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JTOJATOK A

JIicTiHT KOy MPOEKTY

A.1 CrpykTypa npoexTy

MultimodalCryptoSystem/

F—— AIService/ # Python mikpocepBic wmTyuHOTO 1HTeEJEeKTy
| F—— main.py # FastAPI cepsep, Jorika Stacking-aHcambiio Ta iHdepenc
F—— requirements.txt # BamexHocTi (TensorFlow, XGBoost, FastAPI)
L — Dockerfile # KouTelHepmuszauis Al-cepsicy
WebUI/ # C# .NET 8 Backend Ta IHTepderic
F—— Dockerfile # KouHTelHepuszauis Web-cepsicy
L— cryptoWebApp/
F—— Program.cs # Koudpirypauisa DI, HajmawmTyBaHHS B]l Ta nanmianHy
— controllers/ # Kourpomepu MVC

| F—— AdminController.cs
F—— HomeController.cs

-
2T

| L— ApplicationDbContext.cs # KouTexcr 6asu manux (Entity Framework)

Models/ # CTpyxTypu maHux BIl

F—— MarketData.cs # PuHkOB1 koTMpyBaHHdg (Gate.io)

F—— OnChainData.cs # AxTuBHicTb kMTieB (DeBank)

F—— TextSentimentData.cs # CeHTuMeHT-aHaJsi3 HOBUH (FinBERT)

F—— PredictionHistory.cs # 30epexeHHs NPOTHO31B HeMpoMmepexi

F—— DelistNewsModel.cs # Momesi napcepa mesnicTmuHIiB

[— (iHmi Momesii 6isHec-jiorikm)

Services/ # fdnpo OisHec-jyorikm (Ilapcepr Ta B3aeMomis)
AiPredictionService.cs # KomyHixauis 3 Python AI-mixpocepsicom
GateIoParserService.cs # Arperauis GipxoBux naHMX

SentimentParserService.cs # Arperalis Ta CKOPMHI HOBMH

|

|

F__

|

|

|

| F—— appsettings.json # Koubirypauis cepenosuma
|

|

|

|

|

|

|

|

|

|

|

|

|

|

| —

| —

| F—— OnChainParserService.cs # Arperauis GroKUeMH-IaHMX
| —

| —

|
|
|
|

| F—— DelistPollingService.cs # Telegram-00T mOJja MOHIiTOPMHTY HenicTuHTiB
| L (inmwi donoBi cepricwm)
F—— Areas/Admin/ # AnMiHicTpaTMBHA NaHeJNb KEPyBaHHSI
L views/ # Razor-CcTOpiHKM KJI1EHTCBHKOTO 1HTepdercy
F—— docker-compose.yml # Opxecrpauis mixkpocepsicis (PostgreSQL, .NET, Python,

Caddy)

L — bitbucket-pipelines.yml # CI/CD mamnianH Ojis aBTOMATMUHOT'O Ieljoio Ha Hetzner



65

A.2 TpenyBanns mozeini B Google Colab

import pandas as pd

import numpy as np

from sklearn.preprocessing import MinMaxScaler

import matplotlib.pyplot as plt

# 1. Load our custom multimodal dataset

file path = 'multimodal crypto dataset (7).csv'

print (f"Umranna manmx 3 Qamny {file path}...")

# FIXED: replaced 'Date' with 'Timestamp' because that is how the column is
named in your CSV

df = pd.read csv(file path, parse dates=['Timestamp'],
index col='Timestamp')

# Fill possible missing values with previous values (Forward Fill)

df = df.fillna(method="£f£fill")

print (f"Iari ycnimuo 3aBaHTaxeHo! 3aranibHa kijmgbkicTs mHiB: {len(df)}"™)

print ("-" * 50)

