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What's in the presentation

The Journey Towards Greek LLMs
Multi-stage Training of Krikri

Data Engineering

Evaluation & Benchmark Creation

Next Steps & Frontiers
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The Journey
Towards Greek LLMs
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Motivation

Underrepresentation: Commercial and open LLMs do not focus on
languages with unique scripts, like Greek.

Preservation of Language and Culture: Creating Al that understands
Modern, Polytonic, Ancient & other variants and dialects of Greek.

Open Weights Benefits: Transparency, Trust, Adaptability, Collaboration,
Complete Privacy, and Democratization of Al Technology.

Local & Global Impact: Supports Greek education, research, business, and
culture. Places country in the Al race.

Athens Natural Language Processing Summer School 2025
September 4-10, 2025 - NCSR "Demokritos"



Meltemi: Our 1st effort

Released in September 2024, Meltemi 7B was the first open Greek LLM
* Based on Mistral 7B of Mistral Al
* Context Length: 8k tokens (an academic article)
* Challenges

o Assembling a team with diverse skills

o Limited data availability for Greek

o Tokenizer adaptation
o Data mix to avoid catastrophic forgetting
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Krikri: Taking the Next Step

Released in February 2025, Krikri 8B was the best Greek LLM for its size

CPT on base Llama 3.1 8B of Meta
Context Length: 128k tokens (a whole book)
Best performance among open LLMs on Greek tasks
Even surpassed various commercial models
Better at English than Meta's Llama 3.1 8B Instruct
Incorporated:

Multiple training stages

SOTA data generation techniques
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Key Improvements of Krikri over Meltemi

Parameters 7 billion 8 billion

Max Context Length 8,192 tokens 131,072 tokens
Pretraining Data 40 billion tokens 110 billion tokens
Greek Post-training Data Translated Distilled & Synthetic
Tokenizer Extension

Continual Pretraining

Annealing Phase

Supervised Fine-Tuning

Alignment



Main architectural diff between Llama-3.1 and Mistral-v0.1

* Full Attention vs Sliding Window Attention
o Full Attention: Better in long context retrieval and tasks, less efficient

computationally
o SWA: Better for downstream tasks and more efficient com putationally
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Currently, models employ both in different numbers and strides.
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Training Process in a Nutshell

e Raw Text e |nstruction & e (Good vs. Bad
e Maths, Code Response Responses
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Tokenizer & Embeddings
Expansion
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Vocabulary Extension

Extending tokenizers to include specialized Greek tokens.
better capture of context and semantics
increase inference speed
lower training & deployment costs
“Increased” context length (less tokens are spent per word)

Llama 3: 19 tokens [EENMRLLGE sha yvpe1dafovrtal kohoUc tokenilzers

GPT 40: 17 tokens Ta pesyala yAwooika povreAa xpeiralovral kaAoug tokenizers

Krikri: 9 tokens

_VAwoowa _xpeladovtal kahoug
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Vocabulary Extension (cont.)

The Llama tokenizer is a BPE TikToken variant SR LI
Tokenizer Size Greek English
: . : Mistral-7B 32,000 6.80 1.49
Llama tokenizer: 128,256 unique tokens Vol e i 15 144
_ . _ . [.lama-3. 1.—8].3 128,000 2.73 1.33
Krikri tokenizer: 149,248 unique tokens _Llama-Kriki-8B 149248 165 133 _

We added 20,992 tokens of Greek in a domain-specific manner:
(a) General, (b) Ancient Greek, (c) Scientific, (d) Legal and (e) Books

We initialize the BPE vocabulary as the Llama tokenizer vocabulary and
continue byte pairing on curated subsets of the training dataset
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Embeddings expansion

Untrained embeddings and Im_head weights need to be added to the
model to match the new tokens

Initialized by averaging the embeddings (and Im_head) of output tokens
from the Llama tokenizer, when given a new entry:
new token: {" kavovikoc": 100}
krikri_tok(" kavovikoc") = [100]
lama_tok(" kavovikoc") =110, 9, 18, 25] (e.g.,: [" «ka", "v", "ov", "tkoc"])
Initialization 2 emb[100] = mean([emb[10], emb[9], emb[18], emb[25]])
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Embeddings warm-up training

Light training step to warm start embeddings

Freeze all model parameters other than:
New embeddings
New Im_head weights

~4% of the pretraining dataset
Higher learning rate (3e-4 cosine annealing down to 3e-5)
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Continual Pretraining &
Annealing Phase
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Pretraining Data

N(')a!l TU(l)MO'Kl ¥p 142 yAwoosg v

Arjppa ZuZhTnon Avayvwon Ensfepyooia EnsEepyoaoio kwika MpoPolr wotoplkod Epyoheia v

To Mjupa 6ev MEPLEXEL TINYEG 1 AUTEC MOV MEPLEXEL BEV eEMapKoLv. Mnope(te va BonBrioeTe MpooBETovTac TNV KATAAANAN TEKUNPlwaon. YAIKS Mou elval aTeKunplwTo pnopel va
au@LopnTnOel Ko vo apaipedel.
H onpavon tonoBeTtrBnke oTig 27/12/2012.

