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High-level Architecture
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Moi quan hé gilta cac thanh phan

1. Training Pipeline tao ra mé6 hinh - day vao Model Registry.

2. Deployment Pipeline |dy m6 hinh tir registry - tri€n khai trén AWS - cung cap API
inference.

3. Traffic Data cap nhat ground truth — dung dé cai thién mo hinh qua feedback loop.

Dudi day la gidi thich chi ti€t ting thanh phan trong kién tric ban cung cap, dugc chia theo 3
pipeline chinh:

1. Training Pipeline (Quy trinh huan luyén mé hinh)

Dataset

« Y nghia: Tap dit liéu dau vao dé huén luyén mé hinh Al/ML.
e Chi tiét:
o Cé thé bao gom dr liéu lich st giao théng (vi du: hinh dnh camera, cam bién, d{ liéu
GPS).
o Thuong dugc chia thanh train/validation/test sets.
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Data processing

« Y nghia: Giai doan tién x ly dit liéu thé.

e Chi tiét:
o Lam sach dir liéu: Loai bd nhiéu, gia tri thi€u, di liéu trung lap.
o Chuan héa: bua dir liéu vé cung dinh dang (vi du: resize anh, scaling sé liéu).
o Feature engineering: Tao dac trung mdi (vi du: thoi gian cao diém, thoi tiét).

Training

e Y nghia: Hudn luyén mé hinh hoc may tir dit liéu da xi ly.
« Chi tiét:
o SU dung cac thuat todn nhu Neural Networks, Random Forest, SVM...
o Muc tiéu: Hoc cac patterns tir dir liéu giao théng (vi du: du dodn Un tac).

Evaluation

« Y nghia: Danh gia hiéu suat mé hinh.
 Chi tiét:
o Dung metrics nhu Accuracy, Precision, Recall, Fl-score (v4i bai toan phan loai)
hoac MAE, RMSE (vdi bai todn hoi quy).
o Ki€ém tra overfitting/underfitting bang validation set.

Registration
e Y nghia: Luu trlr m6 hinh da huan luyén vao kho quan ly.
e Chi tiét:
o Model Registry (vi du: MLflow, AWS SageMaker Model Registry) gilp versioning,

tracking.
o Cho phép trién khai lai mé hinh cli néu mé hinh mdéi hoat dong kém.

2. Deployment Pipeline (Quy trinh trién khai mo
hinh)

Data capturing

e Y nghia: Thu thap dit liéu méi tr hé théng thuc té.
e Chi tiét:
o Vi du: Anh tir camera giao théng, dit liéu cdm bién IoT.
o Cé thé sir dung Kafka hoac AWS Kinesis dé xu ly real-time.

Inference endpoint

Y nghia: Diém két néi dé goi md hinh du doan.
e Chi tiét:



o Trién khai dudi dang APl (REST/gRPC) hoac serverless function (AWS Lambda).
o Nhén input (vi du: anh giao théng) - tra két qua (vi du: mdc dé un tac).

AWS

e Y nghia: Nén tang cloud dé trién khai hé théng.

e Chi tiét:
o SageMaker: Huan luyén va trién khai mo hinh.
o EC2/Lambda: Chay inference.
o §3: Luu trit d{ liéu.

Model

« Y nghia: M6 hinh d& duoc huan luyén san sang trién khai.
 Chi tiét:

o Dugc lay tr Model Registry trong Training Pipeline.

o Dong gdbi thanh container (Docker) dé deploy.

Model Registry

Y nghia: Kho luu trit cac phién badn mé hinh.

« Chi tiét:
o Theo dbi metadata: Hiéu suat, ngay huan luyén, nguai tao.
o Hb tro rollback néu can.

3. Traffic Data (Dt liéu giao thong)

Ground truth

e Y nghia: D{t liéu thuc t&€ dugc gadn nhan chinh xac.

 Chi tiét:
o Vi du: Anh giao thdng dugc canh sat gan nhan "ket xe" hoac "thdng thodng".
o Dung dé so sanh véi két qua du doan ctia mo hinh.

