such linguistic considerations form 
the basis for interesting psychological experiments on the 
learning of artificial languages.  

III. PSYCHOLOGICAL EVIDENCE 

A. Artificial Language Learning 
Some of the best psychological data on statistical 

constraints and their relation to the problem of learning with 
only positive evidence comes from the learning of artificial 
languages. Artificial languages can be used to effectively 
study the properties, biases, and capacities involved in human 
language learning, in both infants and adults [2]. Artificial 
languages also present significant advantages for 
computational modelers of language acquisition. Modelers do 
not have to speculate or argue about experiences of the 
learners and how to measure their language skills. Instead, 
modelers can present exactly what was presented in the 
psychology experiment that is being modeled, and measure 
performance as it was measured in that experiment.  

B. The Lany et al. Experiments 
Relevant experiments employed artificial languages with an 

aX, bY grammar [3]. The a and b categories had only two 
words each, while the larger X and Y categories had six words 
each, five of which were used in training. Adult English 
speakers listened to 20 phrases of an artificial language, 
created by combining 5 X words with 2 a words and 
combining 5 Y words with 2 b words. Each phrase took 1.7s to 
say, with pauses of 1s between phrases and 10ms between 
words.  

As can be seen from the examples in Table 1, the a words 
ush and dak go with X words, those ending with the suffix –it. 
The b words ong and rud accompany Y words, those ending in 
–ul. Sound cues to a word’s category are known to facilitate 
the learning of such grammars [4, 5].  

 
TABLE I 

PHRASES USED IN SOME OF THE PSYCHOLOGY EXPERIMENTS 
 a1X a2X b1Y b2Y 
Train ush keerit  ong bivul  
Train  dak lepit  rud choopul 
Train ush feegit dak feegit ong habbul rud habbul 
Train ush soolit dak soolit ong jerul rud jerol 
Train ush yohvit dak yohvit ong pogul rud pogul 
Train ush zamit dak zamit ong vummul rud vummul 
GH ush soolit dak zamit ong vummul rud pogul 
GUH ush lepit dak keerit ong choopul rud bivul 
NG ush vummul dak pogul ong soolit rud zamit 
NG ush choopul dak bivul ong lepit rud keerit 
 

In three different conditions of the Lany et al. study, 
participants were trained for 18 blocks, or 6 blocks, or in a 
transfer experiment involving 18 blocks with one version of a 
grammar followed by 6 blocks of training with the same 
grammar but with novel words.  

After training was completed, the subjects were tested on 

grammatical heard phrases (GH) that were used in training, 
grammatical unheard phrases (GUH) that preserved the trained 
grammatical relations but were not actually heard in training, 
and non-grammatical phrases (NG) that violated the trained 
grammar by presenting aY, bX combinations.  

During testing, subjects were asked to press the Y or N key 
on a computer to indicate endorsement of whether each phrase 
was grammatical or not, respectively. They had been told that 
one-half of the phrases would be grammatical and the other 
half not grammatical, a notice which they subsequently often 
ignored in their judgments.  

Human results from this basic experiment are re-plotted in 
Figures 4, 6, and 8 for the 18-block, 6-block, and transfer 
conditions, respectively. In each case, we plot 1 minus the 
mean endorsement rate, along with SE bars. We use 1-
endorsement rate here because this facilitates comparison to 
our simulation measure of network error. Both 1-endorsement 
rate and network error increase with lack of familiarity. 
Placing these figures just ahead of our simulation results 
facilitates comparison of simulation to human data.  

Fig. 4 indicates that 18 blocks is enough time to learn the 
grammar and thus distinguish G from NG phrases. Subjects 
are less likely to endorse NG phrases than GUH phrases, and 
less likely to endorse GUH phrases than GH phrases. This 
suggests that they learned the phrasal grammar as well as the 
particular words used in training.  

