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1. Introduction

1. Introduction

In recent years more attention has been paid to the fields of trandlation studies and
corpus-based machine tranglation with Statistical Machine Tranglation. The basic idea
isto use the datain one language and its pair trand ation data in other language
together to automatically train a translation model and a language model that can be
used for developing a decoder that performs tranglation.

1.1 Goal and scope of project

This project evaluated two different systems that generate word alignments on
English-Swedish data. The systems to be used are, on the one hand, the Giza++
system that generates a variety of statistical translation models, on the other hand, the
I*Trix system developed at IDA/NLPLab that generates word alignment pairs with
frequencies. The results of this project could be used for future study at IDA/NLPLab.

Evaluation is not only to compare the strengths and weaknesses of the two systems,
but also to know what to improve in a system for the system developers and to help
the user understand a system better. Evaluation should be systematic and consider a
variety of parameters. In this project, attention has been paid to the characteristics of
the corpora such as size and type/token-ratio, and, for the I* Trix system, selection and
weighing of linguistic data

1.2 Overview of report

Therest of this report deals with the following subjects:

Section 2: A background to the relevant areas within parallel corpora, word alignment
and evaluation is presented, which will set the ground for later discussion about
Gizat++ system, I* Trix system and the evaluation environment and methods.

Section 3: The details of the used tools are studied in this section. It includes the
inputs and outputs of the tools, how to make them running and so on. The tools used
in this project are Gizat+, I* Trix and I*Eval.

Section 4. Before the evaluation, alot of things need to be done to make the
evaluation possible. Implementation of an environment for the performance of the
evaluation is discussed in this section.

Section 5: Some tests are applied to evaluate different results from two different
systems. First, very detailed studies about the parameter setting in I* Trix are
presented. Some other tests on different corpora are made to analyse the results. At
the end, the speeds of two systems are compared.

Section 6: Conclusions, discussion and future work.
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2. Background

2. Background

In this chapter, basic knowledge in the field of translation corpus processing, which is
related to the two evaluated systems Gizat++ and 1* Trix, isintroduced. Also, the
background about evaluation is mentioned to make clear what the main purpose of
thisproject is.

2.1 Parallel corpora

In 1961, the work on the text corpus, which is later known as the Brown Corpus
(Francis and Kucera 1964), was first started. That isthe advent of corpus linguistics.
The use of “corpus linguistics” has however become associated with language
material that existsin electronic formats and the various methods and software tools
that are used to analyse and access such data. The increasing processing power and
storage capacity of computers have not only meant that the number of available text
corpora has increased, but also that text corpora are larger in size, more varied and
easer to access.

The origina meaning of corpusin Mona Baker’s words was “any collection of
writings, in aprocessed or unprocessed form” (Baker 1995). But now, the definition
has to be modified because of the growth of corpus linguistics. “(i) Corpus now means
acollection of texts held in machine-readable format and capable of being anayzed
automatically or semi-automatically in a variety of ways; (ii) acorpusis no longer
restricted to ‘writings’ but includes spoken as well aswritten text, and (iii) a corpus
may include alarge number of texts from a variety of sources’ (Baker ibid). However,
acorpusisaways just a sample and can never completely represent a whole language.
The expressive power of natural language cannot be captured by afinite data set.

Depending on the texts properties, corpora can be generally divided into different
types. Concerning whether the corpus contains texts in one or more than one
languages, there are monolingual corpora and multilingual corpora (Merkel 1999).
Multilingual corpora can be divided into parallel corpora and non-parallel corpora
(Merkel ibid).

Parallel corpora are referred to natural language utterances and their trang ations
with alignments between corresponding segments in different languages. Parallel
corpora usually contain a common source document and one or more target
documents. Bilingual parallel corpora are sometimes called bitexts (I1sabelle 1992)
and corresponding parts within these corpora are called bitext segments (Ahrenberg et
al. 1999).

There are many applications using parallel corpora for transation studies and for tasks
in multilingual natural language processing (NLP). Parallel corpora have become
more widely available and serve as a source of NLP tasks in recent years. Statistical
machine trandlation isjust a research fields that has been developed in connection
with a growing number of large parallel corpora.
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Most paralel corporacontain only two languages, a source and atarget language. A
source and target language sentence that are trand ations of each other are called
sentence pair. In this paper, talking about parallel corpora, English is used as source
language while Swedish is target language. However, multilingual parallel corpora
with trandations into more than one language are available and became popular in
recent studies.

2.2 Sentence alignment

Based on different purposes, source language text can be split into different segments
that correspond monotonically to segments in the target text. Common segmentation
units are paragraphs and sentences.

Alignment is defined as an object for indicating the corresponding words and phrases
inaparale text (Brown et al. 1993). In simple words, alignment tells which unitsin
target text linksto the unitsin sour ce text. Alignment corresponding sentencesis
called sentence alignment (Merkel 1999). The sentence terminators are full stop,
guestion mark and exclamation mark. In sentences alignment, some groups of
sentences in one language correspond in content to some groups of sentencesin the
other language. Such an alignment essentially creates partly searchable parallel
corporaof source and target text. It usually assumes that information at the sentence
level isexpressed in the same order in the origina text asin itstarget text. With this
assumption, sentence alignment can be regarded as an alignment without crossing
links.

There are two main approaches to sentence alignment, named Iength-based alignment
and lexicon-based alignment (Tiedimann 2003). The length-based alignment approach
can be based on either character length (Gale and Church 1991) or word length
(Brown et al. 1991). The lexicon-based alignment approach is based on words and
other lexical units, or combinations of both.

2.3 Word alignment

Word alignment is a process of determining which wordsin a given source sentence
should be trand ated to the words in a given target sentence. Word alignment is the
basic task in extracting bilingual lexicons.

A simple word alignments example is shown graphically in Figure 2.1. Thelinesin
the figure are called connections (Brown et al. 1993), from some of the English words
to some of the Swedish words. For one pair of sentences, there are always more than
one way of al the words connections. One way of words connections assignment isan
alignment. Sometimes, words in the source sentence of the pair align with nothing in
the target sentence, and similarly, words in target sentence may link to none of the
words in the source sentence.
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Put the cone on the red sguare

Stall  konen pa den roda kvadraten
Figure 2.1 A word alignment example

The alignments between two sentence pairs can be very complicated. Even for a
human being, judging which words in given target strings correspond to which words
in its source strings is sometimes a tricky problem. The main reason is that the notion
of “correspondence” between words is subjective.

One main purpose of word alignment isto produce lexical datafor bilingual
dictionaries, while another purpose can be to provide data for machine translation or
contrastive studies. Notable, in a pure word-to-word model (cf. Melamed 1995), many
valid lexical units are missed because of the fact that they belong to collocations or
complex paraphrases. Word alignment system, which is based on the knowledge of
word alignment, refers to systemsthat align linguistic units below the sentence level
across two languages. The task of thiskind of system isto find all correspondences at
the lexical level that exists in a given parallel text. For all kinds of word alignment
linking, to be able to handle multi-word segments in both the source and target text is
necessary. In previous works, there are some approaches used for word alignment
systems to handle multi-word. Both the Giza++ system and the I* Trix system are this
kind of word alignment systems.

There are many translational relations between words and phrases in parallel corpora.
Word order isin genera not identical for most language pairs, and boundaries of
lexical units are not as easy to detect as sentence boundaries. There is no consistent
correlation between the character lengths of corresponding words, at least not for most
language pairs. However, natural languages must be compositional in some sense for
trangdlation to be possible at al. Thus, many translation relations between these
compositional components, i.e. words and phrases, can be found in documents and
their translations.

The type of relation between words varies in paralel texts while the strategy of
aligning words and phrases depends on the task. Usually, word alignment aims at a
complete alignment of all lexical itemsin the corpus. The degree of correspondence
can be expressed in terms of alignment probabilities, which is useful for statistical
machine translation.

There are two approaches to word alignment. The association approach uses measures
of correspondence of some kind. It also refers to as heuristic approaches (Och and
Ney 2003) or hypothesis testing approaches (Hiemstra 2003). The estimation
approach uses probabilistic translation models. It is often called statistical alignment
(Och and Ney 2000a). Both approaches use some kind of statistics. These two
approaches are briefly introduced and discussed in the following part.
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2.3.1 Association approaches

Association approaches to word alignment originate mainly from early studies on
lexical analysis of parallel data. In adictionary extraction task it is not necessary to
align all occurrences of alexical item to corresponding itemsin the translation. In
general the steps which have to be taken for aligning bitexts using an association
approach are (Tiedemann 2003):

1. Lexical segmentation: Boundaries of lexical items have to be identified for both
languages.

2. Correspondence: Possible translation relations between lexical items have to be
identified according to some correspondence criteria. Thisusually resultsin a
collection of weighted word type links, i.e. atranglation dictionary with association
scores attached to its entries. Contextual features may be attached to this association
dictionary.

3. Alignment and extraction: The most reliable translations according to the
association dictionary are marked in the bitext (alignment). Thisis commonly donein
a‘“greedy” way using smple search strategies such as a “best first” search in
combination with some linguistic/heuristic constraints. A bilingual translation
dictionary can be compiled from the aligned items (extraction), which is usually
“cleaner” than the previously produced association dictionary.

In association approach, co-occurrence measures and string similarity measures are
two main alignment techniques (Tiedemann 2003).

The one-to-one alignment assumption for word alignment is insufficient for most
language pairs. In word alignment, several studies have been made on the integration
of multi-word units (MWUSs), which refer to word sequences and word groups (cf.
Tiedemann 2003). Dealing with MWUS, there are two general techniques: prior
identification of collocations and dynamic construction of MWUSs during the
alignment process.

The use of structural information in bilingual term extraction has been investigated in
many studies, for examplein Van der Eijk (1993). There are also some studies using
statistical or hybrid approaches for the identification of phrasal unitsin bitext
segments before proceeding with word alignment, see Ahrenberg et a (1998).

2.3.2 Estimation approaches

Estimation approaches are referred to word alignment using probabilistic alignment
models that are estimated from parallel corpora (Tiedemann 2003). Most work in this
field has been inspired by the work on statistical machine trandation (SMT)
introduced in Brown et a. (1990). Principles of statistical machine trandation, the
application of such models to word alignment and |exicon extraction tasks are
reviewed briefly here.
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The purpose of SMT is, based on the knowledge got from the known bilingual corpus,
given the source sentence in one language, to find the most probable trandation in
another language. The difference between traditional machine and statistical machine
trangdlation is that, traditional machine tranglation is rule-based, while statistical
tranglation is data driven.

The source language S and the target language T are considered to be random
variables that produce strings such as sentences. Given atarget language string t, the
source language string s from which the translator produced t islooked for. Choosing
the sentence s that is most probabl e given t minimizes the chance of error. It means
that an sis chosen so as to maximize Pr (slt).

From Bayes’ theory, equation (2.1) can be written:
P(t]|s)P(s
P(s|t) = T LIS) 2
P(t)
The denominator P (t) does not depend on s, so it suffices to choose the sthat
maximizes the product P(s)P(t|s). The first factor in this product is called the language
model probability of sand the second factor is the translation probability of t given s.