O Noap Toopokt (ayyA.: Avram Noam Chomsky, 7 AekepBpiov 1928) elvan Apeplkavoc KaOnynthg oto Tunua Mwaoogoloyiac kKal @ihocgopiag Tov Texvoloyilkol lvoTiTolTow THE MagayougéTng Noap ToOpoKL
(MIT)[32]. ExeL ouyypawel mARBOC BLRAIWY Kol GPBPWY, EVW) EIXE BWICEL KOL EKTEVE(C BLOAEEELC EMAVW OF £va EVPUTATO PAOUN BERATWY Ta onola MEPAXUBGVOLY TN YAWOCoAoyia, T PLACCOQIO Kal
nv wTopia Tng Glavénong. Eniong, o TodpuokL £xel MAOUOLO LOTOPLKS MOALTIKOU akTIBLOpMol and T SexkaeTia Tov '60 KL EMElTa, HE TANOWpa BLRAlWY Ta onoila emikpivouw Kuplwe TNV EWTEPLKN
MOALTIKE Twv HIA, evtd pe BAwor Tou TonoBETnoe LBEOAOYLIKA TOV EQLTO TOU OTOV OVOPXLKO XWPO, OV KAl KATA Kalpolg £xouv OXoMAOTEL oL QLAEAEDBEPEG KATARBOAEG TNG TOALTLKIG TOL

okéync 23], Inobbaoe oto Mavemotriuo tne MNevouABdvia, an’ 6Nou ano@oiTnoEe He MTuXio PLA0COQING To 1949 Kal PE HETAMTUXLAKG 0T YAwooohoyia To 1951. H ouvepyooia Tou ekel pe Tov
BLGonuo YAwoooAdyo Zellig Harris €9e0e TIC BROELC Vi TIC HETEMELTA BEWPIEC TOL 0TN YAWOOOAOY(Q KAl TNV MOALTIKA Tov okéyn.[34]

O ToduoKL Elval 0 ELONYNTAC TNC AEYOUEVNC «YEVETIKIC-HETUOYNUATIOTIKIAC YPAMUOTIKAG>, Kuplwg UE To pllooNaoTIKS YAWOOOAOYLKG Tov OlYYpaUpa JUVTakTIKEC Aouéc Tou 1957, H yeEVETIKN
Bewplo yio TN yAWOoa, Mopd TIC aAAENMAAANAEG eEEAEELC Kol avaBeWPROELS TNG, XAPAKTNPIZETOL and KAmoleg oTaBepEC mapadoyxég ONMWE N akdAoUEN: N LKAVATNTA TOU avepwnou va mapdyeL Kal
va KaTavoel aglAANMTO yix Tov avBpuwrivo vou aplfpd NpoTdoewy eival EUguTn Kot pag obnyel Baoiua otnw undBeon yia TN UMapEn YAWOOIKWY KABOALKWV, YEVIKEVUEVWY BOUWV KOl TEPLOPLOULIY
gTOUG oMoioLG UMAKOUY OAEG Ol PUOLKEC YAWOOEG, TIAPA TNV MAPATNPEOVUKHEVN TEPAOTLX TUNMOAOYLIKN MOIKIAlD Toug. H UnapEn plog eyyevol «KaBoAlkig MpapuaTIKic» KaBloTd To naldi Ikavo va

TFEVIKEC IANRPOPOpPiEC

HoBaivel TN PNTELKA Tou YAWooa 08 EAGXLOTO XPOVIKG GLdoTnua, napd TNV anoonaguaTIKOTATA Twy 6edopévwy Ta onola MpooAauPdvel o GvBpwNoC KATA Ta MPWTa Xpoévia TS Zwhc Tou. e e

A A . ; . . . , . . A . - - s . N YAW AyyMEad)
O TOOMOKL QU@LOBNTNOE TN CUUMEPLPOPLOTIKN Bewpila yia TNV YAWOOLKN KATAKTNON Kol Mpowlnoe £va TUMKO/QOPUAALOTLKO TIPOTUTIO TIEPLYPAPIG KAl avaAuong Tng yAwooag, Wbwitepa oto eninedo HNTPIKA YAWooa (Ayyhkd

