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The Problem With Digraphia

Mutual intelligibility between standard
varieties 1s extremely high in spoken form, but
falls to zero 1in written form

Tajikistan has ~10 million Persian
speakers who cannot access any written
media from the rest of the
Persian-speaking world (~100 million)




Tajik Farsi

KaHobaTt Ogun: CamapkaHay byxopo — o = : : R
Kpumeun 6unKyBBa acT Gl 098l doy ,S' dylBy 9 9 youw
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An4yymanu Ocuén MuéHa “ommnm To4ukin® pap Y36akuctoHpo yawmm McaHamép € HykTam 3abohu
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KopuwmHocoHu AHyymanu Ocuéun MuéHa, co3amMoHu FailpugaBnartue, Ku gap Wiyl ol 1 oy pU G Wigaw yo a5 Gigusue glojlw I iilio sl ozl glwlivisyls
Cyap cabTu Hom wypaa, 6ap uH 60BapaHf, KU Nac a3 YKpouH a3 MMEHU . s . & o y X
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Challenges 1n Transliteration

Perso-Arabic
script 1s an
(1mpure) abjad

*Vowels are often
unwritten and ambiguous

Tajik-Cyrillic
Sesiuniciie s ePhonetic
Alphabet




Example: “I read the book™

Farsi
RHPEQ R QU B

\/

mn ktobro xwondm

Tajik

MaH KUTOOPO XOHIaM

\/

man kitobro xondam




Challenges 1n Transliteration

Perso-Arabic script does not implement case, Cyrillic does

MM —m> A

Several syllables and letters have one rendering in Tajik, but
several 1n Farsi
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Datasets Previous Systems Ours

31132133|34(|35|36] 3

Previous Work ] ’

Shahnameh

Masnavi (either version)

Assorted Poetry

NSNS

3.1- FST (Megerdoomian and Parvaz, 2008) BBC News

NINN YN IS

Blogs

3.2 - Math-based (Graschenko et al., 2008) ParaNames

Direction: Tajik—Farsi

3.3 - Statistical (Davis, 2008) Direction: Farsi—Tajik

Digraphic

3.4 - Transformer (Seredkina, 2024) Training Data

Digraphic

3.5 - Transformer (Merchant and Tang, 2024) Test Data

S TS T SINNINSNNNNNS

> | % | X% %S
> | % | X% [%N
x | x| NN
ST S SN (XS
SN SN INS
NSNS NS

3.6 - Transformer (SadraciJavaheri et al., 2024) Model/D ata
Availability

All have at least one 1ssue! . , ,
Table 1: Overview of previous systems and our system in

¢ one dlI.'eCtIOIl only (Tajik-to-Farsi) terms of a breakdown of the training datasets (top), and
e very different datas§ts (EX: poetry vs. news) the system properties (bottom) — transliteration direction,
® lack of comprehensive and comparable data type and model/data availability

metrics (Ex: only BLEU, only CER, etc.) .



Datasets Previous Systems Ours
313288543536 5
. Word List v
ParsTranslit (2025)  [vewows A AN
Shahnameh L | A
Masnavi (either version) |/ v
=T e T e T e e ST e Assorted Poetry |/ v
. BBC News |/ v
Resolves all of these 1ssues! Blogs 7 e
e Ist model to use ALL available datasets ParaNames v
e Directly comparable metrics across Direction: Tajik—Farsi |\ v |V |V |/ |/ |V | V/
T Direction: Farsi—=Tajik | X | X |/ | X |V |V | V/
models, text genres, indiv. datasets = :
: igraphic
Also contributes 2 new datasets: Training Data K| &L ||| o of
©) Entlt NAames (Silevi and Lignos, 2024 DigfaphiC
[ N}elver been evall(lated before : ) Test Data X X X v v v v
o New version of the Masnavi Model/Data
m  Replaced version by Seredkina (2024) Availability A A ~ Y v
m  Misalignments manually checked by L2 speaker (Presenting
Auhen Table 1: Overview of previous systems and our system in
Utilizes contextual markers as seen in terms of a breakdown of the training datasets (top), and
Arabizi transliteration (shazal et al., 2020) the system properties (bottom) — transliteration direction,

