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By use of a dictionary of hypernyms, it is possibly to use statistical methods on a corpus to 
determine the most general nouns that it is reasonable to see a particular verb with in a subject or 
object relation. The method used is to pick gradually lower weights for Resnik's method and 
evaluate each time with chi squared to determine correctness. 
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1. Introduction

I 
1.1. Overview 

I The purpose of this project is to be able to ask questions such as "what can be wan?" or "what eats 
cake?". More formally, it is to be able consider a verb, consider restrictions on some grammatical 

relations, and then request the most likely nouns that will be seen with another specified 

I grammatical relation. The inputs are, thus, the aforementioned query, and a large corpus of text for 

analysis. 

I verb restncted requested
 
,elations relation
 

I -eat ·object: food -subject -what can eat food? 
·want .subject: man -object .what can a man want? 

I -win -subject: team -what can a team win? -object 

I The problem, however, is that is fairly useless to use the trivial method of simply counting 

I 
occurrences of words. That is, seeing examples of eating apples, cheese, and ham, we would much 

rather be able to conclude that we can eat all food, as opposed to just apples, cheese, and ham. In 

fact, we do not even want apples in our results list, as they can be inferred from the fact that food 

appears. This problem is solved by the use of a relational dictionary as an additional input; 

I constructing a tree of all the words in the dictionary and their hypernyms, and cumulatively counting 

I 
them. This allows us to work towards finding the most general word that can represent all the 

specific words that are actually found in the corpus. 

I 
Here follows a rough outline of what the program does. The input to the program consists of a 

parsed corpus and query. The corpus, the body of text used for analysis, is in the .grs (grammatical 

relations) output format of the Candc tools parser, consisting of the original text annotated with the 

lexical category of each word, and other such information, along with each sentence broken down 

I into its component linguistic relations. The relations are then pruned so as to leave only subject and 

object relations remaining, and these are then compiled into a list of trees, one tree for each verb 

appearing in the corpus. These trees, the relation trees, each contain information on how many of

I each relation (i.e. subject or direct object), and each combination thereof, appear in the corpus. 

These trees only need to be built once for each corpus, and thus are stored to disk for later reuse. 

I The query consists of the verb that information On is requested, and the relation to be considered. 

I 
The appropriate relation tree is then retrieved and pruned of information not relevant to the desired 

relation. The remaining nouns are then built into a tree containing each noun as a node, and every 

hypernym added in as a parent node. The occurrence counts at each node are retained, and also 

added to every node along the path to the root of the tree. 

I With a full tree of the dictionary annotated with cumulative counts, various statistical methods can 

be applied to pick out the nodes that are likely to contain the most general relevant words. 

I 
I Input corpus + RelatIon Trees for Hypernym Tree AnalySIS use

Query fmd all 
each verb, build a bUild tree of statistIcal 

dIctionary + relevant nodes In tree from the dictIonary out of methods to fmd
the relation trees corpusquery nodes answers

-.1,-----­
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1.2. Definitions 

I
 

I
 
I	 • Noun 

A word representing some kind of entity. 

I
 "Bob", "carrots", "happiness",
 

•	 Verb
 
A word representing an action.
 

I	 "Run", "'sleeping", "ate"', 

I 
• lexical Category 

The kind of word. Noun and verb are categories. 

• Subject 

I
 
The noun that is the actor in a phrase.
 

"Fred" in "Fred kicked the ball".
 

• Direct Object
 

The noun being acted on in a phrase.
 

I "the cake" in "I like to eat cake".
 

I
 
• Indirect Object
 

A secondary noun being affected in a phrase.
 

"the fence" in "He kicked the ball over the fence". 

• Hypernym
 

I A word that represents a more general case of another word.
 

Anything that is an X is a Y.
 

"Food" is a hypernym of "beans"; anything that is beans is food.
 

I
 
I • Hyponym
 

A word that represents a more specific case of another word.
 

The inverse of hypernym.
 

• Instance Hypernym
 

Similar to a hypernym, but representing an actual instance of the word.
 

I Xis a Y.
 

"Island" is an instance hypernym of "Fij"'; Fiji is an island.
 

• Instance Hyponym
 

I The inverse of an instance hypernym.
 

I
 
• Holonym
 

A word representing the whole of another word.
 

"Face" is a holonym of "mouth". 

• Meronym

I 
• Sense 

I 
I
 • Offset
 

I
 
I
 
J...	 _
 

The opposite of a holonym, representing a part of another word.
 

A specific meaning of a literal word.
 

"Game" can mean either a competitive activity, or a hunted animal.
 

They are both senses of the word.
 

Used here to identify a point in the Wordnet dictionary where a sense occurs.
 

Thus category and offset are all that are needed to uniquely identify a word.
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1.3. Purpose

I This project is fairly open ended. It is intended to test methods of calculating the answer to the 

questions it is asked. and experimenting with ways to improve the quality of the results. As for 

I applications, it has potential uses in disambiguating when parsing sentences of a natural language. If 

one knows that the type of game that one wins is that of the sporting kind, not of the hunted meat 

kind, it is easier to infer the correct meaning of a sentence. Another example of use is for robots who 

I wish to act humanly. If a robot is in a restaurant and told to eat, it could look around and make a list 

of objects in the room, and using the knowledge acquired could conclude that it should eat some 

kind of food with some kind of cutlery. There are likely many more not yet thought of applications

I too. 

I 2. Tools and Resources 

I 2.1. Corpora 
For the input, any sufficiently large corpus can be used. It must, for good results, contain a 

reasonable amount of data, however, preferably, not be so large as to take an unreasonable amount 

I of time to be analysed. Here, December 1994 of the New York Times was used, acquired from a 

machine in OUCL. The corpus contains, in total, 4628463 relations here, of which 1453033 are the 

relevant subject or object relations. The corpus contains a total of 222001 sentences. Whilst this 

I sufficed on the whole, there were a number of peculiarities which will be described later. 

I 2.2. Candc Tools 

I 
Candc tools are a set of software for working with natural languages. The relevant part of the tools is 

the CCG parser, which is able to take a corpus and output it in the .grs format which contains 

grammatical relations. The inner workings of the parser are irrelevant to this project, however the 

output .grs is used as the input as it makes contains all the necessary information on the 

grammatical relations (Clark & Curran, 2008). 

I 2.2.1 The .grs Format 

The .grs format consists of a number of blocks each of similar form. Each block represents a single 

I sentence, Here is an example of a block: 

I
 
(nemod _ prosperous_3 just_I)
 
(ncmod _ Mexico_4 prosperous_3) 

I 
(det Mexieo_4 The_ol
 
(ncmod dream_7 we_6)
 
(nemod _ dream_7 of_8)
 
(det reaeh_12 our_Ill
 
(dobj within_IO reaeh_12)
 
(iobj is_9 within_IO)


I (ncsubj is_9 dream_7 _)
 

I
 
(nesubj said_IS he_14 _I
 
(emod said_IS is_9)
 
(nemod said_IS that_S)
 
(cmod Mexico 4 said 15)
 

I
 
<e> The Ithe IDTTI -NP loTNP [nbJ /N just I just IRB I I -NP 101 (N/N) / (N/N) ,I, I , 10 I0 I '
 
prosperous!prosperousIJJII-NPloIN/N MexieoIMexieoINNPII-NPII-LOCATIONIN
 
thatlthatlINII-5BARl01 (NP\NP)/5[delJ welweIPRPII-NPIOIN/N dream Idream INNII­

NPlolN oflofIINII-PpIOINP\NP islbelVBzlI-Vplol (5[del]\NP)/PP withinlwithinlINII­
pplolpP/NP ourlourIPRP$II-NPIOINP[nbJ/N reaehlreaehlNNII-NPlolN ,I, I, 10101, 

I
 he Ihe! PRPI I-NPloINP saidl saYIVBDI I-vpIOI (5 [del] \5 [del]) \NP ·1·1 ·10101.
 

.1 ­
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The block can be divided into two parts: the relations, in the brackets, and the tagged sentence, on 

I the line beginning "<c>". 

The relations in brackets consist of firstly the identifier of the relation itself, then, depending on the 

I relation, a combination of parameters to the relation and of words. Each word is in its canonical 

form (Le. verbs are infinitive, nouns are singular, etc.) and are appended with an underscore 

I 
followed by a number representing its position in the original sentence, with zero representing the 

first word of the sentence, and so on. 

I 
Only two relations will actually be used. These are ncsubj, meaning subject, and dobj, meaning 

direct object. The ncsubj relation is of the form "(ncsubj ver!Jyos nowIYos passive)". That is to say 

I 
it has three parameters: the first being the verb under consideration along with its position in the 

sentence, and the second being the noun that is the subject of the verb. The third parameter is 

usually an underscore, but can be obj to state that the relation is in the passive voice, such as "John 

was demoted". This makes it equivalent to seeing "some enlitv demoted John", meaning that we

I must consider this as if we had seen a direct object relation. The other relation is dobj, which is of 

I 
the form "(dobj vel iJ-.1)0.\ 110IJrUIOS)". This is simply the verb action and the noun it is acting on 

along with their positions. (Briscoe, 2006) 

I 
The other half of the block consists of the tagged sentence. Each word has six pieces of information 

about it, separated by underscores. 

1. The original word as it appears in the corpus. 

I
 2. The canonical form of the word.
 

3. The part of speech, such as past tense verb, singular proper noun, or cardinal number. 

4. The category of the word, such as verb, noun, or adjective. 

I 5. Further information determined about proper nouns, such as whether it is a person's name or a
 

location.
 

6. Detailed information on the form of the parts of speech as they fit in with other elements of the


I sentence.
 

I 
Only elements 2 and 5 are actually considered; 2 to look up the word in the dictionary, and 5 to 

obtain information about proper nouns which probably aren't in the dictionary. 

I 2.3. Wordnet 
Wordnet is a dictionary of around 150,000 literal words and 207,000 pairs of words and senses. It 

I 
contains information on nouns, verbs, adverbs and adjectives, and each word is followed by 

information on how it relates to other words, including such relations as hypernyms, hyponyms, 

holonyms, and meronyms. Wordnet ;s organised by having, for each category, a data file and an 

index file, plus an overall index. Of relevance to us is only the index of all senses, in order to identify

I the words that appear in the .grs and the query, and the data on nouns, in order to identify the 

hypernym relations and suchlike. 

I
 
I
 
I
 
1­
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2.3.1. Wordnet Index Format 

I There is an index for each category of word, in files named such as "index. noun" (not used here), and 

there is a master index called "index.sense". Here, the relevant parts of the sense index's format are 

explained.

I 
locking%l:04:00:: 00827638 1 0 

I The index consists of four fields, divided by spaces as follows: 

1) The sense key, containing the literal word terminated by a %, then five colon separated fields. All 

I of these except the first are ignored here, with the first containing a number from 1 to 5 

I
 
representing the type of the word. 1 represents a noun and 2 a verb.
 

2) The location of the start byte of the entry for the sense in the relevant data file.
 

3) Not used.
 

4)	 Not used. 

I 2.3.2. Wordnet Data Format 

The actual data is stored in files such as "data.noun". 

I
 
I
 
I An eight digit number stating the location offset of the first byte of the line is first. This is followed by 

a two digit number that isn't used, and then a letter indicating the category of word. The next two 

I 
digit hexadecimal number is the count of the literal words that this sense represents, and is then 

followed by that many pairs of literals and unused single digit numbers. 

I Finally is a three digit pointer count. This counts the number of pointers to other verbs using such 

relations as hypernyms. Each pointer is of the form of a symbol representing the pointer, the offset 

of the target, the category of the target, and an unused four digit number. We will only have use of 

I
 four symbols:
 

•	 @ Hypernym
 

@i Instance Hypernym
 I	 • 
• Hyponym
 

• -i Instance Hyponym
 

I 
3. Workflow Overview I 
3.1. Parsing 

I All parsing was previously done using Candc Tools. The .grs output of parsing the selected New York 

Times corpus was acquired without actually having to run Candc tools. Any corpus could be prepared 

07578093 13 n 03 banquet 0 feast 0 spread 1 004 @ 07573696 n 0000 + 01186208 v 
0201 + 01185981 v 0201 + 01186208 v 0102 I a meal that is well prepared and 
greatly enjoyed; "a banquet for the graduating seniors"; lithe Thanksgiving 
feast "; "they put out quite a spread" 

pos --model $CANDC/models/pos --input inputtxt I parser --parser $CANDC/models/parser --super 

$CANDC/models/super --output output.txt 

for use using the following command: 

I
 
I
 
1,----­
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3.2. Building the Relation Trees 

I The first structure to be built is the relation trees. They are constructed from the rules in the .grs file, 

I 
and are read in in blocks of sentences and then occasionally cached to disk. This is because the 

relation trees use a considerable amount of memory; one verb's tree on disk averages about 3MB, 

I 
with some almost reaching 40MB. To read in the entire .grs at a time would be implausibly memory 

intensive. Also, to conserve time and memory, only verbs actually being queried are taken notice of. 

The exact caching mechanism will be explained later. The entire construction of the relation tree is 

abstracted away, so a call requesting a relation tree for a particular verb will construct it if it is not 

already on disk. 

I 3.3. Building the Hypernym Tree 

I 
Upon executing a query, the appropriate relation trees will be pruned, flattened, and then built into 

a partial tree of the dictionary, which will then be filled in with hypernyms. 

I 3.4. Analysing the Hypernym Tree 
The built hypernym tree will be annotated with various statistics which are then used to select a list 

of results to return. 