According to the model, the most likely solution can be found by using the argmaxs

function, which returns the argument $out of all possible values for S that maximizes
the given function:

P(t1s)P(s)

g =argmax  P(s|t) = argmax P(t) (2.2)

Dueto the fact that P(t) isindependent of sand, consequently, is constant for al
possible stringss; it can be ignored in the maximization procedure. The fundamental
equation of the SMT model is therefore expressed as the following search problem:

& = argmax  P(t | S)P(9) 23)

The tranglation model P(t|s)is to be estimated from sentence-aligned parallel corpora.
However, estimating P(t|s) directly from a corpus isimpossible because of the sparse
data problem. The majority of segmentsin any parallel corpus, let it be asbig as
possible, will be unique. Even worse, most of the possible sentencessand t of two
languages will not occur in any training corpus and therefore according parameters for
atranglation model are impossible to estimate. Conseguently, the translation model
has to be decomposed into distributions of smaller units, which recur more frequently
in the training data and are more likely to appear again in unseen data. Thefirst step
in decomposing the general translation model is to introduce another random variable
A denoting the alignment between sub-strings (i.e. words) of the source and the target
language strings. Using al possible alignments a between sand t, the tranglation
model can be re-written as follows:
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P(t]s)=Q P(t.als) 24

The alignment in SMT is usually modelled as a sequence of hidden connections
between words in the target language string and words in the source language string.
Specifically, each word in the target language string t is connected to exactly one
word in the source language string s, which can be expressed as natural number
representing the position of the connected source language word in the sentence.

Most trandation models that have been used in the SMT community are based on five
models introduced in Brown et al. (1993) by researchers at IBM. The idea behind
these five-modelsis to start with a very ssmple model before progressing to more
complex ones. The output of simpler models can be used in this way to initialize the
following models.

Model 1isasimplest word translation model. In Model 1 and 2, first choose alength
for the source string, assuming all reasonable lengths to be equally likely. Then for
each position in the source string, how to connect it to the target string and what
source word to place need to be decided. In Model 1 al alignments have the same
probability. Model 2 uses a zero-order alignment model where different alignment
positions are independent from each other. Although it is possible to obtain interesting
correlations between some pairs of frequent words in the two languages using Models
1 and 2, these model s often lead to unsatisfactory alignments.

In Models 3, 4, and 5, from Brown et a.(1993), it is the last step that determines the
connections between the source strings and target strings in these three model s differ.
In Model 3, the probability of a connection depends on the positions that it connects
and on the lengths of the source and target strings. In Model 4 the probability of a
connection depends in addition on the identities of the source and target strings
connected and on the positions of any other source strings that are connected to the
same target strings. Model 5issimilar to Model 4 except that it is not deficient.

Many works have been done in the area of machine translation. One of famous project
ISEGYPT (Knight et al. 1999), the toolkit developed by Statistical Machine
Translation team during the summer workshop in 1999 at the Centre for Language
and Speech Processing at Johns-Hopkins University (CLSP/JHU). It is built up from
four tools:

I Whittleisatool for preparing and splitting bilingual corporainto training and
testing sets. Whittle generates *.snt file formats (the input corpus format required
by GIZA). Whittle iswritten in Perl.

I Gizaisatraining program that learns statistical translation models from bilingual
corpora. GIZA iswrittenin C++ with the STL library (tested using gnu C++).

I Cairoisaword aignment visualization tool written in Java.

I Cairoizeisatool for generating alignmentsfilesin *.aln format (the format
required by cairo). Cairoize iswritten in C and perl.
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In this paper, one of the evaluation systems is Gizat++. Giza++ is the extension of
GIZA. It was designed and written by Franz Josef Och (Och 2003). Some trandation
models introduced by IBM scientistsin early 1990’s are used in Giza++. The program
includes the following extensions, compared to GIZA:

I Mode 4;

I Mode 5;

1 Alignment models depending on word classes (software for producing word
classes are also devel oped);

1 Implementsthe HMM alignment model: Baum-Welch training, Forward-
Backward algorithm, empty word, dependency on word classes, transfer to
fertility models.

I Includesavariant of Model 3 and Model 4 which allow the training of the
parameter p_O;

1 Various smoothing techniques for fertility, distortion/alignment parameters,

I Significant more efficient training of the fertility models;

1 Correct implementation of pegging as described in (Brown et al. 1993), a series
of heuristicsin order to make pegging sufficiently efficient.

2.4 Evaluation

Evaluation isaway for the system developers to know where and what to improvein
a system and for the users to be aware of strengths and weaknesses of the systems.
The main purpose of this project isto evaluate Gizat++ system and I* Trix system. It is
not a simple thing just to tell which system is good. There are many aspects is worthy
to be considered in this evaluation.

The alignment between source and target sentences can be quite complicated.
Especially, it is sometimes difficult for a human to judge which wordsin agiven
target string correspond to which words in its source string. But in order to evaluate
two word alignment systems, human’s opinion needs to play an important role.

If just using the evaluation tool to compare the alignment results from two systems, in
one point of view, it can be thought meaningless. Because the links in the two systems
might be both correct or both wrong. The results from the evaluation tool can only tell
how the two results differ from each other. There is no standard to tell which system
is better.

The most straightforward way to evaluate in this project is to compare the alignment
results from two word alignment systems with human’s opinion separately to see
which of them s closer to the gold standard.

In addition, the running time and the costs of two systems can be compared. Which
system is easier to run and what is the easiest size of corpus for the systems to handle
are also interesting aspects to be evaluated.
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2.4.1 Measuring Methods

Evaluation Method should be tailored to a specific type of alignment system in order
to avoid unfair comparison. Evaluations were performed with respect to four different
measuring methods in this project: precision, recall, AER and F-measure. Among
them, precision, recall and F-measure represent traditional measuresin Information
Retrieval and were frequently used in previous word alignment literature. Another
method, AER, was originally introduced by (Och and Ney 2000a), and proposed the
notion of quality of word alignment.

Given an alignment A of a bitext and a gold standard alignment (reference alignment)

Ar. Therecall, precision, F-measure and AER of the alignment A with respect to the
gold standard Ar can be defined respectively as:

recall =|A|iAlr| (25)
r

precision = A&Trl (2.6)
* T ok

AER =1- recall* | Ar |+ precision* | A| _1. | AC Ar | 27)

| Ar [+]Ar] | Ar |

. re_2* precision*recall _ 2*| AC Ar | 29)

precison+recall | A|+]|Ar | '

The recall measurement gives the proportion of correct segments (in gold standard)
that isin proposed alignment A. The precision measurement gives the proportion of
segments in the proposed alignment A that is considered to be correct. These two
measurements are straightforward to handle if the text only consists of single words,
but it becomes increasingly difficult when the alignments are multiple.

AER isthe Alignment Error Rate with respect to the gold standard Ar. The smaller
number in AER isthe closer A and Ar is. (See equation 2.7).

F-measure is a straightforward measurement to tell how the proposed alignment
similar with the gold standard. The range of F-measureisfrom 0to 1. If all the links
in A and Ar are same, F-measureis 1. If nolinksin A and Ar are the same, then F-
measure is 0. (See equation 2.8)

2.4.2 Gold standard

Gold standard is usually a sample of the bitext that has been pre-aligned manually by
one or several annotator s and then used to test the alignment output automatically.
Gold standard plays an important role in evaluation. Doing the evaluation in this
project the output of the two systems will be compared with gold standard. But
usually, it’s very difficult to get gold standard files because they are manually linked.
Especialy for big corpora, it’s amost impossible to get all the sentences manually
linked until now. Thisisacommon main problem for most of the evaluations of word
alignment systems. Usually, the way to deal with this problem isto use the gold
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standard with aligning a subset of sentences in the whole corpus, not all the sentences
pairs.

In some studies sample bitext segments have been completely aligned by hand in
order to create gold standard (Melamed 1998), (Och and Ney 2000b). In other studies,
like Ahrenberg et al. (2000) and Véronis and Langlais (2000), word samples from the
corpus were used.

In this project, al the gold standard files are in link file format, which will be
explained in detail in 3.2.3, and the annotators created them by using 1*Link
(Ahrenberg 2000). In thiskind of gold standard, the words both in source and target
sentences can be linked to null respectively. One word can also be linked to multiple
words. Some words might be linked to nothing depends on the annotators.

Link strategy isworthy to be mentioned when gold standard is introduced. Link
strategy is a group of rulesfor the annotatorsto learn before they start to link. Link
strategy comes from the purpose of the alignment. Different purposes might need
different gold standard. Link strategy influences two things related to this project.

Null link split
If multiple continuous words need to be linked to null, they might be either linked
to multiple null links or to one null link. For example:

Source sentence:

This makes it difficult to allow other users to gain access to the Access
project.

Target sentence:

Detta gér det svart att ge andra anvéndare tilltrdde till Access-projektet.

In the gold standard, “to gain” can be linked to “NULL NULL” or only to
“NULL”. In this project, al the gold standard alignments will split the null links,

which means the group of words will be linked to multiple null linksif meet this
kind of situation.

Multiple word units (MWUS)
Based on different link strategy, multiple words link to multiple words might have
several ways. For example, al the following ways of links are possible:

(1) Source words: Microsoft Access Project

Target words: Microsoft Access Projekt

(2) Source words: Microsoft Access Project

Target words. Microsoft Access Projekt

11
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(3) Source words. Micresoft Access Prgject

Target words. Microsoft Access Projekt

All the gold standard alignments in this project follow the second way of linking
multiple words. Maximum multiple words in source sentences will try to link to
maximum multiple words in target sentences.

2.5 Summary

In this part, basic concepts and techniques of the work with parallel corpora have been
presented. Common methods for the alignment of sentences have been discussed.
Two main approaches to word alignment have been mentioned, which are association
approaches and estimation approaches. Association measures are widely used for the
identification of translational correspondences. In statistical machine translation,
probabilistic alignment models are used to estimate alignment parameters between
words in parallel corpora. In this paper the approach is referred to as the estimation
approach to word alignment. The purpose and methods of eval uation are proposed in
this chapter. A brief introduction of gold standard is described at the end of this
chapter.

12
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3. The main systems used in this project

3.1 Giza++ system

GIZA++ isan extension of the program GIZA (part of the SMT toolkit EGY PT)
which was devel oped by the Statistical Machine Translation team during the summer
workshop in 1999 at the Centre for Language and Speech Processing at Johns-
Hopkins University (CLSP/JHU). It isa program for learning statistical trandlation
models from bitext. GIZA++ includes alot of additional features. The extensions of
GIZA++ were designed and written by Franz Josef Och (Och 2003).

3.1.1 Running Giza++ in IDA

Gizat++ isaprogram that has to follow a serial of command steps to run. Different
environments might need different steps and commands. In Appendix B, there are the
steps needed to do in IDA Solaris machine to run Gizat++.

Noticeable, running “mkcls” is an optional step. “mkcls” isatool to train word classes
by using a Maximum-likelihood-criterion. The resulting word classes are especially
suited for language models or statistical tranglation models. The program “mkcls” was
written by Franz Josef Och (Och 2001).

3.1.2 Input file formats in Giza++

After the first important step which is running the program “plain2snt.out”, “*.vch”
filesand “*.snt” file will be created. “plain2snt.out” is a simple tool to transform plain
text into GIZA++ text format. These three files are input files for basic Gizat++
running.

VCB is abbreviating of Vocabulary file. Each entry is stored in one line asfollows:

uniqg_id1 stringl no_occurrencesl
uniqg_id2 string2 no_occurrences2
uniqg_id3 string3 no_occurrences3

SNT isaBitext file. Each sentence pair is stored in three lines. For example an
English-Swedish sentence pair is:

Each category consists of one point from each data series.
Varje kategori bestdr av en podng fran varje dataserie .

The SNT file for this sentence pair is:
1

23456789101112
234567891011
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Thefirst line is the number of times that this sentence pair occurred. The second line
is the source sentence where each token is replaced by its unique integer id from the
vocabulary file and the third line is the target sentence in the same format.

