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This study addresses the problem of high-vowel ambiguity in OCR-
derived Old Turkic texts, in which the graphemic distinction between
(i), (i), and (1) is frequently neutralized to (i). This issue arises from
the limitations of existing normalization approaches, which fail to
adequately capture edition-specific orthographic conventions or the
variability across the editorial traditions. As a result, a significant portion
of the original graphemic information is lost during digitization, thereby
reducing the reliability of subsequent linguistic and philological analysis.
To resolve this problem, the paper proposes a dedicated disambiguation
layer integrated into a TEI-P5 two-layer encoding framework (orig/
reg). The proposed layer operates strictly at the representation level
and does not attempt to reconstruct phonology or modify the original
OCR output. Instead, it combines edition-specific metadata with rule-
based linguistic cues, including lexical allow-lists, morphological
constraints, vowel harmony patterns, and loanword profiles. The model
follows a deterministic priority structure, ensuring that each ambiguous
case is resolved in a transparent, consistent, and reproducible manner.
By design, the framework avoids probabilistic inference and prioritizes
philological accountability over statistical generalization. The model was
evaluated on a dataset of 4,485 tokens drawn from thirteen Old Turkic
editions published between 1919 and 2023. Among these, 1,837 tokens
exhibited unresolved high-vowel ambiguity after normalization. The
proposed method successfully disambiguates approximately 88-93% of
these cases, depending on the edition, while preserving unresolved forms
through explicit TEI <unclear > annotation. This approach ensures that
ambiguity is not obscured but remains visible and accessible for further
philological evaluation and interpretation. Comparative analysis across
editions further confirmed the stability of the method under varying
orthographic conventions. The results demonstrate that a deterministic,
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edition-aware approach can significantly improve accuracy compared to baseline methods,
without sacrificing transparency, reversibility, or interpretability. The study further highlights
the importance of editorial traditions in shaping graphemic representation and shows that
ambiguity can be effectively managed through structured metadata and constrained rule-
based systems. The proposed framework offers a reproducible and extensible solution for
enhancing the quality, consistency, and interoperability of OCR-derived historical corpora
in Turcology and digital philology. Future work will focus on extending the framework to
additional Turkic editions and integrating it with corpus-level search and annotation tools.
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ORCID ID: 0000-0002-0039-9619
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OCR apkpuisl U pPIIaHFAH KOHE TYPKi MITiHAepi 6achUIbIMapbIHAaFbI KbICAH
aaysicTbutapabiy ((i) / (i) / (1)) kenMaHALIIriH 6achIBIM MeTaJepeKTepiHe cylieHe
OTBIPBIN AXbBIPaTy: AU3aMOUTryausa KabaTel