. . . . . 3 Lo ] . . . . A . révvnon 7 Aekepppiov 19281

g ovvtagng. O Tpdénog He Tov omnolo 0 TOOPOKL ANMESWOE POPUANOTLKA TNV YAWOOLKI IKaAvOTNT eENYEl EMUpKWG TN Asyopevn "YAWOOIKR BNUIOLPYLKOTNTA", KEVTPLKL LBLOTNTA TWY QUOLKWY 121031

YAWOOWVY: UE £V MEMEPUOHEVO apLBUG KAVOVWY Kol £va OPLOUEVO JUVOAD YAWOOLKWY LHOVASWY (QWVOAOYIKWY Kol AEELKWV), oL AvBpwol £ival Lkavol va mapaydyouy Kal va avTIAN@Bolv dnelpo HoT Douk Aéw,

MANBOC MPOTACTEWY, CUMTEPLAAUBAVOUEVWY TIPOTATEWY oL MoTE Eavd 6ev Eyouv nmoapayBel. DiAabEApeal4l5]
®AaGEAELalb]

O ToGpoKL ava@Epel OTL Ta matbid Hev yevviobvtal «tabula rasa» (Kevo xapti) aAAd eival YEVETIKA MpoblaTeBelpEva, LIOTE Vo UMOPOUY va Hoprgowy TNV anoKTNan TG YAWooug. ZUUQWVa UE AUTOV | karoikia Totoow

UMAPXEL EVOG EUQUTOC UNYOVIOUOE KOATAKTNONG TNG YAWOOOG Tou RBonBad Ta NMalbld oTo va KATUKTHO0UY KAl Vo ONMOKTHooUY TNy YAWOooo TouG. Hot Douk Aéw,
DLAabEAQELD
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Data Preprocessing

.

Publicly available [ Filtering ]
datasets

RAW data [ Cleaning ]

—[ Web Scraping ]—
[ Deduplication ]

Training ready data
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Data Preprocessing (cont.)

Text extraction from PDFs, HTMLs, DOCs, etc.
Conversion in metadata-enriched JSON format

Pre-processed & filtered using:
Rule-based filtering (e.g., mean word length, "lorem ipsum")
Scores & Thresholds, such as:
Fluency scores with KenLM models
Alignment scores for parallel data (LASER, BiCleaner Al)
Language identification scores with FastText models
Document-level deduplication with MinHash LSH
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Composition of pretraining data - Krikri

Sources include: 10.1 B tokens, 9%

Wlklpedla 8.8 B tokens, 8%

Theses &
Dissertations

Parliamentary
Proceedings 25.2 B tokens, 23%

Greek & EU Laws
Maths & Code

Parallel data
(Greek <-> English)

66.1 B tokens, 60%

Greek English ® Parallel m Code/Maths
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Continual Pretraining

Largest training stage with 110 B tokens (up-sampled high-quality datasets)
le-4 max learning rate cosine annealing down to le-5
16M tokens global batch size

Semantically-aware packing into ~128k sequence length
Linear training batch distribution schedule

Batches transition:
from mostly English sequences ->to mostly Greek sequences

Code/maths are kept stable
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Annealing Phase

Final quality refinement with:
3.5 B tokens from curated & strictly filtered sources

0.2 B tokens from Synthetic Question-Thinking-Answer data
le-5 max learning rate, linearly annealing down to O
16M tokens global batch size
Semantically-aware packing into ~128k sequence length
Attention blocking between batched sequences
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Post-training

Supervised Fine-tuning & Alighment
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Fine-tuning Data

Teaches model to respond as an ® anonymous

Generate 3 variations of 1-sentence short descriptions of a room, describing the type of room

a SS | Sta nt’ b a Se d O n a u S e rIS p ro m pt . and the included furniture. The description is based on the following list: ["bed", "table",

"lamp", "mirror"]
I._—_II
@ anonymous

MEeTaPPACE TO TIOPAKATL KEIPEVO OTa EAANVIKA: v KriKriInstruct (Beta)

Here are 3 variations of 1-sentence short descriptions of a room:

Sometimes called "the father of modern linguistics”, Chomsky is also a .
1. The cozy bedroom features a comfortable bed, a small wooden table for reading, a warm

major figure in analytic philosophy and one of the founders of the field of Vs ey e GelsrE T £E £ Tl e b O il srmem

cognitive science.
F 2. In this study room, a desk-like table is paired with an ergonomic chair, complemented by a
bright lamp for focused work and a mirror for maintaining a professional appearance.