I 
4. Issues in Development 

I 4.1. Language Choice 
I elected to write this program in a high level object oriented language, due to the generally object 

I like nature of the units of words and the need for large amounts abstraction. It also needed to be 

I 
able to cope well with large amounts of data. Initially, the program was written in Java, however it 

soon became apparent that the language was unusable as even with aggressive caching and 

handling for out of memory exceptions it would run into its hard two gigabyte memory limit when 

processing the relation trees. Also, this caching slowed it down to the point where it would take 

I approximately ten hours to process half the data before aborting. The program was rewritten in C#, 

which runs considerably faster, processing the corpus in around an hour, and using only a few 

hundred megabytes of memory. This also removed the need for writing to the disk cache after

I processing every few hundred lines of the corpus. 

4.2. Ho(onyrns and Meronyrns

I At one point I considered adding holonym and meronym relations to the tree as, at a glance, they 

appear to relate in such a way that if a verb can be applied to a word then it can be applied to its 

I meronym. On closer inspection, however, there are counter examples. For example, it is reasonable 

to build a house out of brick; however you cannot build a house out of brick's meronym, clay, and 

especially not of clay's meronym, silicon. For this reason, meronym and holonym relations are not 

I considered by this program. 

I 
I 
I 
1
 _ 
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4.3. Use of Literal Counting in the Hypernym Tree 

I There are two slightly differing ways of determining the tally used in the hypernym tree. The first is 

I 
to take the tally that a certain sense in the relation tree has attached to it, and use just that. This is 

the original method that the program used. The alternate method is to maintain, attached to each 

noun in the relation tree, the source literals of the verb seen with each tally. Then, upon building the 

hypernym tree, the tallies there will only consider the amount from the relation trees' tallies that 

I were sourced from the literal verb being requested. Whether one method or the other is more 

advantageous is not apparent, thus it is included as an option when creating the query. 

I 4.4. Other Grammatical Relations 

I 
Whilst the program could support indirect objects and other such relations, it does not. It was 

concluded that subjects and direct objects alone are sufficient for testing the concepts behind the 

program. The program is easily adaptable to add support, and this is described later. 

I 5. Guide to Data Processing Code 

I 5.1. Wordnet Interface 
The first fundamental structure of the program is the ,'en"c class. This is what represents a sense in 

Wordnet, and the interface to Wordnet, when queried for a literal word, will return a list of Sense 

I objects. The basic Sense objects contain information on their category, their offset. This is the 

minimal information needed to define a sense and to be able to look it up again in Wordnet. 

I There is also a class derived from S"nlce called F"l :8e""e. The purpose of Fei: I :;'"c.c is to flesh 

I 
out the information on the sense, whilst still being able to have the fast lookups and light memory 

usage of just using S",:c'2. Full Sf'l"" contains additional information on the list of literals it 

represents, its hypernyms, hyponyms and the gloss (the informal description of the meaning of the 

word). To construct a FII 1; S.,'1;;e, one must first fill out the additional fields in a FI;] 1,3 :',IIe, ::. t 

structure. and then pass that with a Sense to the constructor. 

I 
I

I 

The actual interface to the Wordnet data files is stored in an instance of a Wordnet class. This should 

be created at the start of the program and passed around whenever required. The reason to only 

have one of these objects is that it will cache the F'ull SC'nse objects in a dictionary from int to 

Tn I 0 called noun_cache. '" 1 i. S. l1:e objects will only start being created once it is time to build

I the hypernym tree, thus once a Fu 11 Sem;c is looked up it would be wastefully slow to have to do it 

each time the word is seen, especially given the frequency of lookups of the same word. 

I The Wordnet class contains two main functions, the first of which is Get. This opens the 

I
 
"index.sense" file and does a binary search to find a line containing the literal. It then goes
 

backwards in the file until it finds the first line containing it, and then reads all lines containing it into
 

an array of strings.
 

For each of these, a S",ns', object is made, provided the sense is in the desired category (such as
 

I noun), and then returns a list of senses. The other function of interest is Fill which takes a ,:c,ns­


I
 
first attempts to look it up in the cache, then looks it up in the appropriate data file. It builds an
 

In '" out of the data, and then returns a Full'len."'.
 

I
 
I~ ­
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5.2. Rclation T,·cc BUilding Phasc 

I The first phase of the program is to construct the relation trees. This is seen by the main function of 

I 
the program as the creation of a <~l c object, whose constructor takes the parameters of a .grs file to 

use as input, and an instance of a ;'!8dnet class. Internally, the G1: class consists of a 

representation of a linked list of Re] Tlee objects. This is never stored in the object, but either 

loaded from disk, having been requested previously, or created from the input as needed. It also 

I stores information about the total quantities of each noun that it has seen. As well as a using the 

,':,:' and Ed "'ICL' classes, there is also a class called ('ommun containing a pair of functions for 

writing strings to and from files.

I 
I 5.2.1. Tileory ofReJation Trees 

The purpose of the relation tree is to represent every combination of every subject and object that 

are seen. We can represent this as a tree where every node represents the combination of itself and 

I all its parents up to the root (Schubert &Tong, 2003). The following tree represents the sentence 

I 
"The man gave the carrot to the fish". All eight combinations of subject, direct object, and indirect 

abject appear in the tree (including with the trivial case of just the verb and no attached nouns). The 

indicated node, for example, represents the fact that we have seen a man give to a fish. Note that 

iobj (indirect object) is used here for demonstrative purposes and is not actually catered for in the 

I code. 

I
 
I
 
I 

verb 

give 

I 
I dobj iobj ncsubj 

carrot fish man 

I
 iobj ncsubj ncsubj
 

fish man man 

I Dncsubj 

manI
 
I
 
I
 
1­
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5.2.2. Form of the Relation Tree 

I The p, 1Tl , c class represents a single tree of the relations. It is a simple tree structure made up of 

F, 1Node objects. The Re 1Nede class contains information on several things: 

I • the SL';;S. object it represents 

I 
• the tally of the number of times that that sense has been seen in the position in the tree that 

the node represents 

• the number of times this sense is duplicated 

• a dictionary containing the tally for each of these duplicates 

I • the relation this sense has with the verb of the tree 

• a list of children 

I 5.2.3. Construction of a Relation Tree 

I 
The fce:'T,ee class itself has two constructors. One creates an empty F'e] TF' relating to a verb, by 

adding a single node representing that verb to its root. The other takes the offset of a verb in 

Wordnet and loads the appropriate verb's p," I '?r ee in from disk, using a call to the recursive 

I 
function loadnode. The tree can be saved to disk using a call to save, which itself recursively calls 

R,'] NCode'S SaveNode. There are two functions used for adding nodes to the tree. In J," -. T ".:" there 

is add, which will take a list of senses, and for each one that is a noun, it will call the Add function in 

the root F,,:' N,-d". In Fe:' ,';od", the function Add is used to add a new node to the appropriate place 

I in the tree. It recursively calls itself on all previously existing nodes, and will add a new node to the 

I 
child list. To avoid calling itself on nodes it has just created, the marker from_latest_word is used. 

In the constructor for Re l:;oj,·, the tally is adjusted to account for duplicate senses in the node 

itself and all its parents. Also, a dictionary of source literals and their counts is maintained so it can 

be later known how many sightings came from each literal word of the sense. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
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5.2.4. M('rging Relation Trees 

I R,1 Tn'" contains the function MergelnToList for the purpose of placing itself into as,;':", list 

in the appropriate manner; either by adding itself to the list or by merging itself with a tree of the 

same verb as itself, should one exist in the list. In the case that a merge does need to be done, it will

I call the root P',! Nuk's function Merge to merge the RelNodethe function belongs to into the 

I 
parameter p,.) /T,e1e. To implement this function, first an arbitrary ordering on F'~ 1Node is needed, 

so Equals and CompareTo are implemented. They consider the relation, then the category, then 

the offset. In the case that the nodes are equal the tallies are added, any children nodes equal to a 

child of the other node are merged, and any remaining children nodes are added to the other node 

I as children. If, however, the two nodes are not equal, then the node deemed smaller has the other 

"""dd"";".<: ""B' >.I 
, , 

I iii

I I I 

I ••••
I
 
I
 

Xl=X2 ... 
, I ,

iii , .... 
I 

•• 
I

• 
i"

I -=- ••I I
I

I 
I 

5.2.5. TIl(' (;rs Obj('Cl 

The class Gn, wraps around the R,' 1 Th" list and ensures that those that are requested are either 

calculated or loaded from disk as needed. The function called to do this is Load which operates in 

three stages. First, it will attempt to ioad the counts file, which contains the totals of all the noun 

I sightings; if it fails to load it, it will build it from the .grs file. Secondly, for each verb sense in the 

I 
parameters, it will either load the appropriate tree from disk using the Fe j 'J'l' " constructor, or add 

that sense to a list of trees that need to be calculated. Thirdly, it will calculate all the relation trees 

that were not found on disk, finally returning a list of them all. 

I
 
I
 
I
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5.2.6. Building Relation Trees from Relations 

The function dealing with building the required relation trees out of the .grs file is called sui Id. Its 

parameter is a list of verbs wanted. After opening the file, it goes into a for-loop. This loop iterates 

once for each sentence in the .grs, a sentence being made of a list of relations and the annotated 

sentence. In the loop, the relations are loaded using LoadRels. This, going from the current point in 

the file, will return a list of ce J objects, this class containing all the information on a particular 

relation appearing in the corpus. A F'o] object's constructor takes both an l ni t' 031 Feo 1 object, 

which contains the bare information gathered from the line of the .grs with the relation on it, and an 

t,:,r2, which contains the annotated sentence that appears after each block of 

relations. These are combined so that the words in each relation are put in their simplest form (i.e. 

"running" becomes "run"; "indices" becomes "index"). The structure of Eel itself is that it contains 

several lists, and the nth element in each list relates to the nth parameter of the relation. Upon 

having built this Pel list, all that are not ncsubj or dobj are eliminated. 

With a list of all the useful relations, the tree can now start being built. First is a call to MakeTrees. 

First of all this function calls GroupRe Is which groups relations for the same verb and groups them 

together in a list, returning a list of all these groups. Then, for each of these groups, a call to 

MakeSingleTree is made. This function first looks up the verb, and then for each sense of it, 

depending on whether or not that sense appears in the want list, it loops through the list of Rc 1 

objects and adds them to the tree. Finally, it returns a list of all the trees. Upon returning, all these 

trees are merged into a master list of trees using the MergelnToList function from pe ] T, h . 

Finally, it is cached on disk. 

5.2.7. The Counts SlJ'lIclllre 

In order to do any kind of sensible statistical analysis on the data collected, as well as knowing the 

number of times that a noun appears with any given verb in a given relation, it is also necessary to 

know how many times it appears in total throughout the corpus with that relation, and also to know 

the total number of nouns with a relation. This is stored in the C'.:n: '" structure, which contains 

two dictionaries of offsets and two numbers, one of each for dobj and ncsubj. If the counts for the 

.grs file already exist, LoadCounts will load it from disk. To actually build the Ccun' f: from scratch, 

the function Count is used. This loops through the entire file loading blocks of relations and 

processing them using the LoadRels function. It then determines which relations are useful, and for 

each sense in each of these it adds the appropriate amount to the appropriate counter in the 

appropriate dictionary, depending, respectively, on the number of senses the word has the sense in 

question, and the relation the word is seen with. Upon processing the entire .grs file, each dictionary 

is summed. This information is then all saved to disk, and returned. 

r:" Q . .'.,'. uenes 
The (" 10",' class represents the part of the input that determines which verb information is asked 

about, what restrictions should be applied to this, and which grammatical relation is to be examined. 

When constructed, the Q11e,? object is given the desired relation and the name of the word 

requested, as well as the relevant ;"',, object. The constructor then calls the [;, '.' Load function to 

get the RelTn. ( list for all the senses of the verb. Finally, pointers to the appropriate counts object 

are set. 
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Having constructed a ~u" C"! object, it is now possible to add restrictions to it by calling Restrict. 

I This causes a Fe ,~r ,. _ '0 L _ 'Ole object to be added to a list of restrictions. The ?c ,. U .i. ct ,on class 

I 
stores the information on the relation and the list of offsets of the senses. Each restriction also has 

the ability to be marked; the purpose of this being that when searching a F'.lTl·C"' for nouns that fit 

the query it is possible to note which restrictions in any given path through the tree have been met 

I 
There is also a mark on the query object as a whole in order to mark that the relation being searched 

for has been seen on this path. In order to implement marking, there are three functions: Mark will 

mark any restriction matching a relation and offset; Unmark removes marks from everything; 

AllMarked determines whether or all the restrictions and the query have been marked, that is, it 

I have found a path on the Re j Tn e that it approves of. 

After construction and the adding of restrictions, finally, a call to DoQuery can be made, which 

I returns a FYI ,,': tc' with the ,',;~ ,'': passed to its constructor. 

5.4. Hypernym Tree Building Phase

I The purpose of the hypernym tree is to represent all words in the dictionary that appear in the 

I 
corpus, along with all of their hypernyms up to the root word, "entity". The example below shows 

the hypernym tree that would be constructed for the word "home". In the rare case that a sense has 

two hypernyms then both paths would be counted for half their original tally. 

I
 To build the hypernym tree, the constructor of ByperTre" takes the Foel Trc'(' list from the '''''' , ~.
 

it is passed, and, for each E· 1T1e~, calls addtree on its root node. The purpose of this function is 

to walk the lIelT,,·' applying the marking procedure in the Quo y and its R""U j c I .lon objects as 

I described earlier. It will find all valid minimal paths, and for each one will call a function to add this 

I 
path to the I'YJ>'l T ,,'e. That function is called AddPath. The argument is the deepest point of the 

relation tree on the path. The purpose of this function is to recurse from that node up to the parent 

until the R.' 1Nc"l" that matches the relation the query is looking for (i.e. the one node that matches 

but is not a restriction). 