Traffic data and labels

e Y nghia: D{t liéu thé + nhan tuong Gng.
e Chi tiét:
o Dir liéu: Luu lugng xe, téc do di chuyén, thai gian.
o Nhan: Mirc d6 un tac (0-10), loai su ¢6 (tai nan, dudng hu héng).

Testing

Y nghia: Kiém th&r md hinh trén dir liéu méi.
 Chi tiét:
o A/B testing: So sdnh mo hinh cl vs mdi.



o Canary deployment: Trién khai th& nghiém trén mét phan hé thong.

Reports & Metrics and reports
« Y nghia: Do ludng hiéu qua va béo céo.
 Chi tiét:
o Metrics: Precision/Recall cila mé hinh, do tré inference.
o Reports: Xuat file PDF/CSV hoac dashboard (Power Bl, Grafana).
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Cai dat moi truong
Dam bdo trén may da cai Python 3.12 hoac cao hon

python3 -m venv .venv

source .venv/bin/activate
pip3 install -U pip && pip3 install -r requirements.txt

file requirements.txt download tai https://github.com/vhtsoft/machine-learning.git

Tai thoi diém nay, ban sé cé mot moi truong Python dang hoat dong véi tat cd cac phu thudc can
thiét. Budc cudi cung la tao mot tép .env bén trong thu muc géc cta kho luu trir. Chlng ta sé st
dung tép nay dé xac dinh cac bién méi truong can thiét dé€ chay cac pipeline

echo "KERAS_BACKEND=jax" >> .env

Chay MLflow

miflow server --host 127.0.0.1 --port 5000

S mlflow server --host 127.0.0.1 --port 5000
21:50:59 +0700] [489759] [INFO] Starting gunicorn 23.0.0
21:50:59 +0700] [489759] [INFO] Listening at: http://127.

:50:59 +0700] [489759] [INFO] Using worker: sync

:50:59 +0700] [489760] [INFO] Booting worker with pid: 489760
:50:59 +0700] [489761] [INFO] Booting worker with pid: 489761
:50:59 +0700] [489762] [INFO] Booting worker with pid: 489762
1:50:59 +0700] [489763] [INFO] Booting worker with pid: 489763

Tai Browser

http://localhost:5000/


https://github.com/vhtsoft/machine-learning.git
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Theo mac dinh, MLflow theo ddi cac thir nghiém va luu trit dir liéu trong cac tép bén trong thu muc
.Jmlruns cuc bé. Ban c6 thé thay daéi vi tri cia thu muc theo déi hodc st dung co sé dir liéu SQLite
bang tham sé --backend-store-uri. Vi du sau st dung co s& dit liéu SQLite dé€ luu trit dir liéu theo
doi:

mliflow server --host 127.0.0.1 --port 5000 --backend-store-uri sqlite:///miflow.db

DE biét thém thong tin, hay ki€m tra mot sé cach phé bién dé thiét 1ap MLflow. Ban cling c6 thé
chay Iénh sau dé€ biét thém théng tin vé may chu:

mliflow server --help
Sau khi may chu chay, hay sra déi tép .env bén trong thu muc goc cta kho luu trir d€ thém bién

moi truong MLFLOW _TRACKING_URI tré dén URI theo doi cia mdy chu MLflow. Lénh sau sé thém
bi€n vao tép va xuat no trong shell hién tai cla ban:

export $((echo "MLFLOW_TRACKING_URI=http://127.0.0.1:5000" >> .env; cat .env) | xargs)

.env - practice - Visual Studio Code N = €&

dit Selection View Go Run Terminal Help

Tl m -
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Tong Quan Qui Trinh Pipeline
Huan Luyén M6 Hinh
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Pay la mot quy trinh (pipeline) huan luyén mé hinh hoc may theo phuong phap Cross-
Validation (ki€m tra chéo), thuong duoc sir dung dé€ danh gid hiéu suat mé hinh mét cach én dinh.
Dugi day la giai thich chi tiét ting budc:

1. Tong quan

Pipeline nay mo ta quy trinh K-Fold Cross-Validation, trong dé:

e Tap dit liéu (dataset) dugc chia thanh K phan (folds) bang nhau.

e M6 hinh dugc hudn luyén K 1an, méi Ian st dung K-1 folds dé train va 1 fold con lai dé
validation.

e Muc tiéu: DPam bao md hinh khéng bi overfitting va danh gid khach quan trén toan bd dir
liéu.

