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Abstract

Persian is officially written in Arabic script which causes some well-known problems in writing academic material for
native and non-native speakers. In this paper we propose a standard romanization and orthography scheme for Persian named
SLPO that is best fitted for natural language processing, learning purposes and writing academic material (but not limited

to) and we claim that it is the most comprehensive and consistent scheme ever presented for this language.

Keywords: romanization scheme, Persian, natural language processing, orthography

1 Introduction

In Iran and Afghanistan, Persian is officially written in Arabic
script that is a right to left script (RTL). In this script short
vowels are usually not written, and as a result a lot of word-
forms have more than one pronunciation and meaning (e.g:
¢ S ¢ ). This fact makes writing and reading Persian hard
for non-native (and even native) speakers [?]. Asa result most
authors prefer to use a romanized form of Persian words that
is easier to read and is supported better in computer environ-
ments.

However, the absence of an accepted romanization stan-
dard caused authors to use various personal romanization
schemes that in turn caused some problems. In this paper,
Wwe represent two romanization schemes for two distinct use-
cases. We claim that they are the most suitable schemes avail-
able to be used in general and particularly in academic cases.
The first scheme is intended to be used for general applica-
tions but it is not totally reversible, and the second one is in-
tended to be used in situations that reversibility is important.
We have provided a web site that contains the Latin form of
more than 350,000 Persian words and idioms. You can access
itinhttp://vajje.com.

The structure of this paper is as follows: in the next sec-
tion we draw an overview of related works. In section ?? we
point to characteristics of our proposed orthography named
SLPO. In sections ?? and ?? romanization and orthography is-
sues are discussed respectively.

2 The Arabic Script Problems

The problems of the Arabic script for writing Persian have
been investigated extensively during the two last centuries [?].
A complete review of this topic is out of the scope of this pa-
per. Here, we point to two main enigma regarding using the
Arabic script to write Persian (For a comprehensive overview
of related literature refer to [?]) .

2.1 Short Vowel Enigma

Short vowels (/2/, /e/, /o/) are not generally represented in
written Persian while changing the short vowel in a word can
create a totally unrelated new word. As an example < J$> rep-
resents two unrelated words: <gel> (mud) and <gol> (flower).
So correct pronunciation of words which contains a short
vowel is not possible without prior knowledge and if a word-
form represents more that one word, the reader should choose
correct pronunciation according to its context. As a real ex-
ample see ?? figure. The name of a single alley could not be
pronounced correctly by the mayoralty staffer and is roman-
ized differently on two signboards in the alley.

Ezafe is a one of most important grammatical features of
Persian. Ezafe is pronounced as a short vowel, /e/, and similar
to other short vowels it is generally not written. If the word
preceding Ezafe ends in a vowel, Ezafe will be articulated /je/
and it will have a written presentation, <>. Also there is no
consensus on how to write the Persian indefinite article when
the referent ends in /e/. As an example <4>>+<¢> may be
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Figure 1: Two signboards in Tehran. The name of the alley,
<>, could not be pronounced correctly and is romanized
in two different forms in the same alley.

wrote as <glal->, < gals> or < Sal> [?].

2.2

ZWN] Enigma

Appearance of Arabic letters changes depending on the let-
ters that precede or succeed them in a word and the struc-
ture of the word that the letter belongs to.
ple, the letter sin (<_>) has these forms: <>, < u>,<cs>
and <..>. When writing Persian compound words, some
times letters in the concatenation point join each other
(e.g. <J§>+<;‘j>—> <«¥8>) and sometimes they not (e.g.
<L > HLWNJ+ <3 55— <a3w Sa>). In computer ty-
pography a zero width non-joiner character (ZWN]) is in-
serted between stems to prevent them from joining each
other. Unfortunately, there is no accepted rule for writing

For exam-

derived and compound words (e.g. <dunecjoo> is written as
<isls> and <> j23ls>) [2,2,2,2].

Similar to other Semitic languages, Arabic has a noncon-
catenative "root-and-pattern” morphology. The pattern can
be used to read words correctly even without presenting short
vowels. Compounding and derivation are not used in the Ara-
bic language to form new words. As a result, the above two
enigmas are not relevant in that language. Indeed the Arabic

script only works well for writing the Arabic language.

Why is a standard romanization scheme nec-
essary?

2.3

In addition to the above issues, there are some other diffi-
culties that caused those whose first language is not Persian
to use the Latin script, instead of the Arabic script during
their learning course or in their publications. Unfortunately,
each author uses her/his personal romanization scheme that
makes reading and indexing of romanized Persian texts diffi-
cult. Even in Iran when there is a need to romanize the name
of people and places, there is no unique accepted romaniza-
tion scheme. Consequently different romanized forms may
be used by distinct users which make searching the name of

people and places hard and confusing.

3 Related works

In this section, we overview Persian romanization schemes
that have been proposed in the past twenty years.

Maleki [?] proposed a romanization scheme which con-
tains 29 phonemes (23 consonants and 6 vowels) named
Dabire (formerly eFarsi [?]). Dabire uses a single Latin
grapheme for Arabic graphemes that have the same phonol-
ogy in Persian. The author provides some guidelines for writ-
ing compound words, abbreviations and foreign load words.
He also describes capitalization and punctuation in his ro-
manization scheme.

Ghayour [?] provides a romanization mapping table
named [ronic. Using the letter <w> to represent /u:/, his
scheme only includes basic Latin alphabet. In his scheme let-
ters <a», <e>, <0>, <i>, <u> and <w> respectively represent /2/,
/e/, /o/, /i:/, /o/ and /u:/. Unfortunately, this caused the
well-known pronunciation of letters <o>, <u>, <j> and <w>
to be changed. Currently, Iranians generally pronounce these
letters /o/, /u:/, /d/ and /v/, respectively. Furthermore it
uses a digraph for /d3/ and a monograph for /3/ while /3/ has
the least frequency in Persian.