I Now that the correct node of the "".1 T,',> has been identified, the function AddRelNode is called. 

Firstly, a new FINod", the node object for Byp,o-Tree, is made. Depending on the use_literals 

option that is settable in Que'I:', either the entire tally of the node will be passed to the constructor I of llNo-!e, or it will look up the literal word in a dictionary of tallies in the "e L:;.:'j,:. The constructor 

itself stores the parameters, taking into account any duplicate paths to the root of the hypernym 

I tree due to a sense having two or more hypernyms. After creating an "!;eoe, AddRelNode will call 

I 
CreateRootList. This function takes a list of the single ENG,]e and outputs an """dc, list, all of 

which represent "entity", the root of the hypernym tree, with each of these having a single chain of 

parents descending until it reaches a sense of the 

entity entity noun in the leaf. This caters for words having 

I more than one hypernym, having one chain for 

each route to the root An example shown here is 

for word W, which has two hypernyms, X and Y.

I Both X and Yhave the hypernym "entity". On the 

I 
first recursion of CreateRootList, it is noted 

that W has two hypernyms, and the next call to 

CreateRootList ;s passed a list of two 

I 

•
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elements: both X and Y, each with a separate copy of Was a child. On the final recursion, it is noted 

I that X has one hypernym, and that is added to the list with X as a child. The same is done for Y. Since 

I 
no more elements of the list have hypernyms, the function finishes. After this, AddRelNode will call 

AddHNode for each chain. 

I 
The purpose of AddHNode is to add each chain to the master tree of the Hyp'",Trce object. First, a 

pointer to the root of the master tree is set, and then the function goes into a loop that repeats 

while there is something left in the chain. Inside the loop, if the child of the head of the chain a child 

I 
of the IiN'.>cl" at the current pointer in the master tree, then nothing is done. If no child matches, 

then a copy of the chain's child is created and added to the master tree. Before looping, the pointers 

are moved down the trees. Upon reaching the end, the tally is added from the leaf of the chain to its 

entry in the master tree. 

I Thus, the form of the hypernym tree has been created, with tallies on the nouns where they have 

been actually seen. Since we want the tallies to be cumulative in the hypernyms, the constructor of 

I E~Te, '1',.,., performs one last act before returning: a call to Ini tSumTally on the root of the tree. 

I 
This walks the tree adding the summed tallies of any children to the tally of a node to produce the 

nodes own summed tally. Additionally, using the counts dictionary, it calculates the summed tally of 

I 
the times each noun has been seen with any verb. This is done by again recursing on the child nodes, 

and with the help of the function CalcAnyVerbTally, used to retrieve the any-verb tally for nouns 

that do not appear in this 'iypel c;ol ",e; that is, nouns that have not been seen with the verb 

currently being considered. 

I •II 
I 
I 
I 
I 
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6. Methods of Analysis and their Results

I 6.1. Tested Verbs and their Expectations 

I 
Because of the length of time it takes to process .grs files into relation trees. for the purpose of 

testing only a few verbs were used. These were intended to give a variety of results. The verbs "buy" 

I 
and "sell" were selected to try and have two verbs that would produce similar results. and "invest" 

to produce slightly less similar ones. but still along the same lines. For all these, we would expect to 

see a variety of nouns relating to finance. such as "stocks". and also for "buy" and "self' it would be 

expected to see something representing a general buyable object. such as "artefact" Also. "find" was 

I included so as to provide general results, possibly even returning "entity" itself. and "win" and "eat" 

for very specific results, such as "contest" and "food" respectively. 

I 6.2. Resnik's Method 

I 
The first method used for choosing data is Resnik's method, which is a standard method in natural 

language processing for acquiring the seleetional preferences of verbs (Resnik, 1993) (Resnik. 1997). 

This involves comparing the percentage of times a verb has had a particular noun attached to it. and 

the percentage of occurrences that that noun makes up of the total sightings. 

I (n, v) represents the pairing of noun n and verb v 

(n, V))w ((n. v) (n. any) )I ( (any, v) log (any, v) : (any. any) 

I The rough reasoning here is that if a noun is more common with regard to one particular verb. it 

should get a higher rating. Conversely. if a noun is more common overall. it should be rated lower. In 

addition, a weighting is provided to influence the scores to be higher further up or down the tree,

I depending on the value ofW. 

6.2.1. nesllits of Resnik's Method 

I The method was tested on a variety of verbs. It appears that it is generally possible to cause the
 

I
 
method to produce useful results; however this vastly depends upon the weighting. For example.
 

"win" produces sensible results (the top few being ..chompionship..... title", "bocking", "oword",
 

"prize", and "game". all with the obvious definitions) when the weighting is between roughly 0.3 and 

I
 
0.6. The verb "buy", on the other hand. produces good results between 0.5 and 0.9 (such as
 

"ortefact", "security certificote", "relotions", "monetary unit". and "technology"). There are.
 

however, unexpected results reasonable near the top. such as "buy founo". and "win gome" in the 

meat sense. These are undesired results as, even though they are reasonable things to occur, they 

I are far too specific. Other verbs vary similarly to the point that there is no clear weighting that will 

I 
give optimal results for every verb. It is plausible to assume that this is due to not having a 

sufficiently large corpus. but it is more productive to attempt to improve the method. 

I 
I 
I 
1­
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6.3. Chi Squared Testing

I Chi squared testing, a standard method, compares a set of observed data to that which is expected 

I 
(Clark &Weir, 2002). Here, it will be expected that the hyponyms of a word to be evenly distributed, 

and consider that if it is not then one of the hyponyms will be likely to be more specific than the 

I 
current word in question, yet still general enough to be valid. The reasoning here is that a word with 

will balanced hyponyms will probably be as specific as possible, since selecting any of its hyponyms 

over the others would unnecessarily exclude them. The two example diagrams show trees for "eat". 

Without even looking at the counts of the hyponyms, we can determine that "food" has well 

balanced children, and that it and all its children are probably edible. On the other hand, "matter"

I has a low probability of being balanced, so it is likely that a small number of its hyponyms will be 

much more inclined to be eaten than all the others. 

I 
I Food Matter 

chi probablhly=O 9 chi probablhty=O 2 

I Apple SJusage Cheese Food Bnck Table 

count=50 count :::53 count=48 count=200 count =4 count=6 

I 
I 

The expectation for a hyponym will be the number of times it appears with any verb multiplied by 

fraction that any noun appears with any verb. The following assume that n, is the ith hyponym of 

noun n. There are m - 1 degrees of freedom. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I---~
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6.3.1. Chi Squared Probahility Algorithm 

In order to make the scoring consistent amongst different words, the probability that the skew of 

the hyponyms is less than X2 should be considered as opposed to the raw score, and a reverse look 

up is needed to find the probability of the word's children being skewed. To do this, one must divide 

the lower incomplete gamma function of half the degrees of freedom and half the chi value by the 

gamma function of half the degrees of freedom (Press, Teukolsky, Vetterling, & Flannery, 2007). 
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The probability value is calculated numerically. To keep number sizes down so as to prevent 

I overflows, the logarithm of gamma is calculated first and then exponentiated. For this we use 

lanczos' approximation, which, for certain coefficients c and integers y and N is: 

11 [C C C]II f(d + 1) = (d + Y+ _)d+ze-(d+Y+z) x..f'Ei Co +_1_+ _z_+ ... +_N_+ E 
2 d+l d+2 d+N 

I
 To calculate the upper incomplete gamma function, there are two methods. Using a series is
 

preferable when using small values of chi squared as compared to the degrees of freedom (it 

converges faster when x<d+1), otherwise using a method with continuing fractions is more optimal. 

I The series method is calculated using part of the infinite sum for the lower incomplete gamma 

function, which can then be used to find the upper incomplete gamma function. 

I 
red,x) = fed) - y(d,x) y(d X) = e-xx d 't'oo_ fed) x n 

, "'n-O f(d+1+n)

I The terms can be calculated more efficiently using the following fact: 

I
 f(d + 1) = df(d)
 

The upper incomplete gamma function can also be expressed as a continuing fraction. 

I 11-d1Z-dZ)
f(d,x) = e-xxd - 1 - 1 - ...(x+ + x+ + x+

I Again, this can be evaluated until within an adequate tolerance. 

I 6.4. Falling Weighted Resnik's Method 

I 
With a weight of 1.0, Resnik's method will always provide more general results, as opposed to 

specific ones. Thus, it is possible to develop a new method whereby slowly dropping the weights and 

evaluating the results by a different method, it should be possible to find a weight that works on a 

I 
per verb basis. The first method of evaluating the results is by hand. Nouns such as "entity" and 

"abstraction" are almost always going to be too general to give any useful information, so a list of 

useless nouns can be made beforehand. The algorithm will start by binary searching for the highest 

weight that causes the first result to not be in the useless list. That result and its subtree are then 

I removed from the pool of available results, and it is repeated, finding a new highest weight to find 

I 
the next result. The first few results produced for "win" are as follows. Here, the first three were 

considered to be incorrect. 

I 
I 
I 
I 

Resnik weight Noun Resnik Score Chi Score Hypernym's Chi 

0.9990234 Abstraction 0.2807405 0.6990989 0.0 

0.826416 Psychological 
feature 

0.2891677 0.0 0.6990989 

0.8095703 Event 0.2933483 0.9583333 0.0 

0.7412109 Contest 0.3172672 0.9998016 0.0 

0.7412109 Championship 0.2725338 1.0 1.0 
0.7412109 Backing 0.2618122 1.0 0.0 

L
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Whilst human selection of nouns to eliminate seems to find the correct weights when done per verb, 

I it is not generally possible to construct a complete list of verbs that are unwanted. It is, for example, 

I 
possible to "consider an entity", thus "entity" cannot universally be deemed useless. To avoid having 

to select words manually, when a word is selected as a potential result, it can be evaluated in other 

ways, such as by examining the score it attained from chi squared testing. Clearly those words with 

I 
low chi squared values should be discarded; however doing this is not enough, as "abstraction" and 

"event" demonstrate above. One way to attempt to deal with this is to look at the score of the 

hypernym as well, as this will ensure that a result will only be returned if two levels of the tree are 

fairly even. 

I 6.4.1. Gcncrality 

The cost of looking at two consecutive scores is some generality, as evidenced by the low chi score 

I of the hypernym of "contest". It is a trade off between having either a bad word and good word, or 

I 
the good hyponyms of the bad word and the slightly less good hyponyms of the good word. The 

route opted for in the program is to discard any word who has a chi squared probability of less than 

half, or whose parent does. In addition to this problem, there is the question of how useful a 

I 
particular selection is. For example, "buy matter" is technically correct, as any object made from 

matter may be bought, however it isn't particularly meaningful, as a person would not generally 

think about matter in that way. It would be more useful to have several hyponyms of "matter" 

returned. The current method used in the program does not deal with this very well and 

I consequently opts to return the more specific results. 

6.5. Results

I The following table shows the top ten picks for the modified Resnik's method on six verbs. The direct
 

I
 
object is requested with no restrictions on subject. The cut off value for chi squared was a half,
 

applied both to the word and its immediate hypernym.
 

I 
I 
I 
I 
I 
I 
I 
I 
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6.5.1 Results Table 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L
 

Buy Sell Invest Find Win Eat 
Artifact Artifact Medium of Information Championship Food 
Artefact Artefact exchange technology Title Nutrient 

Monetary IT 
system 

Security 
Certificate 

Writing 
Written 
material 
Piece of 
writing 

Money Position 
Spatial Relation 

Championship 
(contest) 

Solid 

Relation 
(contract) 

Relation Sum 
Amount 
Total 

Way 
(condition) 

Award 
Accolade 
Honor 
Honour 
Laurels 

Pork barrel 
Pork 
(legislative 
approach) 

Monetary unit Copy 
(written) 

Large indefinite 
quantity 
Large indefinite 
amount 

Way 
(journey) 

Game 
(contest) 

Meal 

Engineering Transcript Large integer Way Prize Food 
Engineering Copy (portion) Award Food for 
science thought 
Applied science Intellectual 
Technology nourishment 

Plant Substance Percentage Way Aid Information 

Flora Percent Path Assist technology 
Plant life Per centum Way of life Assistance IT 

Pet Help 

Distribution 
(spreading 
sense) 

Engineering 
Engineering 
science 
Applied 
science 
Technology 

Assets Artifact 
Artefact 

Game 
(fun) 

Animal 
Animate being 
Beast 
Brute 

Creature 
Fauna 

Tree 
Tree diagram 

Asset 
Plus 

Investment 
company 
Investment 

Com munkation Game 
(tennis) 

Vascular plant 
Tracheophyte 

trust 
Investment firm 
Fund 

Ad Drug Sum Direction Game Helping 

Advertisement Total Way (score) Portion 

Advertizement Totality Serving 

Advertising Aggregate 
Advertizing 
Advert 
Security Plant Amount Concept Game Plant organ 

(safety) Flora Conception Biz 
Plant life Construct 
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6.5.2. Analysis of Results 

The results are broadly accurate. There are a few oddities, such as "buying fauna" and "trees", and 

"finding information technology". Also, many words appear in multiple senses, not all of which are 

relevant. Fortunately, they do seem that they appear in order of relevance; the examples here being 

"win game" and "find a way", with the top senses being that of a contest and of a method or 

condition respectively. 

6.6. Problems and Possible Improvements 

6.6.1. Chi SlJuared Expectation 

Currently, the value of chi squared is calculated with the expected value being proportional to the 

fraction of times the noun appears with any verb. One possibly route for exploration is to expect all 

hyponyms to appear evenly in an absolute sense. 