After running “mkcls”, four output files are created. In the “*.vcb.classes” file, al the
unique words in the whole text and the numbers of times the words appear are listed.
The files “*.vcb.classes.cats” indicates which class every word belonged to.

3.1.3 Output file formats in Giza++

Gizat++ has 17 output files after running. In this project, only the A3.final fileis used
as Gizat++ output alignment result. The way of evaluation is to convert thisfile format
to link file format, which will be discussed later. So except the A3.findl file, only a
very brief introduction about part of important output file formats is mentioned here to
give an idea what the output results of Gizat++ are.

a3.final
Theformat in a3 file of each lineis as follows:
ijImp(lj, 1, m)
wherei, j, |, mare al integers and

j = position in target sentence

| = position in source sentence

| = length of source sentence

m = length of target sentence

p(i/j,I,m) is the probability that a source word in position i is moved to position
j inapair of sentences of length | and m.

t3.final

Each lineis of the following format: s idt_id P(t_id/s _id), where:

S id: isthe uniqueid for the source token

t_id: isthe unique id for the target token

P(t_id/s_id) the probability of trandating s id ast_id
Similar fileswill be generated (with the prefix "prob_table.actual .xxx" that has
the actual tokens instead of their unique ids). Thisis also true for fertility
tables. Also the inverse probability table will be generated for the final table
and it will have theinfix "ti".

Revised Vocabulary files (*.src.vch, *.trg.vch)
The revised vocabulary files are similar in format to the original vocabulary
files (VCB files). The only exception is that the frequency for each token is
calculated from the given corpus, which is not required in the input.

In “*.src.vcb” file, each line consists of information of source corpus:
Vocabulary id
Vocabulary
The number of times that word appears in the corpus
In the “*.trg.vcb” file, each line consists of similar information of target
corpus in target language.
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d4.fina
This file contains position information for headword and body words. For
head position, it comes like that:
Source word class
Target word class
Position
Probability
For body word, it comes out like that:
Target word class

Position
Probability
ti.final
Thisisthe trandation probability, but in inverse direction, each line contains:
Target word id
Source word id
Translation probability
n3.fina

Thisisfertility table. Each linein thisfileis of the following format:

Source _token_id pO pl p2.... pn
pO0 is the probability that the source token has zero fertility. pl, fertility one, and n
is the maximum possible fertility as defined in the program.

PO-3.final
This file contains only one line with one real number that is the value of PO, the
probability of not inserting aNULL token.

*.gizacfg

Thisfileincludes all the parameter settings that are used in order to perform this
training. This means that starting GIZA using this parameter file produces (should
produce) the same training.

Perplexity File (*.perp)

Thisfile will be generated at the end of the training. It summarizes perplexity
values for each training iteration. The format is the same for cross entropy. If no
test corpusis provided, the valuesfor it will be set to"N/A".

* A3.fina

In each process of training iteration, and for each sentence pair in the training set,
the best alignment (Viterbi alignment) is written to the alignment file (if the dump
parameters are set accordingly). The alignment file is named prob_table. An.i,
where n isthe model number ({1,2, 2to3, 3 or 4}), and i is the iteration number.
The format of the alignmentsfileisillustrated in the following sample:

15



Evaluation of Two Word Alignment Systems

# Sentence pair (1) source length 11 target length 10 alignment score: 9.06432e-06
Varje kategori bestar av en poiang fran varje dataserie.

NULL ({ }) Each({ 1}) category ({ 2}) consists ({ 3}) of ({ 4}) one({ 5})
point ({ 6}) from ({ 7}) each ({ 8}) data({ }) series({ 9}) . ({ 10})

# Sentence pair (2) source length 26 target length 20 alignment score: 6.69883e-14
Kategorietiketter visas oftast 6ver diagrammets x-axel, vilket dock kan variera
beroende-pa vilken typ av diagram som du anvinder.

NULL ({ 17}) Category ({ 1}) labels ({ 2}) usually ({ 3}) appear ({ 4}) across
{shthe({ })x({ 6})axis({ 1314})of { }) the({ })chart({}),({ 7})
although ({ 8}) this({ })can({ 10}) vary ({ 911}) depending ({ 12}) on ({ })
E?ez(é}})) type({ 19}) of ({ 15}) chart ({ 16}) you ({ 18}) are({ }) using ({ }) -

Three lines for each sentence pair represent the alignment file. Thefirstlineisa
label that can be used, e.g. as a caption for alignment visualization tools. It
contains information about the sentence sequential number in the training corpus,
sentence lengths, and alignment probability. The second lineis the target sentence,
which is Swedish in this example. The third line is the source sentence. Each token
in the source sentence isfollowed by a set of zero or more numbers. These
numbers represent the positions of the target words to which this source word is
connected, according to the alignment.

3.2 I*Trix system

[*Trix isan automatic tool for creating and storing associations between segmentsin
abitext. I* Trix isaimed at word and phrase associations and requires bitexts that are
pre-aligned at the sentence level. An important observation is that bitext linking is the
process of creating links between textual units or segments of a source and a target
text for a certain purpose.

I*Trix is developed at the Natural Language Processing Laboratory (NLPLAB),
Department of Computer and Information Science at Linkoping University, Sweden,
with funding from The Swedish Research Council (Vetenskapsradet) and The
Swedish Agency for Innovation Systems (VINNOVA). I*Trix is developed by
Michael Petterstedt as a general tool for creating and classifying word associations in
parallel corpora, and should be useful for different kinds of research including
trandation studies, contrastive linguistics and machine trangation.

I*Trix was first thought of as aplug in module for I1*Link, e.g. the main heuristic
modul e for the alignment process. During the development of this module, however, it
turned out that this automatic alignment tool could be quite powerful initsown
perspective.

3.2.1 Interface of I*Trix

I*Trix isa program with a friendly interface. Compared with Giza++, making 1* Trix
run isvery easy. Figure3.1 isthe interface of I* Trix. It includes bitexts segment area,
alignment area and function area.
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Figure 3.1 Interface of 1* Trix

1. Bitexts Segment Area presents a current sentence pair of the source and target
texts. (Figure 3.2)

put the cone on the red square on the sgquare

stéll konen pd den rida Kvadraten pd kovadraten

Figure 3.2 Bitext Segment Area
2. Alignment Area shows the alignment result for the current sentence pair after

applying the current parameter settings. See Figure 3.3. This result can be saved or
printed out by the function buttons.
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|| % & \JE*! I—_E’
put the cone on the red square on the sguare
stall X
konen X

den X

rida X

kvadraten X

pa X
kvadraten X X

Figure 3.3 Alignment Area

3. Function Areaincludesall the buttons and parametersin I* Trix. All the functions

and parameters can be set here. (Figure 3.4)

‘ Previous | | Main | Proj: | hlocks hd || Load |
0|
Mext Smart settinas | Misc |
Generation | Deataction |
1 Batch all v Use dynamic | 1 | [ Use word form |10 |
' Batch... | 100 ¥l Usestatic | 1 | [ Use base & |
[v] Smart vl Use pattarn | 1 | [ Use POS 4|
@) Interactive [v] Use statistic | 1 | [ Usefunction | 2 |
[] Show all e e s
Align Save links

Figure 3.4 Function Area

In the function area, “Main” button selects the project directory. “Proj” area
chooses different projects in Main directory. “L oad” button starts to load the
project into 1* Trix. “Previous” and “Next” buttons are used for showing
different sentence pairs of current project in the bitext segment area. After
entering the sentence id in the “sentence id ar ea”, which is the little number area
between “Previous” and “Next”, the certain sentence pair will show up in the
bitext segment area. Parameters can be set in the “parameter area”. There are
several ways to set parameters. The way of choosing proper number in
parameters to get good result will be discussed in detail later in section 5. There
are three ways of aligning. “Batch all” means aligning all the sentence pairsin
the current project at one time. “Batch” plus the number area following will let
I*Trix align certain numbers of sentence pairs from sentence id in the “sentence
id area”. “Smart” function means batching sentences from the shortest one to the
longest one, and after the shorter sentences are aligned, alignment results will be
added into aresour ce named “auto-dynamic”. This resource will be used in the
longer sentences alignment to improve the file alignment result. “Inter active”
just aligns one sentence, the current sentence in the “sentence id area”’. The
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alignment result will then be displayed in the “Alignment area”. If “show all” is
selected, numbers will be shown in the “Alignment area”. Otherwise, only a
cross will appear to show how the source and target sentence are linked, asin
Figure 3.3. After finishing the alignment, the “Save links” button is used for
saving the alignment resultsin link file format.

3.2.2 Input file formats in I*Trix

XML isthe only available bitext format in I* Trix. Source and target texts at the
sentence level encode in eXtensive Markup Language. This format includes
information about Word Form, Base, POS and Function. Trying to load xml bitext as
aproject used in 1* Trix, the supplied Document Type Definition: LIU-MONO.DTD
must be put in the same folder with the xml file. This XML format is also the input
format for I* Eval, which is the evaluation tool used in this project and which will be
described in 3.3. And for “xml2txt” program, which will be mentioned later in Section
4.1.1, source filein XML will be converted into plaintext. The example of XML
format is shown below.

<?xml version="1.0" encoding="1S0-8859-1"7>
<IDOCTY PE linCorpus SY STEM "liu-mono.dtd">
<linCorpus>
<linHeader></linHeader>
<text>
<body>
<divid="d1">
<pid="p1">
<sid="sl">
<w id="wl" relpos="1" base="show" pos="V" msd="IMP" func="main"
fa="&gt;0" stag="VA">Show</w>
<w id="w2" relpos="2" base="dl" pos="PRON" msd="" func=""
stag="NH">All</w>
</s>

</p>
</div>
</body>
</text>
</linCorpus>

3.2.3 Output file formats in I*Trix

The output file format in I* Trix isLink file format. In this report, this format appears
several times. It is used as one of the input formats in I* Eval and the output format in
Giza2Link program. For the gold standard used in this project, the format is also link
file format. It is because the gold standard comes from another program I*Link, and
the output of I*Link can bein link file format.
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The format in link file looks like this:

C#(|0|O[OIOIS#(|LIL|LIL[S[)#([2[2[2|2|5])#(|3|3(3[3[S|)#(|44[4]4{S])#(|S[SISISI5) #
14|01 1/0[0[S)#(|- 1|- 1|16]16[S[)#(|2[2[2[2[S[)#([3[3[L|L|5))#
2##([O[OI0IOIS[y#(ILILILILIS[)#([2[2[2|215)#(I3]3]- LI-1|SD#(14{5I3]3[5])#

In each line of link file format, the first number is sentence id, which isinteger and
startsfrom 0. And then a“#” come. Each pair of bracket presents an alignment from
source to target sentence. Alignments are separated by “#”. In the bracket, (Jajblc|d|e])
impliesin the source sentence, word id “a” up to word id “b” are linked to the words
from word id “c” toword id “d” in the target sentence. The last number “€” can be
only 4 or 5. 4 means the link comes from an auto alignment program, like I* Trix. 5
means the link comes from manually alignment program, like I*Link. Remarkable,
either from “a’ to “b” or from “c” to “d”, the words group are continuous. For
example, if the fifth word in the source sentence wants to link to the fifth and seventh
word together in the target sentence, it isimpossible to expressit in link file format.