Moslehi [?] introduced a romanization scheme named
IPAz (Pdrsik). He uses a lot of diacritics to represent aiyn
and hamza (called m#l in IPA2). He also used a digraph for
/[/ and a monograph for /4/, while < 3> is a frequent Persian
letter and < e has very low frequency in Persian. The letter
<w> is also used in some words, e.g. <35> = <mowg>. The
scheme also has some rules for writing in informal language
and some other guidelines.

Mahdavi [?] proposed a strict mapping from Arabic script
to Latin script that maintains all Arabic diacritics and even
radical and ambiguous forms of letters (e.g. <9)>. The
scheme contains almost 8o characters. Actually, adding Ara-
bic diacritics to Persian texts is simpler to learn and use. Nev-
ertheless his suggestion may be useful in processing the old
Persian and Arabic manuscripts.

There are also some other rudimentary schemes, in-
cluding: The Tajik alphabet in Latin (obsolete), Paarsi [?],
UniPers [?], UN romanization of Persian for Geographical
Names [?], Library of Congress/American Library Associa-
tion romanization of Persian, IJJMES transliteration system
for Arabic, Persian, and Turkish [?], Encyclopaedia Iranica’s
scheme [?].

All proposed schemes suffer from at least two of the fol-
lowing deficiencies: (i) they use some new or modified Latin
letters that make their use hard for Persian-learners. (ii) they
ignore phonological rules of Persian and spell some words un-
necessarily long (iii) they lack a firm rule for writing saken ayin
and hamza. (iii) they do not comprehensively describe or-
thography of all Persian grammatical structures. (iv) they do



not suggest a romanization scheme in situations in which re-
versibility matters. (v) they ignore the semantic accepts of the
writing system and do not provide any clues to shed light on
the meaning of words (vi) they do not provide a firm regular
method to spell Persian verbs.

In this paper we have proposed a new orthography
scheme which addresses all of these issues.

4 SLPO

In this section we introduce our suggested romanization
schema named Standard Latin-based Persian orthography ab-
breviated as SLPO.

In developing our romanization scheme we used some
statistics data such as letter frequency and phoneme fre-
quency. You can see Persian letter frequency in figure ?? and
22.

SLPO is the most comprehensive and consistent Persian
romanization scheme ever proposed. Some of its applications
include:

* Writing academic materials such as papers and books.
* Teaching Persian to non-native learners.
* Transliteration of geographical names

* Natural language processing and text mining

4.1 Priorities

The orthography is based on the following important priori-
ties.

1. Unequivocalness and Reversibility: The words and
sentences should be unequivocal as much as possible.
This means that a single word-form should represent
as few words as possible.

2. Conciseness: The least amount of glyphs should be
used for writing words and phrases.

3. Phonetic: The orthography should be highly regular
and word's pronunciations could be identified by their

spelling.

4. No new glyph: SLPO uses only basic Latin alphabets.
As a result it can be entered in all computational envi-
ronments without any modifications.

5. Easy to learn, easy to use: The proposed scheme is easy
to learn and use even for new learners.

s General Romanization

The Latin script of Persian consists of 25 letters. It does not
use the letter <w>. You can see the letters in table ??. There
are some rules in using this alphabet as follow:

Ruler Each word contains at least one vowel letter
(<a,e,i,0,15).

Rule 2 No word begins with more than two consonants.

See section ?? to see how to pronounce words that begin
with two consonants.

5.1 Vowels

Persian has six vowels, including: /v:/, /e/, /o/,/#/, /i:/ and
/uz/. The first three rows of table ?? show how a single word-
form in the Arabic script can be pronounced differently and
yet convey distinct semantics. In the following subsection
we explain how to map each vowel to its equivalent in Latin
script.

Table 2.: Persian vowels

Latin IPA  Arabic
sar /ser/ o
ser /ser/ g
sor /sor/ ™
sur /soxr/ Sl
soor  /sur/ g
sir /sizr/ oo

s A

Letter A represents the near-open front unrounded vowel
(/2/). Table 2? shows some examples of its usage.

Table 3: Examples for A

Latin Arabic
adab o
moallem ‘:Lv.a
moarrefi YN
akkus e
Aruk St
Alueddin -z JlMe
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Figure 2: Relative frequencies of letters in Persian
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Figure 3: Relative frequencies of letters in Persian (Considering letters with the same phonetic together)



Table 1: Letters of general scheme

Latin Letter IPA Arabic counterparts  Cyrillic counterpart(s)
Aa /2/ gc’ﬁ""\ Aa, (s)
Bb /b/ o~ bbb
Cc /f/ s Mm
Dd /d/ s On
Ee /e/ ¢« J Eed>s
Ff /f/ s D9
Gg /g/ S Ir
Hh /h/ Ce il
Ii /i:/ s “sE Légd‘éd I/II/I,I;IIZ,(Eé)
Jj /dg/ c oo
Kk /k/ S Kk
L1 /1/ J Jn
Mm /m/ ¢ Mwm
Nn /n/ /n/ o Hmn
Oo /0/ :; cE{&Jc)‘I Yy
Pp /p/ ¢ Im
Qq /G/ (’o" 6 00,00
Rr /t/ 5 Pp
Ss /s/ P <& [ Cc
Tt /t/ L Tr
Uu /v:/ L&dd Oo
Vv /V/ 3 Bs
Xx /x/ c Xx
Yy /il s WUn
Zz /Z/ L cué A3 3 33
Digraphs
00 /u:/ %c}.c L)j L}‘ V}_/,(IOIO,HH)
) /3/ 5 Ko
cc 4/ - Yu




Rule 3 When the letter <a> is placed at the end of a word or  s.1.2

when it is preceded by a vowel, it represents glottal stop(/?/)
and so in these cases it i3 a consonant’

In such situations, the corresponding Arabic letter is saken
ayin* (t) or saken hamza (3). Table 22 shows some examples
of this usage (the words <jame> and <jamee> in this tables are
only for comparison and do not contain consonant <a>).

Table 4: Examples for consonant A
Latin  Arabic

boad A
baad a5
cear g
roab oy
Saadi (s
roayu Li,
naal J=
Kaabe 4SS
raay ‘5T R
nafa &
nufea (':9 Y
jume ol
jumea & (P8
jumee el
joz 3>
joza s3>
mzua? Ll
ncua sLas!