# 2. Extract multimodal features

# According to the thesis topic, we use: market data (OHLCV) + text data

(Sentiment) + on-chain data (ActiveAddresses)
features = ['Open', 'High', 'Low', 'Close', 'Volume', 'SentimentScore',
'ActiveAddresses']

data = df[features].values

# 3. Normalize the data (MinMaxScaler)

# Bring all values (from price to sentiment) into the [2] range for stable
neural network training

scaler = MinMaxScaler (feature range=(0, 1))

scaled data

scaler.fit transform(data)

# Find the index of the target variable 'Close' to build the y vector

target idx

features.index ('Close')
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# 4. Build the sliding window
# Use a 30-day lookback to predict the price for day 31

SEQ LENGTH = 30

def create sequences(data, seq length, target index):

X,y = [1, [
for i in range(len(data) - seq length):
X.append(data[i: (1 + seqg length)]) # 30 days by 7 features

y.append(data[i + seq length, target index]) # Next-day 'Close’
prediction

return np.array(X), np.array(y)

X, y = create_ sequences (scaled data, SEQ LENGTH, target idx)

print ("=== PE3VJIBTATHM IPEINPOLECUHIY ===")

print (f"PosMmiprHicTe BximHOTO TeHzOpa X: {X.shape} -> (KinmpkicTe npuxianis,
Posmip BikHa, KinexicTe oszHak)")

print (f"Po3mMipHicTe BekTOpa uUinmboBol 3MiHHOI y: {y.shape} ->
(KinepxicTe npmknanis,)")

# 5. Split into training and test sets (80% / 20%)
train_size = int (len(X) * 0.8)
X train, X test = X[:train size], X[train size:]

y train, y test = y[:train size], yl[train size:]

print (f"TpenyeanpHa BuOipka: X={X train.shape}, y={y train.shape}")

print (f"Tecrora Bubipka: X={X test.shape}, y={y test.shape}")

from tensorflow.keras.models import Model

from tensorflow.keras.layers import Input, ConvlD, MaxPoolinglD,
Bidirectional, LSTM, Dense, Dropout, Attention, GlobalAveragePoolinglD

from tensorflow.keras.optimizers import Adam

import matplotlib.pyplot as plt

print ("Inigianizauis apxirexTypm CNN-BiLSTM-Attention...")

# 1. Input layer (shape: 30 days, 7 features)

# FIXED: use indexes 1 and 2
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inputs = Input (shape=(X train.shape[l], X train.shape[2]))

# 2. Convolutional block (CNN) - extracting local patterns (price jumps,
volumes)

x = ConvlD(filters=64, kernel size=3, activation='relu',
padding='same') (inputs)

x = MaxPoolinglD(pool size=2) (x)

# 3. Recurrent block (BiLSTM) - learning temporal dependencies in both
directions

# return sequences=True 1is required to pass the full sequence into the
Attention layer

lstm out = Bidirectional (LSTM (64, return sequences=True)) (x)
# 4. Attention mechanism - focusing on important days
# Use lstm out both as the query and as the value

attention out = Attention() ([lstm out, lstm out])

# 5. Pooling (Global Average Pooling) and fully connected layers (Dense)

x = GlobalAveragePoolinglD () (attention out)
x = Dropout (0.3) (x) # Protection against overfitting
x = Dense (32, activation='relu') (x)

# 6. Output layer (predicting 1 value - the next day's closing price)

outputs = Dense(l, activation='linear') (x)

# Build and compile the model
model = Model (inputs=inputs, outputs=outputs)

model.compile (optimizer=Adam(learning rate=0.001), loss='mse',
metrics=['mae'])

model.summary ()