Fig. 6 reveals that subjects trained for only 6 blocks are less 
likely to endorse NG phrases and GUH phrases than GH 
phrases. This shows that they learned the words they were 
trained on, but failed to abstract the grammar underlying the 
phrases. The lack of difference between GUH and NG 
confirms that they did not learn the underlying grammar.  

Fig. 8 shows that, in the transfer condition, subjects are less 
likely to endorse NG phrases than GH phrases, implying that 
they have learned the grammar. The lack of difference 
between GH and GUH phrases shows that it does not matter 
whether they heard those exact phrases in training. In other 
words, grammar abstraction is facilitated by training on 
different sets of words.  

The authors conclude that their results demonstrate that 
sufficient exposure to positive examples of these simple 
grammars enables generalization to novel grammatical 
pairings as long as the X and Y words have distinctive and 
regular endings. The authors intuitively predict, but do not 
demonstrate, that knowing that a function word (e.g., an a 
word) is paired with some novel word, one could conclude 
that the novel word is likely to be an X word, even if it doesn’t 
have the distinctive ending of other X words. Later, we 
demonstrate that this prediction is confirmed by our networks.  

Our computational work suggests that an initial key step 
must also occur. Namely, learning to detect the X and Y 
categories based on their regular and distinctive sounds at the 
ends of lexical words. Once that first step is accomplished, 
learners might form associations between a and b function 
words and the morpho-phonological features that cue the 
category memberships of the lexical words. Eventually, 
generalization to novel and even exceptional lexical words 



 
 

should be possible, without the distinctive sounds of the X and 
Y words, as we later show with our network model.  

IV. OUR MODEL 

A. The CL Algorithm 
We use CL to learn to sort X and Y words into two separate 

categories based on their distinctive and regular suffixes. CL 
is a special case of Kohonen’s self-organizing maps, but with 
a very small neighborhood (consisting of only the winning 
output unit) and a constant learning rate (rather than a rate that 
decreases over learning) [6]. As shown in Fig. 1, two-word 
phrases are presented to both the CL and SDCC networks. 
Knowing ahead of time that there are two categories of 
interest, X and Y, we create two output units for CL.  

 

 
Fig. 1. Schematic of network training. Sonority-coded phrases are presented 
as inputs to the CL and SDCC networks. For each such input phrase, the CL 
network learns to output a binary signal that classifies the lexical X and Y 
words based on their consistent endings, and serves as target output for the 
SDCC network. The SDCC network uses the discrepancy between target and 
actual outputs to learn to classify phrases as aX or bY. Eventually, the SDCC 
network can use the function words (a or b) alone to classify phrases with 
novel and even exceptional X and Y words as aX or bY phrases. 
 

By chance, before any weight training, given a phrasal input 
pattern, one output will be most active. That output unit is 
designated as the winner and given an activation value of 1. 
Weights entering the winner output are strengthened, so that 
this and similar input patterns will be even more likely to 
activate this winning output unit in the future. Another input 
pattern may by chance activate this output unit or a different 
output unit. Whichever output unit is the winner is treated in 
the same fashion. Non-winners are accorded activations of 0. 

Kohonen’s formal learning rule is quite simple: 

If output Oup = 1, ( )wprw −=Δ '    

Otherwise, if output Oup = 0, 0=Δw  (1) 
In words, when the activation of output unit u, given input 

pattern p, is 1, change the weights between the input units and 
output u; when that output activation is 0, do not change the 
weights. When weights are to be changed, subtract the current 
weight vector w from the input pattern vector p, and multiply 
the resulting difference vector by a smallish learning rate r.  

This is a winner-take-all scheme, functionally equivalent to, 
but mathematically more elegant than, using mutually 

inhibitory weights between outputs. With such adjustments, 
the weights to winning units will eventually match the 
corresponding input patterns. Learning stops when the total 
distance between each input pattern and its closest output unit 
becomes less than some criterion, here .05. Various distance 
metrics can be used; we use Euclidean distance.  

