®) UAlg

UNIVERSIDADE DO ALGARVE

FACULTY OF HUMAN AND SOCIAL SCIENCES

An Electronic Dictionary of Persian
Verbs

Bahareh Kakanaeeni

Dissertation
Master of Language Sciences

Supervisor Prof. Doutor Jorge Baptista

Faro, 2014



Statement

An Electronic Dictionary of Persian Verbs
Declaracao de autoria do trabalho

Declaro ser a autora deste trabalho, que é original e inédito. Autores e trabalhos consultados

estdo devidamente citados no texto e constam da listagem de referéncias incluida.
©2014, Bahareh Kakanaeeni/ Universidade do Algarve

A Universidade do Algarve tem o direito, perpétuo e sem limites geograficos, de arquivar e
publicitar este trabalho através de exemplares impressos reproduzidos em papel ou de
forma digital, ou por qualquer outro meio conhecido ou que venha a ser inventado, de o
divulgar através de repositérios cientificos e de admitir a sua copia e distribuicdo com
objetivos educacionais ou de investigacdo, ndo comerciais, desde que seja dado crédito ao

autor e editor.

An Electronic Dictionary of Persian Verbs
Declaration of authorship of the work

[ hereby declare to be the author of this work, which is original and unpublished. Writers
and works consulted are properly quoted in the text and listed in the list of references here

included.
©2014 Bahareh Kakanaeeni / University of Algarve

The University of Algarve is entitled, perpetually and without any geographical limits, to file
and publicizing this work through printed copies reproduced on paper or in digital form, or
by any other known medium or any as yet to be invented, through its promotion on scientific
reposition and admit its copy and distribution for educational or research non-commercial

purposes, as long as credit is given to the author and to the publisher.



Acknowledgements

Foremost, I would like to express my honest appreciation to my supervisor Prof. Jorge
Baptista for support of my Master study and thesis, for his patience, motivation, enthusiasm,
and enormous knowledge. His supervision helped me in all the time of research and writing
of this thesis. I could not have imagined having a better supervisor and teacher for my Master
study.

My deepest heartfelt appreciation goes to my dear husband, Vahid, for his
passion, kindness and sustenance, without him this project would simply stay as
a nice idea.

Last but not the least, [ express my love and gratitude to my families, for their understanding

and endless love, through the duration of my studies.

Faro, July 3rd 2014

Bahareh Kakanaeeni



Abstract

There are more than 110 million Persian speakers in the world, but the lexical resources for Natural
Language Processing (NLP) of the Persian language are still too scarce. Though Persian (or Farsi)
uses an adapted form of the Arabic script, it is an Indo-European language and its verbal inflection is
based on stems and affixes.

This projectis to be considered as a first step towards the construction of large-scale lexical resources
for Persian, and the development of a Persian module to be distributed with the Unitex linguistic
development platform. The specific goal of this dissertation is to build a morphologic, machine-
readable dictionary of Persian verbs, using a dictionary of lemmas and a set of morphologic finite-
state transducers (FST) to generate all the inflected forms associated to each lemma, and encode
them with all the relevant morphosyntactic information (tense, person-number, etc.).

This task is complicated in Persian verbal morphology by the fact that each verb has two stems (past
and present), different inflection paradigms are used for written (formal) and oral (informal)
language uses, and several compound tenses can be formed through combining prefixes and suffixes
with base inflected forms, the same tense being able to constitute one, two or more different tokens
(separate written forms).

A small dictionary of lemmas (145) and their respective written (292) and spoken (127) stems was
built, each stem was provided with the appropriate inflection conventional code, which correspond
to an inflection paradigm. The list of lemmas was compiled based on frequency data from a large
Persian corpus, the TEP (Tehran English-Persian Parallel Corpus), containing around 4.5 million
words, and selecting the most frequent verb forms.

At its current state, the dictionary of inflected forms contains 1,536 entries.

In Persian, in average, each verb lemma yields 28 simple inflected forms, 14 simple 'written' inflected
forms and 14 'spoken' inflected forms, and relatively, for each stem there are 7 inflected forms.

The recognition of compound tenses is carried out by a set of 22 FST using the system morphological
mode and the previous lexical annotation of simple verb forms. These FSTs allowed for the retrieval
of 3,953 compound verb tenses from the corpus.

For the -evaluation of this language resource, a sample text, retrieved from the
www.persian.euronews.com, and containing around 1000 words was used to assess the lexical
coverage of the simple words' dictionary and the compound tenses' lexical graphs. The evaluation
was done manually, based on the recognized words and those that were not identified by lexical
resources built here.

Keywords

Persian (Farsi), verb, electronic (or machine-readable) dictionary, inflectional morphology, finite-
state automata and transducers
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Resumo

H4 mais de 110 milhdes de falantes da lingua Persa (ou Farsi) no mundo, mas os recursos lexicais
para Processamento de Lingua Natural (NLP) disponiveis para esta lingua ainda sdo muito escassos.
Embora o Persa use uma forma adaptada do alfabeto arabe, é uma lingua indo europeia e sua flexao
verbal é baseada em morfemas radicais e afixos.

Este projeto deve ser considerado como um primeiro passo para a construcdo de recursos lexicais
em larga escala para o Persa, e o desenvolvimento de um mdédulo do Persa a ser distribuido com a
plataforma de desenvolvimento linguistico UNITEX. O objetivo especifico deste trabalho é construir
um diciondrio eletrénico, legivel por maquinas, de verbos do persa, usando um dicionario de lemas e
um conjunto de transdutores de estados finitos (FST) morfolégicos para gerar todas as formas
flexionadas associadas a cada lema, codificando-as com toda a informacao morfossintatica relevante
(pessoa-numero, tempo-modo, etc.). Esta tarefa é complicada na morfologia verbal persa pelo facto
de cada verbo tem dois estemas (ing. stem), um para os tempos do passado e outro para os do
presente; sdo também empregues diferentes paradigmas de flexdo na linguagem escrita (mais
formal) e na oralidade (informal); e, finalmente, pelo facto de varios tempos compostos poderem ser
formados através da combinacio a prefixos e sufixos com formas flexionadas de base, ao mesmo
tempo que podem constituir-se num unico, em dois ou até mais diferentes palavras graficas (tokens).

Um pequeno dicionario de lemas (145) e seus respectivos estemas da forma 'escrita’ (292) e 'falada’
(127) foi, entdo, construido, e cada estema acompanhado pelo cédigo de flexdo convencional de
flexdo adequado, e que corresponde a um paradigma de inflexao. A lista dos lemas foi compilada com
base em dados de frequéncia de um grande corpus persa, o TEP (Tehran English -Persian Parallel
Corpus), contendo cerca de 4,5 milhdes de palavras, e selecionando as formas verbais mais
frequentes. No seu estado atual, o dicionario de formas flexionadas contém 1.536 entradas. Em Persa,
em média, cada lema verbal produz 28 formes simples: 14 formas simples 'escritas' flexionadas e 14
formas 'faladas’, dado que cada stema.

0 reconhecimento de tempos compostos é realizado por um conjunto de 22 FSTs utilizando o modo
morfologico do sistema e a prévia anotacdo lexical de formas verbais simples. Estes grafos
permitiram reconhecer 3.953 formas compostas no corpus utilizado.

Para a avaliacdo deste recurso linguistico, utilizou-se um texto obtido a partir da
www.persian.euronews.com e contendo cerca de 1.000 palavras, a fim de estimar a cobertura lexical
dos recursos construidos. A avaliacdo foi feita manualmente com base nas palavras reconhecidas e
nas nao identificadas pelos recursos lexicais aqui construidos.

Palavras-chave

Persa (Farsi), verbo, dicionario eletrénico, morfologia flexional, autématos e transdutores de estados
finitos
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Extended Abstract

This project is to be considered as a first step towards the construction of large-scale lexical resources
for Persian, and the development of a Persian module to be distributed with the Unitex linguistic
development platform.

The Unitex 3.0 has resources for English, Finnish, French (France, Quebec), Georgian (Ancient),
German, Greek (Modern and Ancient), Italian, Korean, Norwegian, Polish, Portuguese (Brazil,
Portugal), Russian, Serbian (Cyrillic and Latin alphabets), Spanish and Thai.

The specific goal of this dissertation is to build a morphologic, machine-readable dictionary of
Persian verbs, using a dictionary of lemmas and a set of morphologic finite-state transducers (FST)
to generate all the inflected forms associated to each lemma, and encode them with all the relevant
morphosyntactic information (tense, person-number, etc.) because, there are more than 110 million
Persian speakers in the world, but the lexical resources for Natural Language Processing (NLP) of the
Persian language are still too scarce.

Though Persian (or Farsi) uses an adapted form of the Arabic script, it is an Indo-European language
and its verbal inflection is based on stems and affixes.

This task is complicated in Persian verbal morphology by the fact that each verb has two stems (past
and present), different inflection paradigms are used for written (formal) and oral (informal)
language uses, and several compound tenses can be formed through combining prefixes and suffixes
with base inflected forms, the same tense being able to constitute one, two or more different tokens
(separate written forms).

A small dictionary of lemmas (145) and their respective written (292) and spoken (127) stems was
built, each stem was provided with the appropriate inflection conventional code, which correspond
to an inflection paradigm.

Since the inflected forms of a given verb are produced from its stems, the lemma proper was encoded
as a supplementary feature in the verbal entry, which allows for the retrieval of any inflected verb
form from texts using that feature.

The list of lemmas was compiled based on frequency data from a large Persian corpus, the TEP
(Tehran English-Persian Parallel Corpus), containing around 4.5 million words, and selecting the
most frequent verb forms.

For each inflection paradigm, a morphologic FST was built to generate the corresponding inflected
forms.

At its current state, the dictionary of inflected forms contains 1,536 entries.

In Persian, in average, each verb lemma yields 28 simple inflected form, 14 simple 'written' inflected
forms and 14 'spoken’ inflected forms, and relatively, for each stem has 7 inflected forms.

The recognition of compound tenses is carried out by a set of 22 FST using the system morphological
mode and the previous lexical annotation of simple verb forms. These FSTs allowed for the retrieval
of 3,953 compound verb tenses from the corpus.

Vi



Two Bakus-Baur form (BNF), one for simple and another for compound inflected forms' entries were
built in the form of finite-state graphs and used to automatically validate the format of the lexical
entries.

For the evaluation of this language resource, a sample text, retrieved from the
www.persian.euronews.com, and containing around 1000 words was used to assess the lexical
coverage of the simple words' dictionary and the compound tenses' lexical graphs.

