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• The Journey Towards Greek LLMs

• Multi-stage Training of Krikri

• Data Engineering

• Evaluation & Benchmark Creation

• Next Steps & Frontiers

What's in the presentation
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The Journey
Towards Greek LLMs
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• Underrepresentation: Commercial and open LLMs do not focus on 
languages with unique scripts, like Greek.

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

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

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

Motivation
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Released in September 2024, Meltemi 7B was the first open Greek LLM

• Based on Mistral 7B of Mistral AI

• 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

Meltemi: Our 1st effort
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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:
o Multiple training stages
o SOTA data generation techniques

Krikri: Taking the Next Step
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• Each LLM has a specific number of parameters (billions)

• They are based on the Transformer architecture

o Process entire texts simultaneously, not word by word

o Can understand relationships between distant words in a text

• Self-Attention Mechanism: 

o They weigh each word's importance when they predict text

Timeline

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensMeltemi

Meltemi Krikri
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Key Improvements of Krikri over Meltemi

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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Meltemi 7B Krikri 8B

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
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• 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 computationally

Currently, models employ both in different numbers and strides.

Main architectural diff between Llama-3.1 and Mistral-v0.1
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Training Process in a Nutshell

Seminar, 30/04/25, NKUA, Department of Linguistics, Athens

Step 1: 
Pretraining

•  Raw Text

• Maths, Code

Step 2: 
Fine-tuning

•  Instruction & 
Response 

Step 3: 
Alignment

•  Good vs. Bad 
Responses
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Tokenizer & Embeddings 
Expansion
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• Extending tokenizers to include specialized Greek tokens.
(a) better capture of context and semantics 
(b) increase inference speed
(c) lower training & deployment costs
(d) “Increased” context length (less tokens are spent per word)

Vocabulary Extension

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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Llama 3: 19 tokens

GPT 4o: 17 tokens

Krikri: 9 tokens

_Τα _μεγάλα _γλωσσικά _μοντέλα _χρειάζονται _καλούς _tokenizers
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• The Llama tokenizer is a BPE TikToken variant

• Llama tokenizer: 128,256 unique tokens

• Krikri tokenizer: 149,248 unique tokens

•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

Vocabulary Extension (cont.)
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•Untrained embeddings and lm_head weights need to be added to the 
model to match the new tokens

• Initialized by averaging the embeddings (and lm_head) of output tokens 
from the Llama tokenizer, when given a new entry:

• new token: {"_κανονικός": 100}

• krikri_tok("_κανονικός") = [100]

• llama_tok("_κανονικός") = [10, 9, 18, 25] (e.g.,: ["_κα", "ν", "ον", "ικός"])

• Initialization → emb[100] = mean([emb[10], emb[9], emb[18], emb[25]])

Embeddings expansion

Athens Natural Language Processing Summer School 2025 
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• Light training step to warm start embeddings

• Freeze all model parameters other than:

o New embeddings

o New lm_head weights

• ~4% of the pretraining dataset

•Higher learning rate (3e-4 cosine annealing down to 3e-5)

Embeddings warm-up training

Athens Natural Language Processing Summer School 2025 
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Continual Pretraining & 
Annealing Phase
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Pretraining Data
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Data Preprocessing
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• Text extraction from PDFs, HTMLs, DOCs, etc.

• Conversion in metadata-enriched JSON format

• Pre-processed & filtered using:

o Rule-based filtering (e.g., mean word length, "lorem ipsum")

o Scores & Thresholds, such as:

• Fluency scores with KenLM models

• Alignment scores for parallel data (LASER, BiCleaner AI)

• Language identification scores with FastText models

o Document-level deduplication with MinHash LSH

Data Preprocessing (cont.)

