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Syntax

The goal of this lab is for you to run and analyze the reults from a simple syntax model like the one described in class and in Elman (1990). The model will predict the next word from a set of sentences on the basis of the current word and prior context.

1. Architecture
Nodes:

· 13 inputs

· 50 hidden layer nodes

· All are sigmoid

· These should be the lowest numbered nodes

· 50 context nodes

· All are linear

· These should be numbered after the hidden layer nodes

· 13 output nodes

· All are linear

· These should be the highest numbered nodes

Connections:

· From the inputs to the hidden layer, fully distributed

· From the hidden layer to the outputs, fully distributed

· From the hidden layer to the context nodes 

· These should be fixed at weight 1

· They should be one-to-one

· From the context nodes to the hidden layer, fully distributed

· From the bias to the hidden layer and the output nodes

Also

· The hidden nodes should be selected (that is, if your hidden nodes are numbered 1-50, then under SPECIAL:, you should have a line that says: selected = 1-50)
2. Data

The data will be a set of sentences, constructed from nouns and verbs in the following classes:

	Noun-Singular
	dog, cat

	Noun-Plural
	dogs, cats

	Verb-Intransitive-Singular
	falls, jumps

	Verb-Intransitive-Plural
	fall, jump

	Verb-Transitive-Singular
	eats, bites

	Verb-Transitive-Plural
	eat, bite


Sentences can have any of the following forms:

	Noun-Singular
	Verb-Intransitive-Singular
	

	Noun-Plural
	Verb-Intransitive-Plural
	

	Noun-Singular
	Verb-Transitive-Singular
	Noun-Singular

	Noun-Singular
	Verb-Transitive-Singular
	Noun-Plural

	Noun-Plural
	Verb-Transitive-Plural
	Noun-Singular

	Noun-Plural
	Verb-Transitive-Plural
	Noun-Plural


Words are encoded as follows:

	1
	dog

	2
	cat

	3
	dogs

	4
	cats

	5
	falls

	6
	jumps

	7
	fall

	8
	jump

	9
	eats

	10
	bites

	11
	eat

	12
	bite

	13
	sentence end


Tlearn allows you to define input and output patterns using "localist" notation. So if you have 13 input nodes, then in your .data file you can specify an input row as just "1", which means "1 0 0 0 0 0 0 0 0 0 0 0 0". "2,3" means "0 1 1 0 0 0 0 0 0 0 0 0 0", etc.

The set of possible sentences is thus:

	1 5

	1 6

	2 5

	2 6

	3 7

	3 8

	4 7

	4 8

	1 9 1

	1 9 2

	1 9 3

	1 9 4

	1 10 1

	1 10 2

	1 10 3

	1 10 4

	2 9 1

	2 9 2

	2 9 3

	2 9 4

	2 10 1

	2 10 2

	2 10 3

	2 10 4

	3 11 1

	3 11 2

	3 11 3

	3 11 4

	3 12 1

	3 12 2

	3 12 3

	3 12 4

	4 11 1

	4 11 2

	4 11 3

	4 11 4

	4 12 1

	4 12 2

	4 12 3

	4 12 4


I made 10 copies of each of these sentences, randomized them, and put a 13 at the end of each to signify sentence breaks. This gave the .data and .cf files you see below in the appendix.

3. Simulation

Train the network with the following configurations:

· Learning rate = 0.1

· Momentum = 0

· Training sweeps = 100

· Log error overy 1 sweeps

The error should be fluxuating between about 0.5 and 0.1. If you want to check to see what the most active output node is, you can create a file for output translation just like you did several weeks ago for phonemes. That file should look like this:

MAPPINGS:

1-12 from WORDS

WORDS:

dog 1 0 0 0 0 0 0 0 0 0 0 0

cat 0 1 0 0 0 0 0 0 0 0 0 0

dogs 0 0 1 0 0 0 0 0 0 0 0 0

cats 0 0 0 1 0 0 0 0 0 0 0 0

falls 0 0 0 0 1 0 0 0 0 0 0 0

jumps 0 0 0 0 0 1 0 0 0 0 0 0

fall 0 0 0 0 0 0 1 0 0 0 0 0

jump 0 0 0 0 0 0 0 1 0 0 0 0

eats 0 0 0 0 0 0 0 0 1 0 0 0

bites 0 0 0 0 0 0 0 0 0 1 0 0

eat 0 0 0 0 0 0 0 0 0 0 1 0

bite 0 0 0 0 0 0 0 0 0 0 0 1

sentence 0 0 0 0 0 0 0 0 0 0 0 0 1

Verify Network has Learned, to make sure that it’s not doing something silly like producing the exact same output for each input. 

4. Analysis

Now you are going to analyze whether the network has learned or not, and if so, what.

First, given that a particular noun is the input, what is the probability that each verb will occur next? Fill in the probabilities for just the words below, just on the basis of how often each word occurs in each position in the sentences as defined above:

Probabilities of verbs given nouns

	
	dog
	cat
	dogs
	cats

	falls
	
	
	
	

	jumps
	
	
	
	

	fall
	
	
	
	

	jump
	
	
	
	

	eats
	
	
	
	

	bites
	
	
	
	

	eat
	
	
	
	

	bite
	
	
	
	


Now compare these with the average activation on each output node representing one of these verbs, when the input is any of these nouns.

To do this, I one again recomment that you 

· Take the data output from Verify Network has Learned

· Paste it into Excel.

· select the column of data you have just pasted, and under the Data menu select Text to Columns, which will split the data into columns.

· Paste the data only (not the header) from the .data file into a column adjacent with the 13 columns of output data in your Excel file.

· Select all the data, including the inputs and the outputs

· Sort the data (under the Data menu) by the column that the input data is in

· Now you have the outputs lined up for each input.

· Calculate the average value for each output node for each input. To have Excel automatically calculate the average, in an empty cell type:

· =average(B1:B3)

· In this example, B1 and B3 are the names of two cells that are the first and last in a column of cells you want to have the average of, and the output will be the average of B1, B2, and B3

· Then put the activations in the table below, and compare this to the probabilities you entered into the chart above.

Activations of verbs given nouns

	
	dog
	cat
	dogs
	cats

	falls
	
	
	
	

	jumps
	
	
	
	

	fall
	
	
	
	

	jump
	
	
	
	

	eats
	
	
	
	

	bites
	
	
	
	

	eat
	
	
	
	

	bite
	
	
	
	


Elman found that the network accurately predicted that plural verbs would follow plural nouns and that singular verbs would follow singular nouns. How about your simulation?

Now we’re going to do hierarchical clustering:

· Delete anything in the Output display.

· Probe Selected Nodes.

· Now do the same thing you did above for the output activations, except that this time you’ll be looking at the hidden nodes, rather than the output nodes, namely:

· Take the data output from Verify Network has Learned

· Paste it into Excel.

· select the column of data you have just pasted, and under the Data menu select Text to Columns, which will split the data into columns.

· Paste the data only (not the header) from the .data file into a column adjascent with the 50 columns of output data in your Excel file.

· Select all the data, including the inputs and the outputs

· Sort the data (under the Data menu) by the column that the input data is in

· Now you have the outputs lined up for each input.

· Calculate the average value for each output node for each input. 

· Now create a new file in Tlearn, and call it ‘vector’.

· Paste the average outputs for each of the nouns into that file – this should be a file with 6 rows. 

· Create a new file, ‘names’, which says:

1

2

3

4

5

6

· Now in Tlearn, go to the Special menu and select Cluster Analysis, typing in the names of your vector file ‘vector’ and names file ‘names’. Also select Output to Graphics.

Past your results below. Did the network represent similar words with similar hidden layer representations?

Appendix
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