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Lab 4: Morphology

September 21, 2006

The goal of this lab is for you to begin building a miniature version of the model described in the Rummelhart and McClelland (R&M) chapter.

1. Encoding and network architecture

The basic idea is to create a network that takes present tense forms of verbs and produces their past tenses. We’ll have the network learn the requisite connection strengths.

To start, create a network that has 50 inputs and 50 outputs, with no hidden nodes. Each input should have a connection to each output node. All nodes should be sigmoid. The best way to create these connections will be to create all the inputs at one time with Create -> Layers and then all the Output nodes at one time, using the same dialog box.

The inputs and outputs will be encoded using R&M’s scheme – each phoneme can be described by four Wickelfeatures, as seen in the chart below. 
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Take a look at these features, and notice that the phonetic symbols used are not the same as the International Phonetic Alphabet - /E/ in R&M is the same as /i/ in IPA and /D/ is the first phoneme of “the”, among many other differences. Use the key at the bottom copiously. Also make note that the IPA symbols schwa and carrot are both rendered as /^/, which is a categorized as a short, middle, high vowel.

We’re going to ignore the encoding of preceding and following phonemes, so this means that each phoneme can be encoded using 10 nodes – each one indicating a possible value of a Wickelfeature. The feature values are encoded from left to right in the following order (which is shown from top to bottom):

	Feature
	Value
	Position
	a
	g

	Type
	Interrupted
	1
	0
	1

	
	Continuant
	2
	0
	0

	
	Vowel
	3
	1
	0

	Subtype
	Stop/Fricative/High
	4
	0
	1

	
	Nasal/Liquid/Low
	5
	1
	0

	Place
	Front
	6
	0
	0

	
	Middle
	7
	1
	0

	
	Back
	8
	0
	1

	Voicing/length
	Voiced/Long
	9
	0
	1

	
	Unvoiced/Short
	10
	1
	0


The way the encoding works is that since R&M classify /a/ as a vowel that is low, middle, and short, it gets encoded as 0 0 1 0 1 0 1 0 0 1. Since they call /g/ an interrupted sound that is a stop and also back and voiced, it is 1 0 0 1 0 0 0 1 1 0. Verify that these encodings are right, and make sure you understand how and in what order the various features are encoded. 

In the chart below, you see encodings for some frequent phonemes, and a couple are blank. First, verify that what I've given you is right - I have a feeling I may have made a mistake or two. Let me know if you find any mistakes, then fill in the rest, by referring to the charts above.

	Pos
	^
	a
	A
	d
	E
	e
	f
	g
	h
	I
	i
	k
	l
	m
	n
	o
	O
	s
	t
	U
	u
	v
	w

	1 2 3 4 5 6 7 8 9 10
	0 0 1 1 0 0 1 0 0 1
	0 0 1 0 1 0 1 0 0 1
	0 0 1 0 1 1 0 0 1 0
	1 0 0 1 0 0 1 0 1 0
	0 0 1 1 0 1 0 0 1 0
	0 0 1 0 1 1 0 0 0 1
	0 1 0 1 0 1 0 0 0 1
	1 0 0 1 0 0 0 1 1 0
	0 1 0 0 1 0 0 1 0 1
	0 0 1 0 1 0 1 0 1 0
	0 0 1 1 0 1 0 0 0 1
	1 0 0 1 0 0 0 1 0 1
	0 1 0 0 1 1 0 0 1 0
	1 0 0 0 1 1 0 0 1 0
	1 0 0 0 1 0 1 0 1 0
	0 0 1 0 1 0 0 1 0 1
	0 0 1 1 0 0 1 0 1 0
	 
	 
	 
	 
	 
	 


2. Training phase 1

Remember that R&M first trained their network on ten very frequent verbs, most of which were irregular. We’re going to do the same thing. In order to ease our way into Wickeldom, we're going to begin with a slightly different encoding scheme this week. As discussed in class, we’re going to represent a word from left to right, using ten nodes to represent each phoneme. We have 50 inputs and 50 output nodes, so we’re constrained to words no longer than five phonemes. (Note that this simplification need not be made in a larger simulation.) We’ll start with the first phone in the leftmost set of ten nodes, and continue with the next phone represented on the next 10 nodes, etc. Any unused sets of ten nodes at the far right will be filled with with 0s. Again, the first ten inputs encode the first sound, the next ten (11-20) encode the second sound, and so on.