The evaluation was done manually, based on the recognized words and those that were not identified
by lexical resources built here.

Only one simple verb form, from the 43 verb forms found (107 occurrences), was not in the dictionary
by a lapse in the construction of the respective graph flexion, which has been corrected.

Regarding compound verb forms, the lexical graphs produced 31 lexical entries corresponding to 20
different forms, occurring 46 times in the text. Only one form, involving the contraction of a negation
morpheme with a verb (a single instance) was not identified.

Vil
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Resumo Alargado

H4 mais de 110 milhdes de falantes da lingua Persa (ou Farsi) no mundo, mas os recursos lexicais
para Processamento de Lingua Natural (NLP) disponiveis para esta lingua ainda sdo muito escassos.
Embora o Persa use uma forma adaptada do alfabeto arabe, é uma lingua indo europeia e sua flexdo
verbal é baseada em morfemas radicais e afixos.

Este projeto deve ser considerado como um primeiro passo para a construcdo de recursos lexicais
em larga escala para o Persa, e o desenvolvimento de um médulo do Persa a ser distribuido com a
plataforma de desenvolvimento linguistico UNITEX.

O objetivo especifico deste trabalho é construir um dicionario eletrénico, legivel por maquinas, de
verbos do persa, usando um dicionario de lemas e um conjunto de transdutores de estados finitos
(FST) morfolégicos para gerar todas as formas flexionadas associadas a cada lema, codificando-as
com toda a informagdo morfossintatica relevante (pessoa-nimero, tempo-modo, etc.).

Esta tarefa é complicada na morfologia verbal persa pelo facto de cada verbo tem dois estemas (ing.
stem), um para os tempos do passado e outro para os do presente; sio também empregues diferentes
paradigmas de flexdo na linguagem escrita (mais formal) e na oralidade (informal); e, finalmente,
pelo facto de varios tempos compostos poderem ser formados através da combinacao de prefixos e
sufixos com formas flexionadas de base, a0 mesmo tempo que podem constituir-se num dnico, em
dois ou até mais diferentes palavras graficas (tokens).

Um pequeno dicionario de lemas (145) e seus respectivos estemas da forma 'escrita’ (292) e 'falada’
(127) foi, entdo, construido, e cada estema acompanhado pelo cddigo de flexdo convencional de
flexdo adequado, e que corresponde a um paradigma de inflexao.

Uma vez que a flexdo é produzida a partir dos estemas, o lema do verbo é tratado como um traco
suplementar nas entradas do diciondario, o que permite pesquisar as ocorréncias de um dado verbo
num texto a partir do respetivo lema.

. Alista dos lemas foi compilada com base em dados de frequéncia de um grande corpus persa, o TEP
(Tehran English —-Persian Parallel Corpus), contendo cerca de 4,5 milhdes de palavras, e selecionando
as formas verbais mais frequentes.

No seu estado atual, o dicionario de formas flexionadas contém 1.536 entradas. Em Persa, em média,
cada lema verbal produz 28 formes simples: 14 formas simples 'escritas’ flexionadas e 14 formas
'faladas’, dado que cada stema.

0 reconhecimento de tempos compostos é realizado por um conjunto de 22 FSTs utilizando o modo
morfolégico do sistema e a prévia anotacdo lexical de formas verbais simples. Estes grafos
permitiram reconhecer 3.953 formas compostas no corpus utilizado.

Duas formas Bakus-Naur (BNF), uma para as entradas das palavras simples e outra para as entradas
de formas compostas flexionadas, foram construidas sos a forma de graficos de estados finitos e
utilizadas para validar automaticamente o formato das entradas lexicais.

Para a avaliagdo deste recurso linguistico, utilizou-se um texto obtido a partir da
www.persian.euronews.com e contendo cerca de 1.000 palavras, a fim de estimar a cobertura lexical
dos recursos construidos.

Vil
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A avaliacao foi feita manualmente com base nas palavras reconhecidas e nas nao identificadas pelos
recursos lexicais aqui construidos.

Apenas uma forma simples de um verbo, de entre as 43 encontradas (107 ocorréncias), ndo estava
registada no diciondrio, por lapso na construc¢do do respetivo grafo de flexdo, o que foi corrigido.

Quanto as formas verbais compostas, os grafos lexicais produziram 31 entradas lexicais,
correspondendo a diferentes flexdes de 20 formas, que ocorrem 46 vezes no texto.

Apenas uma forma, correspondendo a contracdo de um morfema de negagcdo com um verbo (uma
unica ocorréncia) nao foi identificada.
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1. Introduction

There are approximately 110 million Persian (natively known
as _w, Ls Farsi [four'siz] or _w, L, Parsi) speakers worldwide?, with the language property
official status in Iran, Afghanistan and Tajikistan. For centuries, Persian has likewise been a
prestigious cultural language in Central Asia, South Asia, and Western Asia. Persian is used as
a liturgical language of Islam not only in Iran, Afghanistan, and Tajikistan, but also
in Pakistan and North India.

In spite of its cultural and demographic importance, studies in Natural Language Processing (NLP)
on Persian are scarce. One of the main problems is the fact that lexical resources for NLP are
almost non-existed in Persian, as well as, no literature review existed for this theme.

We intend to start the building of a new module for the Unitex? linguistic development platform
(Paumier 2003, 2013) by describing the inflection of Persian verbs.

This project is to be measured as a first step towards the construction of large-scale lexical
resources for Persian, and the development of a Persian module to be distributed with the Unitex
linguistic development platform.

The project consists in formalizing the main inflectional paradigms of Persian verbs and produce
automatically all the inflected forms, simple and compound, both formal and informal forms?,

associated with them from a dictionary of lemmas.

L http://en.wikipedia.org/wiki/Persian_language [URL <access in 10-05-2013>]

2 http://www-igm.univ-mlv.fr/~unitex/

3In Persian, verbs can be used both in formal and informal speech and these informal uses occur most of the times
in speaking but they can appear in writing also; formal and informal verb forms are morphologically different so they
have to be taken into account in inflectional dictionary. In following pages, we call these verbs as a spoken (informal)
and written (formal) forms. For example, 2 amad is the written stem of the verb "come" but the spoken stem is
sl omad.


http://en.wikipedia.org/wiki/Afghanistan
http://en.wikipedia.org/wiki/Tajikistan
http://en.wikipedia.org/wiki/Western_Asia
http://en.wikipedia.org/wiki/Sacred_language
http://en.wikipedia.org/wiki/Iran
http://en.wikipedia.org/wiki/Afghanistan
http://en.wikipedia.org/wiki/Tajikistan
http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/North_India

Unitex is a collection of programs developed for the analysis of texts in natural language by using

linguistic resources and tools. These resources consist of electronic dictionaries, local grammars

and the lexicon-grammar tables with lexicon-grammatical information about the predicative

element's properties of a language (M. Gross 1996).

These languages already exist in Unitex: English, Finnish, French (France, Quebec), Georgian

(Ancient), German, Greek (Modern and Ancient), Italian, Korean, Norwegian, Polish, Portuguese

(Brazil, Portugal), Russian, Serbian (Cyrillic and Latin alphabets), Spanish and Thai.

In such electronic dictionary of inflected forms, each verb form is linked to the corresponding

lemma, its part of speech (POS) and all grammatically relevant information pertaining to that word.

1.1. Objectives

For achieving the aim of this project, we must perform these following steps:

1. Build a sufficiently large lexicon of Persian verbs, in parliamentary procedure to reach a
reasonable lexical coverage;

2. Produce a Persian verbs dictionary of lemmas, associated with their corresponding inflectional
paradigms;

3. Build inflectional graphs to generate automatically the both simple and compound forms of
Persian verbs, in order to produce a dictionary of inflected forms, aiming at a highly granular
and systematic description of all the relevant grammatical values pertaining to those forms.

4. Apply the BNFs to validate automatically the inflect words’ dictionary that retrieved from the
corpus to evaluate the formal correction of the result.

5. Apply the Persian dictionary to a sample of text in order to assess the lexical coverage and

grammatical adequacy of the dictionary.



2. Methodology

2.1. Synopsis of Persian verb morphology

Persian has a complex verbal tense system* (Tabatabayi, A. (2010))° (- its Instructional Technology

Services. (2007))°. Besides having specific endings for some tenses, for instance:

e Simple Past (GS') , o_i_s, 8raftam, (lit. “went 1”’), means “I went”

e Simple Present (HS) o, ravam, (lit. “go I’), means “I go”;
Certain tenses are produced by adding prefixes to some inflected forms, for example:

e Past Continuous (GC), pid, o (aidrro) miraftam [mi+raftam], (lit. “ing=duration
went I””), means “I was going” which is formed by the prefix mi— () and the simple
past forms followed by the suffix —am (a/) ;

e Present Continuous (HC) pss -+ (ps_xo), miravam [mi ravam], and (lit.
“ing=duration go I”’), means “I am going” that is also shaped by the prefix mi— () and
the simple present forms followed by the suffix —-am (»/). These two tenses can be

composed with the prefixes both joined and parted;

4 http://en.wikipedia.org/wiki/Persian_verbs [URL <access in 15-06-2013>]

5 http://dlib.ical.ir/site/catalogue/789489 [URL <access in 15-06-2013>]

5 http://sites.la.utexas.edu/persian_online_resources/verbs/ [URL <access in 01-07-2013>]

7 The codes here used for tenses are conventional, but they were derived from the Persian terminology, for easy
mnemonic; GS= Gozashteye Sade (s3l 415X) Simple Past, HS= Hale Sade (ssl J) Simple Present, GC= Gozashteye
estemrari (s iul 435X) Past Continuous, HC= Hale estemrari (s_) <l Js) Present Continuous, HP= Hale kamel
(34 Js) Present Perfect, HU= Hale eltezami (='J3 Js) Present Subjunctive, 1= amri (s_<!) Imperative, HF= Hale
Kamel estemrari (s sisl JolS Ja) Present Perfect Continuous, GP= Gozashteye kamel (J«\S 413X) Past Perfect, GF=
Gozashteye Kamel estemrari (sl <ivl JalS 433X) Past Perfect Continuous, HK= hale kamele eltezami (! 5l Ja\S Js))
Perfect Subjunctive), AS= Ayande (s241) Simple Future.