ﬂ'& KriKri Instruct (Beta)

MepiKéC @OpEC OMOKaAOUHEVOC "0 ATEPAC TNC GUYXPOVC 3. The guestroom is equipped with a plush bed, a stylish table for placing personal items, a

yAwooohoyiac”, o ToMUOKL EIVaL ETUONE GNUAVTIKY LOPOH] GTNV soft lamp for a welcoming ambiance and a mirror for last-minute adjustments before

leaving.
chvalAUTIKDN (puAogogia Kol £vVac amo Touc WbpuTéc Tou mediou Tnc

YVWOLOKAC EMOTAUNG. Would you like me to generate more variations?
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Alignment Data

Good Response Bad Response
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Synthetic Data Generation

We used various methods to address data scarcity:
Collect high-quality English SFT & Alignment data
Translate into Greek & regenerate w/ many LLMs (e.g., Gemma 2 27B)
Distill SOTA models w/ reasoning traces (e.g., thinking ->answer)
MAGPIE: Generate data from nothing (model is both user + assistant)
Extract QAs & synthetic dialogues from highly educational texts
Use Reward Models (RMs) to score responses for a given prompt

-> Contrast best vs. worst responses for alignment data
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Supervised Fine-Tuning

Stage 1:
856k SFT data
8,192 max sequence length
5e-6 max learning rate linearly annealing down to 5e-7
128 samples global batch size

Stage 2: Higher quality & thinking data
638k SFT data
32,768 max sequence length
le-6 max learning rate linearly annealing down to le-7
128 samples global batch size
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Alighment

Length-normalized DPO
Combats bias of alighed models to prefer longer sequences

Stage 1: General preference data
92k preference data
8,192 max sequence length
5e-7 max learning rate, linearly annealing down to 5e-8

Stage 2: Self-generated preference data (rejection sampling)
40k preference data from Stage 1 model (6 completions -> RM scoring)
16,384 max sequence length
5e-7 max learning rate, linearly annealing down to 5e-8
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Preprocessing & Training Infrastructure

RAM/CPU-heavy nodes:
Data collection & preprocessing (Biggest bottleneck -> Deduplication)
Tokenizer extension

Smaller GPU nodes (8 x L40s GPUs = 384 GB):
Synthetic data generation
Model distillation
Evaluation

2 x AWS p5en instances (2 x 8 x H200 GPUs = 2,256GB):
Embeddings warm-start
Continual pre-training

1 x AWS p5en instance (8 x H200 GPUs = 1,128 GB):
SFT
Alignment
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Evaluation of LLMs &
Benchmark Creation
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Evaluating LLMs

Evaluating LLMs involves a combination of methods:
Benchmarking on Standard Tasks & Established Test Sets
Quantitative Metrics (Accuracy, BLEU, etc.)
LLM-as-Judge Methods & Rankings
Safety Analysis & Human Evaluation

Problem: Limited Greek benchmarks existed
Solution: We continually extend a complete evaluation suite for Greek
How: Translation, Acquisition, Manual Curation & Annotation
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Example: Multiple-Choice Question-Answer

Which of the

following Earth

layers has the
greatest density?

D. Outer Core

B. Mantle C. Inner Core
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The ILSP LLM evaluation suite for Greek

The evaluation suite comprises 16+ test sets that evaluate:
Language Understanding and Reasoning
General Question Answering (Medical, Scientific, Greek Law & History)
Safety, Jailbreaking, & Truthfulness
Instruction Following (e.g. write in 3 paragraphs)
Code & Maths
General Chat Capabilities
Translation (even for Ancient Greek)
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Recent Benchmarks

Greek Physical Commonsense Reasoning (GPCR):
208 human-annotated data testing physical commonsense reasoning

AttaQ Greek:
1,402 adversarial questions evaluating harmfulness in LLM responses

Multiple Choice QA Greek ASEP:
1,200 multiple choice questions from Greek Civil Personnel Selection exams

Greek Medical Multiple Choice QA:
2,034 multiple choice questions from medical exams of the Hellenic National
Academic Recognition and Information Center (DOATAP-AOATATM)
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Results of Pre-training

Continual pretraining -> +8.7% avg Greek performance
Annealing w/ curated corpora -> Small improvement on Greek & English

Annealing w/ synthetic data -> +2.1% avg Greek performance wrt. CPT &
actually surpasses original Llama 3.1 8B on English tasks