data type and model/data availability



Domains & Datasets

Domain / Datasets el as) L1
Pairs |Avg. #|Avg. #|Avg. #|Avg. #
Tokens| Char. |Tokens| Char.
2 Shahnameh | 68,206 | 5.68 |24.77| 547 |29.25
e Poetry § Masnavi 39,011 | 6.12 [25.81| 5.75 | 31.43
O  Shahnameh (SadraciJavaheri et al., 2024) & Assorted Poetry|156,576| 6.31 |27.20| 6.01 |33.10
O Masnavi (ParsTranslit) g Dr Blog 1,554 | 12.33 16240 | 11.84 | 72.02
& Jamujam Blog | 819 | 15.79 | 82.21 | 15.34 | 94.34
O Assorted Poetry (Seredkina, 2024) S~ Assorted Prose | 23,992 | 19.56 [102.45] 18.62 [118.95
® Prose 3 Places 11,179 | 1.48 | 946 | 145 | 10.46
O Blogs from ParsText (Merchant and Tang, 2024) § Organizations 4’185 1.39 9.05 1.31 9.72
0 Assorted Prose (seredkina, 2034) Z People 23,988 1.77 | 996 | 1.76 | 10.93
’ Dictionary 49,758 | 1.38 | 6.70 | 1.00 | 7.63

B includes BBC articles

e Proper Names Table 2: Overview of the datasets used as training data.

©  Subset of ParaNames (Silevi and Lignos, 2024)  Text domain in bold are described in Section 6.2.
e Dictionary seredkina, 2024)
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Model Training Setup

e Fairseq transformer model
e 80/10/10 split on each dataset
e Addition of contextual tokens

o inspired by Arabizi transliteration

MIOXU MO =———p @ moxu$ @mo$

Lo ol

(Shazal et. al, 2020)

—_— $‘e@_$°‘u5@

Hyperparameter Value
Batch Size 128
Learning Rate 0.0007
Dropout 0.1
Layers Z
Heads 4

Embedding Dimension 256
Epochs 20
Learning Rate Scheduler | Reduce on Plateau
Optimizer Adam




Evaluation Method

Compared ParsTranslit output with:

Model

(Merchant and Tang, 2024)
Label: DP

(Seredkina, 2024))
Label: TG2FA

SadraeiJavaheri et al. (2024)

Model Description

Our previous bidirectional model

grapheme-to-phoneme model

Unidirectional (Tajik-to-Farsi)

Bidirectional model

only trained on Shahnameh (poetry) dataset

(metrics as reported in their paper)



Model Results (Fars1 =9 Tajik)

o chrF chrF++ CER Normalized CER Acc% Acc% (No WS)
DP | ParsTranslit | DP | ParsTranslit | DP | ParsTranslit | DP | ParsTranslit | DP | ParsTranslit | DP | ParsTranslit
Poetry 65.24 92.52 58.14 90.36 4.30 0.90 0.13 0.03 1.84 53.74 3.22 58.52
Prose 64.40 86.56 56.44 83.14 13.47 7155 0.13 0.06 4.88 18.25 5.40 2091
Dictionary | 66.27 89.33 60.16 87.55 1.56 0.36 0.20 0.05 24.70 76.91 36.34 77.00
Names 27.63 71.78 21.81 66.83 4.29 1.50 0.40 0.15 4.05 40.82 4.14 41.44
Overall 63.83 90.34 56.57 87.91 4.57 1.36 0.17 0.05 5.28 52.98 7.81 56.57

Table 3: Farsi—Tajik model performance across different data subsets and across metrics. The score in bold indicates
the best performing model for each metric and subset.

e ParsTranslit outperforms across all metrics and genres
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Model Results (Tajik =9 Farsi)

chrF chrF++ CER Normalized CER AccYe Acc% (No WS)
DP |TG2FA|ParsTranslit| DP [TG2FA|ParsTranslit| DP [TG2FA |ParsTranslit| DP [TG2FA|ParsTranslitf DP |TG2FA|ParsTranslitft DP |TG2FA|ParsTranslit
Poetry (84.73| 93.21 95.63 |78.69| 91.19 9398 [2.16] 0.86 0.60 |0.08] 0.03 0.02 15.64] 55.75 66.35 [33.22| 65.56 76.50
Prose [86.25| 95.59 01.64 |80.54| 94.16 89.85 |5.97| 2.09 6.39 (0.07| 0.03 0.04 11.11| 41.96 38.25 [19.17] 51.21 47.11
Dict. |94.14| 85.14 01.22 |86.86| 78.82 85.73 |0.54| 0.55 0.38 |0.08] 0.08 0.06 |59.13| 62.75 72.52 [86.82| 74.41 82.69
Names (37.41| 44.57 80.08 (31.05]| 38.28 7582 (3.40| 2.75 1.02 |0.34| 0.29 0.11 743 | 13.17 53.68 |9.48]| 14.15 54.48
Overall|83.72| 92.02 94.00 |77.80| 90.08 02.28 [2.34| 1.1 1.01  [0.11] 0.06 0.04 |20.18] 51.30 63.90 [36.82| 60.41 72.99