Progress of CL is shown in Figures 2 and 3. Fig. 2 shows 
vectors representing words ending in –it and those ending in –
ul. Output units are initially placed in the center of the vowel 
and consonant distributions, illustrated by the stacked 
diamond symbols. Over 4 learning epochs, the output units 
migrate to the center of their respective input clusters. To 
increase variation in the output units and potentially simulate 
imperfect perception, the inputs were randomized by adding or 
subtracting up to .4 of their values. The rapid decline of 
distance over these epochs is shown in Fig. 3.  
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Fig. 2.  Example of CL of aX and bY phrases. Two initially centered and 
stacked output units migrate to the regions of their respective input patterns 
over four training epochs. Input patterns are coded on the sonority scale.  
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Fig. 3. In a CL network, total Euclidean distance from input patterns to their 
closest output unit declines over four training epochs.  

B. The SDCC Algorithm 
SDCC is a supervised, feed-forward, constructive neural 

network algorithm that adjusts connection weights to reduce 
network error, the discrepancy between a target vector and a 
vector of actual network outputs [7]. Mathematical details of 
SDCC and other, related cascade-correlation algorithms are 
well known and available in several sources [8-10].  

Here we use SDCC to learn to classify phrases into the aX 
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or bY categories, with the output of the CL network providing 
the target output value used to compute network error, as 
illustrated in Fig. 1. For the results reported here, we translate 
the binary 0 or 1 CL outputs into target values of -.5 or .5, to 
suit the sigmoid outputs units used by SDCC.  

We ran 20 networks in each of the three conditions, the 
same as the number of participants in the psychology 
experiments [3]. Each network learns a somewhat different 
solution because it starts with randomly initialized weights.  

C. Input Coding 
To code input to the CL and SDCC networks, we converted 

IPA values of all phonemes used in phrases to a sonority scale. 
As shown in Table II, sonority represents the vowel likeness 
of a phoneme on a numerical scale ranging from 6 (for low 
vowels) to -6 (for voiceless stop consonants), with more 
ambiguous semi-vowels and laterals pegged at -1. Such scales 
have a long tradition of use in phonology, psycholinguistics, 
and more recently in computational modeling. We used this 
particular scale successfully in simulations of the learning of 
word stress [11] and simple artificial grammars [12, 13].  

 
TABLE II 

SONORITY SCALE FOR CODING PHRASES  
Phoneme category IPA examples Sonority 
low vowels /a/  /æ/ 6 
mid vowels /Є/  /e/  /o/  /ɔ/ 5 
high vowels /I/  /i/  /U/  /u/ 4 
semi-vowels, laterals /w/  /y/  /l/ -1 
nasals /n/  /m/  / ŋ / -2 
voiced fricatives /z/  /ʒ/  /v/ -3 
voiceless fricatives /s/  /ʃ/  /f/ -4 
voiced stops /b/  /d/  /g/ -5 
voiceless stops /p/  /t/  /k/ -6 

 
In those few cases where sonority could not distinguish key 

phonemes, we used place of articulation (front vs. back) to 
make the required distinctions. An example of coding one 
phrase is presented in Fig. 1.  

V. RESULTS 
To simulate the 18-block condition, we trained SDCC 

networks until their output activations fell below the default 
score-threshold of 0.4 for all training patterns. Mean training 
epochs was 13.2. Network error on the test patterns after 
training was subjected to a repeated measures ANOVA, 
yielding a main effect of test pattern, F(2, 38) = 11.06, p < 
.001. Means and SE bars are presented in Fig. 5. Dependent-t 
tests showed more error to NG phrases than GUH phrases, 
t(19) = 3.18, p = .005, and marginally more error to GUH 
phrases than GH phrases, t(19) = 2.05, p = .054. This is the 
same pattern as in humans in Fig. 4, and it reflects learning of 
both the grammar and the trained words. Training a bit less 
deeply would likely take the p-value for that last comparison 
to < .05. The signature of thorough learning in both networks 
and people is a linear increase in detection of 
ungrammaticality over test patterns, as plotted here from left 