2. Gidi thich tung thanh phan
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a. Split dataset

« Y nghia: Chia tap d{r liéu thanh K folds (phan).
 Chi tiét:
o Vi du: VGi K=5, dit liéu dugc chia thanh 5 phan, moi phan chilra 20% dit liéu.
o C6 thé chia ngau nhién hoac theo ty 1& I6p (stratified splitting) cho bai todn phan
loai.

b. For each fold...

Y nghia: Lap lai quy trinh train/validation trén tirng fold.
 Chi tiét:
o MGi vong lap chon 1 fold lam validation set, K-1 folds con lai lam training set.
o Vidu: Lan 1: Fold 1 la validation, Folds 2-5 |a train; Lan 2: Fold 2 la validation, Folds
1,3-5 la train...

c. Transform dataset

e Y nghia: Tién x{r ly di liéu trudc khi hudn luyén.
 Chi tiét:
o Chuan héa dir liéu (scaling, normalization).
o X{r ly gid tri thiéu (imputation), ma hda categorical features.
o Luu y: Quy trinh transform phai dugc ap dung riéng cho train/validation dé tranh
data leakage.

d. Train model

e Y nghia: Hudn luyén mé hinh trén tap train.
 Chi tiét:
o SU dung thuat todn nhu Random Forest, SVM, Neural Network...
o Cé thé tinh chinh hyperparameter (néu dung két hop véi
GridSearch/RandomSearch).

e. Evaluate model

« Y nghia: Danh gid mé hinh trén tap validation.
e Chi tiét:
o Tinh cac metrics: Accuracy, Precision, Recall (bai todn phan loai) hoac MAE, RMSE
(bai toan hoéi quy).
o Luu lai két qua dé téng hgp sau K Ian chay.

f. Model assets

Y nghia: Céc tai nguyén lién quan dén md hinh sau huan luyén.
o Chi tiét:
o File trong s6 (weights), ki€n trdc mé hinh (architecture), logs.



o Metadata: Hyperparameters, thoi gian huan luyén.

g. Register model

Y nghia: Luu trit mé hinh vao Model Registry.

 Chi tiét:
o Dung céng cu nhu MLflow, AWS SageMaker Model Registry.
o Quan ly versioning (phién ban), ddnh ddu moé hinh tét nhat.

h. Model registry

« Y nghia: Kho luu trit tdp trung cdc mé hinh da huén luyén.

e Chi tiét:
o Cho phép trién khai (deploy) md hinh tlir registry 1&én production.
o Hb tro rollback néu mé hinh méi cé van dé.

3. Luong hoat ddéng cua pipeline

1. Chia dir liéu - K folds.
2. Véi moi fold:
e Transform dir liéu train/validation.
e Train mo hinh trén train set.
e Evaluate trén validation set.
3. Tong hop két qua tir K 1an evaluate dé tinh dé én dinh cla m6 hinh (vi du: mean
accuracy * d6 léch chuén).
4. Luu mé hinh tét nhat vao Model Registry dé trién khai.

4. Ung dung thuc té

e Cross-Validation dac biét hitu ich khi:
o D{r liéu it, can tan dung toi da dé danh gia mé hinh.
o Tranh overfitting do chia ngau nhién 1 lan (train-test split thong thuong).

e Vi du: Dy doan luu lugng giao théng dua trén dir liéu cdm bién, véi K=5 d€ dam bdo mé
hinh hoat dong tot trén moi khu vuc.

Tac gia: Do Ngoc Tu
Céng Ty Phan Mém VHTSoft


https://vhtsoft.com/

Xay Dung Ham Phu Tro
PipelLine

Trong bai nay s dung tap dit liéu Penguins dé dao tao mot mo hinh phan loai cac loai chim canh

cut.