Subset

Table 4: Tajik—Farsi model performance across different data subsets and across metrics. The score in bold indicates
the best performing model for each metric and subset.

e ParsTranslit outperforms but other models show train-test contamination

14



Model Results (Shahnameh)

CER
o Farsi to Tajik | Tajik to Farsi
ParsTranslit 0.93 0.90
SadraeiJavaheri et al. (2024) 1.05 0.88
DP 1.56 2.55
TG2FA N/A 1.09

Table 5: Model performance on Shahnameh dataset in
both directions. The score in bold indicates the best
performing model for each direction.

e ParsTranslit exhibits similar Tajik-to-Farsi performance
despite more data, suggesting gains from addtl. data plateau



Key Trends

e Entity names are the biggest challenge for all models

o particularly for those that have never seen this data
e Prose is harder than Poetry
e Tajik-to-Farsi is easier than Farsi-to-Tajik

e Removing whitespace improves Acc% in both directions



Main Takeaways

e Tajik-Farsi transliteration is not a uniform task

o Some genres of text are easier to transliterate than others
e ParsTranslit's performance proves is currently the only

available model able to handle a wide variety of texts in both

directions

e Readily able to produce understandable, if not perfect,

transliterations in all contexts



Example Model Output (Farsi to Tajik)

Script Example Sentence (errors
highlighted)
FarSi (input) 05\5 J‘)g‘)\s JJ\)A ().u.».u;; ) J\ ua\ AS Gl Atiea OLAJJ.'UJ

Ta] lk (O utp ut) 3aBaHJAPMOHU MyBbTaKH] aCT KM MH a3 HaXyCTHH

MaBOPHUJIA KOPOYpAH BOYKaW TOYUK Oa MAbHOHU IPOHIA

MYCaJIMOH acT

SYHACPMAHH MYBTAKUJ aCT KX UH a3 HAXYCTUH MaBOPU AN

Tajik (reference)

KOpOyp/I1 BOXKau TOYUK Oa MAbHOM 3POHUM MYCaJIMOH acT

18



Example Model Output (Tajik to Farsi)

Script Example Sentence (errors
highlighted)
Ta] lk (1 np ut) 3yHJIEpPMaHH MYBbTaKWUJ acT KU UH a3 HaXyCTUH MaBOPUIU

KOpOyp/i1 BOKau TOYUK Oa MAbHOU 3POHUU MYCAJIMOH acT

: 35 35S ) ga (a3l gl AS Cand Mina (o i
0I5 = )= )l ol DV RN )
Farsi (output)

1 5 5 53 3 S 2 )l ga ledd ) ) AS Casl A8aa la y2i g
Farsi (reference) 320008 e Ot 5 55
Gl laliia ) slire 40 Saals

19



Example Model Output (Farsi to Tajik)

Script

Farsi (input)

Tajik (reference)

(alternative transliteration highlighted)

Tajik (output)

(alternative transliteration highlighted)

Example Sentence (errors highlighted)

aloni oS Slaass (Sid 3 g 0l (5035 0 L

MO Jiap XaB3au afaduBy (papxaHrii Oucep

KyIIuJ1aeM

MO JIap XaB3au aja0i Ba (hapXaHrii Oucep

KyIIuJ1aeM

20



Future Work

e Major:
o Develop task-specific testing methods
m Stop penalizing valid alternative transliterations

(_) (

e Ex: ‘s can become ‘Y ‘Ba), ‘By) all meaning ‘and’
m Measure model’s ability to detect Ezafe

o Investigate model errors to find deeper patterns, if any
o Make tool available! Receive user feedback

e Minor:
o Refine entity names dataset




Github

https://github.com/merchantrayyan/ParsTranslit



https://github.com/merchantrayyan/ParsTranslit
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