# 7. Train the model

print ("\nllouaTok OpolleCcy HaBuaHHS MozIejyl (ExcIepuMeHTaJIbHE
MOZIEeJIOBaHHA) . .. ")



history = model.fit(
X train, y train,
epochs=50, # Number of training epochs
batch size=32, # Batch size
validation data=(X_test, y test), # Validation data

verbose=1

# 8. Visualize training results (Loss/MSE)
plt.figure(figsize=(10, 6))

plt.plot (history.history['loss'], label='lloMmunka Ha TpeHyBahHHil (Train
Loss) ")

plt.plot (history.history['val loss'], label='llommnka Ha Bajdimauii (Val
Loss) ")

plt.title('T'padix npouecy HaBuaHHsa CNN-BiLSTM-Attention')
plt.xlabel ('Enoxu')

plt.ylabel ('CepenHbokBalpaTuuHa noMmika (MSE) ')
plt.legend()

plt.grid(True)

plt.show ()

from sklearn.metrics import mean squared error, mean absolute error
import numpy as np

import matplotlib.pyplot as plt

print ("I'enepauisa nporHo3y Ha TecToBiM BMOipui...")
# 1. Get predictions from the model

predictions = model.predict (X test)

# 2. Inverse normalization (Inverse Transform)
# Use the correct index 2 (which corresponds to 7 features)

num_features = X train.shape[2]

# For predictions
dummy pred = np.zeros((len(predictions), num features))
dummy pred[:, target idx] = predictions.flatten()

pred prices = scaler.inverse transform(dummy pred) [:, target idx]



# For real values (y_ test)
dummy test = np.zeros((len(y test), num features))
dummy test[:, target idx] = y test.flatten()

real prices = scaler.inverse transform(dummy test)[:, target idx]

# 3. Calculate the final business quality metrics of the model

rmse = np.sqrt (mean squared error(real prices, pred prices))

mae = mean absolute error (real prices, pred prices)

mape = np.mean(np.abs((real prices - pred prices) / real prices)) * 100
print (f"\n=== ®IHAJIbHI METPUKM MOIOEJII (mis Posminy 4 muriomy) ===")
print (f"RMSE (KopeHeBa cepelHbOKBampaTHuyHa noMmmika) : S${rmse:.2f}")
print (f"MAE (Cepemus abcoJioTHa noMmiika) : S{mae:.2f}")

print (f"MAPE (CepenHs abcoJioTHa IOMMUJIKaA y Bincorkax): {mape:.2f}%")

# 4. Visualization: actual price vs predicted price
plt.figure (figsize=(14, 7))

plt.plot(real prices, label='Peansna uina BTC ($)', color='blue',
linewidth=2)

plt.plot (pred prices, label='llporHosz momeni ($)', color='red',
linestyle='dashed', linewidth=2)

plt.title('llopiBHAHHA peayIbHMX Ta NPOTHO30BaHMX LiH (CNN-BiLSTM-
Attention) ')

plt.xlabel ('Iui (TecToma BUMOipka) ')
plt.ylabel ('Iina zaxpmrTsa (USD) ')
plt.legend()

plt.grid(True, linestyle='--', alpha=0.7)
plt.tight layout ()

plt.show ()

# 5. Save the model for our C# microservice
model.save ('multimodal crypto model.keras')

print ("\nMomesb ycnimHo z30epexeHa y dann
''multimodal crypto model.keras'!")

import pandas as pd

import numpy as np
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import xgboost as xgb
import joblib

from sklearn.model selection import train test split

# 1. Load your multimodal data
print ("3aBaHTaxeHHa OaHUX...")

df = pd.read csv('multimodal crypto dataset (7).csv')

# 2. Calculate the target variable: next-day percentage price change
(Returns)

# This will force the model to look specifically for momentum and trend
reversals!

df ['Target Return'] = df['Close'].pct change () .shift (-1)

df = df.dropna/()

# 3. Prepare the feature space (using your 7 modalities)

features = ['Open', 'High', 'Low', 'Close', 'Volume', 'SentimentScore',
'ActiveAddresses']

X = df[features] .values

y df ['Target Return'].values

# 4. Split into training and test sets (preserving chronology)

X train, X test, y train, y test = train test split(X, y, test size=0.15,

shuffle=False)