3.3 Evaluation tool — I*Eval

[*Eval is developed as an evaluation tool for link results from I*Link and I*Trix. Itis
the only evaluation tool used in this project. I*Eval is developed at the Natural
Language Processing Laboratory (NLPLAB), Department of Computer and
Information Science at Linkoping University, Sweden, with funding from The
Swedish Research Council (Vetenskapsradet) and The Swedish Agency for
Innovation Systems (VINNOVA). I*Eval isimplemented by Michael Petterstedt as a
general tool for evaluating the link file format.

Theinput formats for I*Eval are XML file and link file. The output is evaluation
report. The first interface of 1* Eval showsin Figure 3.5.

Biexl | mpsotoi | Deredony (dSd ol asalaeish

B0 TR | o cope 1356=01 2 mrgaml| v
Targed Mhec oo cop- 105-112-gweami Bruwss
Froimy bk sentence D 1 To liss gantesce I0; 1 Ll

Use Harme G Tiee Filaname

w  Lars(k36] ¥ 135 poid:Las[m-35) link

W Ma gL CIRE L] pola-Mapnisd-96). ink

o EanR(-BE ¥ 116 PLCDE EUEA Rl

v MErke w112 pold-Micka(1-96) ink

e+ 1 Arcxp 135711 pan-with-classes ink
Col LT T o & [ g mar-Sndind

Evahmtion setings | Duipad ey
Type: Sold Blandaid ov slealion +  Lisk serfences  Mdarsectien babavoes all anasolalsrs =

¢ Emiude MARL B, Epsd MULL Erkcs

Geneerale myvaiusl .

Figure 3.5 First interface of 1* Eval
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In the “Bitext” tag, the source and the target files need to be chosen. The only
available format hereis XML. In the number area of “From link sentence ID” and “To
link sentence ID”, if the default number —1 is kept, it implies using all the sentencesin
the source and target files. Otherwise, the specified numbers of sentences will be used
to load only parts of sentences in the whole corpus. After pressing “Load” button, the
second interface will show up. (Figure 3.6)

Bitend  Armodator | pepeetery (hdd multigle ansolalersd |

Link fila B
Annelator nams Gald Eland .. Lisk S (i)
Meve sefeded i "dane” Remave evselacled L
=2 Hare S8 Teng Flgpame
¥ LaR-9 ¢ 135 ooid-Laryl-]. lnk -
v Magnumii.4E -] pold-Magnmii8F link
LT ] ¥ 115 o |d-Ma A O8] [k
WV Nk 11T COCE L [
= R 1 AT 8- FET_pimm-wilh-c s eslink
¥ ewthes smar % 20-wirwul-smank-Smuink

Evalsaban #RIGE | Guipet setiiags |
Typer: Sald &landard evalwation « | Limk sendeaces:  Inbersection bebween all aapsiaiers -«

o Imthalde LR B e ST MUALL Bnke

Ganarale evaiuali

Figure 3.6 Second interface of 1*Eval

Thelink files can be added here for evaluating. If thelink file isagold standard, the
checkbox “Gold Standard” should be selected. The “Link time” area cannot be empty.
It refersto the time to create the link file. After pressing the“Add” button, the current
link file will be added into the link file part. At the sametime, a“.linkmeta” file with
the same filename as the current link file will be generated in the current directory. It
contains the information which 1* Eval need of this link file. The next time this link
file needs to be loaded by I1* Eval again, the information will be input automatically.

In the “Evaluation settings” tag, there are two checkboxes. Oneis “Include Null links”,
if thisitemisselected, null links in the link file will be calculated as one token.
Another oneis“Split NULL links”. If thisitem is selected, all the group of words
linked to null will be considered as several null links.

In the “Link sentences” part, two functions can be chosen, which are very useful when
evaluating several link files. The “Intersection between all annotators” selects
intersection of sentences IDsin al of thelink files and compares the common
sentences. |f choose the other function “Only those in Gold standard(s)”, al the link
fileswill obey the sentences | Ds when they are compared in Gold standard.

Noticeable, two types of evaluation can be chosen. One typeis“Similarity
evaluation”. Thisis an evaluation comparing each pair of link files. It doesn’t matter
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if thereisno gold standard in any of link files. An example report is shown in Table
3.1

Start AB (NULL-LINKSINCLUDED)
ID Name User Unique User type Uniquetype  Calc. link

links links links links time
A Larg(0-96) 1560 150 843 101 1235
B Magnus(0- 1528 118 822 80 93.7
96)
Summary
Sentences
Base sentences: 96 Sents (1-96)

53 Sents (1,38, 11, 15-23, 26-28, 30, 32-34,
37-52, 54, 57, 66-67, 69, 71-72, 75, 80,
82-85, 87, 91, 93, 96)

(Identical sentences/ Base sentences)

| dentical sentences:

Sentences similarity score: 552 %

Links
Means of links: 15440 Links (Total linksfor al annotators/ No of
annotators)
Identical links: 1410 Links (Union links among annotators)
Links similarity score: 913 % (Identical links/ Means of links)
Type links

832.5 Links (Total type linksfor al annotators/ No
of annotators)

742 Links (Union type links among annotators)

(Identical type links/ Means of type
links)

Means of type links:

Identical typelinks:
Typelinkssimilarity score: 89.1 %

(Means of type links/ Means of token

Means of type-token link ratio: 0.5
links)

Link & time statistics

Mean link time: 108.6 Min  (Total minutes/ No of annotators)
Time per sentence: 1.1 Min  (Meanlink time/ Base sentences)
Links per sentence: 16.1 Links (Meansof links/ Base sentences)

Links per minute: 14.2 Links (Meansof links/ Mean link time)

Table 3.1 Similarity Evaluation Report

Table 3.1 isareport compares with two link files.
“User links” means the number of word links in each link file. “Unique links” is the

number of word links in onelink file, which are different from in other link files.
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“User typelinks” refersto the number of link typesin every link file. Link types
consider only on word form of links. “Unique type links” is the number of type links
in one link file, which are different from in other link files.

Here isasimple example for these four definitions.

Annotator 1 Annotator 2
English: HeIIyou hello me Hello you hello me
Swedish: Hej du hgl mig Hej du hegf mig

For Annotator 1, there are four “User links” and two “Unique links” because there are
two links which are different from the links in annotator 2. “Hello” and “hello” are
different but in one word form. So annotator 1 has 3 “User type links” and 0 “Unique
type links” because there is no different link.

Start Gizat++-without-classes (NULL-LINKSINCLUDED)
Partial enclusured by parenthesis

Full evaluation

|A| 1322 Sum(User links)

S| 1002 Sum(True key links)

P 1702 Sum(Optional key links)

|Ai S| 504.0 (557.52) Sum(Intersect(User links, True key links))
|A'i P| 587.0(594.6) Sum(lIntersect(User links, Optional key links))

Recall 0.5 (0.56) AiS/|g

Precision 0.44 (045 |AiPF/A]

AER 0.53(0.5) 1-((JAPig+ATP)/(JAI+]9))

F 0.47 (0.5) (2 * Precision * Recall) / (Precision + Recall)

MWU evaluation

|A| 35 Sum(User links)

S| 109  Sum(True key links)

P 312 Sum(Optional key links)

|A'i S| 0.0(0.75) Sum(Intersect(User links, True key links))
|A'i P| 4.0(3.29) Sum(Intersect(User links, Optional key links))

Recall 0.0(0.01) AT S /|9

Precision 0.11(0.09) |AiP|/|A]|

AER 0.97(097) 1-((|AiS+]ATP)/(IAI+]9]))

F 0.0(0.02) (2 * Precision * Recall) / (Precision + Recall)

End Giza++-without-classes (NULL-LINKSINCLUDED)

Table 3.2 Gold standard eval uation report

“Calc. Link time” in the report calcul ates the time for the annotator to link common
sentence links.
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In the “Summary” part, “Base sentences” is the number of evaluation sentences. In
the bracket behind that number, the sentences IDs are listed. “ldentical sentences” is
the number of sentences that have exactly the same links in the two link files.

Another type of evaluation is “Gold Standard eval uation”, which compares non-gold-
standard link files with gold standard. If thistypeis chosen, theninall thelink files, at
least one must be gold standard. An example report in thistype is shownin Table 3.2.

In Table3.2, “True key links” means the number of gold standard links. If there are
several gold standard files, True key links are the intersection among them. “Optional
key links” isall the gold standard links’ union. Recall, Precision, AER and F-

M easur e are four measurements that are used in this project to tell the evaluation
results, which will be discussed in the next section. MWU evaluation means
“Multiple word Units evaluation”. MWU evaluation is not the main evaluation in this
project to be discussed.
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4. The evaluation environment

4.1 Symmetrization

In order to evaluate the two systems fairly, symmetrization is very important. Because
Gizat++ and I* Trix systems are quite different on several parts, at least the same input
data needs to be used during evaluation. With a certain corpora, input files, output
files for these two systems need to be found out. In this part, how to make one corpus
apply in different systems will be addressed.

4.1.1 Inputs symmetrization

No matter what format of bitext can be got originally, making the bitext be applied in
two systemsis anecessary step. As discussed before, the input in Gizat++ isjust
plaintext. In 1*Trix, XML format is the input file format.

If the original fileisin XML format, using xml2txt program can convert the fileto
plaintext format. Xml2txt is a short java program implemented for this project. The
purpose for this program is following the tag in the XML files, taking the <s>tag asa
sentence in one line, and the <w> tag as aword. To separate each word, a Space will
be used. After each sentence an Enter will follow to change to another line.

Appendix C isthe code for this program.

If the original fileisin plaintext, several things need to be noted.

First, for some reason, each line starts with ##n## sometimes in plaintext. “n” isan
integer number which presents the sentence id. This string will be treated asaword in
both Gizat++ and 1* Trix, which will make a big influence for the system outpui.
Trying to make things easier and clearer, it’s better to remove this string.
“removenmb” can be used for this. It will automatically remove the sentences ID
string in itsinput file and keep only sentences in its output file. Thisis a program
which came from IDA/NLPLab.

Second, usualy in plaintext the punctuation will follow the last word in the sentence
without space, like this: “Today’s weather is good.” But if this sentenceis put into
Gizat++, the system will considerate “good.” as aword, which is different from
“good” and “.”. In I* Trix input file format XML, on the contrary, the punctuations
aways separates from the word, so all the full stops will be thought of as one word,
not following with the last word in the sentence. For the sake of equitable evaluation,
the punctuation problem needs to be considered. The easiest way for doing thisisto
use IFDG (Petterstedt 2003) to convert the plaintext into XML file. In this step, the
punctuations are separated by a space from the word. This XML file can be used for
I* Trix input. After that, use xml2txt program to convert this XML file back to
plaintext. Because the xml2txt will follow the XML format, if afull stop hasits own
<w>, it will be thought of as aword. The punctuation problem will be solved after this
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step. Thiskind of plaintext can be used as Giza++ input file because it is equal with
the XML bitext.

4.1.2 Outputs symmetrization

The outputs from 1* Trix arein link file format. There are several outputs from Gizat++
as discussed before, but only “A3.final” is needed in this project. The evaluation tool,
I*Eval, useslink file format asinput. In order to use I* Eval, the only thing needed to
do isto convert the “A3.final” into link file format is.

The java program “Giza2Link” is used here. Thisis a program implemented by
Michael Petterstedt, who also implemented 1* Trix. It is used for converting “A3.final”
format into link file format. Noticeable, in “A3.final”, some sentences might be like
this:

# Sentence pair (2) source length 26 target length 20 alignment score: 6.69883e-14
Kategorietiketter visas oftast over diagrammets x-axel , vilket dock kan variera
beroende-pa vilken typ av diagram som du anvander .