6.6.2. Incorrect Senses 

There are certain senses that appear to be correct in a literal sense but are clearly absurd. The best 

example of this is the ability to "win meat". Since it is common to "win a game", and "game" is a 

type of "meat" in the hunting sense, then "game" is chosen as a result in the incorrect sense. There 

are two ways to deal with this. The first would be to say that only literal words are important and 

that only "game" itself should be returned and not one instance for each sense that is selected. 

Hopefully, since no nouns surrounding an incorrect sense in the hypernym tree would have been 

seen, the word seen itself would be listed as a result and not any of its hypernyms, thus allowing the 

senses to be returned literally. The second method is to identify each incorrect sense in the tree by 

the same reasoning, so anything with very low counts surrounding it would be ignored. 

6.h3. Overspecialised Corpus 
A problem that occurred with the verb "buy" at one point was that a high result was "bobbin" or 

"spoof', as in that which is used in a sewing machine. The reason for this is that the corpus used was 

a newspaper which ran a series of articles about a prison where the inmates were employed to make 

these objects. Consequently, from analysing the corpus, it is difficult to tell whether this is genuine 

or not, as it truly is a word that often appears with that verb. The obvious solution is to use more 

varied and larger corpora, but this may introduce more similar problems elsewhere, and by the time 

the corpus is large enough to smooth all these problems over, it is likely to have reached a size 

where the running time and memory usage is unfeasible. 

6.6.4.lt 

As seen above, a major problem with the verb "fincl" was that it returned "information technology". 

This is not because it is common to find that, but because it is homonymous with the pronoun "it". 

Clearly something must be done about this, as it is likely to have a large effect on the results of this 

verb and others. One method is to treat "it" as one would a noun, and to divide counts evenly 

between the two senses. Another better method would be to do some more analysis on the 

sentence and find out what "it" is likely to refer to. The fact that it is not a noun will likely be 

indicated in the tags, and it could be have its score split between nearby nouns that it may refer too 

(or be left out entirely). 
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6.6.5. Mnltiple Homonyms

I Given that one literal word may appear many times with many senses, since many of the lower 

I 
senses are irrelevant, it would be useful to stop considering a literal word at some point after seeing 

it for the first time. Either only the top sense could be considered, or perhaps the counts of the other 

senses could be modified in some way to reflect the fact that something similar has been seen. 

I 
6.6.6. Indirect Object 

With a verb like "invest", a human would generally wish to consider things one would invest in as 

I 
opposed to things one would invest. For this support for the indirect object would be required. This 

can easily be added. It is almost equivalent to the implementation of ncsubj and dobj, however iobj 

would have to be annotated each time with a preposition, and the possibility of having many of 

them would have to be counted. Since one can "invest in stocks at the office on Friday". This would 

I require modifying the relation tree to contain a field for a parameter preposition, and to include this 

in the comparison of nodes. 

I 
7. Guide to Analytical Code 

I 
I 7.1. Results Object 

The output of all the functions for analysing the data will be lists of ;;'c'out ': objects. This is a simple 

structure which holds the sense and the various scores. It also contains three static functions: one 

function to convert each a ;','0< d r and a S·.'!:.e into a string, and another to print a list to the 

terminal. 

I 7.2. Score Calculation 
The Resnik score is calculated recursively on nodes the hypernym tree. This operates in the functions 

I Ini tResnik which appear in BY!,',l 'C,ye and liNQcic. Similarly, chi squared score is recursed using 

I 
InitChi. This makes a call to CalcChi which sums the tallies for hyponyms, calculates the 

expected from times the noun appears with any verb, and then the observed from those that are 

seen with this verb. It then sums these and calls the static function c1, "1:::;'111,' ,., 'dj, 10k i if!. LookUp. 

which contains an implementation of the numerical method described earlier. 

I 7.3. Simple Result Picking 
The straightforward method of picking is to use the Pick function, which, having previously selected 

I a Resnik weight using AnnotateResnik, will return the n top results. It operates by maintaining a 

I 
list of all HNc:J~' objects, constructed using AddToList. Then, in a loop, the list is iterated finding 

the highest Resnik score. Upon doing this, Take is called; this being a function to carry out the 

necessary work of having a result removed from the list. First it finds all objects in the list matching 

its sense. It then calls RemoveFromList on these, which in turn calls RemoveChildrenFromList 

I and RemoveParentsFromList to remove all children and parents of this node from the potential 

result. This is because, upon finding a result, we implicitly have all its hyponyms, and its hypernyms 

must be discardable as if they were good results they would have been picked already. 

I
 
I
 
I
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7.4. The Weight Finder 
The class :;e'Jh, Find'"l is intended to find the highest Resnik weight that will not cause it to 

produce a top result in its useless list. It contains the function DeemUseless to declare that a cc.. :",. 

is unwanted, and FindWeight, which will binary search between zero and one until it finds the 

highest score that will give a valid result within a given tolerance. 

7.4. Falling Weight Result Picking 
To make automatic use of the weight finder using chi squared for evaluation, PickFallingWeight 

is used. This creates the H::"d. c list as before, and then constructs a V:e iCj'1t Fudu. Looping until 

the desired number of results is attained, a weight is calculated and the tree is annotated with the 

Resnik scores corresponding to that weight. The highest Resnik score is found, and its node is then 

passed to GoodChi to evaluate the chi score. Depending on whether it passes, it is either deemed 

useless, or it is made in to a result. 

8. Program Execution 
To use all the objects described here, the folloWing process must be followed. 

1. Create a \'ordw" object out of a reference to some dictionary files. 

2. Create a G,,, object out of the \'Iordne: and a reference to a .grs file. 

3. Create a QC1el'Y from the (;ro, and a specified relation and verb. 

4. Opt to use literals or not by setting Que r y. useli terals. 

5. Obtain a E,'pfc C'Tree by calling Query. DoQuery. 

6. Pick a F·'s', , list using hy,uTlee. PickFallingWeight. 

7. Output it with [-'ec,ll t . PrintList. 

9. Conclusion 
The results of the program are broadly successful. It is possible to acquire reasonable information 
from most verbs, and the developed method, the modification of Resnik's method, provides a good 

basis for obtaining these results. Whilst not perfect, it is likely that with further modification to take 

into account all the problems describe earlier that results with minimal flaws could be produced. In 

addition to the development of this method, a large program to implement it was developed which 

can now be reused for the trial of further methods. The program is capable of processing large 

amounts of data at a reasonable speed. It takes about an hour to process three hundred megabytes 

of .grs data for one verb, and about thirty seconds to build the hypernym tree and calculate results. 
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11. Code

I 11.1. ChiSquaredLookup.cs 

I 
using System;
 
using System.Collections.Generic;
 
using System. Text;
 

namespace KnQwledgeAcquirer 

I ( 
class '.. ; 

public static float LookUp(int deg, float chi) 

double u9 = UpperGamma((double)deg / 2.0, chi I 2.0) i 

double 9 = Gamma{(double)deg I 2.0) iI
( 

I
 
float x = 1 - (float) (ug I gl;
 
if (x > 1) return 1;
 

if (x < 0) return 0;
 
return Xi
 

protected static double Gamma{double z) 
{ 

return . ::.Exp (LnGamma (z) );I 
} 

I protected static double LnGamma(double z) 
{ 

if (z <= 0) return OJ 

I
 
double [) c = {
 

2.5066282746310005,
 
76.18009172947146,
 
-86.50532032941677,
 

I
 
24.01409824083091,
 
-1.231739572450155,
 
O.120B65097386617ge-l,
 
-O.5395239384953e-5 };
 

I
 
double x = Z;
 
double y = Xi
 
double tmp = x + 5.5;
 
tmp = (x + 0.5)" '::.Log(tmp) - tmp;
 
double ser 1.000000000190015;
 
for (int i 1; i < 7; i++) 

I 
{ 

y += 1; 
ser += c[i] / y; 

} 
return tmp + r;.· l' . Log (c [0 1 * ser / x) ; 

I protected static double UpperGamma(double a, double xl
 

I
 
(
 

if (a <= 0 II x <= 0) return 0;
 

if (x < (a + 1}) return upperGammaSeries(a, xl;
 
else return UpperGammaContFrac(a, x);
 

I
 
protected static double UpperGammaSeries(double a, dOuble x) 

int itmax 100;=0 

double eps 3e-14;=0I 
{ 

I
 
if (a <= 0 I I x <= 0) return 0;
 
double gin = LnGamma(a);
 
double ap = a;
 
double sum 1 / a;
 
double del sum;
 
for (int n 1; n <= itmax; n++)
 

ap += 1;
 
del = del * x / ap;
I

{ 

sum += del; 

I
 
1,------­
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if (:' .Abs(del) < ',_;:.Abs(sum * eps») break; 

return sum * -i:.Exp(-x + a ... ::-> .Log (x) - gIn); 

protected static double UpperGammaContFrac(double a, double xl 

int itmax = 100;I ( 

double epa = 3e-14;
 
double fpmin = Ie-3D;
 
if (a <= 0 I I x <= 0) return 0;


I double gIn LnGamma(a);
 

I
 
double b x + 1 - a;
 
double ell fpmini
 
double d 1 I bi
 
double h ct;
 
double an, del;
 
for (int i = 1; i <= itmax; i++) 

an = (double) (-i) * ((double) i-a); 
b += 2; 

I
 
d = an * d + bi
 
if C .Aba (d) < fpmin) d fpmini
 
c = b + an / c;
 
if (i .. ,' ' .. Abs (e) < fpmin) c fpmin;
 
d • 1 I d;
 

I
{ 

I
 
del = d ... C;
 
h = h * del;
 
if (x\' :.Abs(del 1) < epa) break;
 

return 1 - t/;a' .:Exp(-x + a * !"'i,:h.Log(x) - gIn) * hi 

I 
I 11.2. Common.cs 

using System; 

I 
using System.Collections.Generic;
 
using System. Text;
 
using System.IO;
 

namespace KnowledgeAcquirer 

I 
{ 

II Functions for reading and writing strings. 
class 

private Common() { }
 
public static void WriteString(: ~> :::~. file, string atr)
 

I ( 

I 

charI] ca = atr.ToCharArray(); 
for (int i = OJ i < ca. Length; i++) 

file.WriteByte( (byte)ca[i]); 
file. WriteByte ( (byte) '\n' ) ; 

} 
public static string ReadString(FJ i-,S': -"v file) 

I 
{ 

string atr = ""i 
while (true) 
( 

I
 
int c = file.ReadByte{);
 
if (c == -1 I! (char)c '\n') break;
 
atr += (char)c;
 

return atr; 

I
 
I
 
I
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

11.3. Grs.cs 
using System; 
using System.Collections.Generic; 
using System. Text; 
using System.lO; 

namespace KnowledgeAcquirer 
{ 

II Constants representing various relations. 
public enum 1-' :; .. T {ncsubj, dobj I iobj, other I verb }; 

1/ Class to abstract a .grs file.
 
public class
 
{
 

II Path to the .grs file.
 
string grs;
 

II Handle to Worctnet.
 
public readonly '..; ~ ... wordnet;
 

II The counts for the ent ire .grs.
 
publ ic . counts { get return m_counte; } )
 
protected C rn_counts;
 

II Constructor stores its arguments.
 
pUblic Grs (string grs, ','," 'i",Vl wordnetl
 
{
 

this.grs = grs;
 
this.wordnet : wordneti
 

/ / Return all RelTrees belonging to these verbs.
 
public . <' :> Load(' <c' ;. verbs)
 
(
 

. <, t. J ";> trees = new ·:<:'-'.'l :"',,.;'() i 

cint~ want ~ new: ~cint~(); 

1/ Check if the counts file is already on disk, then load or calculate. 
try 
( 

rn_counts LoadCounts() ; 
) 
catch (. { rn_counts ~ Count(); } 

II Check which verbs are already on disk.
 
foreach (' verb in verbs)
 
( 

if (verb. category !: _ ·J.Verb) continue; 
try 
( 

trees.Add(LoadFromDisk(verb.offset)) ; 
) 
catch (~; >'--., { want.Add(verb.offset); 

II Calculate verbs not already on disk.
 
if (want.Count !~ 0)
 

trees.AddRange(Build(wantl} ;
 

return trees; 

II Load a RelTree from disk.
 
protected LoadFromDisk(int offset)
 
( 

return new ,,(grs, offset); 
) 

II Load the counts file from disk.
 
protected '~';' LoadCounts ()
 
( 

counts = new ell;
 
counts.ncsubj ~ new I .,~,' vcint, float~{);
 

counts.dobj ~ new . cint, float ~ {} ;
 
file ~ new F' ''''(grs + ".count", F" 1<.' .Open, 

r 1,"1" ":"', cc'. Read) ; 
counts.ncsubj_total = float. Parse (" .. ReadString(file)) ; 

1_­
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int count = int.Parse{ .ReadString(file)}; 
for (int i = 0; i < count; i++) 
( 

lnt offset = int.Parse(_ '·': .. ReadString(file}); 
counts. nCBubj . Add (offset. float. Parse (' 'c,n::" -;c;. ReadString (file) ) ) ; 

I
} 
counts.dob] total = float. Parse (,. ,"'l' :'Y .ReadString(file));
 
count = lot.Parse( "I," • ReadString (file) );
 
for (int i = 0; i c count; i++)
 

I
( 

lnt offset = Int. Parse C" . ReadString (file) ); 
counts. dobj . Add (offset, float. Parse (C Ii"n' I,. ReadString (file) ) } ; 

} 
file. Close () ; 
return counts; 

I protected Count () 

I
{ 

file = new ,:- (gre, ;'-: .Open, r ,;.Readl; 
COW1tS new (); 

counts.ncBubj new -~l, ,,,~,::cint, float>(); 
counts.dobj = new ,'_.'clnt, float>() i 

I
 while (true)
 
( 

!G' cR~ i> rela = new C;;: :)0 () ; 

I 
II Load a block of relat10ns 
rels = LoadRele{file); 

I 
II Discard any USeless relations. 