Rule 4 If /e/ phoneme is preceded by another vowel it should

be represented using two adjacent letters <a>.

Letter <E> presents the close-mid front unrounded vowel
(/0:/). Table ?? shows some examples of its usage.

5.1.3

The letter <i> represents the long lose front unrounded vowel
(/i:/). Table 22 shows some examples of its usages. *

E

I

Table 6: Examples for E

Latin Arabic
enuyat cole
nume 4l
enekus ey
peste oy
Eruq 8le
eatemud sleel
erue &)
Majmo0E 45 so2xs

Table 7: Examples for I

Latin  Arabic

sib s

Irun ol
imun ol
Said KUP
ide s
id s
Nuin ol
niuz 5L

Look at table ?? to see some examples of this rule.

Table s: Examples for <aa>

Notice that unlike English, in Persian two adjacent vowels
do not form a digraph and they should be pronounced sepa-
rately (except <oo> digraph). Table ?? shows some examples
of adjacent vowels.

The pronunciation of <i> when is succeeded by a vowel is

Latin Arabic
coaab ;,.;:;:,
coaarua (JoS4
zoaafu (P9

biaadab sl

"The only exception for this rule is the word <na> (=no in English) that is
pronounced: /nz/.

*A consonant that is not followed by a vowel is a saken consonant.

3Section ?? explains how to use two consonants in the beginning of words.

comparable with the letter <i> in English.

#In all tables 4rabic refers to the Arabic script (Perso-Arabic script) and Latin
refers to the Latin script



Table 8: Examples for I and an adjacent vowel

s1.4 O

The letter <o> represents theclose-mid back rounded vowel
(/0/). Table ?? shows some examples of its usage.

s.as U

The letter <o> represents the long open back rounded vowel,
(/0:/). Table 22 shows some examples of its usage.

Latin  Arabic

a+i rais oy
e+i perotein 059

o+i moin e
oo+i  dastcooi g sdcass
i+ tabii b
1+a tacia c:.:..:ﬁ
ite cie ad
i+o biorze - gr
i+a piuz sk
i+oo  Nioocu Lo g
i+ i as

Table 9: Examples for O

Latin Arabic
ordak Sl
tond &5
bord an 053
omid KW
Oroopu Lol
Oroomie 4yl
Osetestun  ¢ylbewc!

Table 10: Examples for A

Latin Arabic
ub g.)T
ulem rJLc
ulam F] 3
reuyat Sole,
haruyene I
uyene <
Umol Sl
Ubxuzestun ¢kl
Qorun ol )

5.6 The digraph oo
The digraph <oo> is pronounced /u:/ (long close back

rounded vowel). Table ?? shows some examples of its usage.

Table 1: Examples for digraph <oo>

Latin Arabic
rooz 59
poost S g

holoo she
moosiqi (shew 30
noocidan  gubg

raoof Y
masool J gemna
00 s
ood 358
hayoolu Yor
yooz i
Yoosof Char g
Yoonun ol

5.2 Consonants

The Latin alphabet of Persian is consists of 20 consonant let-
ters, as described below. Most of the examples that follow
are intended to be used as a pattern for writing other Persian
words.

5.2.1 B

The letter <b> is always used to represent the voiced bilabial
stop (/b/) (like most other languages that use Latin Scripts).
Its counterpart in Arabic script is <w>. Table ?? shows some
examples of its usage.

Table 12: Examples for B

Latin Arabic
babr -
morabbu Lo
bomb ]
tarbiat Sy
Birjand Ko

522 C

When this letter is not used in the digraph <cc> it is always
used to represent the wvoiceless palato-alveolar fricative (/[/).
(Similar to its usage in Zhuang and Kabyle alphabets.) Its



counterpart in Arabic script is <_4>. Table ?? shows some ex-
amples of its usage.

Table 13: Examples for C

Latin Arabic
cir o)
cokolut  ME
tacakkor J_i.:.:
ncuallah  alilas)
cirin O
Cirin s
Cuc g

523 D
The letter D always represents the voiced alveolar plosive (/d/),

(like nearly all languages using the Latin script). Its counter-
part in Arabic script is <s> . Some examples of its usage are
shown in table ?2.

Table 14: Examples for D

Latin Arabic
dooq E, 93
dur B) Is
dar B
taraddod 335
moaaddab 3%
Docanbe kg
docanbe FRPY

5.2.4 F

The letter <f> always represents the wvoiced alveolar plosive
(/f7), (like most languages that use the Latin script). Its coun-
terpart in Arabic script is <> . Some examples of its usages
are shown in table ??.

Table 15: Examples for F

Latin Arabic
fardu f5,9
Furubi bl
tafuvot Slas
tafakkor S
foroodguh o545

foot g

52.5 G

The letter <g> always represents voiceless labiodental fricative
(/g/), (like a lot of languages that use the Latin script). Its
counterpart in Arabic script is «5>. Some examples of its us-
age are shown in table ?2.

voiced velar stop

Table 16: Examples for G

Latin Arabic
gol 8
gel g
gelooguh NIty
sag Ko
Gilun oW
goc S
garm ¢ 5
geram ¢

52.6 H

The letter <h> always represents the voiceless glottal transition
(/h/), (like English, Faroese, German, Swedish etc. alphabets).
Its counterparts in Arabic script are <> and < o Some exam-
ples of its usage are shown in table ?2.

Table 17: Examples for H

Latin Arabic
hodhod RERTS
hole ds>
tahammol J&J
tahdid L
muh ol
neguh &
mehrub ol

527 ]

When this letter is not used in the digraph <jj>, it always repre-
sents the voiced palato-alveolar affricate (/&/), S (like English,
Portuguese and Turkmen alphabets). Its counterpart in Ara-
bic script is << - Some examples of its usage are shown in
table ??.

SIn this paper we use /d3/ to represent /d3/.