# 5. Train XGBoost (Model 2)
print ("TpenyBanus aHcaMmOiieBoi mozmesii XGBoost...")
xgb model = xgb.XGBRegressor (
n_estimators=150,
learning rate=0.05,
max depth=5,
random_state=42,
objective='reg:squarederror'
)

xgb model.fit (X train, y train)
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# 6. Save the trained model
joblib.dump (xgb model, 'xgboost model.pkl')

print ("YCIIX! Monmene 3bepexeHa y ¢anmn 'xgboost model.pkl'. 3aBaHTaxTe MOTO
Ha Bam xoMi'ioorep!™)

A.3 main.py (FastAPI, norika Stacking-ancam0O:ro Ta iHpepeHc)
from datetime import datetime, timezone
import json
import os
import tempfile
from threading import Event, Lock
from uuid import uuid4
import zipfile

import joblib

from fastapi import FastAPI, BackgroundTasks, HTTPException
from fastapi.responses import JSONResponse

from pydantic import BaseModel

from typing import Dict, List, Optional

import numpy as np

import tensorflow as tf

from sklearn.preprocessing import MinMaxScaler

# FastAPI initialization
app = FastAPI(
title="Multimodal Crypto Prediction API",

description="Adaptive AI microservice for master's thesis (CSAIm-24-
1)",

version="2.0.0"

SERVICE DIR = os.path.dirname (os.path.abspath( file ))
MODEL DIR = os.getenv ("MODEL DIR", os.path.join(SERVICE DIR, "model data"))

PRIMARY MODEL PATH = os.path.join (MODEL DIR,
"multimodal crypto model.keras")

XGB_MODEL PATH = os.path.join (MODEL DIR, "xgboost model.pkl")

MODEL CANDIDATES = (



PRIMARY MODEL PATH,
os.path.join (SERVICE DIR, "multimodal crypto model.keras"),
"multimodal crypto model.keras",

)

xgb model = None

try:
if os.path.exists (XGB_MODEL PATH) :
xgb model = joblib.load(XGB MODEL PATH)
print ("XGBoost model loaded for ensemble inference.")
except Exception as e:

print (f"Failed to load XGBoost model: {e}")

SCALER METADATA FILE = "scaler metadata.json"

SEQ LENGTH = 30

TARGET IDX = 3 # Index of the 'Close' column (Open=0, High=1, Low=2,
Close=3, Volume=4, Sentiment=5, ActiveAddresses=6)

TRAINING STATUS LOCK = Lock()
TRAINING STOP EVENT = Event ()
TRAINING STATUS: Dict[str, Optionall[str]] = {
"status": "idle",
"state": "Idle",
"job _id": None,
"message": "JJoHaBYaHHA lle He 3alycKajochk.",
"updated at utc": None,
"started at utc": None,

"finished at utc": None,

# Data structure for prediction
class PredictionRequest (BaseModel) :

data: List[List[float]] # Array shaped (30 days, 7 features)

class BatchPredictionRequest (BaseModel) :

sequences: List[List[List[float]]] # Array of multiple windows shaped
(30 days, 7 features)
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# Data structure for retraining (we pass fresh data, for example from the

last 60-100 days)

class RetrainRequest (BaseModel) :

def

def

def

def

data: List[List[float]]

get model path() -> str:
for candidate in MODEL CANDIDATES:
if os.path.exists (candidate) :

return candidate

return PRIMARY MODEL PATH

ensure model dir() -> None:

os.makedirs (MODEL DIR, exist ok=True)

get scaler metadata path(model path: Optional[str] = None) -> str:
resolved model path = model path or get model path()
model directory = os.path.dirname (resolved model path) or "."