<'" :)0 ueeful_rels = new l ; <'-" 1)0 (); 
foreach (I" reI in rels) 

if ({rel.rel == :·~~t-.ncsubj 11 rel.rel F·" ; ':.dobj) && 
rel.args.Count )0 0) 
useful_rels.Add{rell j 

I foreach (;, reI in useful_rels} 
{ 

II Look up the noun in the relation . 
. <' )0 noun_senses = wordnet. Get (reI. args [1 J , ~\.Noun) ; 

I II For each sense, count it on the approprate counter.
 

I
 
II Add the reciporacal of the number of senses each time
 
II so the total count increase for each noun is one.
 
foreach ( noun_sense in noun_senses)
 
( 

float V;
 
if {rel.rel T'- . ncsubj)
 

I
( 

if (counts.ncsubj.TryGetValue{noun_sense.offset, out v)) 
counts.ncsubj.Remove(noun_sense.offset) ; 

else v 0; 

I
 
V += 1 / (float)noun senses.Count;
 
counts.ncsubj.Add{noun_sense.offset, v);
 

}
 
else if (rel.rel == p, iT'T".dobj)
 

if (counts.dobj.TryGetValue(noun_sense.offset, out v)) 
counts.dobj.Remove(noun_sense.offset) ;I 

{ 

else v OJ 

I
 
v += 1 / (float)noun_senses.Count;
 
counts.dobj.Add(noun_sense.offset, v);
 

I } 
if (file.Position file. Length) 

I
 
break; 

} 
file.Close() ; 

IL.....---_
 

I 
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/ / Total all the counts. 
counts.ncsubJ total = 0;
 
foreach (float v in counts.ncsubj.Valu€s) counta.ncsubj_total += Vi
 

counts.dobj_total = 0;
 
foreach (float v in counts.dobj.Values) counts.dobj_total += Vi 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

II Write this all to disk. 
file = new :;- . (grs + ".count", ~~ .. ':~ '-.Create, -"0 7• .Write) ; 

'":'1'-,, I.Writestring(file, cDunts.ncsubj_total.ToString()); 
.WriteString(file, counts.ncsubj.Caunt.ToString{)j 

foreach U "jV"iuc'J,'lll'.:::int, float> pair in counts.ncBubjl 
( 

-('[l,rr,o,	 .WriteString(file, pair.Key.ToString());
 
.WriteString(file, pair.value.ToString()) i
 

.WriteString(file, counts.dobj total.ToString()); 
",,,,r' .writeString(file, count8.dobj~Count.ToString());
 

foreach ( '1' L' <int. float> pair in counts. dobj I
 
{
 

, ',', "WriteString{file, pair. Key. ToString /) ) ;
 
':" "W:)1, WriteString (file, pair,Value. ToString () ) ;
 

) 
file, Close () ;
 
return counts;
 

I I Build the tree of each wanted verb. 
protected <c· > Build(L, '.<int> want) 
( 

'<:,' 0:'> trees .. new,"", '<:- ,->(J;
 
'~'.-" file", new t'J:/cStJI",,"(grs, f'l 1I'M"d('.",Open, rJ"'-...·
 

while (file. position != file , Length)
 

II Load the next sentence of relations.
 
';<lr1> rels = new :-...:<TU"I>();
 

rels = LoadRels(file) i
 

II Determine which relations are useful. 
<:1 c-l > useful_rels = new i <Ei' 1> () i 

foreach (:. - reI in rels) 
if (rel.rel == ;. ;'T·:/l·".ncsubj II rel.rel 1';"!p. ,dobj)<••, 

useful_rels,Add(rel) ; 

II Merge this sentence into the trees.
 
foreach (;, I 'T'y. tree in MakeTreea (useful_rels, want»)
 

tree,MergeInToList(trees);
 
}
 
file. close () ;
 

II Save to disk and return the list of trees.
 
Cache (trees) ;
 
return 

I I Load the 
protected 
( 

. <-­

,:,'. <;' 

trees; 

next sentence of relations from a file.
 
> <' ~> LoadRels (~_ file)
 

>rels=new_: <,,'>(}; 
':: > initial_rels = new j" < j' > () ; 

II Read a line from the file. 
while (true) 
( 

string line
 
int c;
 
while (true)
 

c'" file,ReadByte(); 
if (c == -1) 

break; 
line += (char)c; 
if ((char)c == '\n') 

break; 

if (c	 == -1) return null;I	 } 

if (line. Equals ("") II line[Ol '#') continue; 
II If it is a relation, create an object for it. 

•
 
I 
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I
 
if (line(O] == '(') initial_rels . Add (new (line)) ;
 
j/Ifitis the tagged sentence:
 
if (line [0] == '0::')
 

( 
II	 Create an object of the tagged sentence. 

I
 
,.n··':;:-~· p, tagged_sentence = new -:-".;_y:",-.~. (line.Substring(4));
 

II Use that information to construct the relations.
 
foreach (:. >,-; ir in initial rels)
 
( 

rels,Add(new F~l (ir, tagged_sentence)); 

return rels;I	
) 

II Given the rels, make trees for the wanted verbsI protected LiZ' <'.. T' ::> MakeTrees ( :',L ,d ",";::> rels, <int,. want) 

I	
( 

II Group relations applying to the same verb. 
. ~ <' -. <:: _» grouped_rels = GroupRels (rels) ; 

I
 
II Fol." each verb in the text, make a tree and merge it.
 
),I.;<Fi,lr~(,·> grouped_trees = new <:··iT)\:,,,>();
 
Eoreach (. . <::: -- ::> reI_group in grouped_relsl
 
( 

foreach (~-=-, ;';-'- tree in MakesingleTree(rel_group, want)) 
tree.MergelnToList(grouped_trees) ; 

I	 return grouped trees; 

I
 
II Construct a relation tree out of relations all applying to one verb in a sentence.
 
protected <J,,1T' ,-,> MakeSingleTree(~l,'-"<f."j> rels, I '<int> want)
 
(
 

II	 Look up the verb in the relation. 
::c·· > verbs = wordneLGet(rels[O] .args[O] , _ .Verb); 

I <:.,~ . ~c > trees = new -:<, >();
 

foreach ;':' - verb in verbs)
 

I
 
{
 

1/ It the verb isn't wanted, skip it.
 
if (!want.Contains(verb.offset)I continue;
 

II	 Make a tree and add relations to it . 

I 
. f'" tree = new (verb, verbs.Count); 

foreach (R~ reI in relsJ 
{ 

I 
if (rel.rel ='" ),,- ,1-" .ncsubj) 

tree .Add (wordnet. Get (reI .args [1] , ;' , _' .Noun) , ~:. .ncBubj, 
rel.args (0]); 

else iE (rel.rel "'''' -,..- lJ-.'! .dobj) 
tree.Add(wordnet.Get(rel.args[l] , "_' / .Noun), ;::,,- .dobj, 

rel.args (0]); 

I 
}
II Add the tree to the list. 
iE (tree.root.children.Count !'" 0) 

trees.Add(tree) ; 

return trees;

I II Take relations and group them by the verb In the sentence they apply to. 
protected: < ',<Pt.·,» GroupRels (l,J: ",<J'> 1> rels) 

~<L. '<>', 1» grouped_rels '" new L",«,.",t<I'f;'}»();I	 { 

foreach (?- reI in rels) 

I
 
if (rel.index.Count "'= 0) continue;
 
bool seen", false;

II If the verb has already been seen, add it to its list,
 
foreach (~ "<1"1.> reI_group in grouped_rels) 

if	 (reI_group [0] . index [0] .Equals (reI. index[O]) ) 
(I	

{ 

seen", true; 
reI_group. Add (reI) ; 

I 
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break; 

} 
II If not, create a new list for it. 
if (lseen) 

-·d· ;> list = new =-: '::<"">(); 
list.Add{rel) ;I

( 

grouped_rels.Add(list) ; 

I return grouped_rels; 

I
 
/1 Save each tree to disk.
 
protected void Cache (1 - '<". ::> trees}
 
{
 

foreach (!,;.. I I"' - tree in trees) 
tree.Save(grs) ; 

I 
II Class for the relation before it has had the tag information added to it. 
protected class ~. 

I { 
II The constructor interprets the relation as it appears in the .gr5 file. 
public InitialRel{string rule) 

I
( 

I
 

rule = rule.TrimEnd('\r', '\n');
 
ar98 = new L, .''- <string> () i
 

index = new ~: . < int::> () ;
 
rule = rule. TrimStart (' (' ) . TrimEnd (I) , ) ;
 
string[] parts = rule.Split (' ');
 
if (parts [0] ,EquaIs("ncsubj")) reI = .ncsubj;
 
else if (parts[Oj.EquaIs{"dobj")) rel !."': ·.r· .dobj;
 

I
 
else if (parts[OJ .Equals{"iobj"») rel ..~ .iobj;
 
else reI !,' IT '1"-' .other;
 
for (int i = 1; i < partS.Length; i++l
 
( 

I
 
string[] p2 parts(i].Split(' 'l;
 
if (p2.Length < 2 II parts[i] .Equals(II_"))
 
{ args.Add(parts[i]); index.Add(-I); }
 
else 1 args.Add(p2(O]); index.Add{int.Parse(p2[1]));
 

} 
if {rel =: ,c'/i,-.ncsubj && args.Count != o && args [2] . Equals (lIobj ") ) 
( args.RemoveAt(2); index.RemoveAt(2); rel ": ,''''< .dobj; } 

I
 
I II The type of relation.
 

pUblic readonly reI;

II The arguments to the relation.
 
public readonly . <string~ args;

II The corresponding sentence index to each argument.
 
public readonly '<int~ index; 

I II class representing the tagged sentence that appears in the .grs file. 
protected class ~,_. 

II The constructor interprets the sentence string. 
public TaggedSentence(string sentence)I

{ 

I
 
(
 

word = new . <string~();
 

Ilwordtype new List<:string> ();
 
Ilpninfo = new List<string>();
 
string [] blocks = sentence. Split (' '); 
foreach (string block in blocks) 

string[] parts = block.Split{1 I'}; 
word.Add(parts[I]) ;I 

{ 

Ilwordtype.Add(parts[3]) ; 
Ilpninfo.Add(parts[4J) ; 

II The basic form of the word. 

.L.....-__
 

I 
I 
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public readonly ~ _ -, <string> word; 

II Class representing a relation. 
protected class F·] 
( 

I
 /1 The type of relation.
 
public readonly T' rei;
 

I
 
II The arguments to the relation.
 
public readonly '<string> args;
 
II The index of the word in the sentence.
 
public readonly '<iot> index;
 

public ReI (i:' tagged_sentence) 

args = new :t<string>(); 
index:: new' -: <iot;> () ; I

( 

reI = initial_reI.reI; 

II For each ar~Jment, depending on it, either copy ~t,
 

1/ or look it up in the tagged sentence.
 
for (iot i = 0; i < initial rel.args.Count; i++)
I 
{ ­

if (initial_rel. index [il == -1) 

args.Add(initial_rel.args(i]) ;I { 

index.Add(-ll i 

else 
( 

args,Add(tagged_sentence.word(initial_rel.index[i]]) ; 
index.Addlinitial_rel.index[i]) ; 

I 
} 

I 
I 

II Structure containing the total counts of the text, 
public struct 
{ 

I
 
II Total number of times a noun has been seen as a subject and an object.
 
public ,,',1'. <int, float> ncsubj. dobj;
 
II Total number of nouns seen as subject and object
 
public float ncsubj_total, dobj_total;
 

I
 
11.4. HypcrTrcc.cs

I using System; 
using System.Collections.Generic;
 
using System. Text;
 

I namespace KnowledgeAcquirer 
{
 

public class -. '!',
 

II The root node. usually entity.
 
-... J. root;
I

( 

II Handle to wordnet.
 
public readonly f'" wordnet;
 
II The counts of total noun appearances ..


I float count;
 
,:::/<int, float> counts;
 

I
 
II construct a hypernym tree matching a query.
 
public HyperTree C';-"." ~~' query)
 
{
 

root = null;
 
count = query.count;
 
counts = query. counts; 
wordnet = query.wordnet;
II Add every relation tree. 
foreach ( tree in query. trees) 

1,---­

I 
I 
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AddTree(tree.root, query); 

I
 
II Incorporate the tallies of hypernyms into words.
 
if (root != null) root. InitSumTally (counts, wordnet);
 

I
 II Calculate Resnik scores.
 
public void AnnotateResnik(float weight)
 
{ 

if (root !~ null) root.lnitResnik(root, weight); 

II Calculate chi squa~ed scores.
 
public void AnnotateChi()
 

I
} 

if (root 1= null) roat.lnitChi(counts, wordnet); 
}I 
{ 

I
 
/1 Add any part of a relation tree that matches the query to the hypernym tree.
 
protected void AddTree(~· node,. query)
 
{ 

1/ Accept any node that rnathces the queLY. else keep recursing. 