Annoramya. Byn 3eprrey OCR apkpUiel 1udpianFaH KeHe TYPKi MoTiHAepiHHeri KpicaH
JaybICTBUIApAbIH, KOIIMOH/LJIIr MacesleciH KapacTelpadsl, MyHAa (i), (i) *koHe (1) apacblHAAFbL
rpademMa’iblK anbpMallbUIBIK, kebiHece (i) TypiHe meiliH OeiiTapanTtaHanbl. Bys Macese
KOJIJaHBICTAaFbl HOpMaJIn3alus JiCTepiHiH IleKTeyJjiepiHeH TYbIHAAWABI, OJiap XeKeJjiereH
baceUTBIMAapAblH opdorpadusAbIK epeKIIeTiKTepiH XoHe peJaKUUsIBIK O3CTYpJiepAiH
BapUAaTUBTIJIITIH XeTKiJIIKTI TypAe eckepmetifi. COHBIH cajifapbiHaH qUdpiaHaspy 6apbeicbIHAA
bacrankel rpademMa’siblK akNapaTThiH eJieyyi OeJiiri KOoFasblll, KeHiHri JIMHTBUCTUKAJIBIK
’)koHe (PUIJIOTIOTUAIBIK TaJiiayJjlapFa dcep eTil, MIBIHANBUIBIFBIH TeMeHAeTedi. By MacesneHi
memry yimiH 3epTTey XymbicbiMbizga TEI-P5 exi nmeHreiisni kopray xylieciHe (orig/reg)
WHTerpanysiaHFaH apHaibl Au3aMOuryanus KabaThl Koca YChIHbUIaAbl. ¥CHIHBUIFAH KabaT
KaTaH TypAe TeK pelpe3eHTalus AeHrelliHae raHa )XyMBIC icTeliii )oHe ()OHOJIOTHUAHBI KaliTa
KainelHa kenripyre Hemece OCR HaTuxeciH e3repTyre keamerifi. OHBIH OpHBIHA OJ1 HaKTHI
baceUIBIMOapAblH MeTajiepeKTepiH JIMHIBUCTUKAJIBIK, OeJirijiepre HerizesireH epexesiepMeH
OipikTipeni, COHBIH illiHAe pYyKcaT eTiJireH JIeKCUKAaJIBIK Ti3iMaep, MOP(QOJIOTUAIBIK, IIeK-
TeyJep, AaybICTHl ABIOBICTAD YHAECTITiHIH YJrijiepi %oHe KipMe ce3fep npoduiiH Jie Koca
anaael. Mogesnib KaTaH OeJirijieHreH epexesiep XylieciHe OaceIMABIK Oepefdi, opbip kenMoHi
KarmalabplH amblK, Oipi3fi 'koHe KaiiTajlaHATBIH TYpJe ILIellilyiH KamMTamachi3 eteni. Ky-
PBUIBIMBL OOMBIHINIA MOAeJib BIKTUMAaJIABIK dicTepiH KoJijaHOaWAbl XoHe CTaTUCTUKAJIBIK
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XaJInbLUIaygaH repi GUIOJIOTHAIIBIK ecell Oepylrijlikke 6ackiMAbIK 6epefi. Mogenp 1919-2023
XBLIIAP apaJIbIFbIH/IA XKapUsIaHFaH KoHe TYPKi MOTiHAePiHiH OH yIII 6aChbIBIMBIHAH aJIbIHFaH
4485 TokeHHEeH TYpaTbIH JiepeKTep XUbIHbIHAA OaranaHfbl. Osapawly imiHge 1837 TokeH
HOpMaIu3alusAgaH KeliH KpicaH JaybICcThUIap OOMBIHIIA KOIMIHATIKTI caKTaraH. ¥YChIHBUIFaH
9ic OacelyibIMFa 6aiislaHBICTBI OCHI XaFJaiapabH mamMaMeH 88-93%-bIH COTTi aXbipaTaibl,
an memrinvMered dopmasiap TEI (unclear) aHHOTamuMsACH apKbUIbl CaKTajaaabl. Bys Tacia
KOTIMOH/ILTIKTI XachIpMal, OHBI aliKbIH KYIiJle KaJIJbIPhII, KeHiHTi (DUIJIOJOTUAIBIK Tajigay
MeH MHTepIpeTanys YIIiH KOJDKeTiMAi eTeli. BachuibiMaap apachlHAArbl CaJIbICTBIPMAaJIbl
Tanfay diCcTiH apTypJii opdorpadusibK ASCTYpJiep XKarqaiibiHAa TYPaKThUIBIFBIH pacTabl.
HaTtuxenep kaTaH OesrijieHreH xkoHe 6achLIBIM epeKIleliKTepiH eCKepeTiH Tacijire HerizgesireH
6as3aJsiblK d[icTepMeH caJjIbICThIpFaHAa MQJIIKTi ef9yip apTThipa ajlaThiHBIH, COHbIMEH 6ipre
ALIBIKTHIKTHL, Kepi KalTapblJIBIMBLIBIKTH )KoHEe MHTepIpeTalUAIaHy IbUIBIKTH CAKTal THIHBIH
KepceTefi. 3epTTey COHAAN-aK peJaKIUAIBIK J9CTYPJepAiH rpadeMaJiblK pernpe3eHTal[laAHbI
KaJIBINTaCThIPYJaFbl MAHBI3BIH aTall ©Te[li XKoHe KONMOHJIIIKTI KypbhUIbIMJAJIFaH MeTaje-
peKTep MeH IeKTeJITeH epexeriep Xyleci apKbUIbl TUiMAi 6acKkapyra O00JIaTHIHBIH KepceTe[i.
¥coiHBUIFaH QPelMBOPK TYPKOJIOTHSA MeH UG pJiblK pronorusaa OCR apKeUibl udpiaHFaH
Tapyuxyd KOPIyCTapJblH calachkiH, Oipi3fuIiriH koHe HHTepoliepabesibAiJliriH apTThIpyFa
apHaJiFaH KaiTa KaHFBIPThUIATHIH KoHe KeHeHTiJIeTiH HiemiM YChIHaAbl. Bosamak >KyMbIC
(pperIMBOPKTEL KOCHIMITIA TYPKi OachUIbIMAapblHa KeHEeUTyTe *KoHe OHBI KOpIyC AeHreuinaeri
i3ey MeH aHHOTAIWA KypajagapbeiMeH OipikTipyre GarbITTaaagbl.