return os.path.join(model directory, SCALER METADATA FILE)

strip unsupported keras fields(value):
if isinstance (value, dict):
cleaned = {}

for key, item in value.items():

if key == "quantization config":
continue
cleaned[key] = strip unsupported keras fields(item)

return cleaned

if isinstance (value, list):

return [strip unsupported keras fields(item) for item in value]

return value
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def load model with compat (model path: str):
try:
return tf.keras.models.load model (model path, compile=False)
except Exception as exc:
error text = str(exc)

needs compat patch = model path.endswith(".keras") and
"quantization config" in error text

if not needs_compat patch:

raise

with tempfile.TemporaryDirectory() as temp dir:

patched model path = os.path.join(temp dir, "patched model.keras")

with zipfile.ZipFile(model path, "r") as source archive:

with zipfile.ZipFile (patched model path, "w",
compression=zipfile.ZIP DEFLATED) as target archive:

for archive info in source archive.infolist():
file bytes = source archive.read(archive info.filename)
if archive info.filename == "config.json":
config = json.loads (file bytes.decode ("utf-8"))

file bytes =
json.dumps (strip unsupported keras fields(config)) .encode ("utf-8")

target archive.writestr (archive info, file bytes)

return tf.keras.models.load model (patched model path,
compile=False)

def load scaler metadata(feature count: int) -> Optional[Dict[str,
np.ndarray]]:

metadata path = get scaler metadata path ()
if not os.path.exists (metadata path):

return None

try:
with open (metadata path, "r", encoding="utf-8") as metadata file:

metadata = json.load(metadata file)



feature mins = np.asarray(metadata.get ("feature mins", []),
dtype=np.float32)

feature maxs = np.asarray(metadata.get ("feature maxs", []),
dtype=np.float32)

if feature mins.size != feature count or feature maxs.size !=
feature count:

return None

return {
"feature mins": feature mins,
"feature maxs": feature maxs,

}

except (OSError, ValueError, TypeError, Jjson.JSONDecodeError) :

return None

def save scaler metadata(scaler: MinMaxScaler, model path: str) -> None:

metadata path = get scaler metadata path (model path)

metadata = {
"feature mins": scaler.data min .astype(float).tolist(),
"feature maxs": scaler.data max .astype(float).tolist(),

"target idx": TARGET IDX,

"updated at utc": utc _now _iso(),

with open(metadata path, "w", encoding="utf-8") as metadata file:

json.dump (metadata, metadata file)

def scale sequence(input data: np.ndarray, feature mins: np.ndarray,
feature maxs: np.ndarray) -> np.ndarray:

feature ranges = feature maxs - feature mins
scaled = np.divide(

input data - feature mins,

feature ranges,

out=np.zeros_ like (input data, dtype=np.float32),
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where=feature ranges != 0,

)

return scaled.astype(np.float32)

def inverse scale close values(prediction scaled, feature mins: np.ndarray,
feature maxs: np.ndarray) :

close min = float (feature mins[TARGET IDX])
close max = float (feature maxs[TARGET IDX])

close range = close max - close min

if close range ==

return [close min for  in np.ravel (prediction scaled)]

return [float(close min + (float(value) * close range)) for value in
np.ravel (prediction scaled)]

def prepare model for training(model):
model.compile (
optimizer=tf.keras.optimizers.Adam(),
loss="mse",
metrics=["mae"],
)

return model

def utc now _iso() -> str:

return datetime.now(timezone.utc) .isoformat ()

def get training status snapshot () -> Dict[str, Optional[str]]:
with TRAINING STATUS LOCK:

snapshot = dict (TRAINING STATUS)

snapshot ["model loaded"] = os.path.exists(get model path())

return snapshot



def clear training stop request() -> None:

TRAINING STOP EVENT.clear ()

def request training stop() -> None:

TRAINING STOP EVENT.set ()

def is training stop requested() -> bool:

return TRAINING STOP EVENT.is set()

def prepare scaled sequences (sequences: List[List[List[float]]]):

if not sequences:

raise HTTPException(status code=400, detail="Ilorpi®HO nepenmatu

moHAaMMeHIe OINHY I[NOCJiOOBHIiCTH IJid NPOTHO3Y.")

