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1 System Requirements and Environment Setup

This project was developed and executed using Python 3.10 with all code implemented in
Jupyter Notebook environments on Google Colab Pro Platform totally. The primary IDEs
used were Google Colab and Visual Studio Code on a MacOS system. The local development
were used extremely less because of the easiness and powerfulness of Google Colab and
Google Drive provides. Additionally using the GPU for the training part make that to be
chosen that environment first. In addition to them, to enable the execution of large language
models and training processes, a GPU runtime was used on Google Colab with NVIDIA T4
or A100. Due to GPU constraints and cost limitations, fine-tuning was restricted to smaller
transformer models (e.g. mT5-small, mBART). All experiments requiring high compute
resources in this study were executed in Colab Pro account, which offered better GPU
availability than the reqular free version.

Required System Setup:

Operating System: MacOS / Windows

Python Version: 3.10+

Google Colab Pro - (Mainly used in the development and preffered for GPU usage)

Jupyter Notebook

Minimum 16 GB RAM recommended for local testing / (Time to time High Ram Option
selected on the Colab)

Runtime type

Python 3 v

Hardware accelerator @

O cpru O Aoy (O LaGPU (@ T4GPU

QO ver1tPu Q vse1TPU (O v2:8TPU

High-RAM 0

Figure 1. Runtime Type
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You are subscribed to Colab Pro. Learn more
Available: 95.23 compute units

Usage rate: approximately 1.57 per hour

You have 1 active session.

Manage sessions

Python 3 Google Compute Engine backend (GPU)
Showing resources from 7:31 PM to 7:39 PM

System RAM GPU RAM Disk
5.2/51.0GB 0.0/15.0GB 43.1/235.7 GB

Figure 2. System Specifications

2 Data and Folder Specifications

The datasets used in this study consist of parallel sentence pairs stored in separate files for
each language. In this study English and Turkish sentences are stored in files with the
extensions “.en” and “.tr” respectively. In here, each line representing a matching translation
pair. It is really critical for data consistency that the number of lines in both files must be
equal.

The working environment was firstly set up by mounting Google Drive to the system. The
projects main directory is located at /content/drive/MyDrive/MT Project and the original
data files are stored in the “/content/drive/MyDrive/MT_Project/data” directory. During the
file processing phase, sentence pairs extracted from these original data are selected based on
specific criteria and the processed files are created in the
/content/drive/MyDrive/MT_Project/data-test directory. Also under the data folder each
dataset has its own subfolders. Datasets are publicly available at OPUS-100 , Tatoeba ,
TED2020 . They can be downloaded and then used under the folders like the following
images.

& orive Q Drive'da arayin = @ & +
+  Yeni My Drive > MT_Project ~ GCG=] s @
@ Anasayf Tar - Kullanicilar  ~ Degistirilme: ~ Kaynak ~

v @ Orive'm .

Adi Sahibi Son degistirdigi.. ~ <  Dosya boyut
Lo Bilgisayarla
@B models ben 28 Tem 2025 - & & 2
2. Benimle
® Enson BB trained_lora_adapters ben 23 Tem 2025 —
iy VLIE] BB data-test ben 18 Tem 2025 -
O spam BB tokenized_datasets ben 1 Tem 2025 -
@ Cop kut
A B e BB tokenized_datasets_Original ben 11 Tem 2025
S TeE 0010 BB tokenized_data ben 11 Tem 2025
kullaniyor
BB  tokenized_data_Original ben 11 Tem 2025
Daha fazla depolama
alan)al B data ben 11 Tem 2025 -
Bm  dataOriginal ben 11 Tem 2025 —
@m trained_models ben 11 Tem 2025 -
BB meta_model ben 11 Tem 2025 -
BB transiations ben 11 Tem 2025
BB tokenized ben 11 Tem 2025

Figure 3. Base Project Folder
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Figure 5. Dataset File Examples

Project Development

After collecting and putting the data under the suitable folders then Colab Notebook can be
executed. All codes are stored in .ipynb file with the previous code outputs and results. To be
able to run the code without any problem at this point, firstly data should be under the correct
folders. Then, the required packages and libraries needs to be installed on the code
environment. After that Google Drive must be mounted.