KisnT ce3nep: keHe TypKi Tisti, OCR (onTukasblKk MOTiHAi TaHY), MOTiH/i HOpMaJiu3anusiay,
TEI-P5, kpicaH AaybicThlIap, rpadeMablK KONMIHATK, HUMPIBK (UI0J0TUA, Tapuxu
KOpIlyCTap, TYPKOJIOTUA, AU3aMOuUryarys.
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PaspemeHrie HeOHO3HAYHOCTH IJIaCHBIX BepxHero nogbéma ((i) / (i) / (1))
B OCR-onndppoBaHHBIX U3AAHUAX JPEBHETIOPKCKUX TEKCTOB: CJIOH AU3aMOUTyalvH,
OCHOBAaHHBII Ha MeTaJlaHHBIX U3aHUA

AnnoTranus. JlaHHOe HccjieJoBaHe paccMaTprBaeT IIpobyeMy HeOQHO3HAYHOCTH IJIaCHBIX
BepxHero nogbéMa B OCR-o1ndppoBaHHBIX JPEBHETIOPKCKUX TEKCTaX, B KOTOPHIX rpadeMHoe
pasnuune Mexnay (i), (i) u (1) wacto HeuTpanusyerca Oo (i). dTa npobiema oOycJiOBIeHa
OrpaHNYeHUsAMH CyI[eCTBYIOIMX METOIOB HOPMaJIM3alliy, KOTOpble HEAOCTATOYHO YUNTHIBAIOT
opporpadurueckrie 0COOEHHOCTU OTHAEJIbHBIX W3JaHWU W BapUaTHUBHOCTb peNaKIMOHHBIX
Tpagunuil. B pesynbTaTe 3HauMTeJbHAaA 4YacTh MCXOAHOM TrpademMHoON HHOpMAIUN
yTpauuBaeTrcsd B Ipolecce HOUpOBU3AIMM, YTO CHWXaeT HAAEXHOCTh IMOCJIeQYyIOIIero
JIMHTBUCTHUYECKOTO U (PUJIOJIOTMYecKoro aHaiausa. [jid pelleHUsA OaHHON NpoOJieMHl B
paboTte mpepsaraeTcs CHelUaIM3UpPOBAHHBIN CJIOU Au3aMOuTryaluy, WHTerpUPOBaHHBIN B
JIByXypoBHeBy10 cucteMy komupoBaHus TEI-P5 (orig/reg). JlaHHBII c10i1 QYHKIIMOHUPYET
CTPOr0 Ha ypOBHEe IIpeJ/iCTaBjIieHHs M He IpeAmnojaraeT BOCCTAHOBJIEHWsA (HOHOJIOTUU WU
n3MmeHeHus ucxogHoro OCR-BeiBofa. Bmecto 5TOro oH coderaeT MeTaJaHHbBIe KOHKPETHBIX
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V3[JaHUI C JIMHTBUCTHYECKU OOYCJIOBJIEHHBIMU IIPaBUJIaMU, BKJIIOYas JIEKCUYECKHe CIHCKU
paspem€HHelx  popM, MOpGOJIOrMYeCKre OrpaHHUYeHUsdA, MOJeJM TapMOHUU IJIACHBIX U
IIpO(PUJIN 3aUMCTBOBAHHBIX CJIOB. MoJiesib NCIOJIb3YeT AeTEPMUHUPOBAHHYI0 CUCTEMY IIPU-
OpUTEeTOB, obeclieurBas NpO3pavHoe, IOCIeJ0BaTeIbHOEe U BOCIPOM3BOAVMOE paspelleHne
KaXA011 HeOqHO3HAayHOCTHU. [10 cBOell KOHCTPYKIMU OHA MCKJII0YaeT BepOATHOCTHbBIE METO/bI
1 OTJIA€T pUopuUTeT PUIOJIOTNYEeCKON TPOBEPSAEMOCTU HaJl CTaTUCTUYECKUM 0600IIeHeM.
Mogpess ObLIa IpOTECTHPOBaHa Ha Kopiyce u3 4485 TOKeHOB, M3BJICYEHHBIX U3 TPUHAALATH
U3JaHUl IPEBHETIOPKCKUX TEKCTOB, ONMyOJIMKOBAHHBIX B epruof ¢ 1919 mo 2023 roxa. U3 Hux
1837 TOKeHOB COXpaHATIN HEOJHO3HAYHOCTh IJIACHBIX BEPXHETr 00 AbEéManocjae HopMaanu3aluu.
[TpenyioxxeHHBIN MeTOJ yCHeNIHO pa3peliaeT NpubausutesibHO 88-93% Takux ciydaeB B
3aBUCUMOCTH OT W3[aHUsdA, [IpU 3TOM HepaspelléHHble GOPMBbI COXPaHAITCA IIOCPEICTBOM
sBHou TEI-aHHOTaruu < unclear >. Takoii oaAXo[ He CKPHIBAET HEOJHO3HAYHOCTh, 4 COXPAHSAET
e€ B ABHOM BHJie, o0ecIieunBasa JOCTYIIHOCTD AJIA ocjieayomero GrioJorniyeckoro aHaansa
u nHTepnperanuu. CpaBHUTEJIBHBIN aHAIN3 Pa3JIMYHbIX U3JAaHNUI NOATBEPANUII YCTOUYNBOCTD
MeToda IpU pasjnyHbBIX opdorpapuuecKux TpaauLusax. PesysbTaTel MOKa3bBAIOT, YTO
JeTepMUHUPOBAHHEBIN, OpPUEHTUPOBAaHHBII Ha OCOOEHHOCTH W3JAaHUA IMOAXO4 MOXeT
CyIIeCTBEHHO NOBBICUTH TOYHOCTD I10 CPaBHEHUIO € 6a30BBIMU MeTOAAMU, HE CHUKaA IPU 3TOM
IIPO3PavyHOCTH, OOPAaTUMOCTU U NHTepnpeTupyeMocTu. Hceieqosanue Takxke NOqYEPKUBAET
BaXXHOCTh pEeAaKIMOHHBIX Tpaguuuii B GopMupoBaHnu rpaeMHON penpe3eHTaluud u
JEeMOHCTPUPYET, YTO HEOAHO3HAYHOCTh MOXeT 3¢ (PeKTUBHO yIPaBJIATHCA C IOMOIIBIO CTPYK-
TYPHUPOBAHHBIX MeTaJlaHHBIX U OTPaHUYEHHBIX cUCTeM IpaBuJl. [IpeyioxeHHbIN GpeliMBOPK
npefcTasssgeT coO0I BOCIIPOM3BOAUMOE U pacllipsieMoe pelleHre [JiA MOBBIIIeHNsA KauecTBa,
corsacoBaHHocTUu U nHTeponepabdensHocT OCR-0LMpPOBaHHBIX NCTOPUYECKUX KOPIIyCOB B
TIOpKOJIOTUU U nudpoBoil duosorun. JlaapHelmue nuccjieoBaHuA OyJyT HalnpaBJieHbl Ha
pacmuipenre GpeliMBOpKa Ha AOMNOJIHUTEJIbHbIE TIOPKCKHE H3NAHWA U ero MHTerpaunuio C
MHCTPYMEHTaMH KOPIIyCHOTO MOKCKA, 1 aHHOTUPOBAHUS.