validated sequences = []

scaled sequences = []

feature count = None

for

#{index

#{index

#{index

index, sequence in enumerate (sequences) :
input data = np.array(sequence, dtype=np.float32)
if input data.ndim != 2:

raise HTTPException(status code=400, detail=f"llocnimoBHicCTb
+ 1} noBuHHa OyTy IOBOBMMIipPHUM MacuseoM.'")

if input data.shape[0] != SEQ LENGTH:

raise HTTPException(status code=400, detail=f"llocnimoBHicCTb
+ 1} nmoemuHa MicTuTu piBHO {SEQ LENGTH} paaxie.")

current feature count = input data.shapel[l]
if current feature count <= TARGET IDX:

raise HTTPException(status code=400, detail=f"V¥ nocmimoBHOCTi
+ 1} BimcyTHs xojioHka Close myig 3BOPOTHOI HopManizanii.")

if feature count is None:

feature count = current feature count

elif current feature count != feature count:
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raise HTTPException(status code=400, detail="Yci nocnimosnocTi
MNOBMHH1 MicTUTM OOHAKOBY KiJbkicTep oO3Hak.")

validated sequences.append (input data)

scaler state = load scaler metadata (feature count)
if scaler state is None:
batch scaler = MinMaxScaler (feature range=(0, 1))
batch scaler.fit (np.concatenate(validated sequences, axis=0))
scaler state = {
"feature mins": batch scaler.data min .astype(np.float32),

"feature maxs": batch scaler.data max .astype(np.float32),

for input data in validated sequences:

scaled sequences.append(scale_ sequence (input data,

scaler state["feature mins"], scaler state["feature maxs"]))

return np.stack(scaled sequences), scaler state

def inverse transform predictions(prediction scaled, scaler state):

return inverse scale close values(
prediction scaled,
scaler state["feature mins"],

scaler state["feature maxs"],

def set training status(

)

*
4

status: str,
state: str,

message: str,

job _id: Optional[str] = None,
started at utc: Optional[str] = None,
finished at utc: Optional[str] = None,

-> Dict([str, Optional([str]]:
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with TRAINING STATUS LOCK:

TRAINING STATUS["status"] = status

TRAINING STATUS["state"] = state

TRAINING STATUS["job id"] = job id

TRAINING STATUS["message"] = message

TRAINING STATUS["started at utc"] = started at utc
TRAINING STATUS["finished at utc"] = finished at utc
TRAINING STATUS["updated at utc"] = utc now _iso()

snapshot = dict (TRAINING STATUS)

snapshot["model loaded"] = os.path.exists(get model path())

return snapshot

class TrainingCancellationCallback(tf.keras.callbacks.Callback):
def init (self, job id: str, started at utc: str):
super (). init ()
self.job id = job_ id

self.started at utc = started at utc

def on train batch end(self, batch, logs=None):
if is _training stop requested():
self.model.stop training = True
set training status(
status="stopping",
state="Stopping",

message="0TpMMaHO 3alMUT Ha 3YNMHKY INOHaBUYaHHS. 3aBepllyeMO
IIOTOYHMM KpOK.'",

job _id=self.job id,
started at utc=self.started at utc,

finished at utc=None,

@app.get ("/M)
def read root():

model exists = os.path.exists(get model path())



return {
"status": "AI Microservice is running",
"model loaded": model exists,

"architecture": "CNN-BiLSTM-Attention (Adaptive)"

@app.get ("/training-status")
def get training status():

return get training status_snapshot ()

@app.post ("/stop-training")
def stop training():
current status = get training status_snapshot ()

current state = current status.get ("state")

if current state not in {"Queued", "Running", "Stopping"}:
current status["status"] = current status.get ("status") or "idle"

current status["message"] = current status.get("message") or
"AKTMBHE IOOHaBYaHHA 3apas He BUKOHyeTbCH."