©

0

1

0

# Library Installation

tpip install —q transformers datasets peft sentence—transformers evaluate openai scikit—learn
tpip install —q pandas matplotlib seaborn

tpip install —q sacrebleu

tpip install —q accelerate

tpip install —q nltk

tpip install —q

84.1/84.1
363.4/363.
13.8/13.8
24.6/24.6
883.7/883.

207.5/207.
188.7/188.
21.1/21.1

from google.colab import drive
drive.mount('/content/drive’')

Mounted at /content/drive

joblib sentence—transformers scikit—learn xgboost lightgbm catboost imbalanced—learn tqdm tensorflow scikeras

kB 7.9 MB/s eta 0:00:00
4 MB 3.2 MB/s eta 0:00:00
MB 120.2 MB/s eta 0:00:00
MB 100.0 MB/s eta 0:00:00
7 kB 55.9 MB/s eta 0:00:00
.8 MB 2.5 MB/s eta 0:00:00
-5 MB 4.8 MB/s eta 0:00:00
MB 40.2 MB/s eta 0:00:
-9 MB 19.3 MB/s eta 0:00:00
5 MB 4.3 MB/s eta 0:00:00
7 MB 6.8 MB/s eta 0:00:00

MB 98.5 MB/s eta 0:00:00

Figure 6. Library Installation and Drive Mount



As a second main structural thing, is can be the folders creation after installing the packages
and libraries that needs to be required. In here, users do not need to create necessary folders
by themselves manually because they are created by python scripts automatically.

© # Folder Structure Creation
import os

BASE_PATH = "/content/drive/MyDrive/MT_Project/"
DATA_PATH = f"{BASE_PATH}/data"

TOKENIZED_PATH = f"{BASE_PATH}/tokenized_datasets"
MODEL_SAVE_PATH = f"{BASE_PATH}/trained_models"

TOKENIZED_DATASETS_DIR = os.path.join(BASE_PATH, "tokenized")
TRANSLATION_OUTPUTS_DIR = os.path.join(BASE_PATH, "translations")
META_MODEL_DIR = os.path.join(BASE_PATH, "meta_model")
DATASETS_DIR = os.path.join(BASE_PATH, "data")

os.makedirs (TOKENIZED_DATASETS_DIR, exist_ok=True)
os.makedirs (TRANSLATION_OUTPUTS_DIR, exist_ok=True)
os.makedirs (META_MODEL_DIR, exist_ok=True)
os.makedirs (DATASETS_DIR, exist_ok=True)

o o e e s

Figure 7. Folder Structure Creation

After creation the folders we can start the dataset loading and start to process it by the next
code block. Mainly the datasets notified and according to their paths they can be readable and
processable.

o ### DATASET LOADING
dataset_names = ["ted2020", "tatoeba", "opusl00"]
dataset_dicts = {}
for name in dataset_names:
en_path = f"{BASE_PATH}data/{name}/{name}.en"
tr_path = f"{BASE_PATH}data/{name}/{name}.tr"

full_dataset = load_dataset_from_files(en_path, tr_path)

print(f" Dataset yiklendi: {name} (Train: {len(full_dataset['train']l)}, Test: {len(full_dataset['test'])})")
dataset_dicts[name] = {

“"train": full_dataset["train"],

"test": full_dataset["test"]

Figure 8. Dataset Loading

Another crucial concept is also the tokenization. It is an obligatory step to tokenize the raw
data. After this step our datasets will become processable by the LLM models like mt5-small
nllb and mBART. In the following code tokenizers are preparing with using transformers
library. In the end of the preparing and using of these tokenizers, raw texts are converted to
units that are called tokens.