Athens Natural Language Processing Summer School 2025 
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Composition of pretraining data  - Krikri

Seminar, 30/04/25, NKUA, Department of Linguistics, Athens

66.1 B tokens,  60%
25.2 B tokens,  23%

8.8 B tokens,  8%

10.1 B tokens,  9%

Greek English Parallel Code/Maths

Sources include:

• Wikipedia

• Theses & 
Dissertations

• Parliamentary 
Proceedings

• Greek & EU Laws

• Maths & Code

• Parallel data
(Greek <-> English)

Athens Natural Language Processing Summer School 2025 
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• Largest training stage with 110 B tokens (up-sampled high-quality datasets)

• 1e-4 max learning rate cosine annealing down to 1e-5

• 16M tokens global batch size

• Semantically-aware packing into ~128k sequence length

• Linear training batch distribution schedule

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

o Code/maths are kept stable

Continual Pretraining

Athens Natural Language Processing Summer School 2025 
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• Final quality refinement with:

o 3.5 B tokens from curated & strictly filtered sources

o 0.2 B tokens from Synthetic Question-Thinking-Answer data

• 1e-5 max learning rate, linearly annealing down to 0

• 16M tokens global batch size

• Semantically-aware packing into ~128k sequence length

• Attention blocking between batched sequences

Annealing Phase

Athens Natural Language Processing Summer School 2025 
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Post-training
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Supervised Fine-tuning & Alignment
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Fine-tuning Data

Seminar, 30/04/25, NKUA, Department of Linguistics, Athens

Teaches model to respond as an 
assistant, based on a user's prompt.
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Alignment Data

Seminar, 30/04/25, NKUA, Department of Linguistics, Athens

Are you smarter 
than a human? 
Reply in 1 word.

No Of course I am!

Good Response Bad Response
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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

Synthetic Data Generation

Athens Natural Language Processing Summer School 2025 

September 4-10, 2025 - NCSR "Demokritos"



HIAS AI Summer School –  July 1-3, 2024 –  NCSR “Demokritos” Congress Centre

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

• Stage 2: Higher quality & thinking data
o 638k SFT data
o 32,768 max sequence length
o 1e-6 max learning rate linearly annealing down to 1e-7
o 128 samples global batch size

Supervised Fine-Tuning

Athens Natural Language Processing Summer School 2025 
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• Length-normalized DPO
o Combats bias of aligned models to prefer longer sequences

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

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

Alignment

Athens Natural Language Processing Summer School 2025 
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• 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

Preprocessing & Training Infrastructure

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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Evaluation of LLMs & 
Benchmark Creation
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• Evaluating LLMs involves a combination of methods:

o Benchmarking on Standard Tasks & Established Test Sets

o Quantitative Metrics (Accuracy, BLEU, etc.)

o LLM-as-Judge Methods & Rankings

o 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

Evaluating LLMs

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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Which of the 
following Earth 
layers has the 

greatest density?

A. Crust B. Mantle C. Inner Core D. Outer Core

Example: Multiple-Choice Question-Answer

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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The evaluation suite comprises 16+ test sets that evaluate:

o Language Understanding and Reasoning

o General Question Answering (Medical, Scientific, Greek Law & History)

o Safety, Jailbreaking, & Truthfulness

o Instruction Following (e.g. write in 3 paragraphs)

o Code & Maths

o General Chat Capabilities

o Translation (even for Ancient Greek)

The ILSP LLM evaluation suite for Greek

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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• 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-ΔΟΑΤΑΠ)

Recent Benchmarks

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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• 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:

o 6 Greek tasks

o 6 English tasks

Results of Pre-training

Athens Natural Language Processing Summer School 2025 
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•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

Results of Post-training
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Greek Arena Hard

Seminar, 30/04/25, NKUA, Department of Linguistics, Athens

Ranking w/ 500 challenging & diverse prompts (Claude Sonnet 3.7 Judge)
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Wrapping up
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Thinking & Reinforcement Learning

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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• Krikri was the 1st LLM which 
natively thinks in Greek

• 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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•Multimodal extension with vision & speech

• Extend training to newer & larger models (Mixture of Experts?)

• Constitutional AI 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:

o Distillation from SOTA models (w/ thinking traces)

o Better Reward Models and LLMs-as-Judges

Technical Frontiers & Next Steps

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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• 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

Outcomes

Seminar, 30/04/25, NKUA, Department of Linguistics, AthensAthens Natural Language Processing Summer School 2025 
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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


HIAS AI Summer School –  July 1-3, 2024 –  NCSR “Demokritos” Congress Centre

Chatting with Krikri: chat.ilsp.gr 
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Thank you!
Questions? Comments?
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