KiroueBble ciioBa: apeBHeTIOpKCKUH A3bIK, OCR (onTuyeckoe pacrno3HaBaHUe TEKCTa),
HopMaJm3alnua tekcrta, TEI-P5, rinacHble BepxHero nogbéMa, rpadpeMHas HeOQHO3HAYHOCTb,
nudposas GrIosIorus, UCTOPUYECKre KOPILyChl, TIOPKOJIOrMsA, AU3aMOuryanus.

Introduction

Over the past century, various Old Turkic editions have been published, each employing
different conventions for the representation of high vowels. These systems are neither fully
standardized nor mutually compatible. For example, German, Russian, French, and Japanese
editions generally preserve a clear distinction between (i) (back unrounded high vowel), (i)
(front high vowel), and in some cases (1). On the other hand, Turkish editions based on modern
Latin orthography retain only the (i) / (1) opposition and omit (i) entirely. For transliteration
conventions in Turkish editions, see Ucar (2020; 2021). In Japanese and early Chinese editions,
diacritics at are absent, and all three vowels may be merged into a single grapheme (i).

When such editions are processed through OCR, the problem becomes even more
pronounced Even relatively accurate OCR systems frequently remove the diaeresis from (i)
and normalize the dotless (1) to (i). As a result, the original three-way difference is reduced
to a single graphemic form. To address this issue, a normalization layer proposed by Ucar
(forthcoming) introduces a TEI-P5 parallel encoding framework. Within this framework, the
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uncorrected OCR string is preserved in the orig layer, while a normalized representation is
provided in the reg layer. At the same time, the framework explicitly identifies high-vowel
collapse as the main error type that cannot be resolved solely at the representation level.