Table 18: Examples for ] Table 20: Examples for L

Latin Arabic Latin Arabic
jun ol lagzidan (s34
tajaddod 3405 lule Y
Jukurcu G, Lule ny
jagure & Leylu Sl:.l
hejdah sde talaalo JW
joo »

jo

;av j: 5200 M

The letter <M> always represents the bilabial nasal (/m/) (like

alot of languages that use the Latin script). Its counterpart in

52.8 K . e : .
Arabic script is <> Some examples of its usage are shown in

The letter <k> always represents the woiceless velar stop (/k/) table ?2.

(like most languages that use the Latin script). Its counterpart

in Arabic scriptis <S> . Some examples of its usage are shown Table 21: Examples for M

in table ?2.
Latin Arabic
Table 19: Examples for K mu:i .)t
. . mudar 33
Latin Arabic calammoz b
kooh 255 moaasser J:}.o
kuk S mozuik S5l 90
keyk S
morakkab S,
geruﬁk @[}f §.2.11 N
kare oS The letter <n> when preceded by letters <K> or <G> repre-
korre % sent velar nasal (//) and in all other cases represents alveolar
kore oS nasal (/n/) (like a lot of languages that use the Latin script).
korh oS Its counterpart in Arabic script is <¢y>. Some examples of its
dokme 4S5 usage are shown in table ?2.
tekme WSS
Akbar gy
Kubol L Table 22: Examples for N
Alluhoakbar ¢ .S 4l Latin Arabic
nunvu M
Nijerie 4 o
52.9 L moaannas C,.;jw
Nnoxost S

The letter <I> always represents the alveolar lateral approxi-
mant (/l/) (like most languages that use the Latin script). Its
counterpart in Arabic script is <J>. Some examples of its us-
age are shown in table ?2.

5202 P

The letter <p> always represents voiceless bilabial stop (/p/)
¢Common Arabic short sentences are written as a word in Persian (like most of the languages that use the Latin script). Its coun-
terpart in Arabic scriptis <> . Some examples of its usage are
shown in table ??.



terparts in Arabic scriptare < >, <_2> and <& >. Some exam-

Table 23: Examples for P ples of its usage are shown in table 2.

Latin Arabic
pu Lf Table 26: Examples for S
pool Js
DPursi e Latin Arabic
toop @5 asus ooll
pecc-pecc o saboon Ople
poocuk Sl lase £
poocak S seture e
staxr eS|
sfenuj Cl;_é..d\
5213 Q stexure s,
The letter <q> always represents the wvoiced velar fricative stebdud sl
(/9/)/ 7 Its counterpart in Arabic script is <G>. Some exam- Sfand S

ples of its usage are shown in table 2.

5206 T

Table24: E les f¢
able 24: Examples for Q The letter <t> always represents voiceless alveolar plosive (/t/)

Latin  Arabic (like the English, German and Norwegian languages). Its
qur Sk counterparts in Arabic script are <> and <b>. Some exam-
kaluq tug ples of its usage are shown in table ?2.
qaltun olde
queeq &L“Lg Table 277: Examples for T
reqqat s, : -
Quen e Latin Arabic
toot Sg
214 R morattab <5 e
tar 5
The letter <r> always represents the alveolar trill (/7/) (like tur 56
a lot of languages written in Latin script). Its counterpart in tooti sbsb
Arabic script is <,>. Some examples of its usage are shown in Oturod sylas
table ?2. tarak Sy
tark S5
Table 25: Examples for R tork S5
Tork S
Latin Arabic
roostu Ly,
mehr e 52.17  V
robeanur Ul ) The letter <v> always represents the voiced labiodental frica-
sulur SVl tive (/v/) (like a lot of languages that use the Latin script). Its
morabbu (J9 counterpart in Arabic script is <3> (when it is used as a conso-
Rezu L, nant). Some examples of its usage are shown in table ??.
5.2.15 S

The letter <s> always represents voiceless alveolar sibilant (/5/)
(like almost all languages that use the Latin script). Its coun-

7 According to dialects and words it also may be pronounced voiceless nvular
stop 1G] or voiced uvular stop ¥/.

10



<> (when it is used as a consonant). Some examples of its

Table 28: Examples for V usage are shown in table 2?.

Latin Arabic

vorood 2905 Table 30: Examples for Y
vazaq £3s
L Latin  Arabic
nuv 3
Davood 39l yus b
navid L yek Y
Rey &
528 X ;ler fC
The letter <x> always represents voiceless velar fricative (/x/) ccuy 1%
(It’s similar to Chi in the Greek script and Kha in the Cyrillic raiyyat Ky

script). Its counterpart in Arabicscriptis < ¢ >- Some examples

of its usage are shown in table ?2.
5220 Z

Rules The letter <v> after the letter <x> is not pronounced. The Letter <z> always represents voiced alveolar fricatives (/z/)

Notice this rule is imporant to satisfy the second priority. (like almost all languages that use the Latin script). Its coun-

(see section ??) terparts in Arabic script are <3>, <3>, < 5> and <b>. Some

examples of its usage are shown in table ??.

Table 29: Examples for X

Table 31: Examples for Z

Latin Arabic
Latin Arabic
Xodu (NES
xerad 5> gozurdan oS
nax &= zanboor BY)
taxayyol Jss soozan YT
xiul Ju arziz 23
ceyx C:.:J Zohre 5,5
. zahre 0,8
xerxere o> > '
o Zamin Ry
xar e ) -
zamin n
xur LB : O
: Zanjun oo
xvur Ole> =
. zorrat P
xun o .
. zolm Plb
xvun Ole>
Xust an > tazud sl
xvust an O 55 zoozanaqe 485593

xvubidan  gaols>
xorcid Sy 9>

cord A 5.3 Digraphs

xord gyes SLPO has two digraphs for presenting /3/ and /4/ both of
xvic S which are phonemes with the least frequency in Persian.

xic S

Xvurazm rjjl}‘; 530 Jj

Xordud sls >

The digraph <jj> represents the voiced palato-alveolar fricative

(/3/). Some examples of its usage are shown in table ?2.