You’re going to encode the following frequent verbs using this scheme: come, get, give, look, take, go, have, live, feel, and say. I’ve started you off below with the first seven. Note that I’ve also given the R&M phonetic transcriptions next to the words. You can refer to the chart above that lists the encodings for a number of frequent phonemes. The verbs are formatted below with only ten numbers per line, which JavaNNS seems to prefer. 

	come: "k^m"
	1 0 0 1 0 0 0 1 0 1

0 0 1 1 0 0 1 0 0 1

1 0 0 0 1 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	get: "get"
	1 0 0 1 0 0 0 1 1 0

0 0 1 0 1 1 0 0 0 1

1 0 0 1 0 0 1 0 0 1

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	give: "giv"
	1 0 0 1 0 0 0 1 1 0

0 0 1 1 0 1 0 0 0 1

0 1 0 1 0 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	look: "luk"
	0 1 0 0 1 1 0 0 1 0

0 0 1 1 0 0 0 1 0 1

1 0 0 1 0 0 0 1 0 1

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	take: "tAk"
	1 0 0 1 0 0 1 0 0 1

0 0 1 0 1 1 0 0 1 0

1 0 0 1 0 0 0 1 0 1

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	go: "gO"
	1 0 0 1 0 0 0 1 1 0

0 0 1 1 0 0 1 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	have: "hav"
	0 1 0 0 1 0 0 1 0 1

0 0 1 0 1 0 1 0 0 1

0 1 0 1 0 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	live: "liv"
	

	feel: "fEl"
	

	say: "sA"
	


Now you also need to create the representations for the corresponding past tense forms:

	came: "kAm"
	1 0 0 1 0 0 0 1 0 1

0 0 1 0 1 1 0 0 1 0

1 0 0 0 1 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 

	got: "gat"
	

	gave: "gAv"
	

	looked: "lukt"
	0 1 0 0 1 1 0 0 1 0

0 0 1 1 0 0 0 1 0 1

1 0 0 1 0 0 0 1 0 1

1 0 0 1 0 0 1 0 0 1

0 0 0 0 0 0 0 0 0 0

	took: "tuk"
	1 0 0 1 0 0 1 0 0 1

0 0 1 1 0 0 0 1 0 1

1 0 0 1 0 0 0 1 0 1

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	went: "went"
	0 1 0 0 1 1 0 0 1 0

0 0 1 0 1 1 0 0 0 1

1 0 0 0 1 0 1 0 1 0

1 0 0 1 0 0 1 0 0 1

0 0 0 0 0 0 0 0 0 0

	had: "had"
	0 1 0 0 1 0 0 1 0 1

0 0 1 0 1 0 1 0 0 1

1 0 0 1 0 0 1 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

	lived "livd"
	0 1 0 0 1 1 0 0 1 0

0 0 1 1 0 1 0 0 0 1

0 1 0 1 0 1 0 0 1 0

1 0 0 1 0 0 1 0 1 0

0 0 0 0 0 0 0 0 0 0

	felt: "felt"
	0 1 0 1 0 1 0 0 0 1

0 0 1 0 1 1 0 0 0 1

0 1 0 0 1 1 0 0 1 0

1 0 0 1 0 0 1 0 0 1

0 0 0 0 0 0 0 0 0 0

	said: "sed"
	0 1 0 1 0 0 1 0 0 1

0 0 1 0 1 1 0 0 0 1

1 0 0 1 0 0 1 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0


You’re now ready to create your .pat file. Make sure there are ten input and output patterns, and that the format is exactly like this (included spaces, carriage returns, etc.):

# Input pattern 1:

1 0 0 1 0 0 0 1 0 1

0 0 1 1 0 0 1 0 0 1

1 0 0 0 1 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

# Output pattern 1:

1 0 0 1 0 0 0 1 0 1

0 0 1 0 1 1 0 0 1 0

1 0 0 0 1 1 0 0 1 0

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

# Input pattern 2:

… etc.

Now set the learning parameters to run 100 cycles at a learning rate of 1 and a dmax of 0.1. Open up the error display and train the network. The error should drop to below 2% within 100 cycles. If it doesn’t, try training again. If it still doesn’t, there’s something wrong.

Once the network has learned to an error of less than 2%, check out the outputs by hand and verify the network has learned. Each output should be within 0.05 of the desired output.

Just for kicks, check to see what the network does with a new regular verb like box (encoded below). 

box /baks/: 

1 0 0 1 0 1 0 0 1 0

0 0 1 0 1 0 1 0 0 1

1 0 0 1 0 0 0 1 0 1

0 1 0 1 0 0 1 0 0 1

0 0 0 0 0 0 0 0 0 0

boxed /bakst/

1 0 0 1 0 1 0 0 1 0

0 0 1 0 1 0 1 0 0 1

1 0 0 1 0 0 0 1 0 1

0 1 0 1 0 0 1 0 0 1

1 0 0 1 0 0 1 0 0 1

Create a new .pat file with this present tense verb in it. Now retrain the network using this as the verification pattern. Assuming that for each feature, that node that is most active is selected (e.g. if the first five values are 0.34 0.45 0.75 0.1 0.2, then this is a low vowel), what is the output? 

Is this anything like what a human at stage 1 might produce?

We’ll continue next week, so make sure to save your work and put it somewhere you will be able to retrieve it.
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