There have been a few past efforts to gather electronic collections of Old Turkic texts, with
VATEC (= Vorislamische Alttiirkische Texte: Elektronisches Corpus) standing out as the most
significant. This project, led by Marcel Erdal, Jost Gippert, Klaus Rohrborn, and Peter Zieme,
was a collaborative effort between the Goethe-Universitdt Frankfurt, the Georg-August-
Universitdt Gottingen, and the Berlin-Brandenburgische Akademie der Wissenschaften,
supported by the DFG. In 2001, VATEC released a pilot CD-ROM while in 2003 a VATEC
website that included re-editions of texts written in Runiform, Old Uyghur, Manichaean,
Sogdian, and Syriac scripts, complete with transliteration, normalized transcription,
morphological parsing, and translation (Erdal et al. 2003). However, it’s worth noting that
VATEC didn’t start with OCR-derived material. Instead, the editions were carefully re-keyed
by hand from the original print versions, and the high-vowel distinction was maintained
through careful editorial choices rather than relying on a standardized normalization process.
Because of this, the differences in orthography between different editorial traditions and the
systematic disappearance of (i), (i), and (1) that often happens in OCR-based systems didn’t
fall within the project’s goals (Erdal et al. 2003). Other digital resources, like Wilkens’s open-
access Old Uyghur dictionary (2021), the ongoing Uigurisches Worterbuch by the Gottingen
Academy, and the digitized Turfan collection from the Berlin-Brandenburg Academy, also use
editorially curated input and don’t tackle the graphemic uncertainties that can arise during
OCR. To our knowledge, no existing Old Turkic database offers a clear, edition-aware way to
handle high-vowel collapse in OCR-derived texts while keeping the original text intact. This
project is designed to address exactly that need.

This paper proposes a dedicated disambiguation layer designed to address this residual
ambiguity. The layer is applied after representation-level normalization and prior to subsequent
linguistic annotation. The method combines edition-specific metadata with a consistent system
of linguistically motivated constraints. Rather than attempting phonological reconstruction,
the model operates exclusively at the graphemic level by analyzing distributional patterns
within individual editions. In doing so, it preserves the integrity of the OCR output while
avoiding intervention in the original textual data.

Materials and research methods

The disambiguation layer proposed in this study is intentionally narrow in scope. It does not
replace representation-level normalization. It operates directly above it and does not substitute
for philological analysis. Its primary function is to render residual ambiguity machine-tractable
without concealing it. The behaviour of the layer is constrained by five core principles.

Non-destructiveness: The original layer remains unchanged throughout the process. All
disambiguation decisions are encoded in the reg layer and where necessary, are marked using
TEI <unclear> or @cert attribute attribute to indicate residual uncertainty.

Edition-awareness: Each source edition is associated with a dedicated profile describing
its treatment of high vowels, OCR related behaviour, and preferred normalization conventions
within the reg layer. These profiles are created once and subsequently reused across the corpus.
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Deterministic priority: Disambiguation clues are applied according to a fixed hierarchical
order. The first rule capable of resolving a given token is accepted, while unresolved ties are
handled through edition — specific fallback strategies.

Edition conformity: The system strictly adheres to the orthographic conventions of each
edition. No rule may introduce graphemic contrasts that are absent from the source tradition.
For example, a Turkish edition that consistently employs the (i) / (1) opposition will never
generate (i) in the reg layer, even if such a reconstruction might appear philologically plausible.

Reversibility: Since the original text is preserved unchanged and each reg token remains
linked to its source through the TEI <choice> structure, all disambiguation decisions remain
fully reviewable and revirsible at the token level.

The layer was evaluated using the same 4,485-token dataset employed in earlier
representation-level normalization research (Ucar, forthcoming), comprising thirteen editions
published between 1919 and 2023 (Le Coq, 1919; Bang, 1923; Arat, 1965; Hamilton, 1971;
Rohrborn, 1971; Geng, 1989; Dietz et al., 2015; Zieme et al., 2022; Kaya, 2023; among others).
Of these tokens, 1,837 (approximately 41%) contained at least one high vowel that remained
ambiguous after normalization. To establish a reference interpretation, two annotators
independently evaluated the tokens using the glossaries and indices of the corresponding
editions. Disagreements were subsequently resolved through discussion and consensus.

Research background

The graphemes (i), (i), and (1) correspond to distinct categories within the reconstructed
Old Turkic vowel system. In different editorial traditions, (i) and (1) represent the same
phonological category, namely the back unrounded high vowel, whereas (i) encodes the
front high vowel. The variation is therefore orthographic rather than phonological in nature.
Editorial systems map this phonological space onto the Latin alphabet in incompatible ways,
as summarized in Table 1.