I 
query.Unmark() ; 
if (node.TestPath(query)) 

AddPath(node, query); 
else 

for each (i. cgilde in node.children) 

I
{ 

AddTree(cgilde, query); 
} 

I
 
II Add the node containing the desired relation that is on
 
II path from a given node to the root.
 
protected void AddPath U"': ~~- node, C, query)
 

I
 
{
 

II Accept if this node matches the query, else recurse
 
if (query. target ~~ node.rel)
 

AddReINode(node, query.wordnet, query.useliterals, 
else 

if (node.parent !~ null) 
AddPath(node.parent, query);

I II Add a node in the relation tree to the hypernym tree. 

the 

on the parent. 

query. literal) ; 

protected void AddRelNode(~· .~:> node, 
string Ii teral) 

I
 
I ';" ,.1' hnode;
 

II If using literals, get counts from the
 
II else use the full tally.
 
if (use literals)
 
{
 

I 
float v; 
if (node.tallies.TryGetValue(literal, 

hnode ~ new ,(node.sense, v, 
else 

return; 
} 
else 

wordnet, bool use_literals, 

literals tallies, 

out v)} 
wordnet); 

I hnode :: new i .~; (node.sense, node.tally, wordnet); 

I 
II Create s1mple trees containing the sense, entity, and all words between. 
I I Cl:eate one for each path thl'ough . 

. <..!i\ "C> root list ~ new <.;-,:-; ,l'.>(); 

root list createRootList(hnode, wordnet); 

I 
II Add each of these, 
foreach ("-~:~, "0 some_root in root_list) 

AddHNode(some_root) ; 

II Take a node and create on tree for each path to the root, 
protected . <..' ; > CreateRootList (IlJ J, hnode, Vi- :: ,-' wordnet) 
( 

_~. <. :~ > root list ~ new > () ; 

root list.Add(hnode); 

•
 

I 
I 
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return CreateRootList(root_list, new L,.L.' .<. ~;_, l-:->(), wordnetl; 
) 
protected ~ <: .": -;.: > CreateRootList (11 ~~ <,;N';" > old_root list, 

Li " <:ii', ,,;,". > done_root_list, i"r)l Ci;"'i wordnet) 

I
 ;,,!:<::'~ ' .. > new root list = new ~,;·<.'N,.:,>();
 

bool seen_root: false; 
foreach U:::- some root in old_root list) 

I 
I 

{ ­

II For each node that we see in the old root list, for each hypernyrn it has, 
/1 add the hypernym to the new root list. 
seen_root = true; 
bool seen hypernym = false; 

. <int>-hypernyms = wordnet.Fill(some_root.sense) .hypernymsi 
foreach (int hypernym in hypernymsl 
{ 

I 
eeen_hypernym = true; 
.:1 ':~ hypernym_node = new E>'''l-: (new;" n.·_k,,"_<"·· ".Noun, hypernym), 

0, wordnet) i 

hypernym_node.children.Add{aome_rootl; 
new_root_list.Add{hypernym_nodel; 

)

I
 
II If this node has no hypernyms, add it to the done root list.
 
if (!seen_hypernyml done_root_list.Add(some_root);
 

)

I
 
II If nothing was dOne this iteration, return the done root list, else recurse.
 
if (!seen_root) return done_root_list;
 
return CreateRootList(new_root_list, done_root_list, wordnetl i
 

I 
II Add a tree with a single leaf.
 
protected void AddHNode C;!l ,1, hnodel
 
{ 

II If there is no root, make this it.
 
if (this.root == null) this.root = new ilN"tie(hnode);
 

I II Point to the root, and iterate whilst hnode is not a leaf.
 
'::,~' curr = this .root;
 
while (hnode.children.Count == 1)
 

I I If the curr and hnode have matching children, 
II move the pointers to point to them.I

{ 

bool foundchild = false;
 
foreach ('-,n'l' child in curr. children)
 

if (hnode.children[O] .sense.offset child.sense.offset}I { 

{
 
hnode = hnode.children[O] i
 

curr = child;


I foundchild = true;
 
break;
 

) 
II Otherwise, add hnode's child to the maln tree.
 
if (! foundehild)
 
(
 

I
 
;::"~·I. child = new ;;1:, ':f~ (hnode.children[O]);
 
eurr. children.Add (childl ;
 
child.parent = curr;
 
hnode = hnode.children(OJ;
 
curr = child; 

II Add tallies along the way.I ) 

curr.tally += hnode.tally; 

II Counts the number of paths that exist from a sense to the root via hypernyms.
 
static int CountHypernymPaths C-,,,' ~,~- sense, I:' ·-.i wordnet)
 
(
 

. <lnt> hI = wordnet.Fill(sense) .hypernyms; 
if (hl.Count == 0) return 1; 
int he = 0; 
foreaeh (int h in hI) 

hc += CountHypernympaths(new .Noun, h), wordnetl; 
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return he; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
•
 

II pick the best results using resnik scores. 
public ·'c:F,.'.- ,'> Pick(int count) 
{ 

'<:: -'_>results:::new <~-.:::.'>{); 

• <: i( ;:. remaining_nodes new -:"-:'0' <" :f.;> () ;
 

if (root == null) return results;
 

II Add every node to a list.
 
root.AddToList{remaining nodes);
 
while (results.Count <: count)
 
( 

if (remaining nodes.Count == 0) break;
 
II Find the b~st remaining node.
 
:il->."j,,, best_node = null;
 
foreach (' "-'~d node in remaining nodes)
 

if (best_node == null I I nOde.resnik ;:. best_node.resnik) 
best node = node; 

II Take it a~d its parents and children from the list, and add it as a result. 
results.Add (Take (remaining_TIodes, best_node)); 

) 
return results.GetRange(O, count); 

II pick the best results using the falling ~eight Resnik method.
 
public , <: ,- - > PickFallingWeight (int count)
 
{
 

'0:;;-1 .'Lil'~> results = new J,l:" <~'_;-'~LlIL>();
 

~<;::,,~i(> remaining_nodes = new L:;~,'o:;)<!:, ">();
 

if (root == null) return results;
 

II Calculate chi squared scores.
 
AnnotateChi() ;
 

II Add every node to a list.
 
root.AddToList(remaining_nodes) ;
 

~' ::::~.,- wE = new;':· "-.' (thiS) ;
 
while (results.Count < count)
 

II Find the best resnik weight.
 
float resnikweight = wf.FindWeight(O.OOlf);
 
AnnotateResnik(resnikweight) ;
 
if (remaining_nodes. Count == O) break;
 
';:: ".i.-:: best_node", null;
 
foreach (<oj "':,. node in remaining nodes)
 

if (best_node == null I I node.resnik > best_node,resnik) 
best_node = node; 

II Test chi squared. Either use this node as a result or deem it useless. 
if {GoodChi (best node) 11 resnikweight == 0) 

results.Add(Take(remaining nodes, best node)); 
else { wf.Deemuseless(best_nod;.sense); re~aining_nodes.Remove(best_node); 

) 
return results.GetRange(O, count); 

II Some measure of goodness of a value of chi squared. 
bool GoodChi (: .'>, n) 
{ 

if {n.chi < 0.5 \ I (n.parent !'" null &.&. n.parent.chi < 0.5» return false; 
return true; 

II Remove all occurences 
protected :: - -, 'J • Take (: ie.- - <. ,. 

{ 
II Make a result. 

result = new Ie:::.:' (best_node. sense, best_node. resnik, 
best node. chi, best node.parent != null? best_node.parent.chi 0) ; 

II Make a list of all n;des with a matching sense. 
<-; '_'::-~'> to_remove = new ,-<,0:: j,.>(); 

foreach (EN.J node in remaining nodes) 
if (node.sense.offset == best_node.sense.offsetl 

to_remove.Add(node) ;
II Remove all these from the remaining nodes list. 
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foreach (;_~: '1-- node in to_remove) 

I
 
node,RemoveFromList(remaining nodes);
 

remaining_nodes. Remove (best_node);
 
return result; 

I
 II Print the tree.
 
public void Print()
 
{ 

I 
if (root ! '" null)
 

root.Print(O, wordnetl;
 

I 
II Class representing a node in the hypernym tree. 
protected class -.', ,> 
{ 

/1 Parent and children. 

I
 
public ;;'-; ,,1- parent;
 
public : <:,' :>0 childrenj
 
II The noun sense It represents.
 
public readonly sense;
 

I
 
1/ Number of times this sense appears in the hypernym tree.
 
public readonly int duplicates;
 
1/ The number of times this noun was seen in context.
 
public float tally;
 
II And including its hyponyms.
 

I 
public float sum tally;
 
II And disregarding context.
 
public float any_verb_tallYi
 

II Construct from a sense and a tally.
 
public HNode( sense, float tally, wordnet)
 

this.sense sense;
 
II Correct for multiple appearances of the sense.
I 

[ 

I
 
duplicates = CountHypernymPaths(sense, wordnet};
 
this. tally = tally I (floatlduplicates;
 
children = new ~<:-"':-,..i.,:>()j
 

I 
II Copy another node.
 
public HNode (:-:::. hnodel
 
{
 

sense = hnode.sense; 

I
 
tally = 0;
 
duplicates = hnode.duplicates;
 
children = new . <:,;;'<-.:',.1",,> () ;
 

I
 
II Sum the tallies to include hyponyms.
 
public void InitSumTally (:,' . UL l"y<:int, float> counts, '",J,-I>" wordnet)
 
{
 

sum_tally = 0; 
any verb tally = OJ 
for;ach (.;;;; 'il' child in childrenl 

child, InitSumTally(counts, wordnetl;I { 

sum_tally += child.sum_tallYj 
any_verb_tally += child.any_verb_tally; 

float v;
 
if (counts.TryGetValue(sense.offset, out v)) any_verb_tally += v I duplicates;
I 
} 

I
 
II Take into account things not in the hypernym tree.
 
foreach (int hyponym in wordnet.Fill(senseJ .hyponyms)
 
{
 

bool alreadyseen : false; 
foreach (co':'-"; child in children) 

if (child.sense.offset == hyponym) 
{alreadyseen true; break; }I 

[ 

I 
} 
if (:alreadyseenJ 

any_verb_tally += CalcAnyVerbTally(hyponym, counts, wordnet); 

sum_tally += tally; 

I
 
•
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I 
I 
I 
1 
1
 
I 
1 
I 
1 
1 
I
 
1
 
,I
 
1
 
1
 
1
 
1
 

1/ Calculate the times a word or its hyponyms have been seen anywhere, 
protected float CalcAnyVerbTally(int offset, - -- -:--:,<int, float> counts, 

;<.:~,-.,., wordnetl { 
float total; 
if (!counts.TryGetValue(offset, out total)) total 0; 
foreach (int hyponym in wordnet.Fill 

(new (sense.category, offset) .hyponymsl 
{ 

total += CalcAnyVerbTally(hyponym, counts, wordnetl;
 
}
 
return total;
 

II Resnik score, and function to calculate it.
 
public float resnik {get return m_resnik; }
 
protected float m_resnik;
 
public void InitResnik (,:\ root, float weight)
 
{ 

foreach Lct~_>j·.· child in children) 
child. InitResnik (root, weight) i
 

float pI = sum tally / root.Bum tally;
 
float p2 = any=verb_tally / root.any_verb_tallY;
 
float 1 = (float)V .Log(pl I p2) i
 

m_resnik'" (float)'-' .pow(pl, weight) * I
 

II Chi squared score, and functions to calculate it.
 
protected float m chi;
 
public float chi Tget return m_chi; } }
 
publ ic void InitChi U',' ;U", <int, float> counts, r,.;-,',' d,-;'-" wordnet)
 
( 

foreach child in children)
 
{
 

child.InitChi(counte, wordnet);
 
} 
m_chi = CalcChi(counts, wordnet}; 

} 
public float CalcChi(:-'l -" l .. ,<'<int, float> counts, 
( 

float sum_sum_tally 0;
 
float sum_any_verbtally = 0;
 

II Calculate tallies for things in the tree. 
full_sense = wordnet.Fill(sense);
 

if (children.Count <= 1) return 1;
 
foreach o-U\:;,.<1. child in children)
 
{
 

Bum_sum_tally += child. Bum_tally;
 
sum_any_verbtally += child.any_verb_tally;
 

)
II And things not in the tree.
 
foreach (int hyponym in full_sense.hyponyms)
 
( 

bool b = false; 
foreach (HI';" j" child in children) 

if (child.sense.offset == hyponym) { b : true; break; } 
if (lb) 

Bum_any_verbtally += CalcAnyVerbTally(hyponym, counts, wordnet); 
) 
float chi = 0 i
 
II Calculate ch1 square for things 1n the tree.
 
foreach n :i, child in children)
 
( 

float expected = 

(sum sum tally I sum any verbtally) * child.any_verb_tallYi 
chi += (float)\'.",· .Pow(child~sum_tallY - expected, 2) I expected; 

)
II And things not in the tree.
 
foreach (int hyponym in full_sense.hyponyms)
 
( 

bool b = false; 
foreach (oJ" child in children) 

if (child.sense.offset == hyponym) { b 
if (lb) 

true; break; } 

float expected 

•
 
1 
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* CalcAnyVerbTally(hyponym, counts, wordnet); 
chi += expected; 

) 
if (chi 0) return Ii
 
return ; Jo l(-" ·_,,~'.LookUp(full_senBe.hyponym6.Count- 1, chi};
 

I 1/ Punction for creating a list of every node. 
public void AddToList C .~<,::; -~-,-::> 8) 

I
( 

8.Add(this) ; 
foreach C" n in children) 

n.AddToList(s} ; 

I
) 
1/ And removing a node and its parents and children.
 
public void RemoveF'romList (: '_< ' ::> s)
 
{
 

I 
RemoveChildrenFromList(S)i 
RemoveparentsFrOmList(s} ; 

} 
public void RemoveChildrenFrornList (J 1 :,' < ::k j, ::> s) 
{ 

foreach c in children)

I ( 
8.Remove(c) ; 
c.RemoveChildrenFrOrnList(sJ; 

public void RemoveParentsPromList ('" .-t <.-iN,,">::> s) 
{I
} 

S. Remove (this) ; 

I
 
if (parent != null)
 

parent.RemoveparentsFromList(s) ;
 