return JSONResponse (status code=409, content=current status)

request training stop()
return set training status/(
status="stopping",
state="Stopping",
message="3anuT Ha 3YNOMHKY IOHABUAHHSA OpuUMHATO.",
job id=current status.get("job id"),
started at utc=current status.get ("started at utc"),

finished at utc=None,

#

# PREDICTION ENDPOINT (INFERENCE)

# —_—— S [
@app.post ("/predict")

def get prediction(request: PredictionRequest):
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model path = get model path ()
if not os.path.exists (model path):

raise HTTPException(status code=404, detail="Momenr me He HaB4YeHa
abo danyn He 3HaMIeHO.")

try:
X input, scaler state = prepare scaled sequences ([request.datal)
model = load model with compat (model path)
base prediction scaled = model.predict (X input, verbose=0)

base price = inverse transform predictions(base prediction scaled,
scaler state) [0]

final price = base price

if xgb model is not None:

last day features = np.array([request.datal[-1]],
dtype=np.float32)

predicted return =
float (np.ravel (xgb _model.predict (last day features)) [0])

last _actual close = float (request.data[-1] [TARGET IDX])

xgb price = last actual close * (1 + predicted return)

final price = (base price * 0.6) + (xgb price * 0.4)
return {

"predicted close price": float(final price),

"message": "IIpoTHO3 YyCHimHO 3TeHepoBaHO"

}

except HTTPException:
raise

except Exception as exc:

raise HTTPException(status code=500, detail=f"llommunka nim yac
nporHosyeaHHsA: {exc}") from exc

@app.post ("/predict-batch")
def get batch prediction(request: BatchPredictionRequest) :
model path = get model path ()

if not os.path.exists (model path):
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raise HTTPException(status_code=404, detail="MogeJyr me He HaBYeHa
abo dany He 3HaMIeHO.")

try:
X input, scaler state = prepare scaled sequences (request.sequences)
model = load model with compat (model path)
prediction scaled = model.predict (X input, verbose=0)

predicted prices = inverse transform predictions (prediction scaled,
scaler state)

return {
"predicted close prices": predicted prices,
"message": "llakeTHUM NOPOTHO3 YCIiMHO 3TeHepoBaHO"
}
except HTTPException:
raise
except Exception as exc:

raise HTTPException(status_code=500, detail=f"llommnka nim yac
NIaKeTHOTO NPOTHO3yBaHHA: {excl}") from exc

# P —— S S — —_——

# RETRAINING ENDPOINT (CONTINUOUS LEARNING)

#

@app.post ("/retrain™)

def retrain model (request: RetrainRequest, background tasks:
BackgroundTasks) :

if not os.path.exists(get model path()):

raise HTTPException(status_code=404, detail="Basora MozeJb
BimcyrHa. [Jomanre o¢ari multimodal crypto model.keras.")

if len(request.data) <= SEQ LENGTH:

raise HTTPException(status_code=400, detail="HemocTaTHBO HaHMX IJid
bopMyBaHHS xoua O OODHOTO KOB3HOTO BikHa (Tpeba > 30).")

current status = get training status_snapshot ()

if current status["state"] in {"Queued", "Running"}:
current status["status"] = "busy"
current status["message"] = current status["message"] or

"IIoHaBUYaAHHSA BXe BUKOHYyeTbCS."
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return JSONResponse (status code=409, content=current status)

clear training stop request ()
job_id = str(uuid4())
queued_status = set training status(
status="queued",
state="Queued",
message="3anuT Ha IOOHABYAHHSA NPUMHATO Ta NOCTABJIEHO B depry.",
job _id=job_id,
started at utc=None,

finished at utc=None,

# Add the retraining task to the background process so the C# server

gets an immediate HTTP response

job

def

background tasks.add task(perform incremental training, request.data,
id)

return queued status

perform incremental training(raw data: List[List[float]], Jjob_ id: str):
print ("IlouaTox GOHOBOTO HOHaABYAHHA Mozesi...")