529 Y

The letter <y> always represents the voiced palatal approxi-
mant (/j/) (like English). Its counterpart in Arabic script is

II



Table 32: Examples for <jj>

Latin Arabic
pajjmord an O30
mojjde 2550
perojje 2592
Pejjmun obes
jimnustik ol
Jjupon ol
Jjule dl5
Aji s

ajjdahu (P95 1]

532 Cc

The digraph <cc> represents the wvoiceless palato-alveolar af-

fricate (fl)* . Some examples of its usage are shown in table
)

Table 33: Examples for C

Latin Arabic
ccup S
ccap &z
ccakuvak S
moccule e
ccelccele Azl
ccacm iz

5.4 Other Rules

s.4.1 Two consonant in the beginning of words

Rule 6 If a word begins with two consonants, the first conso-
nant is pronounced by adding /e/ at its beginning and the sec-
ond consonant is pronounced using the vowel succeeding it.

Such words include a lot of Persian originated words (which
begin with <_!>), a large number of Arabic loan words (in
particular, words derived from these forms: Jlzix.!, Jlxél and
Jleil) and a considerable number of other Indo-European
load words e.g. <«c.Sul>(=skate). Examples of these words
are presented in table ?2.

Notice that rule ?? causes letter <e> to appear in the
begging of some words e.g. <ecq> =<5is>, <esm>:<rw\)>,
<enekus>=<_.\Kxl>, <emurat> =<, Ll>.

5.4.2 Ayin

As is obvious in the previous sections, Arabic letters ayin and
hazma are not written when they are not saken (- S\.). When

81n this paper, /1f/ have been used to represent /tf/.

12

Table 34: Two consonants in the beginning of words

Latin Arabic
btekur pen
cqul Jsl
dbur B) L:‘
frexur gesty
gzemu LS
hsun oles|
jbur Ll
ktesub o lust
lzum ¢ I3
mcab aal
nfejur S|
psilon  osle!
qruq alel
rtebut Lis,
staxr eS|
teehud NI
yvun Olg!
Xryj G\ >
zterub ol bl

they are saken, they are always preceded by a vowel letter. In
this situation, they are written as <a>.

5.4.3 Compound words

Persian hasalot of compound words. In Latin script, no space
should be used between the building blocks of a compound
word. Table ?? shows some examples of Persian compound
words.

6 Reversible Romanization

If you want to map some texts in Arabic script to the Latin
script and the reversibility of the result is your concern, you
should use the reversible alphaber which adds a number of di-
acritics to the general alphabers. The new letters and diacritics
are shown in table 2?2 ?

Also if necessary you can use <[> character (Usas2s, OPEN BOX) to denote
a space character that does not have a counterpart in Arabic text e.g.
<uf-5=;g>—><beﬂbaxc>.

Similarly you can denote a zero wiDTH NONJOINER character in Arabic script
using <,> (U+02CC, MODIFIER LETTER LOW VERTICAL LINE) €.g. <la-5>—<tanhu> and
<lg3>— <tanha>.
°Actually only
<enzllela>= <muaocgairs,

So you seldom see <cg>.

<o They
<u;t:i,,>:<bac§uc> and <5ﬂu>:<o£§uq>.

three in-use words have are:



Table 36: Reversible alphabet and their general alphabet

counterparts

Arabic General Reversible

Table 35: Compound words

Latin Arabic  note ot a }
= a a
xocbarxord T ORTe . e ‘e
raftoumad sl g, _‘c o ‘0
COStoCcoo il eosteeoo le u ‘u
didobuzdid w330 g3 5 00 ‘00
goftogoo S goftegoe = G
rixtopuc Sl s s 2
zadoband RUIPTS] : 2
faruzonacib OURATS] I . e
Siosepol S g g0 : 0
Beytolmoqaddus w:\id\caﬁ G u
Maxzanolasrur Dl e P ’00
mottafeqolqol Jsill 5ae s i
kisehavu IpansS  airbag s Hh
dastrasipaziri Sy sy accessibility C Hh
hezurpuyun obblse - Tt
jastegorixte o St L Tt
siuhsefid Sndiaws Lo ; T t
bolandqumat Cwlind - S
unoongoriz 5 S0 ¢ Qq Q4
q g 205 S Q Q
hasticenusi sobs s ontology © 9 9
iuh . R 3 Zz Zz
giuhcenusi bl ’ 7 7
spanddoodkon RLIYTRO :‘ ==
ubgarmkon oSS! e Zz 4
. 5 Zz 27
budumhendi 6-’-3-‘"(‘3@ S S -
pestecumi iy v S ° S °
mahallisuzi il de  localization ":p s :
beynolmelalisuzi g3\l Ml internationalization = Ss 83
o cc cg
o 0

@eloN] @]

S

3



Table 37: Examples for the reversible alphabet

Arabic  Latin
<,bLl emurat
S,lke ‘emurat
i qazu
Las  qazu
&g motevaje
<ol> hayut
LL>  hayut
rJlS ta’aallom
VLJ ta aallom
yolze  mouser
;sz ma’user
a3 boed
a5 baad
‘51 |, raay
55 dorr
593 dor
4,95 door
3 ); xord
s8> xord
ofss  rogan
Aiskel  umadocod
»lallgsd  foqoluade
Jeadllyl  Abolfazl
+,>VYL  beélaxare
JWlew  beytolmul
ole>YJlae  “Abdérrahmun
dle  ‘Abdolluh
Gylaadlils duyeragolma uref
J jﬁ‘éﬁéﬁ mottafeqolqol
odlle Aluweddin

When you are transliterating from the Latin script to the
Arabic script and encounter a vowel with a macron (7) above,
you should immediately place a letter <|> (Alef) in its place,
if it was followed by two adjacent moon letters ', you should
also add a letter <J> (Lam) after inserted <|> (Alef).

6.1 Germination

In the Arabic script the germination can be denoted by shad-
dah (<>). In SLPO a germinated letter is written twice e.g.
<¢1¢> — <pelle>. Also notice that the second letter of two-
letter Arabic loan words are always germinated regardless of
their position in the sentence, e.g. <o >—<hadd>, Gor—

<haqq> (Arabic words with duplicated root).

" Moon letters are: () ,(y ) S (B LD ,(i) () ) D) A )
().