Table 1. High-vowel encoding across editorial traditions.
1-kecme. PelakUUsIIBIK JOCTYPJIEPAETi KbiCAaH AaybICTHUIAPABIH KOJTAJTYHL.
Tabruya 1. KogupoBaHue IJIacHBIX BEPXHEr0 MOAbEMA B PA3/IMYHBIX PENAKIIMOHHBIX TPAAULIUAX.

Tradition Back high | Front high Additional notes
Early German 1 i Diaeresis is contrastive; (1) is not used
Russian (Soviet) i i Follows the German convention
French i i Occasional use of (i) with trema
Modern Turkish 1 i Employs the orthographic (1) / (i) opposition
Japanese / early i (undiff.) i (undiff.) | No orthographic distinction between back and
Chinese front high vowels

OCR processing may further obscure graphemic distinctions present in the source editions.
In particular, diacritics are frequently lost during recognition, while the Turkish grapheme (1)
is often misidentified as (i) due to the minimal visual difference between the two characters at

234



E. Ugar Turkic Studies Journal (2026) 229-241

low resolution. Similar challenges in the OCR processing of historical and low-resource scripts
have been documented in recent research (Carlson et al., 2023; Ozates et al., 2025).

Analysis

1. The Edition Profile

Each edition is associated with a concise profile containing the information necessary for
resolving collapsed high vowels. Functionally, these profiles serve as compact philological
guides, specifying which graphemic distinctions are preserved or neutralized in a given edition,
how loanwords are treated, and how OCR processes affect the original orthography in practice.

At minimum, each profile contains six components:

1. the inventory of high-vowel sounds employed by the edition (e.g., {i, i} in German
conventions, {1, i} in Turkish conventions, or {i} in systems lacking a back/front distinction;

2. OCR transformation patterns affecting these graphemes, such as the frequent norma-
lization of (i) to (i);

3. the default fallback grapheme used when OCR ambiguity cannot be resolved determi-
nistically;

4. loanword handling conventions for lexical items of Sogdian, Sanskrit, Chinese, or
Tocharian origin, including whether vowel representation follows the donor language or the
adapted Old Turkic form;

5. a lexical allow-list of common forms whose high-vowel representation is fixed within the
edition, typically consisting of 150-400 items extracted from the edition’s glossary or index and
cross-checked against standard Old Turkic etymological references such as Clauson (1972);

6. a parameter indicating whether the edition applies vowel harmony from the initial
syllable or permits the lexical stem to determine affix vowel realization.

The profiles are implemented as compact, manually curated YAML files distributed together
with the TEI corpus. They are not inferred automatically from statistical patterns in the data.
By maintaining explicit and human-readable profile definitions, the framework preserves
philological transparency and allows individual disambiguation decisions to be traced directly
to their underlying editorial assumptions rather than to opaque probabilistic inference.

2. The Disambiguation Pipeline

If the representation-level normalized form of a token still contains unresolved high-
vowel ambiguity, the disambiguation layer applies four cues in a fixed hierarchical sequence
grounded in the morphological and vowel-harmonic regularities of Old Turkic. The first cue
that produces a determinate outcome is accepted, and no subsequent cues are consulted.

Table 2. Cue priority in the disambiguation layer.
2-kecme. [Juzamburyanusa KabaTelHAAFH OerijiepAiH 6achIMIOBIK, TOPTiOi.
Tabuya 2. TlpuopyuTeT NPU3HAKOB B CJI0€ AU3aMOUTryanuu.

Cue Mechanism Example

Lexical allow-list | Direct lookup in the edition-specific fixed high- | OCR tingri — reg tanri
vowel lexicon. (allow-listed lemma).
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Morpheme rule | Application of finite rules governing Old Turkic OCR {-lig} / {-lik} — reg

derivational and inflectional morphemes with {-lig} / {-lig} depending on
fixed high-vowel realization. stem class.

Vowel harmony | Propagation of harmonic class from an OCR arig — reg arig (back-
unambiguous front or back vowel within the harmonic stem (a)).

stem to the unresolved high vowel.

Loanword profile | Application of the edition-specific loanword Skt. stitra > > OCR sudur
policy when the token matches a recognized — reg sudur (edition keeps
donor-language pattern. donor vowel).

Fallback Emission of the edition-defined fallback grapheme, | OCR ir — reg ir +
accompanied by TEI <unclear> annotation. <unclear>.

