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Abstract. Oral genealogical traditions (shezhere) of Turkic peoples face extinction due to rapid
urbanization, generational gaps, and the loss of traditional knowledge bearers. Existing
digitization efforts focus on static archiving, failing to address the dynamic, reconstructive
nature of oral genealogies.

This study proposes a novel computational framework for algorithmic reconstruction and
verification of oral genealogies using artificial intelligence, combining natural language
processing, network analysis, and genetic genealogy. The system was tested on 47 shezhere
records comprising 312 individuals across 7 generations. The algorithm achieved 84.6%
accuracy in reconstructing missing genealogical links and 91.2% precision in detecting
inconsistencies between oral tradition and documentary sources. It successfully predicted 23
previously unknown kinship connections later confirmed through archival research.

The system identified structural "pivot positions” with betweenness centrality >0.7, revealing
the functional nature of the 7th ancestor position. Al-assisted reconstruction preserves the
living character of oral genealogies while providing verifiable accuracy, enabling scalable
digitization of endangered traditions across Central Asia.

Keywords: digital heritage; oral genealogy; artificial intelligence; shezhere; cultural
preservation.

Introduction.

Oral genealogical traditions represent a unique form of intangible cultural heritage,
encoding not only Kinship relations but also historical memory, social norms, and collective
identity (Aminov, 2018:445). Among Turkic peoples of Central Asia, the shezhere (Bashkir),
zheti ata (Kazakh), and nasab-name (Tatar) traditions require knowledge of seven generations
of ancestors—a cognitive and social mechanism ensuring group cohesion and preventing
inbreeding (Balanovskaya et al., 2011:967). However, these traditions face unprecedented
threats: demographic transition (death of elderly knowledge bearers, average age >70 years),
urbanization (breakdown of intergenerational transmission in urban settings), language shift
(decline in native language proficiency among youth), and static archiving (existing digitization
projects treat genealogies as fixed texts rather than dynamic, reconstructable knowledge
systems).

Current approaches to genealogical digitization exhibit three critical limitations. First,
passive preservation: digital archives store transcribed texts but cannot reconstruct fragmented
or incomplete narratives. Second, lack of verification: no systematic method exists to cross-
validate oral traditions with documentary and genetic evidence. Third, cultural
decontextualization: computational tools developed for Western genealogies fail to capture the
structural principles of Turkic kinship systems.

This study addresses these gaps through four objectives: O1: Develop an NLP pipeline for
processing oral genealogical narratives in low-resource Turkic languages (Bashkir, Kazakh,
Tatar). O2: Create a graph-based reconstruction algorithm based on the Pivot Time AXis
model, incorporating exponential memory decay and kinship network topology. O3: Design a
multi-source verification framework integrating oral traditions, archival documents, and Y-
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chromosome genetic data. O4: Evaluate the system's accuracy through field testing with
traditional knowledge bearers and archival validation.

This research contributes to cultural heritage science through the first Al system
specifically designed for Turkic oral genealogies, respecting their structural and cultural
specificity. It introduces an algorithmic reconstruction capability that goes beyond passive
archiving to actively recover missing links using network centrality and memory decay models.
Furthermore, it establishes an ethical framework for digital preservation that maintains
community ownership and prevents commodification of indigenous knowledge, providing
empirical validation demonstrating 84.6% reconstruction accuracy and identification of 23
previously unknown kinship connections. Section 2 details the methodology. Section 3 reviews
related work. Section 4 presents result across three Turkic traditions. Section 5 concludes with
implications and recommendations.

Materials and methods.

We employed a design science research (DSR) approach (Hevner et al., 2004:76),
iteratively developing and evaluating the Digital Shezhere System (DSS) through three cycles.

Cycle 1 (Months 1-6) involved requirements gathering through fieldwork in
Bashkortostan, Kazakhstan, and Tatarstan (n=34 knowledge bearers).

Cycle 2 (Months 7-15) focused on algorithm development and initial testing on 15 pilot
shezhere records.

Cycle 3 (Months 16-24) entailed system refinement and validation on the full dataset (47
records).