The geminated jim (<é>) in the Latin alphabet is repre-
sented by <dj> digraph. See table ?? for some examples.

Table 38: Examples for <dj>

Latin Arabic
tavadjoh S5
motevadjeh &5
sadjude 23 Beus
nadjur Sb
zadje s

7 Orthography

After introduction of the letters, we are ready to discuss some
issues related to orthography.

7.1 Punctuation

In this section, usages of hyphen and apostrophe in SLPO are
described.

7.1 Hyphen

Hyphen usage is like its usage in English (in particular to join
ordinarily separate words into single words to make some new
technical or context-specific terms, but for general compound
words no hyphen is used. See section 2?).

A hyphen is also used in some interjection words, as you
see in table ?2.

Table 39: Interjection

Latin Arabic note
qol-qol ‘_};J; sound of boiling water
teq-teq &E clack

qur-qur L, croak
tik-tuk  SGs  rickrack

0-0 e bark
mio-mio Sengee  MLAOU
cor-cor ;L ;; gurgle
baa-baa e bleat

7.2 Apostrophe
Apostrophe has the following usages:



As a mark of contraction: ~Omission of one or more sounds
(such as a vowel, a consonant, or a whole syllable) in a word or
phrase to make easier pronunciation is very common in collo-
quial Persian and some times in Persian poetry. The omitted
letters in a contraction are replaced by an apostrophe.

As a mark of elision:  Elision has no influence on writing,
butin poetry, theater textand other similar situations to show
the actual speech of a character you can omit some characters
and use an apostrophe instead.

Vocativeform  <'a> can be used to make vocative form nouns
(vocative case). See table ?2. Notice that the <’a> particle is
pronounced /jo:/ if the word ends in a vowel and /p:/ in other

cases.

Table 40: Vocative form

Latin Arabic
Xodu'u (ARES
Parvardegur'u |,y
bozorg'u &5
Saadi'u Loz

7.2 Plural nouns

To form a plural noun add the <-hu> suffix to a singular noun.
For example <sib>+<hu>—<sibhu> (<beww>).

Also for words that refer to humans you can form plural
by adding the <-un> suffix. If the noun ends in a vowel it may
be changed before adding <un>. See table ?? to see some ex-
amples [?].

Table 41: Using <an> to form plural form

olew,8  karmand+un — karmandun

olisel23ls  dunecamooz+un — dunecamoozun
Oldae  moallem+un — moallemun

obstul  ostad+un — ostadun
oblil  ucnat+yun — ucnayun
olsb  bunoo — bunov+ un — bunovun

Q‘jl....o Xastoo — xastov-+un — xastovun

This suffix can also be added to some words to
make new nouns that refer to a particular group.
<giuh>+<un>— <givhun>=<yLS> (refer to plants as a
category).

For some Arabic loan words suffixes <-at> and <-in> can
also be used to form plural nouns.

7.3 Ezafe

Ezafe has a wide range of uses in Persian, most importantly for
making possessive and adjective phrases. [?,?, ?], Ezafe should
be written asa word in the Latin script: <e>. If thelastletter of
its previous word is a vowel, it is pronounced /je/, otherwise
itis pronounced /e/. See table ?? and the following examples.

Table 42: Ezafe examples

s oS ketub e darsi
s 1,4:\... sib e cirin
s L;al.; xune e vilui
Loj ‘ﬁﬂ uhoo e zibu
oo 55 partoemuh
] S5 jooeub
Sl juexuli

Example 1 Mobammad ccuy ru dar qoori e bozorg i ke az
Jens e rooy bood rixt va roo e miz gozuct.

Jeh (69 3 T3 3s G3y er NS Syp 6 )y G\r Soon
BUINANS

Example 2 Be ju e negabduri e mobemmut zarrudxune mi

oo and.
s E o STy Sae 50850 8\ &
Comparison

7.3.1

You can use suffixes <-ar> (the "comparative”) and <-tarin>
(the "superlative") for comparison. Table ?? provides three ex-
amples.

7.4 Indefinite article

The Persian indefinite article is <i> that is placed after the ref-
erent. See table ?? for some examples. Note that in Arabic
script the indefinite noun is formed by adding <.¢> suffix and
in Latin script it is a word.

Table 44: Indefinite article

definite indefinite
4b,2e  maarefe Y nakare
oS ketub S ketubi
koS ketubhu  sloks  ketubhui
<> xune slol- xunei
b4l xunehu sbasls  xunehui
Har gerd i gerdoo nist.
BRI s S S

I



Table 43: Comparison

Positive Comparative Superlative
-5 -tar RS -tarin
S,»  bozorg 35,5  bozorgtar 55, bozorgtarin
L zibu »sL;  zibutar sl zibatarin
SL puk 5S4 pukear o SL  pakearin

Ali zarfi az zeytoon be man dud.

Example .
Pt N eomd @b e
Dunu i muru nejut dud.
Example 5 Al Do Ve S
A wise person saved me.
Dunui maru nejut dud.
Example 6 Al Do e S

The wisdom saved me.

7-5

Possessive suffixes in the Arabic Script are written as a word in

SLPO. Please look at table ??

Possessive Adjectives

Table 45: Possessive Adjectives

f‘ am ol mun
ol at ob  tun
olac olé cun
Example 1
\.A:S ketubam  ylolS  ketub mun
cols ketubat obols  ketub tun
o=t ketubac  plaoks’  ketub cun
Example 2
r\«;L& xune am oLals xune mun
ol xuneat obals- xune tun
slols xuneac oliels xune cun
7.6 Verbs

All Persian Verbs in contemporary Persian can be built using
three principal parts:

* Present stem
* Past stem

* Past participle
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The past stem of a lot of Persian verb can be built by adding
<-id> to the end of the corresponding present stem. Addi-
tionally, the past participle can be formed by adding <-e> to
the end of the past stem. To construct verbs, person suffixes
are added to the three principal parts and if necessary some
grammatical particles precede or secede the result. Verb suf-
fixes (< 50>, < e3>, <> and <y>) and person suffixes in the
Arabic script, are written as a separate word in SLPO. Verbal
person pronouns (person suffix in the Arabic script) are listed
in table ?2.