8 All example provided in a first person singular.
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e Present Subjunctive (HU) ~,_o, berravam, (lit. “be=subjunctive particle go 1”), means,
“(that) I go” that is formed by the prefix be— () and the simple present forms followed
by the suffix -am (»/) .

e Imperative (1) , ., boro, (lit. “b=imperative particle go you”), means “(you) GO!” which

is made by the prefix b— () followed by the root of the present formro (,,);

In addition, Persian has one tense, which is created by appending suffixes to the simple past form

of the verb like as:

e Present Perfect (HP),r/ <4, rafteh am, (lit. “gone I””), means “I have gone” which is

made by the simple past forms followed by the suffix -ham (s/ »);

Furthermore, compound tenses are created by adding a prefix and a suffix to some inflected forms

and they can be written as two tokens or three tokens compound, such every bit:

o Present Perfect Continuous (HF) s/ +«isd, o (p/ +idico), mirafteh am
[mi+rafteh+am], and (lit. “ing=duration gone I”’), means “I had been going” is formed by

the prefix mi— () and the simple past forms followed by the suffix -ham (/7 o).

There are also some compound tenses made by adding suffix or prefix to some inflected forms,
but in this case, the suffix or prefix is not meaningless words, it is a verb and also for changing,

the person of the verb the suffix or prefix verb changed not a basic verb, such as:

o Past Perfect (GP) , o0 <4, rafteh bodam (lit. “gone been I””), means “I had gone” is
formed by the simple past third singular person followed by -h ( ») and inflected form of

the simple past forms of bod (. . ) been;



e Past Perfect (GF) ~/ .04, i, raften bode am [raften+bode+am], (lit. “gone had
been I””), means “I had gone” is formed by the simple past third singular person followed
by —h (») and the simple past forms of bod (. .) been followed by the suffix —ham
(pl o),

e Present Perfect Subjunctive (HK) , o L <4, rafteh basham (lit. “gone be I”’), means “I
have gone” is formed by the simple past third singular person followed by —h () and
inflected forms of the simple present forms of bash (s L) be;

e Simple Future (AS) cs, ae /> khaham raft (lit. “Want | go”), means “I will go” is
formed by inflected forms of the simple present forms of Khah (. / ,~) want followed by

the simple past third singular person form of the verb.

2.2. Alexicon of Persian verbs

In order to select the most frequent verbs for the lexicon, we used the TEP corpus: Tehran English-
Persian Parallel Corpus (Pilevar et al. (n.d.)) ° obtained from the Natural Language and Text
Processing Laboratory of Tehran University'®. The corpus consists of 4 million tokens and, after
being tokenized with Unitex 3.0, it features 556,234 sentences, 15,166,987 (64,492 different)
tokens, 4,485,147 (64.365 different) simple word forms and 3,239,250 (10 different) digits.
Using the frequency list of the corpus’ words ranked by decreasing frequency and automatically
listed by the Unitex, we estimated the cumulative frequency of its word forms.

We then annotated the verb forms, indicating their lemma, starting from the most frequent words
until we attained a rank corresponding to a cumulative percentage of 90% of the total corpus word

forms (around 3 million and a half) corresponding to 1,466 different verb forms.

9 http://ece.ut.ac.ir/nlp/resources.htm
10 http://ece.ut.ac.ir/nlp/
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g Q © 8 "c_'s' (7))
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ol 2 o o| 81® = = > | (Stem)
16877 | ss| 16877 | 0.015707 | s | “*|bod | Been V002 V002,25
12935 | «il| 29812 | 0.027746 | 2| <™ bash | Be V001 V008, ik
11564 | 25| 41376 | 0.038509 | (i A% | shod | became | V002 V002,
10835 | ~<| 52211 0.048593 | 5| | kon | Do V001 VO001,c8
10295 | )| 73057 | 0.067994 | cizs | 2| dar | have V001 V008, s
0428 | S| 82485 0.076769 | ;25|  <|kon |do V001 VO001,c8
9344 | »J2| 91829 | 0.085466 | cisi:| 2| dar | have V001 V001, s
8614 | <l | 100443 | 0.093483 | 05| < |ast | ls V003 V003, sl
7104 | -1 | 107547 | 0.100094 | 05| < | hast |Is V004 V004, Cast
6932 | s, | 114479 | 0.106546 | casla| 2| dar | have V001 V001, s
6756 | e | 121235 | 0.112834 | (& | sho become | V001 V008,

Table 1. Lexicon table of Verbs

Table 1 indicates a fragment of the lexicon of verbs, built from the list of simple row and their

frequencies, where just the verb classes are presented, in decreasing frequency in decreasing

frequency.

The Count column shows the frequency of the token in the corpus and the Cumulative count

column presents the total number of verb forms up to that word.

The Cumulative percentage column indicates the percentage of the corpus that the previous

Cumulative count represents.

For each token, the corresponding lemma was added. Since, in Persian, the simple tenses are

derived from two distinct stems, each stem constitutes a different entree, but the same lemma is

provided for both stems, so that the two sets of inflected forms will be linked up to the same lemma.




For example: ;i 4, raftan “to go” has two stems; , , ro “go” is the stem of the present form and
< é raft "gone” is the stem of past form of the same verb. In Persian, lemma builds by adding
“,—an” to the end of past stem, for example: <, raft + ; an = i, raftan.

Also for more consideration about each verb stem and the lemma, we use two websites (Redirected
from Persian in Texas)! and ( o> Lw Jxs feele sade “Simple Verb”'?) that these websites are

contain of Persian verb stems and lemmas.

2.3. APersian verbs dictionary of inflected forms
For building a dictionary of lemmas and their respective written and spoken stems, for each stem,
we must provide the appropriate inflection conventional code, which correspond to an inflection

paradigm.

Since the inflected forms of a given verb are produced from its stems, the lemma proper was
encoded as a supplementary feature in the verbal entry, which allows for the retrieval of any

inflected verb form from texts using that feature.

11 http://persian.nmelrc.org/pvc/simpleverbs.php
Phttp://fa.wikipedia.org/wiki/%D9%81%D8%B9%D9%84 %D8%B3%D8%A7%D8%AF%D9%87



2.3.1. BNFs

In order to provide formal guidelines for the description of the verb tense inflection®3, we have
built a BNF (Backus Normal Form or Backus—Naur Form)* with all the relevant grammatical
information pertaining to the verb inflection. In computer science, a BNF is an annotation
technique for context-free grammars, often used to identify the syntax of languages used in
computing, often used to describe the syntax of languages used in computing. Two Finite-State
Automata (FSA), shown in Figure 1 and Figure 2, were built to be used as BNFs for the validation

of the simple and compound inflected words’ dictionaries.

The goal is to use these FSA in order to validate automatically the inflect words’ dictionary entries.

{ S=Simple  H= Present

HSTsm=22 HS1pm=x) HS1s=ass HSTp=as)
HS3sm=2) HS3pm=gss HS3s=2s) HS3p=iy)
HS2sm=c, HS2pmmy, HS25=us> HS2p=ys)

m= spoken (informal) Him=, Hr=Present root

Hr=3,

u
GF&J

Gr=Past root

<MOT> {H 4 { { {I <MOT> @<MOT> -

Lemma g8, o, Stem  Wordform

S§1p=nd)
GS2s=gé ) GS2D=% n=negetive
GS3s=ci) G§3p=is,

Figure 1. BNF1 for simple tenses

13 http://en.wikipedia.org/wiki/Persian_verbs
14 http://en.wikipedia.org/wiki/Backus%E2%80%93Naur_Form
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The graph (Figure 1) describes the format of an inflected word entry in the DELAF (dictionary of
inflected form) and it reads (right to left'®) as follows: the first box with the in-built mask <MOT>
stands for any simple word (one token); it is followed by a comma °,” and the second word stands
for the stem; then a dot °.” separates it from the part-of-speech and here, only “V” for verb, followed
by ‘+” and “L” is a code for lemma, “=" shows that the “L” is equal to the corresponding Lemma
that shows as a third word (MOT); in this stage, the verb entry has two major paths issuing from
that point onward: one for “H”, representing the present forms, and another for “G”, which
represents the past forms; a third path goes to “r” for the roots of both the present and the past
forms. As this is a simple word entries’ BNF, the past and the present forms have only simple
tenses; thus, each main path is followed by the “S” for simple tense, the code “n” is used to show
the negation, the “1”, “2”, and ”’3” symbols for 1%, 2" 3™ person respectively, “s” and “p” for
singular and plural forms which, “m” stands for spoken (informal) verb forms and also the line
without “m” shows the written (formal), for example: HS1s is written simple present first singular
person and HS1sm is spoken simple present first singular person. The same is done for the past
forms.

The graph in the following figure (Figure 2) is read in the similar way as the previous one, but it
describes the entries of compound tenses. The first box shows a loop for the compound form entry
(more than one token). For the present tenses “H”, we find the codes®® for the Continuous “C”,
Subjunctive “U”, Perfect Continuous “F”, Perfect “P”” and Perfect Subjunctive “K” tenses; for the
past tense “G”, we find the Continuous “C”, Perfect continuous “F” and Perfect “P”. For the

Imperative mode the code “I” is used, but only the second person value has been considered, both

15 Normally, graphs in Unitex are from left to right but the direction here is opposite because writing order in Persian
is from right to left.

16 We do not use the same letters (codes) as in Unitex manual, because it does not have the all letters which we
need, also we wanted that the present (H) and the past (G) be divided to be more understandable.



for singular and plural. For the Future tense “A”, there is only the Simple “S”, which in fact is a
compound form (e.9. c.s, a» / 4% khaham raft (lit. “Want I go”’) means, “I will go”), the “simple”
being the traditional grammatical term used to describe it.

Examples of all inflections are provided for the verb i raftan “to go”.

n C| C=Continuos
HCts=s) 1_ I )
HC2s=es e S{EF { H= present s G
HC35mtsy e = HUtsn HUM=msy  HDsegida

3 = =
HCTp=ps) - K WisPsnr Wi J‘f” HF 3520l 48 e
HC2p=ys) P=Perfect HUSs=25 - HU3p=d i
HC3p=iis) e U=Subjunctive o HFp=y! < e

F=Perfect Cotinuos K=Perfect Subjunctive HFp=s) €
N
@ HF3p=l ¢ e

Stemy Wordforms

|<MoT>fl= HHI <MOT>W

C=Continuos

125=5 l .
sy 2 Lemma . HP1s=5l4,
= «.9 n | = i = i
Vo SLlssipe STRR%
0 (=Past (C25= e GC2p=1s
| .. _ HP3g=cul 43
— ) (3C35=ci e GCIp=uit
| <2 A Asfuture P,
ASTs=Ce )l 3 o -y
ASDs=2 =N n=negative p=yl42)

Figure 2. BNF2 for compound tenses
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2.3.2. Inflection FSTs for Written simple words
In order to generate the inflected forms associated to each lemma, we built four graphs for written

simple forms of verbs. These graphs are shown in Figure 3 and Figure 4.