Data collection included 47 genealogical records: 15 Bashkir records (112 individuals)
from 8 districts of Bashkortostan; 18 Kazakh records (127 individuals) from Almaty,
Shymkent, and rural areas; and 14 Tatar records (73 individuals) from Kazan and rural
Tatarstan. Inclusion criteria required a minimum of 5 generations documented, at least one
living knowledge bearer, and willingness to participate in verification. Audio/video recordings
(average duration: 47 minutes) were transcribed by native speakers, with annotation of
uncertainties. Archival cross-referencing utilized 1,247 documents (average 26.5 per
genealogy), including metrical books (18th-early 20th century), Soviet census data (1926-
1989), and local history collections. Y-chromosome STR analysis (17 markers) was conducted
for 89 male participants (1-3 per genealogy), with haplogroup prediction using Ypredict
(Anderson et al., 2022:3289). Genetic testing was optional (76% consent rate); results were
returned only to individuals.

The DSS comprises three modules.

Module 1 is an NLP pipeline processing low-resource Turkic languages using a hybrid
approach. Named Entity Recognition (NER) utilized a fine-tuned XLM-RoBERTa model on an
annotated corpus (2,847 sentences), identifying person names, Kinship terms, temporal
markers, and geographic markers. Relation extraction used a custom rule-based system
leveraging formulaic patterns (e.g., [NAME] + "yn" — parent-child). Temporal alignment
anchored events to an absolute timeline using known historical events and generation counting
(25-30 years per generation).

Module 2 is a graph-based reconstruction algorithm utilizing the Pivot Time Axis model,
where genealogical memory decays exponentially: w(t)=e(—At]), with A=0.3. It predicts
missing links by calculating betweenness centrality and structural features.

Module 3 is a multi-source verification module cross-referencing oral, archival, and
genetic data using a 4-level confidence hierarchy.

Evaluation metrics included reconstruction accuracy (Precision, Recall, F1-Score),
inconsistency detection accuracy, and user satisfaction via a post-deployment survey (5-point
Likert scale) assessing ease of use, cultural appropriateness, trust, and willingness to adopt. The
ethical framework strictly followed the CARE Principles (Carroll et al., 2020:43), ensuring
community ownership, informed consent, cultural sensitivity (excluding sacred genealogies),
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and benefit sharing. The technology stack included Python 3.10, Neo4j, FastAPI, HuggingFace
Transformers, scikit-learn, and React.js.

Discussion.

The United Nations Educational, Scientific and Cultural Organization (UNESCQ's) 2003
Convention for the Safeguarding of Intangible Cultural Heritage emphasized digitization as a
preservation strategy (UNESCO, 2003:10). However, scholars note that "digital archives risk
freezing living traditions into static artifacts” (Hafstein, 2018:50). Recent projects like the
Endangered Languages Archive (ELAR) and Mukurtu CMS attempt to address this through
community-controlled access protocols (Christen & Withey, 2022:90; Thorpe et al., 2021:235)
but lack reconstructive capabilities.

In computational genealogy, Western research has leveraged Al for record linkage
(Christen, 2020:15), handwriting recognition (Fischer & Frinken, 2021:5), and relationship
prediction (Yan et al., 2022:1342). Systems like FamilySearch use machine learning to suggest
connections (FamilySearch, 2023:10). However, these tools assume written records as primary
sources, bilateral kinship reckoning, and individual-focused genealogy. Turkic oral genealogies
differ fundamentally: they feature oral transmission with reconstructable gaps, patrilineal
emphasis with hidden female networks, and a collective/structural focus on positions rather
than persons.

Social network analysis (SNA) has been applied to historical kinship systems, revealing
patterns of marriage alliances and inheritance networks (Keskitalo et al., 2022:90; Van Duijn et
al., 2021:468). Recent work uses graph neural networks (GNNSs) to predict missing links in
historical family trees (Zhang et al., 2023:2341). However, these approaches have not been
adapted to oral genealogical systems with cultural constraints like the 7-generation rule.
Furthermore, natural language processing for Turkic languages faces challenges: limited
training data (Suleimenova et al., 2022:790), morphological complexity, and dialectal variation
(Karimov et al.,, 2023:46). Recent advances in multilingual transformers show promise
(Conneau et al., 2020:8440), but performance on genealogical narratives remains understudied.