Based on: -
Training Stage Avg. Greek Avg. English
6 Greek tasks [Tama-3.1-8B 487 66.2
6 English tasks + Continual Pretraining 57.4 62.2

+ Curated Corpora 58.0 63 .4
+ Synthetic QA Dataset 59.5 67.0

Athens Natural Language Processing Summer School 2025
September 4-10, 2025 - NCSR "Demokritos"



Results of Post-training

Outperforms or competes with 27B & 32B models on Greek tasks
Maintains strong English performance
Krikri vs Llama 3.1: +21.7% on Greek IFEval, +7.3% on English IFEval

Model IFEval ELL. IFEval EN MT-Bench EL. MT-Bench EN
Qwen 2.5 7B 46.2 74.8 5.83 7.87
EuroLLLM 9B 51.3 64.5 5.98 6.27

Aya Expanse 8B 50.4 62.2 7.68 6.92

Meltemi-7B-v1.5 32.7 41.2 6.25 5.46
Llama-3.1-8B 45.8 75.1 6.46 7.25
Llama-Krikri-8B 67.5 824 7.96 7.21
Gemma 2 27B IT 63.2 75.6 8.23 8.00
Aya Expanse 32B 60.3 70.2 8.27 7.40
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Greek Arena Hard
Ranking w/ 500 challenging & diverse prompts (Claude Sonnet 3.7 Judge)

ArenaHard Greek

o

Llama 3.1 8B Gemma 2 Krikri 88 GPT-4o-Mini Mistral 3.1 Llama4 Scout Krikri 8B DeepSeek V3
27BIT Instruct (Baseline) 24B 2503 109B Al6B Latest 671B A37B




Wrapping up
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Thinking & Reinforcement Learning

* Krikri was the 1st LLM which
natively thinks in Greek

Prompts Base LLM

* Targeted capability based on
distilled fine-tuning data

* Recent LLMs (e.g., DeepSeek R1)
are trained by also using
Reinforcement Learning (RL)

* Example: Reinforcement Learning
with Verifiable Rewards (RLVR)
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Technical Frontiers & Next Steps

Multimodal extension with vision & speech

Extend training to newer & larger models (Mixture of Experts?)
Constitutional Al for EU & Greek values and law

Agentic behavior & deep web research capabilities
Reinforcement Learning (w/ verifiable and/or proxy rewards)

Scale up synthetic data generation:
Distillation from SOTA models (w/ thinking traces)

Better Reward Models and LLMs-as-Judges
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Outcomes

Llama-Krikri-8B-Instruct

Krikri surpassed bigger LLMs for Greek & competed with commercial LLMs

Released open versions of all models on Hugging Face.
Also provided quantized versions to run locally on consumer hardware

Created evaluation suite with 16+ test sets for Greek LLMs
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https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct
https://huggingface.co/ilsp/Llama-Krikri-8B-Instruct

Chatting with Krikri: chat.ilsp.gr

“

krikri-dpo ~

Open sidebar

KriKri Chat (Beta) krikri-dpo-latest fm) ®

Eipon to KpiKpt. Mg pnopw va og Bondnow

@ Message KriKri Instruct (Beta)

©

£3 krikri-dpo-latest

[E  Prompts

%5 Parameters

Custom Name

Set a custom name for the Al

Custom Instructions

Eigol To Kpr-Kpl, Evo EQUPETIKG TIPGNYHEVE KOl Bon8nTike poviehe TexvnTig Nonpoolvng
KemdAANAo EKTEISEUPEVD i va BonBael Ty XpioTpla fj Tov XproTn

TOC0 OE OMTOIGTH EAMNVIKS 000 KOl OF AITCIOTA ayyAhlkda. Ot SHUWOURYoL oou £ival EPEUVITIES ToU
IlvetrolTou EneEepyaoiac Tou Adyou Tou Epeuvnmikold Kévipou ABnvé.

Ol YVWOELS GOU YL TOV KOOHO OTapoToUy HETG Tov AUyoudTo Tou 2024, AkohoUBnoe TIg 08nyieg
TIoU gOoU 5iVoVTal e OKPIBELD KOl ATAVINGE HE TIEPIEKTIKS Kol BonBnTiko

B e T

Max Context Tokens Max Output Tokens

8000 8000

Temperature

——)

Top P

Frequency Penalty

O

Presence Penalty

O

Stop Sequences

Separate values by pressing ‘Enter’
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Thank you!
Questions? Comments?

|
L.I
|
|
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