to right.  
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Fig. 4. Mean 1-minus-endorsement rates in adults in the 18-block condition, 
with SE bars (data from Lany et al., 2007). Subjects are less likely to endorse 
non-grammatical phrases than grammatical phrases, and less likely to endorse 
grammatical unheard phrases than grammatical heard phrases. This suggests 
that they learned the phrasal grammar as well as the words used in training.  
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Fig. 5. Mean error in SDCC networks, with SE bars, after a mean of 13.2 
training epochs. Networks show the same pattern as humans in Fig. 4: more 
error to non-grammatical phrases than grammatical phrases, and marginally 
more error to grammatical unheard phrases than grammatical heard phrases.  
 

To simulate the 6-block condition, we trained networks for 
about 1/3 of the time of the 18-block condition, that is, up to 4 
epochs. Means and SEs are plotted in Fig. 7. Again, there was 
a main effect of pattern, F(2, 38) = 9.81, p < .001. Dependent-t 
tests confirmed more error for GH than GUH patterns, t(19) = 
3.44, p = .003, but no difference between GUH and NG 
patterns, t(19) < 1, ns. As with humans (see Fig. 6), the 
relatively shallow learning in this condition enables word 
learning but not grammar learning.  

To simulate the transfer condition, we trained SDCC 
networks fully (until score-threshold) on one version of the 
grammar (for a mean of 79 epochs) and then trained them 
further on 4 epochs of the alternate version (with novel 
words). Again, the networks showed the identical pattern as 
humans (compare Figures 8 and 9). There was a main effect of 
test pattern, F(2, 38) = 32.25, p < .0001, more error to NG 
than GUH patterns, t(19) = 5.00, p < .0001, and no difference 
between GH and GUH patterns, t(19) = 1.83, ns. Training on 
one grammar shows transfer between the two sets of words, 
and the word-familiarity effect disappears. Transfer seems to 
be an effective way to abstract the grammar.  
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Fig. 6. Mean 1-minus-endorsement rates in adults in the 6-block condition, 
with SE bars (data from Lany et al., 2007). Subjects are less likely to endorse 
non-grammatical phrases and grammatical unheard phrases than grammatical 
heard phrases. This shows that subjects learned the words they were trained 
on, but did not abstract the grammar underlying the phrases.  
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Fig. 7. Mean error in SDCC networks, with SE bars, after 4 training epochs. 
Networks show the same pattern as humans in Fig. 6: more error to non-
grammatical and grammatical unheard phrases than to grammatical heard 
phrases. 
 

We studied the possibility of transfer to lexical words with 
exceptional endings in several different ways, and they each 
worked well. Perhaps the most dramatic demonstration is 
provided by using novel un-patterned exceptional endings 
after full training on the grammar. The test patterns are regular 
lexical words and un-patterned exceptions (meaning unique 
suffixes for the lexical words) presented in either correct or 
incorrect syntax. For example, function words ush and dak are 
paired with either lexical words wifoo or suffee, and function 
words ong and rud are paired with lexical items lemee or 
tamoo. Mean and SE results for 20 networks are presented in 
Fig. 10. 

A repeated-measures ANOVA revealed main effects for 
both grammaticality, F(1, 19) = 16, p < .001 and regularity, 
F(1, 19) = 62, p < .001, and no interaction. There was more 
error to NG than GUH test patterns for both regulars, t(19) = 
4.4, p < .001 and exceptions, t(19) = 3.3, p < .003. This 
demonstrates that networks can generalize to novel lexical 
words (without the conventional suffixes) from knowledge of 
a function word alone. Because there are no comparable 
human results, this is a unique precise prediction.  