© #** TOKENIZER SETTINGS
AU
A

import os

import torch

from transformers import AutoTokenizer, AutoModelForSeq2SeqlLM
from peft import LoraConfig, get_peft_model, TaskType, PeftModel

lora_output_base_dir = "/content/drive/MyDrive/MT_Project/trained_lora_adapters"

# Kullanacagimiz modeller ve LoRA konfigilirasyonlari
model_configs = {
“mtS5—small": {
“name'": '"google/mtS5—small",
"lora_config": LoraConfig(
r=8,
lora_alpha=32,
target_modules=["q", "v'],
lora_dropout=0.05,
bias="none",
task_type=TaskType.SEQ_2_SEQ_LM
)
>

“nllb—-200M": {
“name': "facebook/nllb—200-distilled—600M",
""lora_config": LoraConfig(
r=8,
lora_alpha=32,
target_modules=["q_proj", "v_proj"l,

lora_dropout=0.05,
bias="none",
task_type=TaskType.SEQ_2_SEQ_LM
)
Yo
“mbart': {
“hame': "facehaok/mhart—1arae—S0—manv—ta—mAanyv—mmt

Figure 9. Tbkénfzer Settings



After tokenization, model finetunings are made on the datasets. End of this step, (model
number * llm number) amount finetuned models are obtained. As a result we can get
translations from these models too. Also to prevent and hardness of the train LLMs LoRA
adapter were used to make it shorter and less costful.

‘, ### FINETUNE of MODELS with LORA ADAPTERS
#H##

from transformers import AutoTokenizer, AutoModelForSeq2SeqlLM, Seq2SeqTrainer, Seq2SeqTrainingArguments
from datasets import load_from_disk

from peft import get_peft_model, LoraConfig, TaskType

import os

# === AYARLAR ===

BASE_DIR = "/content/drive/MyDrive/MT_Project"
TOKENIZED_DIR = f"{BASE_DIR}/tokenized_data"
MODEL_DIR = f"{BASE_DIR}/trained_models"

model_name_map = {
"mt5-small": "google/mt5-small”,
"nllb-200M": "facebook/n11b-200-distilled-600M",
"mbart": "facebook/mbart-large-50-many-to-many-mmt"

}

model_type_map = {
"mt5-small": "mt5",
“nllb-200M": "nllb",
"mbart": "mbart"

}

tokenizers = {
"mt5-small": AutoTokenizer.from_pretrained("google/mt5-small"),
"nl1b-200M": AutoTokenizer.from_pretrained("facebook/nl1b-200-distilled-600M", src_lang="eng_Latn", tgt_lang="tur_Latn"),
"mbart": AutoTokenizer.from_pretrained("facebook/mbart-large-50-many-to-many-mmt", src_lang="en_XX", tgt_lang="tr_TR")

}

# === TRAIN / LOAD FUNCTION ===
def train_or_load_model(model_key, model_name, tokenizer, train_dataset, output_dir, use_lora=True):
if os.path.exists(output_dir):
checkpoints = [ckpt for ckpt in os.listdir(output_dir) if ckpt.startswith("checkpoint")]
if checkpoints:
print(f" Zaten egitilmis: {output_dir} —> Yiikleniyor...")

Figure 10. Finetuning with LoORA Adapters

As a next step we can get the translations predictions from the finetuned models with the
following code snippets.Also in this step if it is required also prefixes are added for the
specific transformers models.

—— — —

S ——— — S—— R—
° def generate_translation(model_key, tokenizer, model, input_text):

input_text = input_text.strip()
if not input_text:
return "

# Ortak generation parametreleri

generation_kwargs = {
“max_new_tokens": 128,
“num_beams": 5,
“early_stopping"”: True,

¥

if model_key == "mtS5—small®:
# mT5 icin prompt kullan
input_text_processed = f'translate English to Turkish: {input_text}"
inputs = tokenizer(input_text_processed, return_tensors="pt", padding=True, truncation=True).to(model.device)
# generation_kwargs burada kullaniliyor
outputs = model.generate (**inputs, *kgeneration_kwargs)

elif model_key == "mbart":
tokenizer.src_lang = "en_XX"
tokenizer.tgt_lang = "tr_TR"
input_text_processed = input_text # mBART icin prompta gerek yok
inputs = tokenizer(input_text_processed, return_tensors="pt'", padding=True, truncation=True).to(model.device)

# forced_bos_token_id igin giivenlik kontroli eklendi
forced_bos_token_id = tokenizer.lang_code_to_id.get("tr_TR")
if forced_bos_token_id is None:
print(f"Uyarai: mBART igin 'tr_TR' dil kodu bulunamadi. Lutfen tokenizer'a kontrol edin.")
# Bulunamamasi durumunda model.generate'in varsayilan davranisina birakilabilir veya hata fairlatilabilir.
# Simdilik uyari verip devam ediyoruz.
else:
generation_kwargs['forced_bos_token_id'] = forced_bos_token_id

# generation_kwargs burada kullaniliyor
outputs = model.generate (**inputs, *kgeneration_kwargs)

Figure 11. Translation Predictions Step



After getting the first results of the predictions and statistical scores then it is needed to also
evaluate GPT based scores too. To achieve this firstly in the related code cell users have to
change with their OpenAl Api key. After that when users send the request they will get
successful results. Then, these scores will be saved to the .csv file in the upcoming part of the
gpt scores logic.