{
HS3p ] HS3s
r

Figure 3. V0O1: written simple present dictionary graph

This graph describes changes the stem of the word undergoes in order to generate all inflected
forms of written simple present. Starting with the box in the upper-right side, we see that the simple
present first person singular (HS1s) is produced by adding “ » m” to the stem, for example: for the
verb i, raftan “zo go” whose stem of the present is ,_ rav'’, this will yield the form 4,

ravam.

17 When the present stem of the verb ends up with —av asin , , rav “go”, it changes to —o as in the present root (Hr)

4 ro. In the second person singular of imperative form prefix __, be- also becomes _ bo-.
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The same is done for the remaining inflections in Figure 4; the graph shows the inflection of the

written simple past.

Figure 4. V002: written simple past dictionary graph

In Persian, we have two verbs cws/ast “to be” and cuws hast “to be” that derived from the verb
of Josbodan “to be” which do not follow the same structure as simple present. Because of
this, for ast “be” and cww hast “be”, a specific set of graphs must be built. These are shown in
Figure 5 and Figure 6.

In the case of cwwrast “be”, only the present simple third singular person (HS3s) and the present

root (Hr) exist.

O

iy

H53s

Hr

Figure 5. V003: < ast (be) dictionary graph
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In the case of <. hast “be”, only the simple present (HS) tenses (all forms), and the present
root (Hr) exist, the difference between this verb inflections from the other simple present verb
inflections is that, this verb followed the simple past inflections rule.

Figure 6. V004: < hast (be) dictionary graph

2.3.3. Inflection FSTs for Spoken simple words

As noted before, Persian uses different inflections for written (formal) and spoken (informal)

forms.

Nevertheless, these forms also appear in written texts. So, they also have to be taken into account.
In order to generate the inflected forms associated to each lemma of the spoken inflections, we
built five graphs. These graphs are shown in Figure 7, Figure 8, Figure 9, Figure 10 and Figure
11, which explain the differences between these five graphs below. The “spoken” forms are
signaled by the code ‘m’. The term s/ »_sls« mohavereyi “spoken”, used in Persian grammar to

donate the spoken form.

13



Figure 7. V0O05: spoken simple present dictionary graph without root

The graph in the Figure 7 is read in the similar way as the written simple present graph, but only
suffixes in plural forms are different and also it does not have a root.
We made another graph for a spoken simple present, which are presented in the graph of Figure

8; simply, the difference of this graph from previous one is that this graph has a root form (Hrm).

Figure 8. VV008: spoken simple present dictionary graph with root

14



In the other cases, some verbs get . d instead of » h as a suffix in the third singular person
(HS3sm), for example: the verb w1 o= khastan “want” with the spoken stem of 1 , = kha “want”

in a third singular person from gets > d (1 o» kha+ > d =khad 2/ ,»).

This graph is shown in Figure 9.

= &
HS3pm |2 HS1pm
HSZ2pm

Figure 9. VOO7: spoken simple present dictionary graph with changes in HS3sm

The graph in the Figure 10 is read in the similar way as the written simple past graph, but only
suffixes in plural forms are changed, this graph made and used only for a spoken (informal) stem

that never use these stems in formal writing.

15



s
?
F
GS G5 1sm
sSm
O 4
Grm
5 -
) C &

GS3pm  Gs2pm GS1pm
Figure 10. VV009: spoken simple past dictionary graph
We added one more graph in Figure 11 for spoken simple past, sometimes the past written (formal)
stem of the verb by getting a spoken (informal) suffixes become an informal verb and this case
only happened in second and plural person of simple past. For example: the verb s, pokhtan
“cook” with stem of csx, pokht “cook” in written ( formal) third plural person get . and
(e pokht + us— and = .isis, pokhtand) but if we add = an (informal suffix) instead of

.= and, it has become an informal verb (e, pokht+ — an = ;s pokhtan).

GS3pm

Figure 11. VV006: spoken simple past dictionary graph with changes in GS2pm and GS3pm
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2.3.4. Compound inflection FSTs

Persian adopts a complex system of compound tenses to express other mode, tense, and aspect

variation (See 2.1).

We built several graphs for compound tenses as sub-graphs® in one main graph, which intends to
capture all correspond inflected forms. This is shown in Figure 12.

The sub-graph on the left consist of the compound tenses without negation, while the sub-graphs
on the right describe the negative compound tenses. This is indicated in the graphs names by an
“n”.

For example, HC stands for the Present Continuous, while, HCn designates the negative Present

Continuous.

Figure 12. Compound-tenses dictionary graph

To illustrate a sub-graph, consider Figure 13.

“w,n

18 Each sub-graph is one graph, that we put it in one main graph by using a “:” and the name of the graph, for
example: we write “:HC” in one box and Unitex automatically find the graph, you can open a sub-graph by clicking
on the grey line while pressing the Alt key.

17



N

<V.GSls>
5V LEMMAS.5V.CODES:GC1s$V$$Px§} AYAS
>—<V:GS2s>
5V .LEMMAS.5V.CODES:GC2s$V5$PH§} VA)

> <V.GS3s>
SV.LEMMAS.$V.CODES:GC3s$VI$ Pix$} TA)

> <V.GS1p>
SV.LEMMAS.$V.CODES:GC1p$VESPix$} TA)

>—<V:GS2p>
SV LEMMAS .5V .CODES$.GC2p$VE$ Pixs$} TA)

> <V.GS3p>
$V.LEMMAS.$V.CODE$:GC3p$V$§$Pix$} $V$

Figure 13. GC sub-graph: Past continuous (GC)

This graph describes the past continuous compound forms and it has two main paths that
correspond to the possibility of the prefix . mi— to be attached (upper path) or split up (lower
path) from the base word. In the first path, the simple form that is to be recognized is marked
between > < to indicate that the graph is working in the morphological mode (Paumier 2013 page
67 ff.; 129 ff.). The string .. mi— is associated to the variable $Pfx$ because it is a prefix, which
is then followed by the form that has already been tagged as <V: GS1s>, that is a verb in the past
simple first person singular. This form is associated to variable $V$. In the output, the system
produces the compound entry which consist of the content of the variables $Pfx$ and $V$, the
lemma of $V$, the codes of $V$ and the inflection code for the past continuous first singular

person {GC1s}. A similar procedure is carried out for the remaining simple inflected forms. Along

18



the second path, the only difference is that . mi— is taken care of as a separate word but the
output is the same.

Moreover, we write an output in this order because the graph is applied from right to left, in the
correct order, so that the output must be something like: {$Pfx$$V$, $V. LEMMAS.
$V.CODES$:GCl1s}.

As an analyzed form, these compound inflected forms are delimited by the meta-symbols “{* and

“p,
>—{<V:HS1s>

$V.LEMMAS$.$V.CODE$:HU1s$V$$PHS} $V/$
>—{<V'HS2s>

$V.LEMMAS$.$V.CODE$:HU2s$V$$PH$} §V$
>—{ <V:HS3s>

$V.LEMMAS$.$V.CODE$:HU3s$V$$PHS} §V/$
>—{<V:HS1p>

$V.LEMMAS$.$V.CODE$:HU1p$V$$PHS) SV
>—{ <V H&2p>

$V.LEMMAS$.$V.CODE$:HU2p$V$$PHx$} $V/$
>—| <V HS3p>

SV.LEMMAS .SV .CODES$:HU3p$VSS PHxS§} $VS

Figure 14. HU sub-graph: Present Subjunctive dictionary graph

Figure 14 is similar to the previous one, only there is just a simple word (one token), regularly
derived by adding the prefix __ be— to the simple present forms in order to produce the present

subjunctive inflected forms.
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2.4. Generating the dictionary of inflected simple forms
In order to construct the dictionary of inflected forms, we first have to build a dictionary of lemmas,
which has the following structure:

<stem>:<inflection-code>+L=<LEMMA>
where <stem> represents the form that will be used to generate the inflected forms; and
<inflection-codes> is composed of the word part-of-speech (POS) in this case “L” for the
lemma, and conventional number for indicating the inflectional FST describing that inflection
paradigm.
For example, here are some of the entries of the Persian verbs DELAS (Dictionary of Simple
Words Lemmas):

O5s,=L+V002 ¢cih
O5s,=L+V001« 4,
SaaT=14V002 ¢ unT
Gde T=L+V001 el
OAB=L+V002 ¢ Ls

Gub=L+V001 ¢ o

Figure 15. Extract of Persian DELAS

The full lexicon is provided in appendix A.
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Table 2 shows the distribution of the verb stems by inflection graphs:

Graph | Total | Example (3 person | Transliteration Gloss

stems | singular)
V001 |136 A ayad He/she comes
V002 | 154 Xl amad He/she came
Voo3 |1 Gl ast he/shelit is
vVoo4 |1 Cos hast he/shelit is
Voo5 |7 03 deh He/she gives
V006 | 120 o4l amadeh He/she came
Voo7 |3 2 55 khad He/she wants
V008 |19 45 doneh He/she knows
V009 |21 s ) omadeh He/she came

Table 2. The distribution of the verb stems by inflection graphs
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2.5. Generating the inflected forms

By intersecting the DELAS and the inflection FSTs, Unitex is able to generate all the inflected
forms associated to each stem of the verbs represented in the dictionary. This constitutes the

DELAF (Dictionary of Inflected Forms).

The output is shown in Figure 16:

GSlS:QiJJ=L+V.QJ)s9iJ)
GS2S:QLJJ=L+V.QJ)sdiJ)
GS3S:O&JJ=L+V.QJ)‘QJJ

GSIp:ady=L+V.odyeaiis)
GS2p:Sdy=L+V .oy ¢ Juidy
GS3p: (i y=L+V.alb ¢ 1i0d
Gr:icd y=L+V.oby cod
Figure 16. Extract of Persian DELAF

A sample of this DELAF is provided in Appendix BB.