NULL ({ 17}) Category ({ 1}) labels({ 2}) usually ({ 3}) appear ({ 4}) across
{5hHthe{ })x({ 6})axis({ 1314})of ({ })the({ })chart ({ }).({ 7})
although ({ 8}) this({ }) can ({ 10}) vary ({ 911}) depending ({ 12})on ({ })
E?ez(g}})) type({ 19}) of ({ 15}) chart ({ 16}) you ({ 18}) are ({ }) using ({ }) .

In the source language line, English word “vary” links to the ninth and el eventh words
in the target language. The corresponding words in Swedish are “dock” and “variera”,
which are words separated by another word “kan”. Thiskind of link is called
discontinuous link. As discussed before, the link file format cannot handle
discontinuous links. Thisisthe toughest problem for the symmetrization of thistwo
systems outpuit.

Giza2link automatically removes the sentences including discontinuous linksin
A3.final file and adds the removed sentenceids into alist. If the link files from
Gizat++ system are compared with other link files only sentences left will be
compared.

For example, for corpus accxp-126-222, if 1* Eval compares the gold standard with
one of 1*Trix output, there are 1272 user linksin I* Trix. But if 1* Eval compares the
gold standard with one of Gizat++ output, only 1014 user links are found. Thisis
because in the link file from Gizat++, the whole lines of links that the sentences
include discontinuous links are removed. In general, around 1/4 corpus of sentences
will be removed because of discontinuous links.

4.1.3 Resources used

Some word alignment systems utilize extra resources, such as bilingual dictionaries
and function word lists. The resources used by a particular system are valuable
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information in the evaluation. To evaluate the two systems fairly, resources have to be
stated clearly.

In I*Trix, there are several resources, such as dynamic, pattern, static and statistic. All
of them can influence the I* Trix output result. On the other hand, in Giza++, the extra
resource is optional, which is not included in this project. But Giza++ uses severa
Models to train the corpus. The output from the first model is used as the input for the
second model, and so on. It is similar with using dynamic resources based on the
training procession. Trying to symmetry two systems, all the settings about the
resourcesin I*Trix are set like this:

1 Specified statistic resources are included;

I Other resources are default filesin the “common” folder in I* Trix;

I Thereisno dynamic resource even in “common” folder. Just if choose “smart”
function is chosen when running I* Trix, the auto-dynamic resource will be build
up based on “smart”.

4.2 Participating Corpora

There are not alot of resources in English-Swedish. Finding available corporais
always a problem especially a big corpora with proper gold standard. Considering
different areas of content, different characteristics and different text size, thistask
turns to be more difficult.

Finally, three main corpora are used in this project. The characteristics for them are

listed below:

I Two of them are technology documents, and one is a normal document.

I Two of them are small size corporawith around 100 sentences, the other one with
more than 5000 sentences.

I Two of them are with normal sentences, which mean the word frequencies are
normal for every single word. The other one is atext with very few unique words.
All the words have very high-appeared frequencies.

I Two of them have punctuation, the other one does not have.

With these three corpora general results should be achieved. At the end of the project,

some special corpora are created from these three main corporato get some other
results.

4.2.1 Blocks Corpus

Blocksis a corpus with 100 sentences. There are 683 words in the whole English text
file, but unique words are only 40. In the Swedish text file, 64 unique words come
from 607 words. There are alot of repeat-words in that text. There is no punctuation.
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4.2.2 Access XP 97 sentences Corpus

With this 97 sentences corpus the test steps are applied again to see if the conclusions
are strong enough. Access XP 97 sentences corpus is acorpus with 97 sentences. It is
anormal technical document with punctuations, which is not like Blocks with alot of
repeated words. There are 1798 words in the English text in which 499 words are
unique. And 1515 words in the Swedish text and 535 of them are unique. The
numbers of running words and the vocabularies are based on full-form words and the
punctuation marks.

4.2.3 Access XP 5000 sentences Corpus

Access XP 5000 sentences is a corpus with 5382 sentences pairs. These are actually
taken from a subset which contains pairs where the English sentences are between 2
and 20 words in length. There are 66051 words in the English text and 58495 words in
the Swedish text. Among them, 4187 words are unique in the English text and 6304
words are unique in the Swedish text. The numbers of running words and the
vocabularies are based on full-form words and the punctuation marks.

4.2.4 Corpora Summary

In Table 4.1, the data related to the three corpora are listed.

Number | Words | Unique | Statistical | Words | Unique | Statistical
of sent. | inEng. | Words ratioin in Words ratioin
in Eng. Eng. Swe. | in Swe. Swe.
Blocks | 100 683 40 17.1 607 64 9.5
Access 97 1798 499 3.6 1515 535 2.8
XP 97
Access| 5382 66051 4187 15.8 58495 | 6304 9.3
XP
5000
Table4.1
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5. Analysis results

In this part, some evaluation tests with their results are presented.

5.1 Things that may influence the results

Before starting to discuss the tests and results, something during the whole process
might influence the final results, which needs to be noted here.

5.1.1 In Giza++ system

Gizat++ isasystem with no graphical interface. Only command lines are used for
running. In this project, al the input and output file formats in Giza++ are converted
into the I* Trix format. During the converting process, some data from Giza++ may be
lost and some of them may be changed. All of these may influence the results.

In Gizat++ input file, plaintext format, only ASCII code can be handled. In the
Swedish letters, 4, 6, & and their capital letters are non-ASCI| codes. If they were
kept in Giza++ inputs, in the output “A3.final”, every line which includes non-
ASCII code will be cut by them, which means that the alignment information
after non-ASCII code will be lost. To avoid this, before inputting the text file into
Gizat++, some strings have to be used to replace &, 6, a and their capital |etters.
The strings are chosen arbitrarily, but it’s better to use long stringsin case the
chosen strings appear in the original text file. In this project, the following strings
are used:

A--HHAH
O---HHOHH
A---00A00
e
4---00200

After getting the “A3 final” file from the output, all the strings above should be
changed back to Swedish letters. During two times of “Find and change” for these
strings, some mistakes might be made which couldinfluence the results.

Some sentences are truncated during running Gizat++ because they are over the
limitation of sentences length (61 words). Within the three corpora used in this
project, Blocks only has short and simple sentences; Access XP 5000 is a subset
which contains pairs where the sentences are between 2 and 20 words in length.
So only Access XP 97 sentences might have this problem. In I* Trix, the sentences
are complete. The different sentences source in the two systems will absolutely
influence the result. Thisisafact that cannot be changed. The only thing can be
doneisto keep thisin mind when analysing the result.
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I From A3.fina file converting to link file, links of some sentences are removed
because of discontinuous links, as discussed in Section 4.1.2. This comes from
different characteristics of the two systems. Nothing can be done to avoid this.
When using I* Eval, selecting the “intersection between all annotators” function,
then all the removed sentences won’t be compared. It’s not easy to tell if the
removed sentences will change the result or not, but anyway, the corpora are
changed because of this. So the influence might happen because of this.

5.1.2 In I*Trix system

The most important thing to influence I* Trix outputs is the setting of parameters.
There are alot of parameters that may have several combinations. Each way of setting
up will lead to different results for different corpora. Thiswill be discussed in detail
with tests later in this section.

5.1.3 In I*Eval

Because there is an “intersection between all annotators” function in I* Eval, then how
to choose the evaluate link files becomes a problem. Different ways of choosing will
induce different show up reports.

The way of using I*Eval in this project isto choose only one evaluation link file and
its correlative gold standard at the same time, which means only to compare the
intersection sentences between gold standard and the current link file. If al relative
link files are selected at one time, especially including Gizat++ link file, links of many
sentences will be removed and do not count for al the link files. For example, there
are two link-files, T1, T2 come from I* Trix, two link files, G1, G2 come from Gizat++,
and one gold standard file. To see the evaluation report for T1, choose T1 and gold
standard file. The next time, choose T2 and gold standard together. And so on. This
way will keep the maximum link sentencesin evaluation and still get reasonable
results. Otherwise, if choose T1, T2, G1, G2 and gold standard together, only the
sentence I1Ds both in G1 and G2 will be evaluated in T1 and T2.

5.2 Comparing the results from the two systems

From here, the evaluation tests are stated. The first two parts are discussion about
parameter setting in 1* Trix and Giza++ separately. From 5.2.3, different
characteristics corpora are used for testing different evaluation purposes.

5.2.1 Parameter Setting in I*Trix

I*Trix is an automatic tool for creating and storing associations between segmentsin a
bitext. Although it does automatic aligning, the very important advantage of this
program isthat the users can set alot of parameters by themselves to choose the most
suitable results. But just because of this point, 1* Trix becomes a quite complicated
program. Until now, there is no common rule for the usersto tell generally which kind
of parameter setting is the best for the specific corpus.
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Before starting to set the parametersin I* Trix, there is something noticeable.

About Null links, in I* Trix, one word will be linked to Null link only if it has been
linked to null links before in dynamic resources. For the moment, all the corpora for
the evaluation project have no dynamic resources. The dynamic level In I*Trix isjust
influenced by “smart” function. So in all the tests following, the NULL links
checkboxes are unselected.

Using “smart” function, it is almost sure that select the “smart” checkbox and
“dynamic” together, 1* Trix result will be better than not using “smart” function. So
the “smart” and “dynamic” are selected in all the tests.

For all the corpora, static resources and pattern resources in “common” folder are
applied. But each of them uses specific statistic resources.

Based on the aign strategy, according to which Multiple Word Units are really
important in the gold standard, for all the tests, MWU data are included. The number
of MWU1 and MWU2 are set to 5 in order to get more MWU linksin general.

Table 5.1 are the steps for testing 1* Trix parameters. There are 20 test IDs, with 20
different ways of setting up. Because the Giza++ system is based on statistic
principles, so thetest ID in I* Trix start with only choose “statistic”” and “wordform”.
Note all the tests results that come from the Giza++ in this section are with word
classes.

TestID | dyn | Static | Pattern Statistic | wform | BASE | POS | Func
1 1 0 0 1 1 0 0 0
2 1 0 0 1 1 1 0 0
3 1 0 0 1 1 1 1 0
4 1 0 0 1 1 1 1 1
5 1 0 1 1 1 0 0 0
6 1 1 0 1 1 0 0 0
7 1 1 1 1 1 0 0 0
8 1 1 1 1 1 1 1 0
9 1 1 0 1 1 1 1 0

10 1 1 1 1 10 1 1 1
11 1 1 1 1 1 10 1 1
12 1 1 1 1 1 1 10 1
13 1 1 1 1 1 1 1 10
14 10 1 1 1 1 0 0 0
15 1 10 1 1 1 0 0 0
16 1 1 10 1 1 0 0 0
17 1 1 1 10 1 0 0 0
18 1 1 1 1 10 8 4 2
19 1 1 1 1 1 1 1 1
20 1 1 1 1 10 8 4 0
Table5.1
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Two small corporaare tried first with this test table. The best parameters, which can
be used in future I* Trix work to get better results, might be deduced from this test

table.

1. With Blocks corpus

Blocksisasmall corpuswith 100 sentences. Specific Statistic resources for this
corpus are used inthe I* Trix. It applies agold standard file with links of 100
sentences. During the process from the Giza++ output converting to link file format,
there are 3 sentences that are removed because of discontinuous. So actually, with
[*Eval “Intersection between all annotators” function, only links of 97 sentences are
evaluated in each link file. The following table isthe evaluation results (Table 5.2).