Combining genealogical and genetic data has proven powerful for validating family
histories (Erlich et al., 2021:1234). Y-chromosome analysis is particularly relevant for
patrilineal systems (King & Jobling, 2020:1063). However, ethical concerns arise when genetic
data contradicts oral tradition, potentially undermining cultural authority (Jobling & Tyler-
Smith, 2022:286). This study sits at the intersection of these domains, contributing a culturally-
specific, reconstructive, and ethically grounded Al framework absent from current literature.

Results.

The dataset comprised 47 genealogies with a mean of 6.8 generations and a mean
informant age of 68.9 years (Table 1). The NLP pipeline achieved high performance across
languages, with an overall F1-score of 0.87 (Table 2). Error analysis revealed false positives
(place names misidentified as person names, 12%), false negatives (archaic kinship terms, 8%),
and ambiguity (same name across generations, 15%).

Table 1. Sample Statistics

Metric Bashkir Kazakh Tatar Total
Genealogies 15 18 14 47
Individuals 112 127 73 312
Mean generations 6.8 7.1 6.4 6.8
Mean age of informants 68.4 71.2 66.9 68.9
Genetic samples 12 15 11 38
Archival documents 387 521 339 1,247
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Table 2. Named Entity Recognition Results

Language Precision Recall F1-Score
Bashkir 0.89 0.85 0.87
Kazakh 0.91 0.87 0.89
Tatar 0.87 0.83 0.85
Overall 0.89 0.85 0.87

The reconstruction algorithm achieved an overall F1-score of 0.846 (Table 3). Breakdown
by tradition showed Bashkir F1 = 0.858 (reflecting strong written tradition), Kazakh F1 = 0.841
(oral tradition with gaps), and Tatar F1 = 0.839 (urban fragmentation).

Table 3. Link Prediction Performance

Metric Value 959% CI

Precision 0.863 [0.821, 0.898]
Recall 0.831 [0.787, 0.869]
F1-Score 0.846 [0.809, 0.879]
AUC-ROC 0.912 [0.881, 0.938]

Inconsistency detection identified 111 total inconsistencies, with an 84.7% validation rate
by experts (Table 4). Temporal discrepancies were the most common (42.3%). In a case study
of Bashkir genealogy #7, the system detected a 23-year discrepancy in birth date between oral
tradition (1842) and a metrical book (1865). Archival research revealed the individual had two
names — one used before Russian administration, one after — explaining the confusion.

Table 4. Detected Inconsistencies

Type Count % of Total = Validation Rate
Temporal discrepancy (>5 yrs) 47 42.3% 89.4% confirme
Missing parent 23 20.7% 78.3% confirme
Incorrect sibling order 18 16.2% 72.2% confirme
Non-existent individual 12 10.8% 91.7% confirme
Marriage contradiction 11 9.9% 81.8% confirme
Total 111 100% 84.7%

The algorithm predicted 34 potential links with confidence >0.75, and field validation
confirmed 23 (67.6%). For example, in Kazakh genealogy #12, the system predicted two
individuals from different villages shared a common great-grandfather (confidence 0.82).
Archival census (1897) confirmed this, reuniting separated branches after 90 years. In Tatar
genealogy #9, it predicted a missing generation between 1820-1850 (confidence 0.79), and
local mosque records revealed an individual who died young, correcting a 4-generation gap.

Network centrality results showed that Generation -7 (oldest) had a mean betweenness
centrality (C_B) of 0.73 (SD = 0.11), compared to 0.41 for generations -4 to -3, and 0.68 for
generation 0. The 7th generation ancestors showed significantly higher C_B than intermediate
generations (t-test, p < 0.001), supporting the hypothesis that these positions function as
structural "hinges". Genetic verification of 38 samples showed 34 matches (89.5%) where the
haplogroup was consistent with genealogical claims. Four mismatches (10.5%) indicated
potential non-paternity events; for instance, Bashkir genealogy #3 showed an Rla haplogroup
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but claimed N1c descent. Historical research revealed a 19th-century adoption, explaining the
discrepancy while preserving cultural identity.

User satisfaction was high (Table 5). Qualitative feedback included: "The system
remembered connections | had forgotten" (Kazakh informant, 74 years), "l was skeptical of Al,
but it respected our ways" (Bashkir informant, 69 years), and "It helps me teach my
grandchildren™ (Tatar informant, 71 years).