Each entry in DELAF has the following structure:
<word-form>.<stem>.<POS>+L=<lemma>:<inflection>

Where the <word-form> is the inflected form of the verb, <stem> is the stem represented in

the DELAS; <P0OS> is the grammatical category or part of speech (POS) of each word form and

<L> is the value of the lemma that is associated with each form.

So far, the dictionary contains 145 lemmas, 292 written verb stems and 127 spoken verb stems that

have been described in the DELAS. These allow for the generation of 1,536 inflected forms.*®

19 We evaluated the formal correctness of the DELAF entries by using the BNF (see 3.1, bellow)
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2.6. Apply the DELAF to the corpus

The DELAF can now be applied to texts in order to tag the simple verbs. At this stage, 1,536
simple forms of the TEP corpus were tagged by our DELAF, which correspond to 368,831
occurrences (slightly 10% of corpus’ simple words).

Figure 17 shows the word lists of the TEP corpus. On the left-upper window, one can see the

words tagged by the DELAF.

Word Lists in C:\Users\naienil\Documentsimyunitexdic\Persian\Conpu... nz = E
DLF: 1536 simple-word Iexical entries ERR: 99961 unknown simple words
- GS3sipas=VL 5y & . . .
=] Grons=\+L ._*L : [ ] Filter unknown words with tags.ind
Hr:: —u—;—V+L R = B
HS2s omimVrL i oy |15 BBC
HS3s puwal=V+L ol aalyl BF
HS1sicuslmVrl Gilaaly BMW
HS3p o=Vl ool aualy - BMW.
B 25m o TV 2,0l ,,gﬂﬁie : Bee
HS2s: =Vl il ol Beeping
I~ GS3s:pual=V4l il Beings
oAl L[] Ben
e Berliner
DLC: compound lexical entries BESI‘;;
This file is empty. Blue
Boing
Bonsoir
Bountiful
Box
Boys
: Brillo
£ B.lall
4] [ T»] : 4| L e

Figure 17. Word List
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2.7. Apply the compound tenses FST to the text

When applied compound tenses FST to the corpus, the graph of compound tenses matches 222,698
instances of 3,953 different compound forms. In the merge mode, the output also shows the stem
and the lemma of verbs. Figure 18 illustrates the first entries of the compound tenses: one can see
that the first two lines correspond to alternative wordings of present perfect third person singular

with and without cw /7 ast “is

HP3s:0a S=V4L.28, 02 S

GP2p: R S=V+LAS w02 S

HP3s: sl =V, \AS 413X

HP2s: 02 8=V+L.2_8 51 03 S

GP1p:saS=V4L2 S a3 gaed S

HP3s: il K=V L) K ol 41il K

HP2p: 2 S=V+La S al ea S

GP1s:0RS=VHLAS a2 ga 03 S

GP1s: Al &=V L i o3 g 41518

HP1p:0S=V+LA S ol 03 S

GP3p:RS=V4LAS Mo ga 03 S

GP3p: I R=V 4 all K s g 438K

HP3s5:03S=V4L. 28 Gl 03 S

GF3s:0S=V+L.A8, 035083 S

GF3s: sl &=Vl il o1 5 41l X

HP1s:2 S=VA4L.2 S 6l 82 S

GF3s:(R S=VHLA S Cuul 025003 S HP3s:bl=V4 ] i 41X
HP3p:QJJS:V+L,J)S’.L'\\ aJ)S HP3Su.\.\S=V+LmS, oA HP2s: UA“JS_V-FL _\S Ls‘ mﬁ

HK2p: o2 S=V4HL S 2l o3 S

GP3s: il &=V Ll 3 g 4131K

HPls:oﬁ3§=V+L.Mh§,e\ s

HK1p: o2 S=VAHL S ardls 03 S

GP2s: il B=V 4L il 53 50 4181 HP3p: b=+ i il 4isX

HK3s:02 S=VALa S 28k 028 | o pal€eya culli€ ) it | HK3s:caliey/ L i€ aal, aiai
HK1s: G S=V4HL S 280 63 S HP3p: RISV C hs ) 4nE GP3s: oy casi 332 il
HK3P: 2 S=VAHL 28,8680 038 | o atlEavl i ol aitlif | GPLs: Aty cuti oo g it

GP3s:(_S=V+L.28 250 03 S

HK1s: sl &=V L il il 4118

GF35: b=V adik 02 5 41K

GP2s:2 S=V4LA S (535203 S

HK3p:cidl oy L cadl € xily 4nsl K

HP3s: il 8=Vl 2 g0 £ oaiga £

Figure 18. First entries of the compound tenses dictionary
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3. Evaluation

Our evaluation was two-fold:
e Evaluate the formal correction of the dictionary entries by using the BNFs for both simple
and compound forms.
e Evaluate (or rather, estimate) the lexical coverage of the dictionaries by applying them to

a sample text.

3.1. Evaluation of the formal correction of the dictionary
The inflected simple forms’ dictionary contains 1,536 different entries. After applying the simple
forms BNF (Figure 1, page 8) no errors were found and all entries of the dictionary were matched

by the BNF graph.

As for the compound forms retrieved from the corpus, we have 3,953 different entries. After
applying the Compound form BNF (Figure 2), all entries were also matched, and no errors were

found.

3.2. Evaluation of the lexical coverage of the dictionary

A sample text of around 1,000 words was selected from the web. This text is about the world’s
fastest car that is being built in a workshop on the outskirts of Bristol, England®°. (the
corresponding translation is also available at the same address). The text was POS-tagged by the

system.

Dhttp://persian.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run,
http://www.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run/
Last access: 02/May/2014
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http://persian.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run
http://www.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run/

3.2.1. Lexical coverage of simple forms’ dictionary

The system found 43 simple verb entries from the simple word dictionary (DLF), corresponding
to 107 instances in the text; after manual evaluation, no errors were found in the DLF, and 225
forms were unknown, that is, they are not in the dictionary because they correspond to other POS.
These constitute 404 instances in the text (approx. 40%).

Naturally, only the verbs were matched, which means that if a word could belong to other POS,
that POS could have been tagged as a verb. For example, the word (_ya “or” is ambiguous with
an inflected form of the verb ../ amadan “come” in the simple verb root of spoken form; so
naturally, it was matched even though the POS was incorrectly assigned. 21 of 43 simple verb

forms were in the same condition. These cases were ignored.

On the other hand, after manual verification, 1 verb from among the unknown words had not been
captured by our dictionary. It is the verb ;s s bodan “to be” in third person plural of the spoken
form that appears two times in the text. Our dictionary did not recognize it because we forgot to
add this inflection of » . bod “be” to the corresponding inflection graph, which was afterwards

corrected.
To sum up?, we obtained a Precision of 1, a Recall of 0.98 and F-measure of 0.99.

3.2.2. Lexical coverage of compound forms’ dictionary
In the second part of this evaluation, we now deal with compound forms. In this text, we have 31

compound lexical entries and 20 different forms, corresponding to 46 instances in the text (DLC)?2.

21 precision (P)= Number of correct verb forms in the text recognized by the dictionary over the total number of verb
forms recognized by the dictionary; Recall (R)= number of the correct verb forms in the text recognized by the
dictionary over total number of verb forms in the text, and F-measure (F)= 2PR/P+R

22 For producing a DLC, we apply our compound-tenses graph to the corpus and then we save the resulting
concordance as a DLC after some post edition. This includes removing the morphological tags produced for the
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In the end, for the existing verbs matched by the systems, no errors were found, which includes

the adequate stem, the lemma and the inflection.

As for the evaluation of the compound verbs, we noticed the unknown form nist cwe i “not to
be”, and this form appears only one time and correspond to the contraction of the negation

morpheme __ ne- “not” and the third person singular of simple present tense of c.u» hast “to be .

Since this form was missing from the graph for the verb cuws hast “to be”, it was therefore

corrected.

To sum up, for the compound forms’ dictionary, we obtained a Precision of 1, Recall of 0.96 and

F-measure of 0.98.

Obviously, we are well aware of the size limitation of the sample text, and do not extrapolate these

results any further.

In conclusion, though the dictionary is obviously incomplete, since there are many verbs that must
still be included, this small experiment provided some evidence that its lexical coverage may be
already quite satisfactory. Naturally, in future work, we will endeavor to extend the list of verbs

encoded in the DELAS.

simple verb that is part of the compound form: {.2S |3} sa_JSV+L=03 St GS3s:HP3p} > .28 |2 23 SV+L=02_S: HP3p (the
verb 28 kard “do” in the compound present perfect tense x| e2 S karde and “have been done”).
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4. Conclusion

We have achieved the main objectives of this project. We built a sufficiently large lexicon of
Persian verbs, until we attained a frequency threshold corresponding to a cumulative percentage
of 90% of the total corpus word forms (3,349,920) corresponding to 1,466 different verb forms.

We, therefore, expect to have achieved a reasonable lexical coverage.

We built 9 inflectional graphs to generate automatically all simple forms of Persian verbs; 4 graphs
for the written forms and 5 graphs for “spoken” forms, in order to produce a dictionary of simple
verb inflected forms, aiming at a highly granular and systematic description of all the relevant

grammatical values pertaining to those forms.

Furthermore, we built 22 inflectional graphs to produce automatically all compound forms of

Persian verbs, in order to produce a dictionary of compound verb inflected forms.

We produced a Persian verbs dictionary of lemmas (145), where each stem (399) is associated
with its corresponding inflectional paradigms; each lemma is associated with 3 different stems
(present, past and spoken stem); the distinction between lemmas and stems is overcome by the
lemma being treated as a feature of the verb, so one can use it to capture all inflected forms
associated with the same lemma with lexical mask in much the same way as one would do for

other languages without the distinction between stems and lemmas.

In order to evaluate the correction of the both dictionaries, we applied the simple form BNF and

compound form BNF to the main corpus, and no errors were found in both of them.

In order to evaluate the dictionary lexical coverage, we have applied the dictionaries to a sample

of +1000 words text and, for the simple, form we find one verb that appears two times in the text
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that was not captured by the dictionary due to forgetting to add this inflection to the DELAS and
in the compound form evaluation, after manual verification, we find also one verb that appear one

time in the text that was not taken because of the incomplete graph for the verb cows hast “to be”.

Naturally, much is still left to be done: First, we want to complete the dictionary by adding many
more verbs and, eventually, adding new inflectional paradigms and their corresponding inflection
graphs.