In rare cases where multiple cues are simultaneously applicable (e.g., lexical and harmonic
evidence), the fixed priority hierarchy ensures deterministic resolution. For example, if a
token matches both a lexical entry and a harmonic pattern, the lexical cue takes precedence.

The pipeline is intentionally designed to remain shallow, as the majority of philologically
relevant cases can be resolved using the four core cues alone. Additional mechanisms, such
as edition-wide statistical models, neural language models, or cross-edition voting strategies,
may provide modest improvements in recall; however, such gains would come at the expense
of interpretability, transparency, and philological verifiability.

3. TEI Encoding

Disambiguation is implemented as an additional layer within the existing TEI-P5
<choice> structure. Once a determinate interpretation has been established, the resolved
token is emitted directly in the normalized representation.

<choice>

<orig>arig < /orig >

<reg source ="#harmony" cert="high" > arig < /reg >
< /choice >

When a token cannot be resolved, the system applies the edition-specific fallback grapheme
together with explicit TEI <unclear > annotation and an associated @cert value. This ensures
that downstream users can seeidentify the form as unresolved ambiguity rather than as a
silently normalized representation.

<choice>

<orig>ir</orig>

<reg cert="low" > <unclear >ir < /unclear > < /reg >

< /choice >

The @source attribute associated with the <reg> element records the cue responsible for
the disambiguation decision, such as #lexicon, #morph, #harmony, #loanword, or #fallback.
As a result, each token preserves a transparent and traceable path from the original OCR
input to its normalized representation.

4. Evaluation
The disambiguation layer was evaluated using the same 4,485-token dataset employed in
earlier representation-level normalization research (Ucar, forthcoming), comprising thirteen
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editions published between 1919 and 2023 (Le Coq, 1919; Bang, 1923; Arat, 1965; Hamilton,
1971; Rohrborn, 1971; Geng, 1989; Dietz et al., 2015; Zieme et al., 2022; Kaya, 2023; among
others). Of these tokens, 1,837 (approximately 41%) contained at least one high vowel
that remained ambiguous after normalization. To establish a reference interpretation, two
annotators independently evaluated the ambiguous forms using the glossaries and indices
of the corresponding editions. Cases of disagreement were subsequently resolved through
discussion and consensus.

Across the ambiguous subset, the disambiguation layer correctly resolved approximately
88-93% of high-vowel assignments, depending on the edition. The highest performance was
observed in recent German and Turkish editions with extensive and well-structured glossaries,
whereas lower performance was recorded for early twentieth-century editions such as Le
Coq (1919) and Bang (1923), whose inconsistent typography and orthographic variation
complicated stem identification. Table 3 presents the contribution of each disambiguation
cue to the overall resolution process.

Table 3. Per-cue share of decisions and accuracy on ambiguous tokens.
3-xecme. 9pOip GeJiri OoMbIHINIA IIeMiMAepAiH yJieci xoHe KenMaH/i ToKkeHAepAeri JaJ1diK.
Tabsuya 3. JoJis peleHni Mo KaKAoMy MPU3HAKY M TOYHOCTh Ha HEOAHO3HAYHBIX TOKEHaX.

Cue Share of decisions Accuracy Effect on recall
Lexical allow-list ~46% ~99% High
Morpheme rule ~21% ~96% High
Vowel harmony ~18% ~88% Medium
Loanword profile ~5% ~92% Low
Fallback (<unclear>) ~10% n/a Preserved

For comparison, a naive baseline that assigns all ambiguous vowels to (i) achieves an
accuracy of approximately 52-58%, depending on the edition. This result highlights the
substantial improvement provided by the proposed disambiguation layer.

Two observations are particularly noteworthy. First, the lexical allow-list functions not
merely as a supplementary heuristic, but as a major source of disambiguation evidence It
accounts for nearly half of all successful resolutions while maintaining near-perfect precision.
This reflects a broader characteristic of the Old Turkic lexicon, in which a relatively small
set of highly frequent lexical items constitutes a substantial proportion of the attested corpus
across editions. Second, vowel harmony proved less reliable as an independent cue. This
does not indicate weakness in the harmonic system of Old Turkic itself; rather, harmonic
propagation becomes unstable when OCR corruption affects the vowels serving as harmonic
anchors within a token. Such errors are most common in forms where several complementary
cues are simultaneously unavailable, precisely the cases in which the fallback strategy based
on TEI <unclear> annotation becomes particularly valuable.

Inter-annotator agreement was high (approximately Cohen’s k = 0.92), indicating strong
consistency in gold-standard assignment. Remaining disagreements were resolved through
joint review with reference to the glossaries and indices of the corresponding editions.
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All evaluation scripts and annotation guidelines are available upon request in order to
support reproducibility.