I. DatasetMixin Class

tai thu muc goc tao pipelines/common.py

import logging

import logging.config
import sys

import time

from io import StringlO

from pathlib import Path

import pandas as pd

from metaflow import IncludeFile, current
PYTHON = "3.12.8"

PACKAGES = {
"keras": "3.8.0",
"scikit-learn": "1.6.1",
"mliflow": "2.20.2",

"tensorflow": "2.18.0",

class DatasetMixin:

"""A mixin for loading and preparing a dataset.

This mixin is designed to be combined with any pipeline that requires accessing

a dataset.


https://www.kaggle.com/datasets/parulpandey/palmer-archipelago-antarctica-penguin-data

dataset = IncludeFile(
"dataset",
is_text=True,
help="Dataset that will be used to train the model.",

default="data/penguins.csv",

def load_dataset(self):
"""Load and prepare the dataset."""

import numpy as np

# The raw data is passed as a string, so we need to convert it into a DataFrame.

data = pd.read_csv(StringlO(self.dataset))

# Replace extraneous values in the sex column with NaN. We can handle missing
# values later in the pipeline.

data["sex"] = data["sex"].replace(".", np.nan)

# We want to shuffle the dataset. For reproducibility, we can fix the seed value

# when running in development mode. When running in production mode, we can use
# the current time as the seed to ensure a different shuffle each time the

# pipeline is executed.

seed = int(time.time() * 1000) if current.is_production else 42

generator = np.random.default_rng(seed=seed)

data = data.sample(frac=1, random_state=generator)

logging.info("Loaded dataset with %d samples", len(data))

return data

def packages(*names: str):

"""Return a dictionary of the specified packages and their corresponding version.

This function is useful to set up the different pipelines while keeping the

package versions consistent and centralized in a single location.

Any packages that should be locked to a specific version will be part of the



"PACKAGES" dictionary. If a package is not present in the dictionary, it will be
installed using the latest version available.

return {name: PACKAGES.get(name, "") for name in names}

def configure_logging():
"""Configure logging handlers and return a logger instance."""
if Path("logging.conf").exists():
logging.config.fileConfig("logging.conf")
else:
logging.basicConfig(
format="%(asctime)s [%(levelname)s] %(message)s",
handlers=[logging.StreamHandler(sys.stdout)],
level=logging.INFO,

def build_features_transformer():
"""Build a Scikit-Learn transformer to preprocess the feature columns."""
from sklearn.compose import ColumnTransformer, make_column_selector
from sklearn.impute import Simplelmputer
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import OneHotEncoder, StandardScaler

numeric_transformer = make_pipeline(
Simplelmputer(strategy="mean"),

StandardScaler(),

categorical_transformer = make_pipeline(
Simplelmputer(strategy="most_frequent"),
# We can use the “handle_unknown="ignore"" parameter to ignore unseen categories
# during inference. When encoding an unknown category, the transformer will
# return an all-zero vector.

OneHotEncoder(handle_unknown="ignore"),

return ColumnTransformer(

transformers=[



"numeric",

numeric_transformer,

# We'll apply the numeric transformer to all columns that are not
# categorical (object).

make_column_selector(dtype_exclude="object"),

"categorical",

categorical_transformer,

# We want to make sure we ignore the target column which is also a
# categorical column. To accomplish this, we can specify the column
# names we only want to encode.