Although SDCC ordinarily recruits hidden units to learn 
non-linear problems, hidden units were almost never recruited 
in these simulations. This underscores both the extent to which 
our hybrid system simplifies grammar learning and the 
advantages of using a constructive algorithm such as SDCC. If 

SDCC does not recruit any hidden units, it retains the 
perceptron structure it starts with, containing only input and 
output units.  
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Fig. 8. Mean 1-minus-endorsement rates in adults in the transfer condition, 
with SE bars (data from Lany et al., 2007). Subjects are less likely to endorse 
non-grammatical phrases than grammatical phrases, showing that they learned 
the grammar. 
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Fig. 9. Mean error in SDCC networks, with SE bars, in the transfer condition. 
Networks show the same pattern as humans in Fig. 8: more error to non-
grammatical phrases than to grammatical phrases.  

 
 
Fig. 10. Mean error in SDCC networks, with SE bars, to regular X and Y 
words and un-patterned exceptions presented in grammatical (aX, bY) or 
ungrammatical (aY, bX) syntax. Networks generalize to novel X and Y words 
by using the a and b words.  

VI. DISCUSSION 
Our results show how syntax can be learned from positive 

evidence alone. For these simple phrasal grammars, syntactic 
categories can be acquired through unsupervised competitive 
learning due to grouping together lexical words that have 
regular phonological endings. These relatively large syntactic 
categories can then become target signals for a feed-forward 
error-reducing network that learns to pair these lexical items 
with smaller numbers of function words to create syntactic 
phrases. No negative evidence indicating the incorrectness of 
syntactic violations is required. Our hybrid connectionist 



 
 

model learns phrasal syntax from positive evidence alone, 
while covering the essential regularities in experiments on 
adult humans learning an artificial language [3].  

Our model shows similar signatures to humans across 
language-learning conditions. The signature of thorough 
learning with one set of words is a linear increase in detection 
of non-grammaticality across GH, GUH, and NG test patterns, 
suggesting learning of both the grammar and the words. The 
signature of superficial learning is more detection of non-
grammaticality in GUH and NG test patterns than in GH test 
patterns with no difference between GUH and NG patterns. 
Superficial learning yields knowledge of words but not the 
grammar. Finally, transfer of a grammar from one set of words 
to another has a signature of more detection of grammar 
deviations in NG patterns than in G patterns, whether heard or 
not, with deep abstraction of the grammar.  

Our model also predicts generalization to novel lexical 
words (that is, exceptions) from knowledge of the function 
words alone. Knowing, for example, that a novel lexical item 
follows a well-known article (e.g., the) allows a skilled 
listener to infer that the novel word is a noun in a noun phrase. 
This prediction should be tested in artificial language learning 
experiments with human infants and adults.  

Our model thus suggests that at least some aspects of 
grammar can be bootstrapped from the morpho-phonology of 
words. Noticing consistent sounds in particular places in 
words can facilitate induction of syntactic categories, which in 
turn can facilitate learning of syntactic relations. It would be 
difficult to learn and use syntactic relations without being able 
to identify the syntactic categories that are being related. 

This morpho-phonological bootstrapping of syntactic 
categories could complement proposals for semantic 
bootstrapping of syntax. It was proposed that semantic 
categories such as agent and action could be used to identify 
syntactic categories such as subject and predicate, respectively 
[14, 15].  

Our modeling exposes possible learning mechanisms for 
morpho-phonological bootstrapping and provides a candidate 
solution to the problems of lack of negative evidence in 
language acquisition. Ordinarily, for supervised learning to 
work, both positive and negative samples are required – not 
only grammatically well-formed expressions but also 
grammatical violations that are identified as such.  

Future work will likely concern simulating the remaining 
experimental combinations used with humans [3], converting 
network error into a measure closer to endorsement rate in 
humans, analyzing the knowledge acquired by networks, 
allowing CL and SDCC learning to occur in parallel, and 
extensions into other, more complex aspects of syntax.  