I
 
1/ Print part of the tree.
 
public void Print (int indent, "'),jo-.::1-,-' wordnet)
 
{
 

I 
string spaces = ""; 
for (int i : 0; i < indent; i++) 

spaces += " "; 
string s = " .SenseString (sense, wordnet); 

~::-.WriteLine(spaces + s + " resnik:" + resnik.ToString() 
+ " chi prob:" + chi.ToString()) j 

if (children. Count != 0) 

I .WriteLine(apaces + "(") I 
foreach ('->;< child in children) 

child.Print(indent + I, wordnet); 
.WriteLine(spacea + "}");

I
 
I
 

11.5. Prognlnl.CS

I using System;
 
using System. Collections. Generic;
 
using System. Text;
 

I namespaCe KnowledgeAcquirer
 
(
 

class
 

I
 static void Main{otring[] args)
 
{
 

wn -= new : ("/path/to/dict/"); 
grs new ("!path/to/nytl99412 .grs", wn) I 

I 
"~I q; 

q = new ':~t_, (. ~~··l' .dobj, "win", grs); 
q.useliterals = true; 

I
 
•
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ht ; q.DoQuerY()i 
- <:' -> 11 = ht.PickFallingWeight(lO}i 

.PrintList(ll, wn);I
 
I
 

11.6. Query.cs

I using System; 
using Syetem.Collections.Generici 
using System. Text; 

I narnespace KnowledgeAcquirer 
I 

II Class for building and applying a query. 
public class 

I
( 

I
 

/1 Option determining whether or not
 
II as opposed to per sense counts.
 
public bool useliterals = false;
 
II The liteLal this node represents.
 
public readonly string literal;
 
1/ Handle to wordnet.
 
public readonly ,,~)l,i wordnet; 

to use per literal word counts 

1/ The counts for the relation being enquil.-ed about. 
public readonly ''';',',-1 'ii':-l,'/<:int, float> counts;

I public readonly float count; 

I 
/1 The appropriate trees. 
public readonly <:;:; > trees; 

.; <:F.,.. ,' > restrictions; 
public readonly target; 

II Constructor takes the desired relation and 
public Query u: > r~T' reI, string literal,• 

I
( 

this.wordnet = grs.wordnet; 
this.target = reI; 
this.literal literal; 
restrict ions = new - 0:; -,{ '., 

I II Load the trees from the .grs file. 

the verb. 
grsl 

trees = grs.Load(wordnet.Get(literal, '-0.1 'j'.Verb)); 

I
 
II Take the appropriate counter for the relation.
 
if (reI ;-','-1":' "p,.ncsubj)
 
{ 

counts = grs.counts.ncsubj; 
count = grs.counts.ncsubj_total;

I } 
else if (reI 
( 

I
 
counts = grs.counts.dobj;
 
count = grs.counts.dobj_total;
 

I
 
II Add a restriction.
 
public void Restrict (.~. i r-/l' reI, string literal)
 
( 

restrictions.Add(new ~ I (reI, literal, wordnet)}; 

I
) 

II Perform the quer1•. 
public 'tV1" DoQuery () 

I 

I 
return new 11 ' ,(this) ; 

} 

II Something in the target relation has been seen. 
bool target_marked; 

I II Note that we have seen a noun in a relation.
 
public void Mark (1., llj')'-" reI, int offset}
 
{
 

•
 
I 
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I
 
II If its in a restriction, mark that.
 
fcreach (i:'" ,,] j(··~l' restriction in restrictions)
 
{ 

if (restrlction.EquaIs(rel, offset)) 
restriction. marked :; true; 

II If its the target, mark that. 
if (target == reI)I
) 

target_marked = true; 

I II Unmark everything. 
public void Unmark() 
( 

I 
fereach (P, ) l.·~ restriction in restrictions) 

restriction. marked = false; 
target_marked:; false; 

I 
II Test if everything is marked.
 
public bool AIIMarked(}
 
{ 

I 
fcreach (:. t; restriction in restrictions) 

if (!restriction.marked) return false; 
return target_marked; 

I 
/1 Class representing a restriction on what a verb must have been seen with. 
private class _~ _:.:c 

{ 

I
 
1/ The relation being restricted.
 
readonly f,· /\ reI;
 
II The nouns restricting it.
 
readonly '~<int::. nouns;
 
II The mark determining if the restriction has been met in the current test.
 
public bool marked; 

I
 
II Constructor the restriction from the relation and the word.
 
public Restriction(;:;" reI, string literal, \.;,. 1;, wordnet)
 
(
 

marked = false;
 
this.rel = reI;


I
 : < ::. senses = wordnet.Get(literal,'· . ",,' j.Noun);
 
nouns = new:.. -.':.<int::.();
 
foreach (.'", sense in senses) 

if (sense. category == ,~-.' ""-" •.Noun) nouns.Add(sense.offset); 

I II Test to see if this is restrlcting a particu1ar r~lation and off8~t. 

public bool Equals(r' ,T~':C rel,int offset) 

if (reI l= this.rell return false; 
foreach (int noun in nouns)I

( 

if (noun == offset) return true; 
return false; 

I 
I 11.7. RelTree.cs 

I 
using System;
 
using System.Collections.Generic;
 
using System. Text;
 
using System.IO;
 

namespace KnowledgeAcquirer 

II Class representing a tree of relations.
 
public class
I 

{ 

I 
{
 

II The root node
 
public 1>(· Il'J-~)]I root;
 

II Construct a nounless RelTree from a verb and 1ts duplicate count. 

I 



I 
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public RelTree{,~, ;',''-7 verb, int duplicates) 

root = new ,'.'- (null, verb, F· 1'1'/;-". verb, duplicates, ""); 
root.frorn_latest_word = false;I 

{ 

II Add a list of senses related to a single literal to the tree
 
II using a given relation.
 
public void Add(L::-;' <' > senses, ~- -.~ ;!_..;- reI, string literal)
 

[1C:, <:~~,_. ,-,f.> to add'" new l.!~,,=<!.-,e· c>(}; 

foreach ( -sense in senses) 

I 
if (sense. category == -~-, 'C;' .Noun II sense.category 

to_add. Add (sense) ; 
foreach (- sense in to_add) 

root.Add(sense, reI, to_add. Count, literal); 
root.from_latest_word = false; 

I 
{ 

I 
public void MergelnToList (: _< > trees) 
{ 

wanted_tree'" null; 
foreach (J, tree in trees) 

if (tree.root.sense.offset root.sense.offset)

I ( 
wanted_tree = tree; 
break; 

I 
} 

if (wanted tree == null) 
trees . Add (this) ; 

else 
root = root.Merge (wanted_tree. root) ; 

I II Construct a reltree from a file on disk.
 
public RelTree<string grs, int offset)
 
(
 

i'.1: 11;,1 i .UnkNoun) 

I
 
file = new 1" ",t-:"HI'(grs + ".save" + offset.ToString(),
 

. Open, \, .Read) ;
 
root = LoadNode(file);
 
file.Close{) ;
 

II Load a node from disk at the current point in a file,I 
protected LoadNode (~ : . """') file) 

I 
{ 

string input .ReadString(file) ; 

I
 

'~" .,'- category -'co" ·.Unknown;
 
if (input.Equals("Noun")) category = ,''=;' "', .Noun;
 
else if (input.Equals("Verb")) category'."",,', ':,'-', I.Verb;
 
else if (input.Equals("UnkNoun"}) category = .UnkNoun;
 
int offset = int. Parse ( .. 'c. .• ReadString (file) ;
 

-: j'}-, reI = J.. , 1 rifLother; 

I
 
input = _.ReadString(file);
 
if (input.Equals(lverb")) reI = I-I'; 1:.1" .verb;
 
else if (input. Equals ("ncsubj ")) reI : 'j: - . ncsubj;
 
else if (input.Equals("dobj")) reI = h·'1T !'f'.dobj;
 

I 
sense = new: ":.' (category. offset); 

float tally = float. Parse ( .. ReadString{file)) ; 
'<string, float> tallies = new _, ':<string, float>{); 

int tally count int.Parse(,'nn'IL:'-'-,.ReadString{file)); 
for (int i = 0; i < tally_count; i++) 

I
 string name ,;-,.ReadString{file);
 
float val = float.Parse( ·-.ReadString(file);
 
tallies.Add(name, val); 

int duplicates = int. Parse (I "l'~l"., .ReadString(file)) ; 
int child_count = int. Parse (-' ;,.ReadString{file}) ; 

' .. <' > children = new '<;;nll~''3, >();I 
} 

for (int i = 0; i < child_count; i++} 

children.Add(LoadNode(file)) ; 
}I
{ 

node = new l~ .. · (children, sense, reI, tally, duplicates, tallies); 
foreach (.. t: '>>.., child in node. children) 

I
 
L
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I 
chi Id. parent node;
 

return node;
 

II Save the tree to disk
 
public void Save(string grs)


I ( 
i'li,"," file=-newi-ll, : 'cc;'r, (grs + ".save" + root.sens€.offset.ToString{), 

I
 
.Create, ~. Write) ;
 

root.SaveNode(file) ;
 
file.ClaseO;
 

I 
II Class representing a node in RelTree.
 
public class
 
{
 

I
 
II Tallies containing the literal nouns this sense has been seen as.
 
public "<string, float> tallies;
 
1/ The sense this node refers to.
 
public readonly sense;
 

I
 
II The number of times the sense has been seen in this context.
 
publiC float tally;
 
1/ The number of senses this node shares its ~ords with.
 
public readonly iot dupes;
 
/1 The type of relation.
 

I
 
public readonly il'- reI;
 
II The parent node and the list of children.
 
public .i~'''']·' parent;
 
public ~< > children;
 

II Const~uct a RelNode given 1tS contents.
 
public RelNode {"" " parent, .'·c·- sense, reI, int dupes, string literal)


I { 

I
 

this.sense = sense;
 
children = new i. L.,' <, ,; ., > () i
 

tallies = new . <string, float> () ;
 
this.parent = parent;
 
this.rel = reI;
 

I
 
this.dupes = dupes;
 
from latest word = true;
 
II C~~~ect the tally for duplicates and the parents' duplicates
 
tally:: 1 I (float) dupes;
 

pp = parent; 
while (pp !: null) 

I 
{ 

tally 1= pp.dupes; 
pp = pp.parent; 

} 
II Maintain the dictionary of the literals' tallies. 
AddToTally(literal, tally);

I 
I
 

II Updates the tallies of the literals count.
 
public void AddToTally{string name, float value)
 
{
 

float v; 
if (tallies.TryGetValue(name, out v)) 

I tallies.Remove(name) i 

tallies.Add{name, value + v); 

I 
} 
else 

tallies.Add(name, value); 

I
 
II Combine a tally counts.
 
public void AddAIITallies(: '/<string, float> dict}
 
{
 

foreach (: . <string, float> pair in dict) 
AddToTally{pair.Key, pair.Value); 

I II Constructor used when loading from disk. 
public RelNode (~' '<'. i > children, .,:", sense, reI, float tally, 

int dupes, :-:1 <string, float> tallies) 

L
 

I 
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I 
this.children = children;
 
this.sense = sense;
 

I
 
this.rel = reI;
 
this.tally tally;
 
this.dupes dupes;
 
this.tallies = new ..,:'/<string, float>[tallies);
 

I
 
II Mark used when adding words to a tree.
 
II True when the node was added by the word being added.
 
bool rn_framlatestword;
 
public bool from latest word
{ - ­

I 
get { return ffi_fromlatestword;
 
set
 
{ 

ffi_fromlatestword = value;
 
foreach C' ")." child in children) child.froffi_latest_word value;
 

I 
I
 

II Add a sense in a relation to the tree. At this point,
 
II the tree must contain only information on a single instance of a verb.
 
public void Add(.(; sense, ,.~ ':I: reI, int duplicates, string literal)
 
( 

I 
II Recurse every node. 
if (!from latest_word) 

foreach (; child in children) 
if (lchild.from_latest_word) 

child.Add(sense, reI, duplicates, literal);
II Add a new node to each node. 
children.Add(new '. ~:; :;.- (this, sense, reI, duplicates, literal));

I II Merges two trees.
 
public ;'~ ','t Merge (i ,
 

I
( 

if (Equals(node)) 

I
 
II If the nodes represent the same sense and relation
 
II then add their tallies.
 
node.tally += tally;
 
node.AddAllTallies(tallies) ;
 

I
 
II Then add the children of one to the other.
 
int this_child_count = children.Count;
 
for (int i = 0; i < this child count; i++)

( - ­

I
 
child children[i] ;
 

int j;
 
int node_child_count = node.children.Count;
 
for (j ::: 0; j < node_child_count; j++)
 
{
 

I
 
L?" l"'- node_child = node.children[jJ;


II Merge any equal children.
 
if (child.Equals(node_child))
 
{
 

node.children[j] = child.Merge(node_child);
 
node.children[jj .parent = node;
 
break;


I ) 
if (j == node child count) 

node.Add (children [ij l; 

I return node; 
}
 
else
 

II If the nodes are different, add one to the other in a determinable fashion. 
if (CompareTo(node) < 0)I

( 

{ 

I
 
Add (node) ;
 
parent.Add(node) ;
 
return this;
 

}
 
else
 

I 
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I
 
node .Add (this) ;
 
node,parent,Add(this) ;
 
return node;
 

I 1/ Add another node under this. 
protected void Add(,-, node) 

node.parent = this; 
children.Add(nodel;I

{ 

I
 /1 Equality function.
 
public bool Equals cr,·1 !1<~"" n)
 
{ 

return compareTo(n) 0; 

I
} 

1/ Comparison function - arbitrary but consistent. 
public int CompareTo(I-\ 3[1',,1,:- n) 