Secondly, in order to continue to produce a full lexicon for Persian, attention must be given to

another part of speech: this will be the challenge for future work.
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Appendices

A. DELAS (dictionary of Persian verb stems and associated lemmas)

0x85=V002+L <S5
Ox8e=V009+L, % Sy
O35e=V002+L, 25
03=V006+L, 5%
oub=V002+L, 2
Owb=VO006+L, 24
Oo23L=V001+L, i

O s8L=V009+L, 3 sl
O2EL=V002+L, 2wl
OEL=V006+L, il
G2=V002+L,ay
G2=V006+L, 3y

G pa=VO001+L,

G u=V002+L, b ey
O 2=V006+L, < ny
0= VO001+L,
OXS)_»=VO001+L,05) n
Sl ,=V002+L,S) 5
O8I p=VO006+L, 28
O =V002+L, 3
Gl =V002+L, sl
sl =V006+L, sl

a1 ,=V001+L, Sl

b £=V002+L,s £
8 =V006+L,8 <
Gida S=V002+L sy £
iy R=V006+L sy £
G £=V001+L, x5
o)) X=V001+L, ) X
02l R=V002+L 2,1 8
o) R=V006+L,2,1 8
Gui€=V002+L, ik
Gui&=V006+L, 2l
G=\V002+L
G=V006+L K
02&=V001+L,~&
o&=V002+L, 2K
$€=V001+L,s L
o238=V001+L, 5 <
0238=V002+L ) K
o4 £=V006+L,45 L
8 £=V001+L, ,<
0%I=V001+L,4
O25=V008+L, b
GI=\/007+L,]

o%I=V001+L,s!

31

G 5A=V001+L, 5
il A=V002+L, a0 55
il A=VO06+L, 21 55
G 3=V002+4L, o 52
sl A=VO06+L, ol 52
o 52=V001+L, 0 55
ol A=V002+L, 31 &
o3l A=V006+L, 21 &
Gl AZVO01+L, o) 55
0L A»=V001+L, s
055=V008+L, ) sa
ol A=V001+L,00 s
Ol sA=V002+L, ) 55
LA =V002+L 255
G2 55=V006+L,2 )55
ol A=V008+L,0s05s
Ol A=V009+L 5 ) 55
G2a=V005+L,2
G33=V002+L, 2
=VO006+L,3)
Gs=\/001+L,
E=V002+L il

SRE=V006+L il

oxile=V002+L, 3%
0Ble=V006+L 2l

0 <=V002+L,2 =

P x=V006+L,2
0ile=V008+L, 5«
GBle=V002+L, 2 50
0Be=V006+L, 50
P ==VO01+L, e
sy S3=V001+L, S
Gy SI=V002+L, sy 55
s SI=V006+L, sy 53
oxb=V001+L,du
oali=V002+L, 204
oxlb=V006+L, b
Oaei=\OO1+L, 2
Caeli=V002+L, 2l
Gei=V006+L, 2l
GAalil=V005+L, Hlu
Oulis=V001+L, ol
ONLE=V002+L, i
Gadi=V002+L ol
CAadi=V006+L o

O¥LE=V008+L,0 54



O =VOO01+L, s
Ox =002+, 2
O3 3=V006+L, 2

Ot p=VO001+L oy
s 1p=V002+L 2
O p=V006+L, 2
o8 =V001+L, 5
Ol 5 3=V002+L,30 5
G5 :=V009+L, 315,52
Ol =VO009+L, x5

G =V002+L 4

G2 =V006+L, 4
Uia=V001+L, 5

O=V001+L, 2
OWw=V002+L, 2
GWw=V006+L, 2

Gihu=V001+L, lay

Gidlau=V002+L il
Gue=V008+L,S 5

O3 5=VOO1+L, 0 52
O3 55=V002+L 2 o
O 52=V006+L, 2 52

Ol 5=V001+L, G s

ki 5=V002+L, 3l 5

Ol 5=V002+L, 25 5

e 55=VO0B+L, 2 5

OaaliI=V002+L, aalil
C2AIEV002+L, 2
O AIEV006+L, 2
On AI=V001+L, 0 A

O%I=V002+L, 24
OxI=V006+L, 2!

Ui 5a1=V002+L, 2 sl

Ui 5al=V006+L, s sal
A 5a=V001+L, ) 54!

Gidaal=V002+L sl

idal=V006+L il
idael=V001+L, el

0s=V00L1+L, s
0 51=V002+L,2 50
O 81=V006+L,2 5!

G s1=V002+L iy
OEa=V002+L Ui

O282,=V002+L , 2ids

O283=V006+L, wisy

0 =VO0O01+L, »
o »=VO001+L, »
3 =V002+L,2
3 x=V006+L,2

02 =VO002+L,2
o2 »»=V006+L,% »

Guwe=V002+L S
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Gaih=VO01+L, 0
ndla=V002+L il
Fuaihy=V006+L, il

02 =VO001+L,,0

02 =V002+L,2 2

G2 =V006+L,x 2

G2 32=V001+L,2)0
0w 3=V002+L, 0 30
G2 33=V006+L, 2 3

=VO001+L 02
Ous=VOO1+L, s

O 0=V002+L s 90
U5 53=V006+L 5 50

2 9=V001+L, ) s
G 53=V001+L, b s
O 53=V002+4L, 2 52

ale=V001+L, Jl

G 5u=V002+L, 08 su
G e=V006+L, A g
A su=VO001+L, ) s
O3 w=VO01+L, 0 ) su
G 3m=\/002++L, 31 ) s
Ol se=V008+L, (55 3
O ) 5u=V009+L, 255 ) s
0x5=V005+L, s

Caili=VO01+L, il

OuLA=V009+L, 3 s
Gali=VO01+L, ol
sl 5=V002+L ) 55
53 5=V006+L, ) 55
il 5=V001+L, )5
O 5=VOO01+L, i s
2 5=V002+L 2 55
G2l 5=V006+L 2 5
G 5=V002+L, i 53
b 5=V006+L, i 55
GiE =V001+L, 53
R=V004+L,cuss
Ox)5=VOO1+L, s
Oox)5=V002+L,x )5
GEL=V001+L, b
CEL=V002+L, il
HL=V006+L, 8l
O2eed=VO01+L,pe8
G2egd=\002+L, 1egd
Oagd=\/00B+L, 11agd
CRES=VO01+L, S
OIS=VO01+L, S
S=V002+L s
CS=V006+L,is
OWES=V002+L, 1€

CdS=V006+L, 238



Ox2=VO001+L,zx
Gu=VO002+L, sy
Gu20=VO009+L, 2 s2
Ouae=V002+L

O =V006+L, 20
(1 5e5=V001+L,sley
5e=V002+L,2 5en
R 3a=V006+L,2 e
s 5=V 00241, e s
s 50=V006+L, Cons 5
i 50=V/O01+L, 3 s
O 532=V009+L, 3 522
ox=VO001+L,0
Gwa=VO01+L,%
owla=V002+L, 2wl
owle=VO006+L,2us
Nl L,a=V002+L 25 s
o a=V001+L,z o
O ;2=V002+L, 8 s
Gula ,a=V009+L, 53 >
Ousa=V002+L, 25 s
Gua 5a=V006+L, 5 52

Ox»=V009+L, x5 >

Owaa=VO001+L, o

Oea=VO0O01+L s

GFe=V006+L o
Gul=VOO1+L,ab
O2l=V002+L, xaly
Gwl=V006+L, 22l
G=VO001+L
R=V002+L¢a s

R 5=V006+L¢2 52
Oxe 5=VO01+L, 0 52
O 2=V002+L, 2 52
G2 5=V006+L 20 52
O s=VOO01+L,55

G 2=V002+L, 2 5

G 5=V006+L, 2 52
Gw=V0O01+L,oe
0ai=VO001+L,cs
Oai=VO002+L, s
0ai=V006+L,
Ol 5=V001+L, s s
Ol yi=V002+L, 2l 5
0l i=V006+L, a8l i
O =VO01+L, o5
O3 F=V002+L 20 s

O 5=V006+L, 20 5

RSV RIS

Oai=V002+L, vilss
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CAiLE=V002+L 2l
GELE=VO0THL s
ClLi=V002+L, csis
EE=V006+L,2dlis
0=V002+L 24
OxE=V006+L, 24
(V00 2+L, s
(= VO06+L, s
OuSE=VO001+L, s
NSE=V002+L, uiss
SuSi=V002+ s
SuSi=V006+L s
OlE=V001+L, 8%
OulSE=V008+L, 0585
ONKE=V009+L, 85
GRed=VO001+L, Jled
Oad=V002+L 2 e
R ei=V006+L,2 i
GALE=V002+L cali
GALE=V006+L,alis
OalLE=V001+L, el
OBlLii=V001+L, cluli
oalulisE=\V002+L , ulalid

AlLlid=V008+L, o sulih
o
AlLLE=V009+L 2 gulis
o

0w S=VO01+L, S
0w sS=V002+L, 28
OwS=V006+L, 2 S
G2 S=VO0L1+HL, S
O S=V002+L 204 S
G2 S=V006+L 204 S
Owal=VO01+L, s
2= V002+L, 2
O2enl=V006+L, 2
oxl=VV001+L,Jw
oxl=V002+L, 2k
oWY=V001+L,¥k
oWYL=V002+L, 1Yk
oaYL=V008+L,u sk
0YL=V009+L, i sl
03le=V001+L,0k
Oxd sa=V002+L, 2 s
Oud 52=V006+L, 2 5
Ousx=VO01+L,55>
Ousx=V002+L 205
Ous>=V006+L,2 >
Ou A=V001+L, s

¥ A=V001+L, 0l

oNlLB=V002+L il ks

oNlLB=V008+L, 050



O3la=V002+L 2l
la=V009+L 2 s
Oxea=V002+L 2
O =V006+L, 2
Oxaa=V002+L 2
Gua=V006+L e
Ouda=V001+L, 05
Gulia=V001+L,slis
Ouda=V002+L, anda
Guia=V006+L, i
GASa=VO01+L, s
OUSa=V/002+L, s
AlSs=V009+L,x sS»
0xS$a=V002+L a8
0xS$>=V006+L,28
Owea=V008+L, 5
Gaa=V009+L, s 52
0x=V002+L 2
0>=V006+L,2>
GuS=V001+L, s
(AEls=V002+L