["island", "sex"],

def build_target_transformer():
"""Build a Scikit-Learn transformer to preprocess the target column."""
from sklearn.compose import ColumnTransformer

from sklearn.preprocessing import OrdinalEncoder

return ColumnTransformer(

transformers=[("species", OrdinalEncoder(), ["species"])],

def build_model(input_shape, learning_rate=0.01):
"""Build and compile the neural network to predict the species of a penguin."""

from keras import Input, layers, models, optimizers

model = models.Sequential(
[
Input(shape=(input_shape,)),
layers.Dense(10, activation="relu"),
layers.Dense(8, activation="relu"),

layers.Dense(3, activation="softmax"),



model.compile(
optimizer=optimizers.SGD(learning_rate=learning_rate),
loss="sparse_categorical_crossentropy",

metrics=["accuracy"],

return model
Class DatasetMixin

La mot mixin — class phu dung dé thém kha nang load dataset() vao cac pipeline Metaflow.

dataset = IncludeFile(
"dataset"”,
is_text=True,
help="Dataset that will be used to train the model.",

default="data/penguins.csv",

e Cho phép ban dua mét file vao flow nhu bién self.dataset .
e D{r liéu dugc load dudi dang text, ban sé can dung Stringlo dé€ convert sang CSV.

load_dataset()

def load_dataset(self):

e Doc file CSV tU self.dataset .
e Chuan héa gia tri ., NaN trong cOt "sex" .
e Shuffle dir liéu bang numpy :
o DUNg seed=42 néu dang & development.
o DUng seed = time néu @ production ( current.is_production ).

Ham packages(*names)

def packages(*names: str):

return {name: PACKAGES.get(name, "") for name in names}

Khi ban viét Metaflow @conda_base hodc @conda decorator, ban cé thé truyén gon:

@conda(packages=packages("keras", "scikit-learn"))



Ham configure_logging()

def configure_logging():

e NEu cé file logging.conf thi dung cdu hinh tu file.
e Néu khoéng cé thi thiét 1ap mac dinh:

o Format log co ban

o In log ra terminal (stdout)

o MUc INFO

build_features_transformer()

def build_features_transformer():

Tra vé mot ColumnTransformer dé xU ly:
e Cac cOt s6 (int, float):
o Impute bang trung binh ( Simplelmputer(strategy="mean") )
o Chuén hda ( StandardScaler() )
e Cac cOt phan loai ( object ):
o Impute bang mode ( most_frequent )
o One-hot encode ( OneHotEncoder(handle_unknown="ignore") )

["island", "sex"] # la céc cot categorical cu thé

handle_unknown="ignore" gilup model khong crash khi gap category méi trong inference.

build_target_transformer()

def build_target_transformer():

e DUNg OrdinalEncoder dé ma hda target "species" thanh s6 nguyén (0, 1, 2).
e GOi trong ColumnTransformer dé€ c6 APl nhat quan véi fit_transform , inverse transform .

build_model(input_shape, learning_rate)

def build_model(input_shape, learning_rate=0.01):

e Xay dung model véi Keras Sequential API:
o Input: input_shape chiéu (sau preprocessing)



o 2 hidden layers: 10 va 8 neurons

o Output: 3 class (penguin species) - softmax
e Compile model:

o Optimizer: SGD vdi learning rate

o Loss: sparse_categorical_crossentropy

o Metrics: accuracy

Tong Két

Phan Muc dich
DatasetMixin Load CSV dataset dung IncludeFile , shuffle, xr ly gia tri
thiéu
packages() Téap trung qudn ly version package
configure_logging() Ghi log ra terminal hoac file
build_features_transformer() Chuén hda, encode dir liéu dau vao
build_target_transformer() Encode target sang s6
build_model() Khai tao mé hinh MLP véi Keras

Tac gia: Po Ngoc Tu
Coéng Ty Phan Mém VHTSoft
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Bat dau vdi Pipeline

@card
@step
def start(self):
"""Start and prepare the Training pipeline."""

import miflow

mlflow.set_tracking_uri(self.mIflow_tracking_uri)

logging.info("MLflow tracking server: %s", self.mlflow_tracking_uri)

self.mode = "production" if current.is_production else "development"

logging.info("Running flow in %s mode.", self.mode)
self.data = self.load_dataset()

try:
# Let's start a new MLflow run to track the execution of this flow. We want
# to set the name of the MLflow run to the Metaflow run ID so we can easily
# recognize how they relate to each other.
run = miflow.start_run(run_name=current.run_id)
self.miflow_run_id = run.info.run_id

except Exception as e:
message = f"Failed to connect to MLflow server {self.mlIflow_tracking_uri}."