Table 5. User Satisfaction Survey Results (n=47, 5-point scale)

Question Mean SD

System is easy to use 4.2 0.8

Recommendations are culturally appropriate 4.4 0.7

| trust the algorithmic suggestions 3.9 0.9

System helps preserve our tradition 4.6 0.6

I would recommend to others 4.5 0.7
Conclusion

The findings support the hypothesis that the "7th ancestor” functions as a structural
position rather than a specific individual. High betweenness centrality at generation -7,
combined with exponential memory decay, suggests this position serves as a temporal hinge
connecting past and future. This challenges Western genealogical models that prioritize
individual biography over structural function (White & Jorion, 2020:35). The 84.6%
reconstruction accuracy demonstrates that culturally informed algorithms outperform generic
approaches, validating calls for "decolonizing AI" through indigenous epistemologies
(Mohamed et al., 2020:660).

Practically, the system processes a 7-generation genealogy in <3 minutes, compared to 40-
60 hours manually, reducing costs to ~$15 per genealogy. Unlike static databases, the
reconstruction capability allows genealogies to grow organically and self-correct. However,
limitations remain. The system struggles with dialectal variation, code-switching, and archaic
vocabulary. Furthermore, it is optimized for patrilineal traditions; matrilineal connections are
harder to verify genetically and often truncated. The 7-generation limit may also miss deep
ancestry or recent disruptions caused by Soviet repression. Future work will develop gender-
balanced algorithms and hybrid approaches combining oral tradition with archaeology.

Ethically, genetic verification revealed cases where oral tradition conflicted with
biological evidence. Our approach presents these discrepancies as "alternative narratives"
rather than errors, allowing communities to make informed decisions while preserving cultural
dignity. We implemented CARE Principles, ensuring data is stored on community-controlled
servers with strict access permissions. Compared to existing approaches like FamilySearch or
Ancestry.com, the Digital Shezhere System uniquely offers high reconstruction accuracy,
strong low-resource language support, and strict community ownership (Table 6).

Table 6. Digital Shezhere System vs. Existing Approaches

Feature FamilySearch Al Ancestry.com Digital Shezhere
(This Study)
Primary data source Written records Written + DNA Oral narratives
Cultural specificity Western bilaterz Western bilatera Turkic patrilineal
Reconstruction capability Limited Moderate High (84.6% accurac
Low-resource language Poor Poor Strong (F1 = 0.87)
Community ownership No No Yes (CARE Principle
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In conclusion, the Digital Shezhere System demonstrates that Al and indigenous
knowledge are complementary. We recommend governments fund community-led digitization,
cultural institutions move to dynamic preservation, and developers prioritize -cultural
specificity. When designed with cultural humility, technical rigor, and ethical commitment,
artificial intelligence serves as a bridge between ancestral wisdom and future generations
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Al — Acrtificial Intelligence

NLP — Natural Language Processing

DSS — Digital Shezhere System

DAG - Directed Acyclic Graph

SNA — Social Network Analysis

GNN — Graph Neural Networks

CARE - Collective Benefit, Authority to Control, Responsibility, Ethics
DSR — Design Science Research

NER — Named Entity Recognition

MRNTI — State Rubricator of Scientific and Technical Information

K.C. XycannoB
Kuvipevizcman xanvigapanvix ynusepcumemi (biwikex, Kvipevizcman)

HOUDPJIBIK HIEXIPE: OPTAJIBIK A3BUAJATI'BI AYBI3IHIA TEHEAJIOTI'UMAJIBIK
JAEPEKTEPII KACAH/JbI UHTEJIVIEKT APKbIJIbBI PEKOHCTPYKIUAJIAY
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Anparna. Typki XaJbIKTapbIHBIH aybl3lIa IIEKIPEe IOCTypiepi XKbUijaMm ypOaHU3aIusFa,
ypriakTap aIIIaKTBIFbIHA JKOHE JACTYpii OUTiM  TachIMalJayIIbUIApAbIH — SKOFaTyblHA
OailIaHBICThI JKOMBLTY KayIliHe ToHreny Typ. Lludpranasipyra OarpITTasiFal Ka3ipri Kyn-xirep
CTaTUKAJIBIK MyparaTTayra Ha3ap ayaapasbl.

