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Hybrid multi-agent framework for enterprise metadata enrichment using LLM Generator—Critic loop, context-aware retrieval (DDL - FRD - TOA), and rule-based validation. F1=87.5% - Clarity = 76.2/100 - Pilot: 5 tables - 18 columns - 10 HIGH / 8 LOW risk labels -

Kurumsal metadata zenginlestirme icin LLM Generator—Critic dongUst, context-aware retrieval (DDL - FRD - TOA) ve rule-based validation kullanan hibrit cok ajanli framework.

Gemini 1.5 Flash

WHY? / PROBLEM TANIMI HOW? / YONTEM & MiMARi

. " . SYSTEM ARCHITECTURE
Enterprise data warehouses accumulate incomplete, incorrect, or multilingual metadata — causing

RESULTS / SONUCLAR

CONFIG A — FULL PIPELINE %

failures in governance, BDDK compliance, and semantic consistency.

u INPUT DATA / GIRDI VERILERI
Enterprise Metadata Repository
Kurumsal Metadata Deposu

Kurumsal veri ambarlarinda eksik, hatali veya ¢ok dilli metadata birikimi; veri yonetisimi, BDDK
uyumlulugu ve semantik tutarlilik problemlerine yol agmaktadir.

A Factual Mismatch

2 Incomplete Metadata / Eksik Metadata / Anlamsal- Gergeklik Uyumsuzlugu

® CONTEXT RETRIEVAL / BAGLAM GETiRME

DDL - FRD - TOA per Column
Kolon bazli DDL - FRD - TOA retrieval islemi

30GCK documented as "60-day" — silent

Null entries, single-sentence placeholders
error propagates downstream

with no business context

30GCK kolonunun “60 giin” olarak

is baglami icermeyen null kayitlar ve yetersiz . )
agiklanmasi — downstream sureglere sessiz

87.5%

F1 Score

90.0%

HIGH RISK Recall

93.0%

LOW RISK Precision

76.2

Avg Clarity (0-100)

ABLATION COMPARISON / ABLATION KARSILASTIRMASI

agiklamalar GENERATOR AGENT / URETICi AJAN

hata yayilimi Q

Context-Aware Generation (Gemini 1.5)

Baglam farkindalikli metadata tretimi (Gemini 1.5)
® Missing LKP Refs / Eksik Lookup

Referanslari

@ Multilingual Issue / Cok Dilli Tutarsizlik

@ CRITIC AGENT / DEGERLENDIRICi AJAN
Low-cardinality columns lack lookup tables —

Turkish schema columns described in English,
value semantics opaque

B ) 4-Dim Scoring: Clarity - Completeness - Semantic - Business
breaking cross-team semantics

4 boyutlu skorlandirma: Clarity - Completeness - Semantic - Business
Dusuk kardinaliteli kolonlarda lookup
tablolarinin eksik olmasi nedeniyle deger
anlamlarinin belirsizlesmesi '

Tiirkce sema kolonlarinin ingilizce agiklanmasi

nedeniyle ekipler arasi semantik uyumsuzluk ) . . .
RE-GENERATION LOOP / YENIDEN URETIM DONGUSU

Score < 60 - Feedback Appended (max 2 iter.)
Skor < 60 ise geri bildirim eklenerek yeniden tretim (maks. 2 iterasyon

& ETL Circular Dependency / ETLD&ngusel Bagimliligr
RISK_IZLEME ¢ MUS_SEGMENTASYON — silent weekly feedback cycle causing data inconsistency
@ VALIDATION + RISK ENGINE / DOGRULAMA + RiSK MOTORU

ETL DFS - Cardinality - LKP Check - 0-100 Risk Score
ETL DFS - Cardinality - LKP kontrolt - 0—100 risk skoru

RISK_IZLEME <> MUS_SEGMENTASYON arasinda veri tutarsizligina neden olan dongtsel ETL geri
besleme dongusu

RESEARCH GAP / ARSTIRMA BOSLUGU
. FINAL OUTPUT / NiHAI CIKTI

- LLM critique loop - LLM degerlendirme déngisii Enriched Descriptions - Risk Bands - Lineage Report

RESULTS — VISUAL COMPARISON (PILOT)