CRES=VO0B+L, s

OuSE=V006+L, S
G 5=V001+L, o) 53
Gsi) 5=V002+L ansil 53
G| $=VO06+L cansil 55
Gl 5=V008+L,0 5
) $=V002+L , cansi 53
s $=VO06+L, cansi 53
Ga=V002+L Canea
Ga=V006+L, e
0xKia=V001+L Saa
AR ia=V002+L 25
AR ia=V006+L 25
O2ea=V001+L 4>
O2ea=V002+L, 26
O2e>=V006+L, 2>
Ol 2x=VO01+L, s>
03 S=V002+L,25

3 S=V006+L,2 S

02 S=V001+L,0S
OuS=V002+L 28
OXS=V006+L 28

€=\/005+L, =L
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038=V001+L, 5id
Gad=V002+L 2
0ai=V006+L, wd
02=V001+L, 56
Gined=VO01+L s 6
Ginli=V008+L, ol
O3 pa=V001+L, i yea
3 pa=V002+L, 28 yea
O2lb=V001+L Ll
O2lk=V002+L il
s E=VO0T+L o
ol $=V002+L, i
3l A=V006+L, i
G5 A=V002+L s 558
G5 B=VO06+L s 5 8
5 #=V001+L, s b
il X=V001+L, X
il R=V002+L il K
GLEIE=V006+L, il K
GuX¥=V001+L, ,¥
GR=V002+L, i

GLE=V006+L, 25X

ol BA=V009+L x5 B
02A=V002+L, 3
02 )A=V006+L, 2 s

0uA=V001+L, A
Ol A=VO002+L, w3 5
Q) A=V009+L, 3 51 5
Ou A=V002+L, 255

Ou A=V006+L, 255
OAS22=V001+L, s
(AS32=V002+L 2858
OAS33=V006+L, 2558
CAiR=V002+L, s
Gua=VO0L+L, 22
Oua=V002+L, s
Oua=V006+L, pas
(il A=VO0T7+L, 55
(i R=V001+L,5 £
iy S=V002+L, ay £
i&=V001+L,2 &

ol &=V001+L,0ls £
ol 8=V002+L, 312 8
ol £=V008+L,052 K

Ol 8=V009+L, 52 £



B. Sample of DELAF (dictionary of inflected simple forms)

GS1s:0uS=VHL. S 25

GS2s: AS=V+HL. S, S

GS25: A= V4L, S

GS3s: A= VLS, S
GS1p:oaSa=VHL Sy, a8
GS2p: A= VL. S, 185G
GS3p:CASI= VAL S, 35
Grioaso=V+L.Sg e
GS1sm:OaSa=VA+L, 2 55, a2 585G
GS2sm:oaSa=VA+L. X 855, 528 55
GS2smM:GASG=VL. 2 58, (52 55
GS3sM:uASe=VA+L. 2 5, 33 S
GS1pm:GASe=VA+L, 2 58, aadi s
GS2pm:asSe= VAL, 2550, 2 55
GS2pMICASG=VA+L. 2 58, (i S5y
GS3pm:GASe=VA+L, 2 s, i3 68
GS3pm:uaSe= V4L 85, 3 58
Grm:oaso=VA+L, & 65, 35 85
GS1s:0MS=VHL A, a5y
GS2s:03S= VLA s
GS2s: A= V4L A5G, (58,
GS3s: 0= VL A%, 18
GS1p:oaS=VAHL. A8, mas

GS2p: o= VL A8, 28
GS3p:oaS=VHL A8, 1Sy
GrioxSo=V+L, a5, 185G
GS2pm:aSe= V4L A8, (S

GS3pm:oaSe=V4L. 4SS, oS

GS1s: 0= VHL 2l sl
GS2s:0ab=VA+L A sl

GS2s: b= VAL iy, sauly
GS3s:oab=VAL b, b
GS1p:oab=VA4L b sy

GS2p: b= VAL b, manly

GS3p: b= VAL, Ay, dianly
Gr:oab=V4L. 2l by
GS2pm:sanb=VA+L. A, cpay
GS3pm:ab=V+L. b, Gl

HS1s 0= VAL, Ui, il
HS2s:ailb=V4L Uil (5
HS2s:aib=V4L Ui, S
HS3s:adlbm VL, Uil 250
HS1p:0assl=V L ik, madily
HS2p:oadl=VL Ui, 2l
HS3p:oasdl=VL. Ui, aully
Hr:oadb=vaL ol b
GS1sm:G pdL= V4L, 2 gL a0 ol
GS2sm: o sEL=VA+L, 2 il (523 5L
GS2sm:ON sal= VL, 2 sl (o oSl
GS3sm:oN $SL=VAL A gL 2 gl
GS1pm:o = VAL, 23 5l ani sl
GS2pm: s pah= VAL, 2 gl 1 g3l
GS2pm: i s VAL, 2 gy, cpi o3l
GS3pm: o sSL= V4L g8l 2 il
GS3pm: o s8L= VL g8l 2 g8l

Grm:o pb= VAL, 2 gl 3 58

35

GS1s:ouilbm VL, il aanily
GS2s: b=V, 28l (sl
GS2s:oudl= V4L 2l (sl

GS3s:oudl=V4L, 2dly 2l
GS1p:oud= VAL 2l sl
GS2p:oad=V4L. 2k, padly
GS3p:oadb=VA4L, 2l diail

Gr:oudb=Va4L, 2l il
GS2pm:oasslu=VL sl (paadly
GS3pm: o=Vl il oasl
GS1s: (A= V4L. G A
GS2s:Aa=V4L Ddy A
GS2s:U=V+L. Gy, S
GS3s A= V+L. G G
GS1p:Aa=V4L.Oay axisy
GS2p:Asy=V4L. g sy
GS3p:Aisg=V+L. gy atia,
GriQias= V4L Gy Oy

GS2pm:Gias=V4L. Qdy s

GS3pm:Aiss=VHL. Gy sy

HS1s: 8 = VL. ooy, e ey

HS2s:C8 ny= VL. e,y

HS2s: (8 5nd=V4L. el s

HS3s:C8 = VL. ey, 20y

HS1pi = VL. ey, e

HS2p: s = VL, ol

HS3p: s nu=VL. ey, 2y

Hrigf = V4L, sl pd



C. Sample of Compound forms (found in a text)

HP3s:pis=V+L . @iy i
HP3p: cidum VAL iy, il 432,
GP3s:ia=VA+L . g 3 g 483y
HP3s: i _pa=VAL . bl 4
HP1S: (5 b= V4L kol 458 5k
HP3p:0i = VL oy il 4
GP3p: s jui= VALl xia g3 458 5
HP3s: S =V, €0 0, 0258 5
HP3s: sl o= VAL, @)y il
HP3s: 0 5=V+HL s g, 02
HP1p: o 5= VAL dms g a) 020
HP3s: b y=VAHL A 5, i
HP3s:0350 )5 = VAL 15, 033 5
GP3p:oal s = VAL 25,203 50 033 55 5

HP3s: 0 = VAL x5, sig 5

HP3s: 0l = VAL, 25, ol 0239 3
HP1s: 03 n=V+L. x5 0,60 s2ig »
GP3s: 03 p= VAL X5 5,350 0239 3
GF3s:03_p=VA4L .25, 02530219 1
HP3s:0u =V+L. 2, o2 0
HP3s:0% n= VAL s, S o

GP3s:0x=VAL. Y g 350 00 0

HP3s:02n= VAL aiieg, sddiuy

HP3s:cidlai=V4+L i, aidly

HP3s:0a 5= VAL S 9, 02 5

HP3s: 0 5= VAL dms gy, sl o 5
HP3p: s 5= VAL w5, 331 s30s 59
HP3s: ol o=V, 2l g, 221U o

HP3s: il o= V4L, 2l 5, Causl 01l 5
HP3p:oails s;=V/+ L, 2 5y 3 il 5
GP3s: bl 5= V4L, 1L 59,3 90 021l
GP1s: il 5= VAL, 2L 53,03 0 023G 59
GF3s:0xbs o= V4L, 2l g, 03 53 021U o
HP3s: 0 s= VAL 2 g, o200l o0
HP1s:0ad s= VAL 2l g o) o205 59
HP3p: o o= VAL, 2b gy, 20 o g
HK1s: 03 6= V4L, 2l g, a8b o0l o
GP3s:0ad s=VA+L . 2 53,0 50 0205 59
GP1s:0ab 5= VAL 2l 09,20 50 0205 50
GP3p:oad = VAL, 2 5,203 g3 0205 69
GF3s:0ud 5= VAL, ad g, 03 50 00
HP3s:0uan=V+L 2 san, odisan
HK1s:oxaa= VAL 2 sam 2l 023 gay
HP3s:0xau=V+L. 2y, o2y
HP3s:ouan=V+L. 2oy Gl samy
GP3s:0usy=V+L. 2ay, 2 5 sdn
HP3s:(0 san=V+L .2 say, 03 san
HP3s: i so=VA+L G g, 4 gu
HP3s: (A su= VAL, G g, Cud 45 o

HP1s: (i s=VA+L, Cos g ol 43 5
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HP3p: s 5= V4L Cous s 31 4 s
HP3s:0 = VA4L. 2 s, 22
GP1s:0Yisa=V+L. 2 s a3 53 02 s
HP3s:0wla=V+L. als, sadls
HP3s:oula p=VAHL Gl ja, aild ja
HP3s:oaus ja=VA+L, i e ol onils ja
HP3s:0u ja=V+L. 24 ) sl a
HP3p:ous sa=VAL 48 e 2 028 e

HP3S:O"‘1.‘“,, =V+L. \.vl.\“.: , saily e

GP3s:palia=V+L ailes 3 5 02ilas
HP3S:Q-\3—,\M§:V+L_J§H, bJ.'I‘,zh.n?