started at utc = utc now iso()

if is_training stop requested():

set training status(
status="stopped",
state="Stopped",
message="IloHaBUaHHA 3YyIMHEHO IO CTapTy BMKOHAHHA.",
job_id=job id,
started at utc=None,
finished at utc=utc now iso(),

)

clear training stop request ()

return

set training status/(



status="running",
state="Running",

message=f"®oHOBe HOOHABYAHHS BUKOHYETHCH. PankiB y makeTi:
{len(raw data)}.",

job _id=job id,
started at utc=started at utc,

finished at utc=None,

try:
model = load model with compat (get model path())

model = prepare model for training(model)

data = np.array(raw_data)
scaler = MinMaxScaler (feature range=(0, 1))

scaled data = scaler.fit transform(data)

for i in range(len(scaled data) - SEQ LENGTH) :
X.append(scaled data[i: (i + SEQ LENGTH)])

y.append(scaled data[i + SEQ LENGTH, TARGET IDX])

X = np.array (X)

y = np.array(y)

# Fine-tune the model on new data (Transfer Learning)

# Use only 5-10 epochs to avoid catastrophic forgetting of older
patterns

model.fit(
X,
Y
epochs=10,
batch size=16,
verbose=1,

callbacks=[TrainingCancellationCallback (job id,
started at utc)],

)



if is training stop requested():
set training status(
status="stopped",

state="Stopped",

message="IloHaBuUaHHa OyJIO 3yINIMHEHO KOopuCTyBauem.",

job _id=job id,

started at utc=started at utc,

finished at utc=utc now iso(),
)

clear training stop request()

print ("JoHaBuyaHHA 3YyNMHEHO KOpUCTyBaueM.")

return

# Save the updated weights
ensure model dir ()

model.save (PRIMARY MODEL PATH)

save scaler metadata(scaler, PRIMARY MODEL PATH)

set training status(
status="completed",

state="Completed",

message=f"]JoHaBUYaHHS SBaBEepIIEHO YCIiWHO.

{len(raw_data)} psanxax.",
job_id=job id,
started at utc=started at utc,
finished at utc=utc now iso(),
)

clear training stop request()

OHOBJIEHO MOIEJIb Ha

print ("IoHaBuaHHS 3aBepumeHo. Mozmesb OHOBJIEHO!"™)

except Exception as e:
set training status(
status="failed",
state="Failed",
message=f"lloMuika Oin yac IOOHABUAHHS:
job id=job_id,

started at utc=started at utc,

{el™,
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finished at utc=utc now iso(),
)
clear training stop request ()

print (f"lloMmnka nipm yac OOHABYAHHSA:

{e}™)
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JOJATOK b
BigomicTs kBanmidikamniitHoi podotu
. Hox.
ITo3nauenHs HarimenyBanHus . .
BIJJOMOCTI
TekcToBI TOKYMEHTH
1. ITosicHIOBaIbHA 3aITHCKaA 86 c.
[H111 TOKYMEHTH
2. [Ipe3eHTamiiini MaTepiaan 12 cnaimiB
le?BlfIme a Iigm. | [ata
1H1IT1aJIH.

Po3poOuB  PBosorapescekuii M.C. My IbTHMOIA/IbHA IHTEIEKTyalbHA Tudp rpynu  [Kox Hamp./crer.
I[1epesipus [[lleuenko O.10. cucTeMa iiMoBipHicHOro nporuosysanns | CIIzam-24-1 122
H.xonTp. [Maneesa [.A. 3MiH KypCiB KPHIITOBAJIIOT Ha OCHOBI XHVYPE
3a.TB. qaﬂa HE pI/IHKOBI/IX, TEKCTOBUX Ta OH‘-ICﬁH-,HaHPIX Ka(be,[[pa H_[I