In table ?? you can see conjugation of indicative present of
<raftan> (<.28,>). Note thatin the case of 3rd person singular,
no suffixis added to the past stem; <ad> is added to present stem
and <ast> is added to past participle.

Table 46: Verbal Person Pronouns

Person ‘ Singular Plural
1St am im
2nd i id
3rd ¢ /ad/ast and

Table 47: Conjugation of indicative present <raftan> (<:z8,>)

Person ‘ Singular Plural

1St miravam miravim
and mi rav'i mi rav'id
3rd mirav'ad  mirav'and

In table ?? examples of various tenses are presented.

*¢= nothing.



Table 48: Examples of various tenses of <did an>

xvuh'am did

W (s>
(e ra\j’»@ mi xvuh'am be bin'am
st r)\: dur'am mi bin'am
5k eas  didebuc'am
¢asons  dide cod'am
¢ 3hsn s dide mi cav'am

The general structure of Persian active verbs are demon-
strated in figure ??. Beginning from colored nodes (green
nodes) and ending in dashed nodes, a verb group can be con-
structed. The figure can be used to form fifteen active types of
Persian verbs. If a path contains any dashed edge (--+), this
means that type is not in active use any longer.

To construct the passive type counterpart of an active
type, use <cod an> (<gaé>) in figure 22 and add the past par-
ticiple part of the main verb to it. e.g. <duct’am mi did’am —
ducat’am dide mi cod’am>.

The general structure of Persian passive verbs are demon-
strated in figure 22. A verb can be constructed beginning from
colored nodes (oranges nodes) and ending in dashed nodes.
The figure can be used to form 15 passive types of Persian
verbs. If a path contains any dashed edge (--+), this means
that type is not in active use any longer.

A full description of Persian verbs is out of the scope of
this paper. We will only show some examples here as a guide
to write verbs in this orthography.

Table 49: Examples of three principal parts of some Persian
verbs

Infinitive  Presentstem  Paststem  Past Participant
O3y buc bood boode
osls dur duct ducte
csls>  xvuh xvust xvuste
oy rav raft rafte
el cuy cost coste
ey Zi zist ziste
ol U umad umade
oxdonsl  andic andicid andicide
Odegd  fahm fahmid fahmide
Odgs  dav david davide
Oxles  davun davunad  davunde
Ol num numid numide
0SSy zang zangid zangide

7

7.6.1 Infinitive form

The infinitive form of a verb is constructed by placing <an>
after the past stem of the verb. e.g. <did>+< >+<an>—«did
an> (<pas>). e.g. “Lotfan feal e zist an' ru sarf kon.”

Notice when it is used as a noun instead of infinitive, no
space is placed between past stem and <an> suffix. e.g. “Ali az
didan e tabiat xaste nemi cav’ad.”

7.6.2  Imperative mood

Imperative is formed by preceding the present stem by <be> or
<bi> particles (later used when the stem begins with a vowel).

Negated imperative is formed by preceding the present
stem by <na> or in historical texts by <ma>. Table ?? shows
some examples.

Table so: Examples of imperative mood

imperative  negated imperative
J$=  bexor J$5  naxor
omiis  benecin i nanecin
oewls  biandic | Liwls  naandic
32 Dbero 5,5 naro
o bebin oo nabin
L Dbiu L nau
Jgde  becoor Jgss  nacoor
L3> bexand L3> naxand
b, befarmu le,&  nafarmu
o0s  bedeh 25 nadeh

8 Ease of Acquiring

To measure how much time is required to learn SLPO, we
conducted two experiments. In the first experiment we ask 14
native Persian speakers to read out a poem which was typeset
in the Arabic script (each participant was isolated from oth-
ers). After that we ask them to read the same poem written
in SLPO. We counted the number of errors in their reading
in both scripts. The figure shows the number of errors. It
is obvious that the number of errors when reading a text in
SLPO is dramatically less than reading the same text in the
Arabic script. The test participants were trained less than five
minutes to be familiar with SLPO. The age of the participants
were between 12 and so. Their education levels were between
secondary school students and masters degree. Additionally,
notice the errors in reading SLPO were the result of reading
carelessly while the mistakes in reading the Arabic script were
the result of its deficiencies.



12

10

number of erros.

%
7

test participant

® Arabic % SLPO

Figure 6: Total of errors among participants in the first exper-
iment

To measure the time length required to learn SLPO >In
the second experiment, we prepared a three-page manual for
SLPO. We asked another 22 participants to read the manual
and convert a given sentence in the Arabic script to SLPO and
to convert another sentence in SLPO to its counterpart in the
Arabic script. We requested from the participants to declare
the time length it took them to read the manual and write
down the answers. Analyzing the answers, we discovered they
could map SLPO to the Arabic script perfectly. They also
could convert the Arabic script to SLOP near-perfectly. In
average, the time required for learning and using SLPO was
20.4 minutes among the participants.

9 Conclusions

In this paper we introduced a novel romanization and orthog-
raphy scheme for Persian that is easy to learn and use, consis-
tentand applicable in a lot of scenarios, particularly in writing
academic materials (NLP and linguistics) and language learn-
ing. Here is a summary of its characteristics that make it supe-
rior to other proposed schemes:

(1) Using only the basic Latin alphabet that consequently
makes SLPO usable in almost all computer environments
without any configuration. (2) Persian has a lot of long words
and phrases. Writing vowels in the Latin scripts make them
even longer, to abate this issue: (i) Persian consonants and
vowels are mapped to graphs and digraphs by considering
their relative frequencies in the Persian language vocabulary
(ii) using Persian language phonology rules and avoiding to
write vowels in some situations, yet the pronunciation of
words are completely identifiable by their spelling. As a re-
sult, the romanized text will be as short as possible (3) A clear
and consistent rule is proposed to write the saken ayin. (4)
The orthography scheme covers all Persian grammatical struc-
tures. (5) A complementary reversible romanization scheme is
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provided for situations reversibility is required. Texts that are
romanized by the reversible scheme, can be converted to the
general scheme only by removing the diacritics. (6) According
to our experiments, SLPO is easy to learn and use. A native
speaker who has problems in reading classic Persian poetry can
read them error-free when they are written in SLPO. Indeed
SLPO can also help them to comprehend the poem more cor-
rectly. (7) The scheme has regular firm rules for writing verbs.
(8) SLPO provides some clues to show some semantic aspects
of texts. (9) A database of nearly all Persian words in SLPO
is also available that can be easily used to create SLPO spell
checker.
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m 5 |
_\> ‘ -am/-i/-im/-id/-and ‘