GP3s: 3= V4L 2 srun 3 00 025 gaua

HP3s: G =V, A odaues

HP3p:oaa=V+L, s 2 syun

GP3s:0amsa=V+L . 2

'~:1Aﬁ 2 =

GP1s:0amsa=V+L . dis 20 51 odiuws

HP3s:pada=V+L ada) sands
HP3s:0a8e=V+L. 25, 2253
HP3s:0uwa=V+L. 1, san
HK3p:oxa=V+L, 2, 03k sna
HP3s:cfilS=V+L cuils, aisls
GP3s:(AdlS=V+L, ils 5 g 4iils
HP3s:0a 8=V+L.AS, 22 S
HP2s:528=V+L.28 ) 02 S

HP2p:cS=V+L. S, 03 S



D. Simple BNF and Compound BNF

4 S=Simple  H= Present

H31sm=2) HS1pm=p; HS1s=psy HSTp=ns)
HS3sm=, HS3pm=gsy HS3s=15, HS3p=aiy,
HS2sm=c; HS2pm=yy HS2s=wsy HS2p=y;)

Hemor>{=HLHw HvH H<mot> { HmoT> -

Lemma &, 4, Stem  Wordform

GSts=, GO

(S2s=.8, GS2p=ut, n=negetive
GS3s=ci, GS3p=ai,

C=Continuos

=, 43
{ H= present HFs=] e

HC15=p50
HC2s=0s5, =

HC3823 e HUls=asr HUTP=mox HF2s=l ¢t e
HC1p=a15) s HU2s=455.» HU2P=¥:JJ€ HF 5=l 6
HC2p=41) o P=Perfect HU3s=21 HU3p=ssy ny
HC3p=ais) e U=Subjunctive o HFIp=al
F=Penuos K=Perfect Subjunctive HF2p=a 46 e
n
| ] {1 HF3p=s i e
|=Imperative Stem  Wordfoms
C=Continuos
A Hemor>H=HLiw v i H<moT> [ ] <mor>
|25= 1.1 ‘
19p= Lemma . HP1s=al 4
P=s2 GC1s=x e GCAP=aft e .
, N HP25=s! 4
1 G=Past GC2s=8 e GCZp=42 e
| ; i HP3s=ul i
_ GC35=ci e GCIp=a5 e /
ﬂ% (A] A=Future HP1p=s)
—N| n=negative HP2p=yl <,
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E. Sample of simple verbs FST
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F. Sample of Compound verbs FST

V. LEMMA$.$V.CODES$:GP1s$Sfi§$V§)}

V. LEMMA$.$V.CODES$:GP2s$Sfx§$V§}

$V$ {

%

V. LEMMA$.$V.CODES$:GP1p$Sfix$v§}

$V.LEMMA$.$V.CODES:GP2p$SH3$VS)

SV LEMMAS .5V .CODES:GP3p$Six§$Vi} 355@

$V.LEMMAS.$V.CODES:HF1s§Sh$ VIS PixS}

$V.LEMMAS.SV.CODES:HF2s§Sh$ VS PixS}

VSIS <Aoo —H
6V $Ph {

.‘. SV.LEMMAS$.$V.CODES$: HF3s3SHéSV§§Pixs}

SV.LEMMAS.3V.CODES:HF1p§Sixd§VISPixs}

SV.LEMMAS.$V.CODES:HF2p§ Six§SVEPix§}

SV.LEMMAS $V.CODES:HF3p$ St $V/$$Pha)
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G. Evaluation sample text

In Persian23:
aelw po dole ol jeS Sepw Lo oSl Oledg e sla)ly

Bua Lol o Sl Loy jo olSHLS ol Ho daxhd 4xhid (le> Janog Sl (oS goyw
wl aslw o pdegda S VP Lo Jobloe VYt e jw 4 ol Gwo

UT u’_;il_sL_ojT 4 dg0 ) UL_,OJ._QC;JJ._) 9 oyl Pl_S "L_s—“"U‘-‘"U‘-“ e LW U_BA_.o“)._e S99 (=
Cow A Swd O yw u—’L€—> 265 ‘TA}L‘AAU__ALE:_S Oolds ‘0_3)3 s

Obas Lo 4 1y odily Jube LS WS oo Jlo 1) 500295 43230 Ol ofwdd sl ol
2H0 ey el el Weaady Sawl 38 sgy0eF SALSL ol Y tuue 8 0 (oS 4! e
S ! Ui H1 sdan 4w ols Ly Slays sl,0s cowl g aelw yo Jole Yerr LS
99 Lowl gole JUAwo S H1 golad dxdn 4w gl ylo adzxes Jaw!l ya> o sl Gws Lo
by L ode eSS Lo ol e Gele g ogdw Gegw P (Sl @Sy 10T wlxe I ol
Teaad o oplall o gn0e3 Lo 4SS awl sy LS 4w)¥ ol ool

uwldmo_glj.spﬂwjj_gsdud_guuwlwpl%&‘Juwl
w ! gud Bl JLs Ho HeaS|

0290 oV g d Lgy09F Hadgo S g Sheo S aG> Hgien SO Swl wuad gy 9F Sgy Jeogo 4w
cowST o e sgd g aSxso pbls 4y gy D3 44y
Olwddgr gy pleldl 48 Gwl g odijle prd slogy o Swl pwddigs slogy S gy285 O

S0 hAS vy Ll 0 Gow S e pe 0 G 4 L al Ol e

coledbl pload 45 cwl ool 0Jss 02 sleaSios O SN 1S 0 ey pSd) 1S
9 00T Lass plad sl 0T (Sl Jub g gu9s3 aSle 4o beaye slgrsb plasd
Toowl o1 5T

DM oy lw pu S c0gb 0 g0 ol Ooledbl golie JLo 43yl s Iy 4SS S H LS o
Syl Ol s S ol 4 GoedS oad (ol a0 0 (4o dwpdae Lads 31 Jle ye ubge
cOw ey Ge w0y eS) (oo oo lo oo

b wlbid) LS wabigo Hlje wwo 4o Jlw Ho Lo LU ,0™ tune S o Joed dyle)
Sorby oSS Gol 4o Low (BLS La o syl w000 ooblael sl ool g a5yl
OLS>aS (oS 00 adlh 5 Loy 40 aly 1l 48 cwl ool adlue cowl i Jus

M ouedh Wiadde Lol e dan sledle yo L5 ol

Cx_§)_>u_<_)\_>a_>‘)l [ S R S L N W W R S R S LA Oydd owl e YYD UT D450 A4S g0 eF
OF Oloosd cdy 4S5 oy 1 oy @S aaa g bl apeS JoLE s aoly Ledly cudS
COw S a8 A e S S

(- 9)_)”3 = Sl e ol JL> 0O g0 (ol JJ.\__)LO)T gy ol ) S 4!
ahow o SOlwdbdgoe cpiS HJLS cuS)l o aoyliys Ty ey e gw opdday dyeSy 4S5 S
darwe S |y gadle ool Lo ol sla Jlw Ho a3l 0038 Jo> 1)y PS5 DOl 45 Sle>

OL"W‘PMMWWAW'JM'JOTPP°‘WQWAWWA 001D

23 http://persian.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run
Date of access: 02/May/2014
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i pledl Slger Olablirs Gopb H1 LS pdS o sl Alwy 1y Gloogd sla (el > Lo
M NS ol Jus

9 D90 soed Ly dT 4 LS oed o oolal w ol @l Wsa ady ool JlwSs Jeb o
INEEY )L;T cawl aslw Ho Jole ylie SO (oS b 4S5 1) 23 dus

In EnglishZ4:
<Inside Bloodhound SSC: the 1000 mph car>
Piece by piece, the world’s fastest car is being built in a workshop on the outskirts of Bristol, England.

Known as Bloodhound SSC, it has the goal of hitting the heady target of 1,000 miles per hour, and inspiring
millions of school children in the process.

Behind the wheel of the arrow-shaped machine is current world land speed record holder and military pilot,
Andy Green.

For the first time, he opened the hatch to show us the driver’s seat.
“This is the cockpit for the Bloodhound Super Sonic Car. This is my 1,000 mile per hour office,” Green smiles.
“It has a 3D steering wheel printed in titanium to match my hands.

“We have three liquid crystal displays, and the two backup instruments that Rolex has produced, which is the
backup speedometer, and the clock and stopwatch.”

“The precision of these instruments is essential to what we’re doing,” he stresses.

At the other side of the workshop lies a full-scale mock-up of the car, which gives a sense of its scale. At 13.5
metres long and three metres high, it looks like a cross between a jet fighter and a 9-year-old’s sketch of their
dream dragster.

Bloodhound SSC chasis

Inside there will be more than a few aerospace ingredients in the Bloodhound recipe, including at its heart a
Rolls Royce EJ220 jet engine from a Eurofighter Typhoon. This is paired with a Falcon hybrid rocket from
Norwegian company Nammo, a supplier to the European space industry.

For the moment the real car is still being built. Chief Engineer Mark Chapman showed us around: “This is the
front of the car, this is where the wheels attach to, the front suspension,” he explains. “This is all carbon fibre,
this is Andy’s office,” he says, gesturing to the cockpit. The lower assembly behind Green is made from steel.
“The reason we've got a steel structure is it’s very, very stiff and very very strong,” Chapman says.

The rear part of the car where the rear wheels will be mounted is aluminum. “It’s very complicated
machining, but a beautiful part,” he adds proudly.

The car is an engineer’s dream, and the dream of the team is to inspire young engineers.

2 http://www.euronews.com/2014/05/01/bloodhound-ssc-the-1000-mph-car-doing-the-school-run/
Date of access: 02/May/2014
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For that reason, nothing here is secret. All of the data on how the car is built and how it will be tested and
driven as it attempts to smash the current world land speed record will be shared with the world online,
rights-free.

Alongside that push to offer open source information, the Bloodhound team visit hundreds of schools in
Britain every year.

The vision for education came from former land speed record holder and Bloodhound SSC Project Director,
Richard Noble.

“Britain needs 100,000 graduate engineers per annum, and the system is only delivering 30,000, so it’s a
really serious situation. And the problem actually boils right the way down to primary school, theneed to get
the kids really excited at a really interesting and young age,” he says.

The team have put enormous effort into creating eye-catching animations to bring the project to life. These
include Bloodhound SSC racing and beating a fighter jet, and driving faster than a bullet from a pistol.

In Andy Green they have one of the world’s most convincing ambassadors for the thrill of driving faster than
anyone has ever driven before in a car with the equivalent of 135,000 horsepower.

His eyes filled with excitement, he tells us: “right now I get to work with the best land speed record team in
history, world class engineers solving problems nobody has solved before. Next year and the year after we
actually get to test and develop this car, and I get to drive it and be the delivery part of that test team. And at
the same time we get to transmit that message and share the adventure live to a global audience, we get a
chance to inspire that next generation.”

The car should be ready for its first test run in spring next year — a humble 200 miles per hour (322 kph) on a
Cornish air field. Then in summer next year, the team will decamp to Hakskeen Pan in South Africa, a dry lake
that has been specially cleared of small stones to provide a perfect surface for the record attempt.

The aim is to break the current world land speed record of 763 miles per hour, or 1,227 kilometers an hour,
in 2015.

Then, in 2016, the car will be readied for its ultimate challenge of breaking through the mythical barrier of
1,000 mph.
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