Results

The results support the central hypothesis of the study: the residual high-vowel ambiguity
that remains unresolved after representation-level normalization can, in most cases, be
effectively managed through a simple and transparent disambiguation layer. High levels
of accuracy can be achieved without the use of neural or statistical modelling techniques.
The remaining unresolved cases do not constitute unstructured noise, rather, they are
systematically preserved in orig, represented through used fallback forms in reg layer, and
explicitly marked as uncertain.

Among the non-fallback cues, the loanword component demonstrates the lowest accuracy.
This is primarily attributable to cross-edition variability in the treatment of donor-language
vowels, as well as inconsistencies in adaptation strategies within individual editions.

Several limitations should be noted. The proposed layer remains confined to representa-
tional normalization and does not address script-level transliteration for Runiform, Old
Uygur, or Manichaean sources. Its performance depends in part on the quality of the edition
profile: editions lacking a substantial glossary yield smaller lexical allow-lists and therefore
lower recall. In addition, the loanword cue remains the weakest component because donor-
language treatment varies not only across editions and sometimes even within a single edition.
Finally, the vowel-harmony cue presupposes that at least one stem vowel remains recoverable
after OCR processing; when this condition is not met, unresolved forms appropriately remain
marked with TEI <unclear> annotation.

Project Scope and Hosting: This paper outlines a framework created by a single researcher
at the Friedrich-Schiller-Universitédt Jena. Right now, it’s not part of a bigger group, but it’s
designed to work with and enhance existing resources in Turcology, especially VATEC and
the Uigurisches Worterbuch from the Gottingen Academy.

The initial dataset mentioned above includes 4,485 tokens from thirteen Old Turkic
editions published between 1919 and 2023. In its complete form, the database is expected
to expand over the next few years to include a much broader range of editions, including
the main Old Uyghur, Manichaean, and Runiform editions from the 20th and 21st centuries.
We’re aiming for a total volume of several tens of thousands of tokens, depending on the
availability of suitable editions and the creation of edition profiles. Each new edition will
follow the same process described above, so adding more editions won’t require changing the
main disambiguation system.

We haven’t yet decided on a permanent hosting solution. The disambiguation layer, edition
profiles, and the TEI-P5 corpus are planned for open release under a permissive license, with
a long-term open-access repository like Zenodo, and, if possible, integration with an existing
Turcological system. If you're interested, please reach out to the author to learn more about
the current status of the resources and how you can help develop more edition profiles.

Conclusion
When we look at earlier projects like VATEC, which needed people to manually re-key

everything, it couldn’t handle the OCR-induced high-vowel collapse issue. But the framework
we’re proposing has four cool benefits. First, it works directly with noisy OCR output, which
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is great for all the digitised editions out there that can’t be re-keyed by hand. Second, it puts
editorial knowledge into clear, human-readable edition profiles, so everyone can see the
decisions made. Third, by using a TEI-P5 (choice) structure with clear (source) and (cert)
tags, every disambiguation step can be undone at the token level, which is something we
didn’t have before. Fourth, the framework is easy to add to: you can just add a profile without
changing the main process. All these features make OCR-derived Old Turkic corpora more
like what we need for digital philology today, which is all about being reproducible and
working together. Plus, they’re a nice addition to the depth of curated resources like VATEC
(Erdal et al., 2003) and the Uigurisches Worterbuch (Wilkens, 2021).

High-vowel collapse has remained a persistent problem in the normalization of OCR-derived
Old Turkic texts. This study argues that high-vowel ambiguity in OCR-based Old Turkic corpora
is best understood as a structurally constrained problem that can be addressed through explicit,
edition-aware modelling. To this end, the study introduces declarative edition profiles, a
strictly ordered four-cue disambiguation pipeline, and a TEI-P5 extension capable of preserving
both provenance and uncertainty information. Together these components make it possible
to recover the majority of lost graphemic distinctions without compromising the integrity of
the source edition. The proposed framework is incremental, reversible at the token level and
fully transparent in its operation. When combined with representation-level normalization, it
substantially improves the consistency and interoperability of OCR-derived Old Turkic corpora
and thereby contributes to the broader development of large-scale digital philology resources.

Abbreviations

OCR = Optical Character Recognition.

orig = original (TEI element: the unaltered source reading).

reg = regularized (TEI element: the normalized / standardized form).
Skt. = Sanskrit.

TEI-P5 = Text Encoding Initiative, Proposal 5.

YAML = YAML Ain't Markup Language.
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