Test ID Recall Precision AER F-Measure | User links
1 0.78 0.86 0.19 0.82 547
2 0.79 0.86 0.17 0.82 558
3 0.79 0.86 0.17 0.82 558
4 0.79 0.86 0.17 0.82 558
5 0.81 0.86 0.17 0.83 568
6 0.78 0.86 0.18 0.82 549
7 0.81 0.86 0.17 0.83 570
8 0.95 0.97 0.04 0.96 587
9 0.85 0.87 0.14 0.86 589

10 0.89 0.91 0.1 0.9 592
11 0.88 0.9 0.11 0.89 592
12 0.71 0.82 0.24 0.76 517
13 0.48 0.63 0.45 0.54 460
14 0.81 0.86 0.17 0.83 570
15 0.81 0.86 0.17 0.83 570
16 0.81 0.86 0.17 0.83 570
17 0.81 0.86 0.17 0.83 570
18 0.94 0.96 0.05 0.95 592
19 0.79 0.86 0.17 0.82 558
20 0.93 0.95 0.06 0.94 589
Gizat++ 0.82 0.72 0.23 0.77 658

Table 5.2 Result of test steps of Blocks

The number in “User links” column cannot tell if the test result is better compared
with other test results. As shown in Giza++ row, the “User links” is the largest, but

the F-measure result is not the best one, and vice versa.

Here are the conclusions deduced from Table 5.2.

1. Test ID 1 and ID 2 only have difference on “BASE” level. F-measure has the same
resultsin these two tests. Just Recall and AER in ID 2 are better thanin ID 1. It
shows that selecting “BASE” level might improve I* Trix result for this corpus, but

the influence is very small.
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2. Test ID 2, 3 and 4 have exactly the same results. It means that at |east on statistical
resource of this corpus, selecting POS and Function does not make progress on the
results.

3. From ID 5, only “wordform” is selected among all the levels. The purpose for test
ID 5, 6 and 7 isto find out the clue about how dynamic, static, pattern and statistic
resources influence the I* Trix results. Comparing with ID 5to ID 6, they are different
only on “static” and “pattern”. The result of 1D 5 is better than the result of 1D 6, and
both of the results are better than ID 1. ID 7 has amost the same result asID 6. As
can be expected, both static and pattern resources can make I* Trix result well in this
corpus at wordform level. Static resources give more influence.

4. InTable 5.2, ID 8 has the best result, which is not surprising. It matches the guess
that the function can only give little improvement or sometimes even worse influence.
It also shows that at least one of static and pattern resources can improve the results
with its POS level. Compared with ID 9, ID 3 and ID 8 we can conclude that both
pattern and static can raise the result at POS level in this corpus.

5. From ID 10, a big number 10 istried instead of all “1” in the parameters. ID 19isa
base test in which all the parametersare 1. In ID 10, with “10” in Wordform level,
comparing with the base test ID 19, the result increases (0.9-0.82)/0.82=9.76%. With
the “BASE” level as10in Test ID 11, the result makes (0.89-0.82)/0.82=8.54%
progress. ID 12 gets (0.76-0.82)/0.82= -7.32%, which means that the big number in
“POS” makes the result worse. Same as ID 13 in the Function level, which has the
worst result in the whole table, it has decreased the result (0.54-0.82)/0.82=-34.15%.

6. 1D 14, 15, 16 and 17 have exactly the same results again, which means that the big
number 10 in different resources does not have a big influence at Wordform level in
this corpus. Because Wordform is the most basic level, set all the numbersin
resources as 1 will make 1*Trix easy.

7. 1D 18 isanideal parameter setting deduced from the test results above. Based on
different percentage of influence, the numbers in wordform highest as 10, and
“BASE” 8, for POS and function number 4 and 2 are given separately. Although the
result here 0.95 is not the best in the whole table, it is aso a peak point within all the
parameter setting tests.

8. Another interesting result from test ID 20 is aso shown in Table 5.2. From all the
conclusions mentioned above, it’s very easy to guess that to choose “function” can
only make the result worse. So intest ID 20, “Function” is set as 0. The result from ID
20 proves that it isa good choice also. Although the resultsin this test are also good,
amost the same asin ID 8 and 18, still, it isjust a peak point but the best resullt.

9. Most of the F-measure results from 1* Trix, except ID 13, are better than the results
from Giza++. The best result from 1* Trix is (0.96-0.77)/0.77=24.68% better than from
Gizat++, which is quite remarkable.

Above, later when using Blocks corpus, test ID 8 is the choice of 1* Trix parameter
setting. And for this corpus, I* Trix handle it better than Giza++.
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2. With Access XP 97 sentences corpus

With this 97 sentences corpus, the steps (in Table 5.1) are applied again to see if the
conclusions got with Blocks corpus are strong enough. Specific Statistic resources are
applied for this corpusin I* Trix. There are four different gold standard files and each
of them has links of 97 sentences. This meansin I*Eval, the True key links are the
intersection of these four gold standard files. There are links of 30 sentences are
removed in the Giza++ output file. Table 5.3 lists the evaluation results.

Test ID Recall Precision AER F-Measure | User links
1 0.29 0.42 0.65 0.34 953
2 0.31 0.44 0.63 0.36 993
3 0.31 0.44 0.63 0.36 993
4 0.31 0.44 0.63 0.36 993
5 0.32 0.45 0.62 0.37 1031
6 0.32 0.46 0.62 0.38 1001
7 0.35 0.47 0.6 0.4 1068
8 0.4 0.44 0.58 0.42 1313
9 0.43 0.47 0.55 0.45 1296

10 0.43 0.45 0.56 0.44 1350
11 0.42 0.45 0.56 0.43 1344
12 0.38 0.4 0.61 0.39 1344
13 0.25 0.29 0.73 0.27 1249
14 0.35 0.47 0.6 0.4 1068
15 0.36 0.47 0.59 0.41 1070
16 0.36 0.48 0.59 0.41 1067
17 0.32 0.43 0.63 0.37 1063
18 0.41 0.44 0.57 0.42 1343
19 0.4 0.43 0.59 0.41 1335
*20 0.41 0.46 0.56 0.43 1272
Gizat++ 0.47 0.41 0.56 0.44 1014

Table 5.3

From the first glance on Table 5.3, the results are basically similar with the
conclusions from Table 5.2: 8, 18 and 20 are good, and 1D 13 has the worst result.
Still, there are some differences.

1. According to theresult of Test ID 1, 2, 3and 4 in Table 5.3, the first 2 conclusions
drawn from Table 5.2 can be retrieved as well. The “BASE” level makes positive
effect of I* Trix result, and “POS” and “Function” have no influence in this corpus.

2. Theresultsin Test ID 5,6,7 plus ID 1 clearly show that selecting Static, Pattern and
Statistic together can make better effect than just selecting one or two of them in this
COrpus.

3. Different from the result in Table 5.2, ID 9 isthe best result in thistable. It shows
that, in most cases choosing “Function” doesn’t improve the result, and sometimes,
even Pattern might make the result worse as showed in this corpus.
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4. In comparison with the basic test ID 19, test ID 10 makes the result increase (0.44-
0.41)/0.41=7.32%. |D 11 makes (0.43-0.41)/0.41=4.88% progress. |ID 12 has (0.39-
0.41)/0.41=-4.88% worse, and ID 13 isthe worst result in the whole table, which is
(0.27-0.41)/0.41=-34.15% worse than ID19. Because the percentage numbers are
close to the numbers from Table 5.2, the parameters used in Test ID 18 might also be
good to use in this corpus.

5. Test ID 14, 15, 16 and 17 are not exactly the same in this corpus. ID 17 is the worst
one among these four tests. It shows that bigger number in “Statistic” even makes a
negative effect. The characteristics of the corpus might be one reason. Note that in
Blocks corpus, the statistical ratios are very high. Access XP 97 sentences corpus has
just normal numbers of repeated words. It is understandable that “Statistic” makes
greater positive effect in Blocks than in Access XP 97 sentences. For the resultsin
these four tests are close to each other, setting Dynamic, Static, Pattern and Statistic as
“1” can be admitted to achieve good results in this corpus.

6. Test ID 18 give a peak point result. From one point of view, thisis agenerally
satisfying setting of parameters. Noticeable, ID 20 in this corpus has better result than
ID 18, which is different from in Table 5.2. Thisresult is perhaps because of different
characteristics of corpus. ID 18 and ID 20 are parameters settings needed to be further
explored.

7. The result from Giza++ in this corpusis amost the same as from I* Trix. F-measure
from Giza++ is 0.44 while the maximum F-measure from 1* Trix is 0.45. They can be
considered the same.

Although Test ID 9 has the best number of result in this table, considering most of the
time, Pattern makes improvement for the result, and ID 18 and 20 are aways give
remarkable good results for both of the two corpora, a parameter setting result will be
chosen from ID 18 and 20. In this table, test ID 20 has bigger number of result
compared with ID 18, soin later corpususing in I* Trix, ID 20 is the chosen one for
this corpus.

3. With Access XP 5000 sentences corpus

Finally, we can try to apply the parameters on a big sentences corpus, Access XP 5000
sentences. Specific Statistic resources are applied in I* Trix. For the link file from the
Gizat++ output, 1095 sentences are removed because of discontinuous links. One
manual link file with links of 594 sentences is used as gold standard. Not all the
sentences ids are continuous within this gold standard.

For the reason that running the 1* Trix with big corpus of around 5000 sentences pair
aways takes quite along time, there are only two test |Ds applied here. With the test
ID 18 and 20, which are two generally good settings of parameters, the results are
shown in Table 5.4.

Test ID 20 has alittle better result than ID 18. For the normal technical article like

Access XP help document, one conclusion might be drawn that select “Function” is
better than unselect it. So in the following test, all the I* Trix results for Access
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corpora are tested with the parameter ID 20. All the tests on Blocks corpus use Test ID
8.

Test ID Recall Precision AER F-Measure | User links
18 0.64 0.7 0.33 0.67 5420
*20 0.65 0.72 0.32 0.68 5333
Gizat++ 0.75 0.59 0.34 0.66 5714
Table5.4

5.2.2 Word classes in Giza++

In the process of running Gizat++, the step of running “mkcls” is optional. “mkcls” is
a separate package of Gizat++. Itisatool to train word classes by using a maximum-
likelihood-criterion. The resulting word classes are especially suited for language
models or statistical translation models. In this part, how word classes influence the
alignment result is addressed.

When Gizat++ startsto run, for Hmm training and Viterbi training, vcb.classes files
are looked for. If the system finds that those classes files come from “mkcls”, it will
use the result for further training. Otherwise, Giza++ can aso run without those
classesfiles. It isinteresting to know how different the results might be with and
without classes files. So the tests are made as following.

1. The corporato apply without-classes-test are Blocks and Accxp 97 sentences. The
results shown in Table 5.5 compare Giza++ result with and without classes.

Corpus | Word Classes | Recall | Precison | AER | F-Measure | User links
Blocks Yes 0.82 0.72 0.23 0.77 658
No 0.84 0.75 0.21 0.79 673
Accxp Yes 0.47 0.41 0.56 0.44 1014
97 No 0.5 0.44 0.53 0.47 1322
Table5.5

2. For corpora contains different sentences numbers, Access XP 500, 1000, 2000,
4000, 5000, the tests with and without classesfiles are also applied. With thistable, in
order to see the evaluation results with different corpora’s size clearly, only F-
Measure numbers are shown.