TN 3RUI @I AL YORIER Ay4n TUNRSAYUN \HGLG yUNSUANL VE 1SUIy 4ve)
© def get_gpt_score_with_retry(translation, reference, source, max_retries=5, delay=5):
system_prompt = (
"You are an expert in evaluating machine translation quality. "
"Rate the provided translation for fluency (grammar, readability) "
"and adequacy (meaning, completeness) on a scale of 1-5. "
"1=poor, 5=excellent. "
"Respond only with a JSON object: {\"fluency_score\": [1-5], \"adequacy_score\": [1-5]}. "
"Do not add any extra text."
)
user_prompt = (
f"Source: {source}\n"
f"Reference: {reference}\n"
f"Translation: {translation}"

)

for attempt in range(max_retries):
try:
# OpenAI'in yeni istemci kullanimina gore giincellendi
client = openai.OpenAI(api_key=openai.api_key)
response = client.chat.completions.create(
model="gpt-3.5-turbo-0125", # Kullanilacak model

messages=|[
{"role": "system", "content": system_prompt},
{"role": "user", "content": user_prompt}

1,
response_format={"type": "json_object"}, # JSON yaniti almak igin 6nemli
temperature=0

)

content = response.choices[0].message.content

scores = json.loads(content)

# API'den gelen skorlar int veya float olmayabilir, bu yiizden giivenli doniisim yapalim

fluency = float(scores.get("fluency_score", np.nan))

adequacy = float(scores.get("adequacy_score", np.nan))

return fluency, adequacy

except openai.APIError as e:
print(f"API Hatasi (Deneme {attempt + 1}/{max_retries}): {e}")
if attempt < max_retries - 1:

Figure 12. GPT Score Evaluation

Finally, after these steps we would have all the things for the experiments needed like it is
shown in the picture below.

© ### EXPERIMENT 1 ###

HH#H#
### META LEARNER EDUCATION STAGE (BEST MODEL CLASSIFICATION - VERI SIZINTISI DUZELTILDI VE XGBOOST EKLENDI)

!pip install -q joblib sentence-transformers scikit-learn xgboost

import pandas as pd

import numpy as np

from sklearn.model_selection import train_test_split

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import accuracy_score, classification_report, confusion_matrix
import matplotlib.pyplot as plt

import seaborn as sns

import os

import joblib

from sentence_transformers import SentenceTransformer

import xgboost as xgb # XGBoost import edildi

from sklearn.preprocessing import LabelEncoder # LabelEncoder eklendi

print("Meta-Learner (Best Model Secimi) Model Egitimi Baslatiliyor...")

# Onceki hiicreden olusturulan ve kaydedilen DataFrame'i yiikle
# Lutfen bu dosya yolunun dogru oldugundan emin olun:
output_csv_path_final_for_meta = "/content/drive/MyDrive/MT_Project/data-test/unified_meta_learner_tset_with_all_scores_and_labels.csv"
try:
df_meta_learner_data = pd.read_csv(output_csv_path_final_for_meta)
print(f"DataFrame '{output_csv_path_final_for_meta}' yiiklendi. Satir sayisi: {len(df_meta_learner_data)}")
except FileNotFoundError:
print(f"Hata: '{output_csv_path_final_for_meta}' bulunamadi. Litfen 'GPT SCORE ADIMI' hiicresini galistirdiginizdan emin olun.")
raise # Hata olusursa programi durdur

# HATA AYIKLAMA: Situnlari kontrol et
print("\nDataFrame situnlari yiikledikten hemen sonra:")
print(df_meta_learner_data.columns.tolist())

# 'dataset' sitununu da required_cols'a ekledik

Figure 13. Example Experiment