Our bootstrapping approach could be compared to other 
proposed computational solutions to learning from positive 
evidence alone, such as assuming the smallest grammar [16] 
or most probable grammar [17] consistent with the evidence. 
Given the complexity of language and the rapidity with which 
it is acquired in humans, it is quite possible that a variety of 
constraints are employed. Developmental roboticists may well 
be interested computational models of how humans succeed in 

this task.  

ACKNOWLEDGMENT 
We are grateful to Jill Lany, Rebecca Gomez, and LouAnn 

Gerken for stimulating discussion and providing us with their 
human data to reanalyze.  

REFERENCES 
[1] S. Pinker, "Language acquisition," in Language: An invitation to 

cognitive science, 2nd ed. vol. 1, L. R. Gleitman and M. Liberman, 
Eds. Cambridge, MA: MIT Press, 1995, pp. 135-182. 

[2] R. L. Gómez and L. A. Gerken, "Infant artificial language learning 
and language acquisition," Trends in Cognitive Sciences, vol. 4, 
pp. 178-186, 2000. 

[3] J. Lany, R. L. Gomez, and G. L., "The role of prior experience in 
language acquisition," Cognitive Science, vol. 31, pp. 481-507, 
2007. 

[4] L. Frigo and J. MacDonald, "Properties of phonological markers 
that affect the acquisition of gender-like subclasses," Journal of 
Memory and Language, vol. 39, pp. 448-457, 1998. 

[5] R. L. Gomez and L. LaKusta, "A first step in form-based category 
abstraction in 12-month-old infants," Developmental Science, vol. 
7, pp. 567-580, 2004. 

[6] T. Kohonen, Self-organizing maps. New York: Springer-Verlag, 
1997. 

[7] S. Baluja and S. E. Fahlman, "Reducing network depth in the 
cascade-correlation learning architecture.," School of Computer 
Science, Carnegie Mellon University, Pittsburgh, PA Technical 
Report CMU-CS-94-209, 1994. 

[8] S. E. Fahlman and C. Lebiere, "The cascade-correlation learning 
architecture," in Advances in neural information processing 
systems 2 D. S. Touretzky, Ed. Los Altos, CA: Morgan Kaufmann, 
1990, pp. 524-532. 

[9] T. R. Shultz, Computational developmental psychology. 
Cambridge, MA: MIT Press, 2003. 

[10] T. R. Shultz and S. E. Fahlman, "Cascade-Correlation," in 
Encyclopedia of Machine Learning, C. Sammut, Ed. Heidelberg, 
Germany: Springer-Verlag, in press. 

[11] T. R. Shultz and L. A. Gerken, "A model of infant learning of 
word stress.," in Proceedings of the Twenty-seventh Annual 
Conference of the Cognitive Science Society Mahwah, NJ: 
Erlbaum, 2005, pp. 2015-2020. 

[12] T. R. Shultz and A. C. Bale, "Neural network simulation of infant 
familiarization to artificial sentences: Rule-like behavior without 
explicit rules and variables.," Infancy, vol. 2, pp. 501-536, 2001. 

[13] T. R. Shultz and A. C. Bale, "Neural networks discover a near-
identity relation to distinguish simple syntactic forms," Minds and 
Machines, vol. 16, pp. 107-139, 2006. 

[14] M. Bowerman, "Inducing the latent structure of language," in The 
development of language and language researchers, F. S. Kessel, 
Ed. Hillsdale, NJ: Erlbaum, 1988. 

[15] S. Pinker, Language learnability and language development: 
Harvard University Press, 1984. 

[16] R. C. Berwick, The acquisition of syntactic knowledge. Cambridge, 
MA: MIT Press, 1985. 

[17] N. Chater, "What can be learned from positive evidence?," Journal 
of Child Language, vol. 31, pp. 915-918, 2004. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