Size of training corpus
Word Classes 500 1000 2000 4000 5382
Yes 0.59 0.67 0.65 0.67 0.66
No 0.58 0.65 0.64 0.65 0.66
Table 5.6

From all thetestsin Table 5.5 and 5.6, a conclusion that there is no obvious
improvement appeared might be drawn as a result of word classes. A possible reason
for thislack of improvement is that the word classes themsel ves cannot be estimated
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reliably using asmall training corpus:. in Table 5.6, even if the corpora sizes are
increasing, the results are still the same as with small size corpus.

The same conclusion also comes from Och & Ney (2003). In 6.6 (P41) of this article,
“alignment models depending on word classes” is addressed. From the test table, they
observed “no significant improvement in performance as a result of including
dependence on word classes when asmall training corpusis used”. “When alarge
training corpusis used, however, there is a clear improvement in performance on both
the Verbmobil and the Hansards tasks.” The “large training corpus” mentioned here
refersto 34K sentences pairsin Verbmobil task and 1470K sentences pairsin
Hansards tasks. Even the largest corpus size with 5382 sentences pairsis very small
compared with them.

Although there is no obvious improvement when using word classes, and in some
tests using word classes even leads to worse results, word classesis still used in this
project when running Gizat++ to represent that this is a complete system.

5.2.3 Different sizes of corpora

From this section, different kinds of corpora are discussed. In 5.2.3 more attentions
are paid to reved if the difference of the corpora’s sizes will affect the results. Later,
in 5.2.4 arepeated corpus will be generated, and in 5.2.5 tests will be applied on
monolingual corpora.

From Table 5.3 we can see that, the F-measure number is around 0.4. But in Table 5.4,
the F-measure number isaround 0.7. Access XP 97 sentences and Access XP 5000
sentences come from the same document, they only have different sizes of the corpus.
Why the F-measure results have a quite big difference? | s this because of the corpora
Size, or isthis because of some other reasons? These are interesting things to find out
through tests.

In this project, different sizes of Access XP corporaare tested. In Table 5.7 the
corpora and some characteristics data are listed.

Corpus | No. No. of English Swedish
of | GSsent. | No.of | No. of Stat. | No.of | No.of | Stat.
Sent. Words | Unique | ratio | Words | Unique | ratio

100 100 11 1082 333 3.2 925 359 2.6

500 500 55 5965 1152 5.2 5168 1378 3.7

1000 | 1000 110 12240 1624 7.5 10760 2051 5.2

2000 | 2000 221 23994 | 2264 10.6 | 20790 3061 6.8

4000 | 4000 441 49124 | 3650 13.5 | 43506 5305 8.2

5000 | 5382 594 66051 | 4187 15.8 | 58495 6304 9.3

Table5.7
In Table 5.7, the corporaincluding 100, 500, 1000, 2000, 4000 and 5382 sentences

are enumerated separately. This table shows that with the increase of the corpus size,
for the same article, although the No. of words and No. of Unique words are
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increasing, the statistical ratios are also increasing in both English and Swedish texts.
The main reason is because in the same article, some topics are discussed around
some high frequency words. With the increasing of the corpus size, some certain
words are repeated again and again. In addition, the number of wordsin Swedish are
aways less than in English, but the numbers of unigue words are higher than in
English. So the statistical ratios in Swedish text are always lower than in English text.

All the corpora are subsets of the start of the corpus Access XP 5000 sentences corpus.
The maximum number of gold standard sentences is 594, and the maximum number
of sentencesis 5382. In order to make different size of corpus comparable, different
numbers of gold standard sentences are used. In different corpora, the percentages of
gold standard sentences are the same. Two ways of picking up gold standard from 594
sentences link are used. One way isto choose gold standard sentences from the
beginning of 594 sentences, while the other way is to choose them from the end of the
gold standard if only they can be used. For example, there are links of 110 gold
standard sentences in 1000 sentences corpus, which are gold standard sentences
selected from No. 484 to No 594. But for 100 sentences corpus, the proper gold
standard sentences are from No. 89 to 100.

Table 5.8 shows the evaluation results with the gold standard selected from the
beginning of 594 sentences (all available gold standard of this corpus), and Table 5.9
shows from the end. All the results applies the parameter setting test ID 20 in I*Trix.

TestID | Test Corpus| Recal Precision AER F- User
Measure links

100 0.53 0.54 0.47 0.53 104

500 0.66 0.71 0.32 0.68 471

[*Trix 1000 0.65 0.73 0.31 0.69 881
2000 0.63 0.68 0.34 0.65 1908

4000 0.64 0.71 0.32 067 3810

5000 0.65 0.72 0.32 0.68 5333

100 0.63 0.48 0.46 0.54 88

500 0.68 0.52 0.41 0.59 475

Gizat++ 1000 0.75 0.61 0.33 0.67 926
2000 0.73 0.58 0.35 0.65 1907

4000 0.76 0.6 0.33 0.67 3897

5000 0.76 0.6 0.33 0.67 5717

Table 5.8 With GS from the beginning

In Table 5.8, random results are achieved from both I* Trix and Giza++. Both of them
have the best results with corpus 1000 sentences and the worst results with corpus 100
sentences. It is not wise to draw the conclusion that the results have no relationship
with the corpus size. This kind of results can only show that the 1000 sentences
corpus with its gold standard has a better fit compared with the other size of corpus.

From Table 5.9 the guess above can be proven again, that the size of the corporais not
the only thing that can decide the result of word alignment system. In this table, with
the test corpus of 100 sentences, the best results are achieved while with the same size
in Table 5.8 the worst results are got. It only shows that in this way of choosing gold
standard, the 100 sentences corpus has a better fit than other size.
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TestID | Test Corpus| Recall Precision AER F- User
Measure links

100 0.68 0.81 0.26 0.74 94

500 0.64 0.69 0.33 0.66 568
Paramete 1000 0.64 0.74 0.31 0.69 1100
riD 20 2000 0.66 0.73 0.31 0.69 2082
from 4000 0.65 0.73 0.31 069 4032
I*Trix 5000 0.65 0.72 0.32 0.68 5333

100 0.83 0.75 0.21 0.79 64

500 0.68 0.55 0.39 0.61 544
Gizat++ 1000 0.74 0.6 0.34 0.66 1009
2000 0.73 0.58 0.35 0.65 2181
4000 0.75 0.6 0.33 0.67 4272
5000 0.76 0.6 0.33 0.67 5717

Table 5.9 With GS from the end

In Och & Ney (2003) “A Systematic Comparison of Various Statistical Alignment
Models”, the size increasing made very significant improvement of the results. One
guess for the difference in the two articlesisthat in Och & Ney (2003), they used very
big corpora. The biggest size, 5832 sentences, in this project is just a small number in
that article. So perhaps the influence of corpus size can only be noticed with very big
corpora.

5.2.4 Repeated corpora

From the discussion above, the characteristics of the corpus sometimes influence the
result alot. Statistical resources are the only kind of specific resources used in this
project. How the statistical characteristic of a corpus influences the evaluation result is
therefore worth to be observed.

A test corpusis created for this purpose. The name of the corpusis“repeated-blocks-
1000”. It isa corpus with 1000 sentences pairs. The content of the text isa 10-times-
repeat of Blocks corpus. Blocks corpus has 683 words and 39 unique wordsin the
whole English text file. In this repeated corpus, there are 6830 words, but still 39
unique words. In the Swedish text file of this repeated corpus, 63 unique words come
from 6070 words. This kind of corpus might spread all the influence of statistical
resource because it has very high Statistical ratio. See in Table 5.10.

Corpora | No. of English Swedish
Sent. | No.of | No.of | Statistical | No.of | No. of | Statistical
Words | Unique ratio Words | Unique ratio
Blocks 100 683 39 17.5 607 63 9.6
Repeated- | 1000 6830 39 175 6070 63 96
Blocks-
1000
Table5.10
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For this repeated corpus, a specified complete gold standard is applied, whichisa
gold standard including links of 1000 sentences. The evaluation results from Gizat++
(with classes) and 1* Trix tests shown in Table 5.11.

Test ID Recall Precision AER F-Measure | User links
Gizat++ 0.73 0.59 0.35 0.65 7108
1 0.81 0.86 0.17 0.83 5768
2 0.81 0.86 0.17 0.83 5768
3 0.81 0.86 0.17 0.83 5768
4 0.81 0.86 0.17 0.83 5768
5 0.81 0.86 0.17 0.83 5768
6 0.84 0.86 0.15 0.85 5948
7 0.84 0.86 0.15 0.85 5948
*8 0.94 0.96 0.05 0.95 6008
9 0.85 0.87 0.14 0.86 6028
10 0.88 0.9 0.11 0.89 6028
11 0.88 0.89 0.12 0.88 6028
12 0.71 0.83 0.23 0.77 5278
13 0.49 0.64 0.45 0.56 4709
14 0.84 0.86 0.15 0.85 5948
15 0.84 0.86 0.15 0.85 5948
16 0.84 0.86 0.15 0.85 5948
17 0.84 0.86 0.15 0.85 5948
*18 0.94 0.96 0.05 0.95 6028
19 0.79 0.88 0.17 0.83 5518
20 0.93 0.94 0.06 0.93 6028

Table5.11

From Table 5.11 some conclusions might be drawn.

I Almost all I*Trix results are better than Giza++ with classes results except the
worst onein ID 13. It isthe same as the results in Blocks corpus. For the value of
F-measure in this repeated corpus, most of them have around 0.2 higher results. It
might indicate that at least for high statistical ratio corpus, it’s easier to get better
results with 1* Trix.

I Compared with Table 5.2, in Table 5.11, not only ID 2, 3and 4, but also ID
1,2,3,4 and 5 al have the same results. It might reveal that in high statistical ratio
corpus even the “BASE” level in Statistic resources has a very small influence on
the results.

I TheresultsinID 14, 15, 16 and 17 are exactly the same. In Blocks corpus, these
four tests also have the same results. Different from the guess, the specific
statistical resources do not improve the results for extreme high statistical ratio
corpus.

I Thebest result appearsin ID 8 and ID 18. The highest F-measure number in this
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table is 0.95, which is almost the same as the highest number in Table 5.2. All the
other result numbers are also nearly the same as in Blocks corpus.

I The discussion shows that with the same number of unigque words, no matter how
big the corpusis, the evaluation results are rarely different by using I* Trix.

I Applying this repeated corpus in Giza++, it gets worse results compared with
Blocks corpus. A conclusion might be drawn that Giza++ isless suitable to
handle high statistical ratio corpora.

5.2.5 Monolingual corpora

Until now, all the corpora used are bilingual, which means that they contain English
and Swedish language in source and target files. Trying to seeif these two aignment
systems are reliable, stable, and what is the difference when they align, the simplest
test isto use monolingual with the same content in source and target text files.

A monolingual corpusis created for this reason as shown in Table 5.12. In this
monolingual corpus, the source document is in English while the target document is
exactly same asthe sourcefile.

Corpus Name No. of English Source (Same asin Target)
sentences | No. of No. of Unique Statistical ratio
Words
Blocks-eng-eng 100 683 39 175
Table5.12

The evaluation results come from |1* Trix and Giza++ shown in Table 5.13.

For Gizat++ and most of the I* Trix test results, the F-measure is 1, which means the
aignment files are exactly same as the gold standard. Gold standard for this corpus
was linked manually from one word in source document to the same single word in
target document. So the results show that both of the system can handle this simplest
situation exactly what the annotators expected. From one point of view, it shows these
two systems are reliable and stable basically.

Noticeable, not al of thetestsin I* Trix reach the ideal result. It proves again the
importance for studying parameter setting before using 1* Trix. And if look up in the

link files, sometimes the alignment will be linked like thisway in 1* Trix:
#ColLo14D#C2I3121314D#(1415141514D#
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For some reasons, it does not link 0->0, 1->1..., instead, it links with multiple words
0,1->0,1. Actually, these results cannot be said wrong. It just differs from the gold
standard.