- ETL lineage analysis - ETL lineage analizi Zenginlestirilmis agiklamalar - Risk bantlari - Lineage raporu 100 88 81
- Rule-based validation - Kural tabanli dogrulama 76 63 1 69 72
- Continuous risk scoring -> Stirekli risk puanlama i 38
PIPELINE FLOW / IS AKISI 50
OBJECTIVES / AMACLAR O
, ) Context Generate / || critique / [[Re-Generate/ Risk A: Fullx B:No Critic  C: No D: No Re-
Automate metadata enrichment via LLM agents Injection / - . . . Yeniden Classification / -
LLM ajanlari ile metadata zenginlestirmesini otomatiklestirmek . Uretim Degerlendlrme .. ) Risk Context gen
Baglam Uretim Sunfland
. . Inirlandirmasi .
Detect ETL lineage loops with DFS traversal Enjeksiyonu (score < 60) ®F1Score (%) ® Clarity Score
DFS traversal kullanarak ETL lineage dongtlerini tespit etme
- o 0,
Continuous risk scoring replacing binary labels DDL + FRD + TOA . S 37.8 pts 25 pp 100%
Binary risk etiketleri yerine siirekli risk puanlama sistemi kullanmak docs injected LLM generates 4-dim scoring: Threshold Rule-based
into prompt. cgntex.tifware c Clalrity . empirically module (NOT Context removal: biggest clarity drop Critic removal reduced F1 by 25 points Validation: full mismatch detection
Ablation study validating each component Prompt e.sc.rlptlons. omp Eter_]ess selected in pilot. || Critic). 0-100 risk
Her bileseni dogrulayan ablation study gerceklestirmek augmentation Gemini 1.5 Flash. Semantlc Feedback score. Bands: 260 ABLATION TABLE / ABLATION TABLOSU
strategy. cor.15|stency appended. Max 2| High - 30-59 Mid -
Busmesgrule iterations. <30 Low. Config F1 (%) Clarity H.Rec. Tokens
BEFORE -> AFTER / ONCE - SONRA consist.
A: Full % 87.5% 76.2 % 90.0 % ~104k
BEFORE % AFTER B B: No Critic 62.5 X 71.4 60.0 X ~28k
) ETL LINEAGE ANOMALY DETECTION SN @TEG —_ a5 — —
INT_SHK_A_30GCK: ...son 30 glin ortalamasidir.
"Akbank Haric KK Agik Son 60 giin" A\ "60 gin" - kolon adi 30GCK o
S WRONG - 30 gini ifade eder. D: No Re-gen 81.3 72.1 80.0 72k
XXX_HESAP KRD_KREDI RISK_IZLEME MUS_SEGMENT . . .
CORE_BANKING CREDIT 1 RISK v CRM 4. COMPONENT IMPACT / BILESEN ETKIiSi
87 12 2 3
ETL_001 -> ETL_002 - ETL_003 < ETL_004 A\LOOP DETECTED ETL_005 Context Docs -37.8 Clarity
Null Desc LKP Gaps ETL Loops Lang Conflicts
KEY CONTRIBUTIONS / TEMEL KATKILAR
; ] o o A q A Risk Engi 100% Detect. ESSENTIAL
- Hybrid multi-agent (LLM + rules) architecture — Hibrit multi-agent (LLM + kurallar) mimarisi K Eneine e _

- 4-config ablation study validating each component
- Continuous 0—-100 risk score (replaces binary labels)

— Her bileseni dogrulayan 4-konfiglirasyonlu ablation study
- Binary etiketleme yerine siirekli 0-100 risk puanlama sistemi

KEY FINDINGS / TEMEL BULGULAR

— ETL lineage loop detection via DFS traversal — DFS traversal ile ETL lineage déngi tespiti

Critic Agent: +25pp F1

Config B (no Critic): F1 87.5%->62.5% (-25pp), HIGH_RISK Recall 90%—>60%

REAL-WORLD IMPACT - FUTURE WORK / GERGEK DUNYA ETKISi - GELECEK CALISMALAR

-> Reduces manual metadata effort for enterprise DWH
- Supports BDDK compliance - Bilingual TR/EN generation
- Future: Enterprise-scale benchmarking (100+ tables)

-> Real-time lineage monitoring - Multilingual expansion

- Kurumsal veri ambarlarinda manuel metadata yikuind azaltir

— BDDK uyumlulugunu destekler - Cift dilli TR/EN metadata tretimi saglar
- Gelecek ¢alisma: Enterprise-scale benchmarking (100+ tablo)

- Gergek zamanli lineage monitoring - Cok dilli genisleme

TEAM

Context = Dominant Driver

No context: clarity 76.2->38.4 (-37.8 pts) — largest single component impact

Re-generation: Targeted Fix

+4.1 clarity / +6.2 F1 avg. Corrects 2 HIGH_RISK misclassifications

Continuous 0-100 Risk Score

Binary HIGH/LOW -> 0-100 scoring with penalty factors & band thresholds

Sinem Sonmez

¢ System architecture design

¢ LLM integration and workflow coordination
¢ Context-aware metadata generation

¢ Multi-agent pipeline development

Tahir Belkuyu

e ETL lineage analysis

* DFS-based loop detection

e Rule-based validation module

e Continuous risk scoring framework,

Metehan Mut

¢ Experimental evaluation

¢ Ablation study analysis

e Performance and metric assessment
e Comparative result interpretation
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