—>
dur'+(-am/-i/~ad/-im/-id/-and) > mi / nemi \

xvuh+(-am/-i/-ad/-im/-id/-and)

duct'+(-am/-i/@/-im/-id/-and) }—){ mi / nemi

Figure 4: General pattern of Persian active verbs

)dar'+(-a m/-i/-ad/-im/-id/ -and)}—){ past participle

}—>| mi / nemi ‘ FoTTTTT T

‘ past participle

i

-am / -i / -im / -id / -and

[na] xvuh'+(-am/-i/-ad/-im/-id/-and)

| past participle }—){ mi / nemi

‘duct'+(-am/-i/tp/-im/-id/-and)|

{bood'+(-am/-i/tp/-im/-id/-and)‘l

|( buc'+(-am/-i/p/-im/-id/-and) E

"\ —_

Figure 5: General pattern of Persian passive verbs
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A Additional Examples A
In this section we provide some important groups of words to Az
be used as a reference and a learning material.
A.1  Name of months
Month’s names are capitalized in the orthography. Table
?? shows the names of Solar Hiji months in Latin script.
Month’s names and their 3-letter abbreviation are shown in
table ??
Az
Table s1: Name of months
Arabic  Latin Latin Abr.
op39,5  Farvardin Frv
Cuigosyl  Ordibehehect  Ord
sls,>  Xordud Xrd
= Tir Tir
sls,e Mordud Mrd
os e Cahrivar Chr A. 4
4 Mehr Mhr
ol Ubun Ubn
JST Uzar Uzr
8> Dey Dey
g  Bahman Bhm
Lawl  Sfand Stn
A2 Week days

Names of weekdays should be capitalized in SLPO. Table ??
shows the names and their 1-letter and 3-letter abbreviations.

<Inan> and <anan> are usually used only for humans.

Table s2: Week days

As

Arabic Latin 1-letter abr.  3-letter abr.
«.%  Canbe C Cnb
2SS Yekcanbe Y Ykc
4ob9s  Docanbe D Doc
4iiaw  Secanbe S Sec
asiylgz  Ceurcanbe R Ccu
o == Panjcanbe P Pnc

ane>/eosl Udine/Jome U/]J Udn /Jom
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Pronouns

Subject pronouns

Table 53: Subject pronouns

o

¥
9l

man
to

00 )

L mu
L& comu
Lzl icun

Object Pronouns

Table s4: Object pronouns

‘J‘°
15
Iy

maru Lk mura
toru L&  comuru
ooru lulzl icunru

Demonstrative pronouns

Table ss: Demonstrative pronouns

o
ol
gl
ok
oLl

Interrogative words

in
un
inhu
unhu
inun
unun

Table s6: Interrogative words

() %
Lz
5

L

cce(ccl)  what

cceru why
ccegoone  how

ccand (how much)
ccandtu  how many
cceqadr how much
ki who

key when

koju where




A.6 Numbers
A.6a1 Cardinal numbers

Table 2? lists cardinal numbers. As an example 684,541,213,251

Table 57: Cardinal numbers

in letters is:

cecsad o hactud o ccur bilyun o
punsad o ccel o yek milioon o
devist o sizdah bezur o

devist o panjub o yek.
A.6.2  Ordinal numbers

Table ?? contains the first five ordinal numbers.

Table 58: Ordinal numbers

English ‘ number+om number+min

Ist rom yekom/naxost 1mn  naxostin
and 2o0m dovom omn dovomin
ard 3om  sevom 3mn  sevomin
4th 40m  ccurom 4mn  ccuromin
sth som  panjom smn  panjmin

A7 Poetry

Tables ?? and ?? represent two poems by Hufez and Saadi.

O o ANk A WP

[N = = =
B0 I AAEESEF o0

29
30
40
50
60
70
8o
90
100
200
300
400
500
600
700
800
900
1,000

1,000,000

1,000,000,000

1,000,000,000,000

sefr

yek

do

se

ccur®
pan

cec

haft

hact

noh

dah
yuzdah
davuzdah
sizdah
ccurdah
punzdah
cunzdah
hefdad
hejdah
noozdah
bist

bist o yek

bist o noh
si

ccehel
panjuh
cast
haftud
hactud
navad

sad

devist
sisad
ccursad
punsad
cecsad
haftsad
hactsad
nohsad
hezur
milioon
bilyoon/bilyurd

tirilyoon

B Also <ccehur>
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Table s9: An example of poetry in Latin script (by Saadi)

..u)ii..\fu” 6\.42_9\ r:ng
B85 bl s S
)@}5) sysl sy 4 Sras sz
3l |y bgas 5
ool g cal S wlas

Baniudam aazu e yekdigar'and

Ke dar ufarinec ze yek gohar'and
Cco ozv i be dard uvar'ad roozgar
Degar ozvhu ru na mun'ad qarur
To k'az mehnat e digarun bigam'i
Na cuy'ad ke num at nah'and udami

Table 6o: An example of poetry in the general and reversible schemes (Hufez's 64th sonnet)

S 5 Ol oSy Ese> 0L

Agarcce arz e honar pic e yur biaadabi’st
Agarcce ‘arz e honar pic e yur biaadabi’st
Comzallyy 47 ) Do 50y S

Pari nahofte rox o div dar kerercme e hosn
Pari nahofte rox o div dar kerercme e hosn
el 5 L pilaan L

Dar in ccaman gol e bixur kas na ccid; uri
Dar in ccaman gol e bixur kas na ccid; uri
Gz Sl b o) (o230 (8 S

Sabab ma pors ke ccarx az cce sefleparvar cod
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