This test also emphasizes the essentials of the gold standard. Gold standard is always
quite tricky in word alignment systems. It’s difficult to tell if the alignment result is
good or not because based on different link strategies and different annotators, gold
standard alignments can be always different.

Used system Recall Precision AER F-measure | User links
Gizat++ 1 1 0 1 671
1 1 1 0 1 671
2 1 1 0 1 671
3 1 1 0 1 671
4 1 1 0 1 671
5 1 1 0 1 671
6 1 1 0 1 671
7 1 1 0 1 671
8 0.42 0.59 0.51 0.49 477
9 1 1 0 1 671
10 0.99 1 0 0.99 669
11 0.99 1 0 0.99 669
12 0.16 0.28 0.79 0.2 390
13 0.2 0.33 0.76 0.25 401
14 1 1 0 1 671
15 1 1 0 1 671
16 1 1 0 1 671
17 1 1 0 1 671
18 0.9 0.95 0.08 0.92 637
19 0.28 0.44 0.66 0.34 430
20 1 1 0 1 670
Table5.13

5.3 Speed of two systems

The running environment for this project is UltraSPARC-11i 440MHz CPU, 256M B
(50ns) memory and the system is SunOS Release 5.8 Version Generic-108528-15 64-
bit. For all the tests above, the speed of 1* Trix is much slower than for Gizat++ system.
In general, using Gizat+, the average speed is 0.1~0.2 seconds per sentence. For
I*Trix, the average speed is 1~2 seconds per sentence. For example, for Access XP
5382 sentences, using Giza++ the speed is around 10 minutes, but with 1* Trix, the
speed is around 150 minutes. Gizat+ speed isamost 10 times of the speed of 1* Trix.
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6. Summary and Conclusions

6.1 Summary

Two word alignment systems are introduced in this paper.

The input format in Giza++ is plaintext, while the input format in 1* Trix is bitext in
XML format. Trying to symmetrize these two systems, a program “xml2text” is
developed to convert XML format into plaintext. To be able to convert from plaintext
into XML format IFDG is used.

Gizat++ uses command line. “Word classes” is an optional step that can be skipped.
I*Trix has a beautiful interface, but the parametersin it are quite complicated and
need to be studied carefully before using.

The output file in Giza++ used in this project is“A3 final”. The output filein I* Trix is
link file. In order to use I* Eval asthe evaluation tool, which also useslink file asits
input, converting A3.final fileinto link file format is a necessary step. The program
“Giza2link” is used here.

Three corpora are applied for the evaluation of the two systems. A detailed study
about 1* Trix parametersis made. In particular, two corpora tried the Giza++ results
with and without word classes. For different corpus sizes, for low statistical ratio
corpus and for monolingual corpus the eval uations are made.

6.2 Evaluation results related to parameter setting

From the I* Trix parameter setting study some conclusions can be made. For normal
corpus both test ID 18 and ID 20 can achieve good results. For high statistical ratio
corpus, ID 18 has better results than ID 20. For lower statistical ratio corpus, on the
way round, 1D 20 usually can get better results. From the study of the Giza++
parameter setting, which is “word classes”, the conclusion can be deduced that word
classes cannot influence the results alot, especially for small corpus.
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6.3 Evaluation results related to corpora

For Gizat++, it’s easier to deal with the corpus that does not lie on specific resources.
Blocks use specific statistical resources, so Gizat++ gets worse results than 1* Trix.

Using Gizat++ is better for big corpora because the speed is much faster. For example,
for corpus Access XP 5000, the result from Gizat++ is almost the same as the result
from 1* Trix, but Gizat++ is 10 times faster. Big corpora with word classes can lead to
better results.

For small and high statistical ratio corpus or corpus with specific resource, I* Trix isa
better choice.

Depending on different gold standard link strategies, both Giza++ and I* Trix might be
a good choice for the same corpus.

6.4 Strengths and weaknesses

The two word alignment systems, Giza++ and I* Trix, have the same purpose. But

they are al different in the way of running, the interface, and the file formats they can
handle and so on. It’simpossible and unfair to say which system is better. What can

be summarized is which system has more strengths or weaknesses in certain situations.

Gizat++ is acomplete word alignment system. It follows the statistical machine model
to deal with the data. The running speed for Giza++ is very fast, and the more training,
the better results can be achieved. Although the running is from command line, it is
still easy to learn. The weakness for Gizat++ isthat only “word classes” is an optional
step. The parameters that can be changed by the users are very few. And because
Gizat++ implemented by using C, it can only use in Unix.

I*Trix, on the other hand, is not a complete software for independent using. The
purpose of developing it isjust amiddle step in other programs. Although it has a
good interface, still, setting the parameters and understanding all the functions are
quite complicated. But I* Trix can deal with different corpus for different parameters
very carefully. In particular, I* Trix can include specific resources for every corpus
which might improve the result.



Gizat+

+ Fast speed

+ Better for big corpora
+ Easy to start running
- No interface

- Only run on Unix

- Few setting ways

6.5 Future work

6. Summary and Conclusion

I*Trix

+ Better for high statistical ratio corpora

+ Better for corporawith specific resources
+ Different setting for different corpora

+ Run on several OS

+ Friendly interface

- Difficult to start running

- Speed problem

The results from this project might be useful for IDA/NLPLab for future research.

If complete gold standard for bigger corpus can be found or be made in the future,
some evaluations on big corpus can be tested to achieve more precise and reliable
results. In this project, the biggest corpus, with 5382 sentences pairs, is still very

small for some tests.

In this project, only statistical resources are consisted for each corpus as specific
resource. For the future work, other specific resources might also be introduced, such

as dynamic resources.

This project only tests on English-Swedish corpora. In the future some other language

might be included.

How these two systems deal with multiple words alignment is also interesting to
know. This has not been paid enough attention to in this paper.
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Appendix A: Concept definitions

To understand language technology expressions, the main concepts used in the project

arelisted here,

Alignment

Annotator

Bitext

Discontinuous link

Evaluation

EGYPT

GIZA

GIZA++

Gold standard

Heuristics

|*Eval

I*Trix

Link(s)

The process of selecting correspondent unitsin a
source and target text. Alignment is here identical to
linking, that is establishing linksin a bitext.

The user who is aligning segments between a source
and atarget text.

An abstract concept refers to the two texts
(monolingual texts) where oneisthe original text and
the other the tranglation of the original. The two texts
are usually named source and target text.

Link from one word or phase to several words, which
are not continuous.

A way for the system devel opers to know where and
what to improve in asystem, for the users to be aware
of strengths and weaknesses of the systems.

A software toolkit for corpus preprocessing, training
and etc.

A software tool in EGYPT, it is used for training
trandlation model.

Extensions of GIZA. Software that will generate
trandation models, support up to IBM model 5 and
includes many new feathers compared to GIZA.

A sample of the bitexts that has been pre-aligned
manually by one or several annotators and then used to
test the alignment output automatically.

The concept "heuristics' means commonly to solve a
problem by trial and error based on experience. The
heuristicsin I* Link combines different methods
together with resources to generate translation
candidate links.

An evauation tool for link results from I*Link and
I*Trix.

An automatic tool for creating and storing associations
between segmentsin a bitexts.

The result of the alignment process. Links are
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Multi-word units (MWUSs),

Parallel corpora

Sentence pair

Sour ce text

Statistical Ratio

Resource

Target text

Unit

Word alignment

correspondent units between the source and target text.
Word sequences and word groups

Natural language utterances and their translations with
alignments between corresponding segments in
different languages.

A source and target language sentence that are
trandations of each other.

The original text which has been translated to the
target text.

Defined as Words/Unique Words in this paper.

A bilexical lexicon which is a collection of models.
The resource can hold lexical information of different
levels which currently are the Word form, base, POS
and functional aspects.

The trandation of source text.

In this manual unit refers either to a segment of a
monolingual text like aword, phrase, sentence etc. but
also the corresponding segmentsin a bitext, i.e.
trandation units.

A process of determining which words in agiven
source sentence should be translated to the wordsin a
given target sentence
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Appendix B: Running Giza++ at IDA

GIZA ++ is an extension of the program GIZA. Installing it in IDA, following
steps need to be done.

1.

2.

9.

Download GIZA++ source code from here to your home directory.
Unzip the file by using
gunzip GIZA++.2001-01-30.tar.gz

tar =xvf GIZA++.2001-01-30.tar

. Edit file Makefile in GIZA++ folder.

a. Set the path where GIZA++ will be installed. For example:
INSTALLDIR =/home/x03xiawa/thesis/GIZA++

b. Set the location of the gnu compiler. For example: CC = g++

c. Set the shell that you are using. For example: SHELL = /bin/sh

. Type “make” to make the executable program.

. To compile plain2snt.cc by using:

g++ -0 plain2snt.out plain2snt.cc

. Download mkcls source code from here.

. Unzip the file and Edit Makefile:

a. Set the path where mkcls will be installed. For example:
INSTALLDIR = /home/x03xiawa/thesis/GIZA++/mkcls

b. Set the location of the gnu compiler. For example: CC= g++

c. Set the shell that you are using. For example: SHELL = sh

. Create an empty file “dependencies” in mkcls folder by using:

cat > dependencies
then Ctrl-D

Type “make” to make the executable program.

10. Compile a bilingual corpus that is sentence aligned. For example:
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cat *.e > english
cat *.t > swedish

11. Run plain2snt.out which is located in the GIZA++ package. In this case,
Swedish is the source language and English is the target language.

plain2snt.out english swedish
Three output files will be created:
a. english.vch
b. swedish.vcb
c. englishswedish.snt
12. Run mkKcls to create word classes. mkcls is a separate package.

/home/x03xiawa/thesis/GIZA++/mkcls/_mkcls -penglish -
Venglish.vcb.classes

/home/x03xiawal/thesis/GIZA++/mkcls/_mkcls —pswedish -
Vswedish.vch.classes

Four output files will be created:
a. english.vcb.classes
b. english.vcb.classes.cats
c. swedish.vch.classes
d. swedish.vcb.classes.cats
13. Run GIZA++

/home/x03xiawa/thesis/GIZA++/GIZA++ -S english.vcb -T swedish.vcb -C
englishswedish.snt
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Appendix C: Code for xml2text

Here is the code used to converting xml file to plaintext without numbers.

import java.util.*;
import java.io.*;
import org.jdom.*;
import org.jdom.input.*;
import org.jdom.output.*;
import org.jdom.xpath.*;
public class xml 2txt
{
public xml2txt(String input, String output)
{
try
{
SAXBuilder builder = new SAXBuilder();

Document doc = builder.build(new File(input));
FileWriter writer = new FileWriter(output);
Element root = doc.getRootElement();
List result =
root.getChild("text").getChild("body").getChild("div").getChild("p").getChildren();
Iterator sentences = result.iterator();
while(sentences.hasNext())
{ Element sentence = (Element)sentences.next();
List wordList = sentence.getChildren();
Iterator words = wordList.iterator();
boolean first = true;
while(words.hasNext()){
Element word = (Element)words.next();
if(first)
first = false;
else
writer.write(" );
String text = word.getText();
writer.write(text,0,text.length());  }
writer.write(\n');

writer.close();
}
catch(Exception ex)
{
ex.printStackTrace();

}
}
public static void main(String[] args)
{
new xmil2txt(args[0],arg9 1]);
}
}
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