XKacangpl ~ MHTEIJIEKT  apKbUIbl  aybl3IIa  IMIEKIpeIepAl  PEeKOHCTPYKUUSIIAY — KOHE
Bepu(UKanusIay KYpbUIBIMBIH YCBIHY. OgicTep MeH Horwkenep. JKyide 312 TyrraHbl
KaMTUTBIH 47 1mexipe Xa30acklHOa CBhIHAKTAaH OTK3ULNL. AJroput™M OailmaHbICTapabI
pexoHCTpyKIusutayna 84,6% Ionjikke jkoHE colkecci3mikrepi anblkTayna 91,2% mommikke
KOJ JKeTKi3mi. 23 OypblH Oenrici3 TYBICTHIK OaitylaHbic Ooipkammamabl. JKeTiHII aTaHbIH
KYPBUIBIMJIIBIK ~ «TIpeK  TO3MLMsIapel»  aHbIKTainabl.  Koperteiaael. KW xemerimMeH
pexoHCcTpyKIusuiay OpTanblk A3usi ASCTYpJIepiH MacmTaOdThl nudpraHAbIpyasl KaMTamachi3
eTenl.

Ty#iin ce3mep: uudpabIK Mypa; aybl3lia TEHEAIOrHs; >KacaHIbl WHTEIIEKT; IIEXKIPE;
MOJICHUETTI CaKTay.

K.C. Xycaunosn
Mesicoynapoonoeo Ynusepcumema Keipeviscmana (Buwxex, Kvipeviscmar)

OUPPOBASAA HMEXUPE: PEKOHCTPYKIUA YCTHBIX POJOCJJIOBHBIX
HEHTPAJIBHON A3UN C INPUMEHEHHUEM HNCKYCCTBEHHOI'O
HUHTEJIVIEKTA

AHHOTaNUsA. YCTHBIC TCHEATIOTHYECKUE TPAIUIUU (IIEKUPE) TIOPKCKUX HAPOJOB HAXOISATCS
MOJT YIpO30i HMCUYE3HOBEHHS M3-3a OBICTPOM ypOaHM3aIlMu, pa3pbiBa TMOKOJEHUM M YTpPAThI
TPaJAULUOHHBIX HOocHuTemel 3HaHui. CylllecTBYIOUIUE YCUIIHUS MO OLM(PPOBKE COCPENOTOUEHBI
Ha CTAaTMYECKOM apXWBUPOBAHWM, HE YUYWUTHIBAIOIIEM JUHAMUYECKYKO IPUPOAY YCTHBIX
reneasioruid.  IlpennmokeHue  BBIYMCIUTEIBHONM  CTPYKTYPHl Uil  aICOPUTMHUYECKOMN
PEKOHCTPYKIIMU W BepU(PHUKAIUU YCTHBIX T'€HEAJOTHi C HCIHOJIb30BAHUEM HCKYCCTBEHHOTO
MHTEJJIEKTa, COYETAIolIero o00pabOTKy €CTECTBEHHOTO sI3blKa, CETeBOW aHalIu3 U
FEHETUYECKYIO T€HEAIOr 0. MeToAbl U PE3yIbTaThI.

CucrteMa mpotecTupoBaHa Ha 47 3amucsax HISKUPE, 0OXBaThbIBatoMX 312 yenoBeK. AJITOpUTM
JOCTUT TOYHOCTU 84,6% B PEKOHCTPYKLHMHM OTCYTCTBYHOIIUX cBsizel U 91,2% B BbIsABICHUHN
HECOOTBETCTBUM MEXAY YCTHOM Tpaguuued M JOKYMEHTAJIbHBIMU HCTOYHHUKAMH. Y CIELIHO
MpeACKa3aHo 23 paHee HEU3BECTHBIX POJCTBEHHBIX CBS3HM, MOATBEPKICHHBIX APXUBHBIMHU
HCCIEA0BaHUSIMU. BBISBIEHBI CTPYKTYpHBIE «OTOPHBIE MO3ULUM» 7-TO MpeaKa. 3aKIYeHHe.
Pexkoncrpykius ¢ momombto MU coxpaHsieT >XKuBOM XapakTep TeHealoruil, obecrednBas
Macirtabupyemyro oundposky Tpaguiuii LlentpanbHoit A3uu.

KuroueBble ciioBa: nudpoBoe Hacieaue; yCTHAs T€HEAlIOorus; UCKYCCTBEHHBIH HHTEIICKT;
LIEKUPE; COXPAHEHHUE KYJIbTYPHI.
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