raise RuntimeError(message) from e

# Now that everything is set up, we want to run a cross-validation process
# to evaluate the model and train a final model on the entire dataset. Since
# these two steps are independent, we can run them in parallel.

self.next(self.cross_validation, self.transform)

1. Decorators

@card

@step
def start(self):



e @step :
Danh dau day la mét budc (step) trong Metaflow pipeline. Mbi step sé dugc thuc thi tuan
tu hoac song song tuy vao luong thiét ke.

e @card :
Tao moét bao cdo truc quan (report) trong giao dién Ul cua Metaflow, giup theo ddi thong
tin chi tiét cta step nay (vi du: logs, artifacts).

2. Khaéi tao MLflow Tracking

import miflow
mlflow.set_tracking_uri(self.mlflow_tracking_uri)

logging.info("MLflow tracking server: %s", self.mlflow_tracking_uri)

e mliflow.set_tracking_uri() :
Thiét 1ap dia chi cta MLflow Tracking Server (noi luu trir logs, metrics, models).
o Gia tri dugc lay tir tham s6 miflow_tracking_uri (mac dinh la http://127.0.0.1:5000 hoac
bi€n Moi trudng MLFLOW _TRACKING_URI ).
o Vi du: Néu dung MLflow trén AWS, URI c6 thé la http://<ip>:5000 .
¢ logging.info() :
Ghi log théng tin dé kiém tra dia chi MLflow server da dugc thiét lap.

3. Xac dinh ché doé chay

self.mode = "production" if current.is_production else "development"

logging.info("Running flow in %s mode.", self.mode)

e current.is_production :

Ki€m tra xem pipeline dang chay & ché d6 production hay development (dua trén cach
khai chay Metaflow).

o Production: Chay v&i --production flag (vi du: python training.py --production ).
o Development: Chay mac dinh.
e Ung dung:
Cé thé diéu chinh hanh vi pipeline tuy theo ché d6 (vi du: dung dataset khac nhau).

4. Tai dit liéu
self.data = self.load_dataset()

e |load_dataset() :
Phuong thirc ké thira tir DatasetMixin , dung dé tai dir liéu huan luyén.
o Dataset thuong la file CSV/JSON hoac tir database (vi du: bang théng tin chim canh
cut vdi cac cOt nhu bill_length , flipper_length , species ).



def load_dataset(self):

return pd.read_csv("penguins.csv")

5. Thiét lap MLflow Run

try:
run = miflow.start_run(run_name=current.run_id)
self.mlflow_run_id = run.info.run_id
except Exception as e:
message = f"Failed to connect to MLflow server {self.mlflow_tracking_uri}."

raise RuntimeError(message) from e

e mliflow.start_run() :
Bat dau mot MLflow Run dé€ theo ddi thi nghiém.
o run_name=current.run_id :
Dat tén run bang ID cha Metaflow run (vi du: penguins-12345 ), gitp lién két giira
Metaflow va MLflow.
o run.info.run_id :
Luu ID ctia MLflow Run vao self.miflow_run_id dé€ st dung & cac step sau.
o X ly 16i:
Néu két ndi dén MLflow Server that bai (vi du: server chua khai dong), sé raise exception
v@Gi thong bdo rd rang.

6. Chia nhanh pipeline
self.next(self.cross_validation, self.transform)

o self.next() :

Chia luong thanh 2 nhanh song song:

1. cross_validation : Ddnh gid mé hinh bang K-Fold Cross-Validation.

2. transform : Tién x(r ly toan bd dataset dé huan luyén mo hinh cuéi clng.
e Ly do song song:

Hai budc nay doc lap, khéng phu thuéc nhau - Téi uu thai gian chay.

Tém tat luong xu ly

Thiét lap MLflow Tracking Server.

Xac dinh ché do6 chay (production/development).

Tai dr liéu tlr nguon (CSV, database, API...).

Bat dau MLflow Run va lién két véi Metaflow Run.

Chia thanh 2 nhanh song song: Cross-Validation va Transform.

e whH
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