I
( 

I 

if (rel.CompareTo(n.rel) < 0) 
return -1; 

if (rel.CompareTo(n.rel) ~ 0) 
return 1; 

if (sense. category. CompareTo (n. sense. category) < 0) 
return -1; 

I 
if (sense.category. CompareTo (n,sense.category) , 0) 

return 1; 
if (sense.offset < n.sense.offset) 

return -1; 
if (sense.offset n.sense.offsetl)0 

return 1; 
return 0; 

I 1/ Recursive tree walking save function. 
public void SaveNode (I'll' "t; l ,11' file) 

I
( 

I 

];';1' - .WriteString(file, sense.category.ToString()); 
,.WriteString(file, sense.offset.ToString()) i 

];'..writeString(file, rel.ToStringO) i 
:,. WriteString (file, tally. ToString ()) ; 

,:1'" .WriteString(file, tallies.Count.ToString(); 
foreach (". '""'_ <string, float> pair in tallies) 
{ 

'.WriteString(file, pair.Key); 
"-, .WriteString(file. pair.Value.ToString());

I "r' .writeString(file, dupes.ToString());
 
.WriteString(file, children.Count.ToString(»);
 

foreach (i" child in children)
 

I 
{
 

child.SaveNode(file} ;
 
}
 

I
 II Test if this node meets a query's requirements,
 
public bool TestPath L' q)
 
{ 

I
 
II Mark anything relating to this node.
 
q.Mark(rel, sense.offset);
 
II If the node has a parent. see if it meets the remainder of
 
if (parent != null) return parent.TestPath(q); 
II Return if all marks are set. 
return q.AllMarked();

I
 
I
 
I
 
•
 

the query. 
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11.8. Result.cs 

I using System; 
using System.Collections.Generic;
 
using system. Text;
 

I namespace KnQwledgeAcquirer 
I 

public class ,,_ 

I 

I
 
II Result stores the sense, the Resnik score, the chi score,
 
II and the parent node's chi score.
 
publ ic Result ( . sense, float resnik, float chi,float parent chi) 
I 

I 
this.sense sense; this.reanik = resnik; this.chi = chi; 
this.parent_chi parent_chi; 

} 

I
 
public readonly sense;
 
public readonly float resnik;
 
public readonly float chi;
 
public readonly float parent_chi;
 

I
 
II Prlnt a result.
 
public static string SenseString U .~. result, ;'_c' wordnet)
 
{
 

full_sense = wordnet.Fill(result.sense); 

I 
string etr = ""; 

foreach (string literal in full_senae.literals) 
atr += literal + ~ "; 

str += "- + full_sense. offset. ToString () + " + full_sense.gloss + 
" - " + result.resnik.ToString{) + " - + result.chi.ToString() + 
" - " + result.parent_chi.ToString(}; 

return str; 

I II Print a sense.
 
public static string SenseString (:'.0.:.;" sense, ',: ,::i - '. wordnet)
 

I
{ 

full_sense = wordnet.Fill(sense); 
string str = ""; 
foreach (string literal in full_sense. literals) 

I
 
str += literal + " ";
 

str += + full_sense.offeet.ToString() + " - " + full sense.glass;
 
return str;
 

I
 
II Print a list of results.
 
public static void PrintList (: -. 6' ,_: > results, wordnet)
 
{ 

foreach (" result in results) 
-1, .WriteLine (SenseString (result. wordnet»);

I
 
I 11.9. Sense.cs 

I 
using System;
 
using System.Collections.Generic;
 
using System. Text;
 

namespace KnawledgeAcquirer 

II A struct for the different categories of words.
 
public enum '--f { Noun, Verb. Adv, Adj, SatAdj, UnkNoun, Unknown};
I 

{ 

I 
II Represents a bare sense.
 
public class
 
{
 

II Construct fl'om category and offset. 
public Sense (, '", (-'·wr~ category. int offset) 

this,category = category; 
this.offset = offset;I 

{ 

I 
L
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I 
public 'a: .,! \ category 
{ 

get return m_category; } 
set m_category = value; } 

I 
} 
protected m_category; 

public int offset 

I 
{ 

get return m offset i } 
set m_offset-= value; } 

} 
protected 

I II A sense ~ith full information. 
public class ~"l; ""t:" 

I 
{ 

//Construct from a small sense and a struct of the additiOnal info. 
public FullSense(. - 8, ,O"c:: ail 

: base (s.category, a.offset) 

I
 
literals = ai.literals;
 
hypernyms = si.hypernyms;
 
hyponyms = si.hyponyms;
 
gloss = ai.glosB; 

I 1/ A list of all the literal ~ords this sense represents.
 

I
 
public readonly 1 i;\' C: i:"l:;> literals;
 
II A list of the offsets of all hypernyms.
 
public readonly; -~<:int> hypernymsi
 
/1 A list of the offsets of all hyponyms.
 
public readonly ~. cint> hyponyms;
 
II A string containing the gloss. 
public readonly string gloss; 

I II A struct to contain the additional sense information.
 
public struct 1 !'
 

I
 
{
 

public < "3> literals;
 
public ~<int> hypernyms;
 
public . <int> hyponyms;
 
public string gloss; 

I 
I 11.10. WeightFindcLCS 

I 
using System;
 
using System.Collections.Generic;
 
using System. Text;
 

namespace KnowledgeAcquirer 

I
 
{
 

II Class for finding the highest valid Resnik weight.
 
public class ' .;; c.. ;,
 

{ 
II Construct and remember the hypernym tree. 
public weightPinder ( -".'-1- '.f'" ,-,. hypertree) 

I 
{ 

this.hypertree hypertree; 
useless = new ,: <. "0_ ,.> () ; 

';',; hypertree; 

I II F'unctlon to add something to the useless list. 
public void DeemUseless (-' '";-- sense) 

useless.Add(sense) ;
 
}
 

. <- > useless;I
{ 

I 
J'------_
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I
 
II Binary search to find the highest valid weight to within a tolerance.
 
public float FindWeight(float tolerance} { return FindWeight(O, 1, tolerance) ;
 
protected float FindWeight(float low, float high, float tolerance)
 
{ 

I
 
float estimate = (high + low) / 2;
 
II Annotate with weight and pick a result.
 
/1 If it is useless, recurse lower. else recurse higher.
 
hypertree.AnnotateResnik(estimate) ;
 

I
 
picked = hypertree.Pick (1) [0);
 

bool found = false;
 
foreach (~- i.::;- sense in useless)
 
( 

I 
if (sense. offset picked.sense.offset) { found = true; break; 

} 
if (found && high> 0) return Findweight(low, estimate, tolerance}; 
else 
{ 

if (high - estimate < tolerance) return estimate; 
return FindWeight(estimate, high, tolerance); 

I
 
I
 11.11 Wordnet.cs 

I 
using System;
 
using System.Collections.Generic;
 
using System. Text;
 
using System.IO; 

I namespace KnowledgeAcquirer 

I 
public class 

I 
II The path to the dictionary.


I protected string dict;
 

II A cache for the additional information about senses to avoid multiple d1sk access. 
protected -'. ';-. <int, . ~> noun_cache; 

I II Construct an interface to wordnet out of the path to the dictionary. 
public Wordnet(string dict) 

I 
{
 

this.dict = dict;
 
noun_cache = new ~_ ~'<int, ,.
 

I
 
II Look up a word in a certain category and return all senses of it.
 
public 0< > Get (string literal, desired_category)
 
( 

'<string> lines = new L 1. ; <string> (); 

I 
II Open the index then binary search to a line containing literal. 
1'1 i' file = new F'i'-," .~'(dict + "index.sense". 

.Open, .. Read) ; 

I 
long start :: 0;
 
long mid;
 
long end = file.Length;
 
long pos = 0;
 
string curr_Iine;
 
while (start < end)
 

I
( 

mid:: (start + end) I 2;
 
pos :: mid;
 
while (char)file.ReadByte() J= '\n')
 

I
I 

if (pos == 0) { pos--; file.Seek(O, 'l ",0_ " Begin); break; } 
file.Seek(--pos. .' - .Begin); 

curr_line = ""; 
while (true)
 
{ char c = (char) file.ReadByte () ; curr line += c; if (c == '\n' )break;
 
it (curr line.StartsWith(literal + "%"}) break;
 
if (curr=line.StartaWith(literal)) { end:: mid; continue; } 

1,---­

I 
I 
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if (curr_line.CompareTo(literall < 0) { start mid + 1; continue; } 

I 
else { end 

) 
if {pos <= O} { 

1/ Go backwards 

I while (pOB > 0) 
{ 

= mid; continue; } 

pOB--; } 

to find the first line containing the literal. 

file.Seek(--pos, .Begin) j 

while ((char)file.ReadByte{) 1= '\n') 

if (pos == O) { POS--j file.Seek(O, . i: c~' ~.,.Begin) j break; } 
file.Seek(--pos, '''(]:(,' J 1" .Begin);I 

{ 

curr_line = ""; 

I while (true) 
{ char c = (charjfile.ReadByte(); 
if (lcurr_line.StartsWith(literal 

curr_line += Cj if (c '\n' Jbreak; ) 
+ "%")) break; 

if (pos >= -1) 

{ 
file.Seek(poB + 1, ,,~, 

while (true) ( char c 
I 

} 

else { file.Seek(O,I 
} 

1/ Add all lines containg 
while (true) 

I 
{ 

curr_line '" ""; 
while (true) 

).. ' Ii ,l'..Begin); 
(char)file.ReadByte() j if (c '\n'Jbreak; } 

_Begin); } 

the literal to a list. 

I } 
file.Close() ; 

{ char c '" (charlfile.ReadByte(); 
if (lcurr_line.StartsWith{literal 
lines.Add(curr_line) ; 

curr_line +'" c; 
+ "%")) break; 

if (c , \0 ' )break; } 

I 
I 

II Construct a sense out of each line, then 
-c, > senses", new ~c.· .-. ~>(); 

Eoreach (string line in lines) 
{ 

string (1 l1",line.Split (' '); 

int offset=int.Parse(ll!I]); 

return a list of them. 

I 
string[] 12 = l1[OJ.Split('%'); 
string[] 13 = 12[11.Split(':'); 
lnt category = int.Parse(13[O]); 
if (GetCategory(category)==desired_category) 

senses.Add(new t-,,,,,I {Getcategory{category} , offset)); 

I return senses; 

I 
I 
I 
I 

Ii Look up the nurnberical representation of a 
protected . Ii· c I GetCategory (int category) 
{ 

li •..1,,' j .Unknown; 

switch (category) 
( 

case 1: 
return 

case 2: 
return 

case 3: 
return 

case 4: 
return 

case 5: 
return 

default: 
return 

'.Noun; 

.verb; 

·/.Adv; 

- ../. SatAdj ; 

category. 

I II Gather 
public 

all the additional information about 
Fill(' sense) 

a sense from a data file. 

{ 

1'----_
 

I 
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i ,;; J • j sense_info; 

I 
1/ Try the cache first. 
if (sense. category ""'" n,'_~ I.Noun && 

noun_cache,TryGetValue(sense.offset, out 

I
 
return new I· .~ , (sense, sense_info) ;
 

sense_info = new;' - . ~~-. ~ () i
 

string db;
 
/1 Select the appropriate data file.
 
switch (sense.category) 

I
{ 

case .Noun: 
db= "data.noun"; 

case .. Verb: 

I
 
db "data. verb";
 

case .Adj:
 
case 'i' • SatAdj :
 

db "data. adj" i 

I 
case . ·,-.Adv; 

db "data.adv"; 
default: 

return null; 

I
 
/1 Open the data file, seek 

I, file = new ,,',' 
file.Seek(sense.offset, 
string line =- ""; 
while (true) { char c 
file.Close (); 

sense_info. literals : 
sense_info.hypernyms : 
sense_info.hyponyms : 

break; 

break; 

break; 

break; 

sense_info)) 

to the offset, and read the line. 
(dict + db, ,". .Open, .Read) ; 

'';' .Begin); 

I
 
I string[] split line=line.Split(' '); 

I 
1/ Count the literals then add them to a list. 
int literals count = 

int. Parse (split_line [3] ,System. Globalization .1'h 'b'_' ~~, ,<I, f,'. AllowHexSpecifier) i 

for {int i = 0; i <: literals_count; i++} 

sense_info.literals.Add(split_line[4 + (2·i)]); 

I II Count the pointers then add them to a list. 
int pointer_count=int.Parse (split_line [4+ (2·1iterals_count )]); 
for(int i=O;i<:pointer count;i++) 

I 
I 

( ­
string pointer_symbol=split_line(S+(2.1iterals_count)+(4·i)}; 
if (pointer_SymbOl. Equ6l1e ("<-0") I Ipointer_symbol. Equals ("(",i") ) 

sense info.hypernyms.Add( 
int.Parse(split line[6+(2·literals count)+(4*il])); 

if (pointer_symbol .Equals (" -") II pointer_symbol. Equals (" -i") ) 
sense info.hyponyms.Add{ 

int.parse(split_line(6+(2·1iterals_count)+(4·i)]») ; 

I 1/ Read the gloss.
 
sense_info.gloss = line.Substring(line.LastlndexOf(' I') + 2) .TrimEnd('\n');
 

II Cache this and return it. 

I I= (char)file.ReadByte(); line += Ci if (c \n }break; } 

new L! ';~<:6tring> (); 
new L,1;c.: <:int>(); 

new L1 ,-<:int>(); 

I if (sense.category 
return new I'''' 

I 
I 
I 
I 
110.....
 

~_ .Noun) noun_cache. Add (sense.offset, sense_info) i 

(sense, sense_info); 

_ 


