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1. Téng quan vé ETL Pipeline

1.1 ETL la gi?

ETL (Extract, Transform, Load) 14 quy trinh quan trong trong Data Engineering, bao gom ba giai doan
chinh:

e Extract (Trich xuat): Thu thap dit liéu tit nhiéu nguon khac nhau
e Transform (Chuyén déi): Lam sach, xit Iy va chuan héa dit lieu

e Load (Tai): Luu trit dit lieu da xit 1y vao Data Warehouse

Extract Transform Load

Data source 1 g

- Transformation

engine

Data source 2

Hinh 1: Extract-Transform-Load

1.2 Tai sao can ETL Pipeline?

Trong moi truong doanh nghieép hién dai, viéc ra quyét dinh dya trén dit lieu (Data-driven Decision
Making) da trd thanh yéu t6 then chét. Tuy nhién, cic t chite thudng gip phai nhitng thach thitc sau:

1. Tén thoi gian: Xay dung bao cao tit dau, thu thap di lieu tit nhiéu ngudn
2. Nhiéu ngudi tham gia: Dan dén sy khong nhat quan va 16i con ngudi
3. Khé tich hdp bao cao: Nhiéu cong cy, nhiéu thuat ngt khac nhau

4. Van dé khéng ludng truéc: S6 lieu khong khép, thong tin sai léch

1.3 Kién tric dit liéu hién dai

ETL Pipeline 1a nén tang ctia Business Intelligence, ndm trong hé thong phan cap:
e Data Sourcing: Thu thap dit liéu tit cac nguon
e Data Warehousing (ETL): X Iy va luu trit di li¢u

e Data Mining: Khai thac thong tin tur di lieu

Report Data Analysis: Phan tich va bao céo

Decision Making: Ra quyét dinh duya trén dit lieu
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1.4 Kién tric dit liéu hién dai
1.4.1 M6 hinh Business Intelligence Pyramid

Business Intelligence (BI) dugc t6 chiic theo mo hinh kim ti thap, trong d6 ETL Pipeline déng vai tro
nén tang quan trong. Mili tén "Business Intelligence"biéu thi sy gia tang gia tri va do phic tap tir dit
licu tho dén knowledge va cudi cling 1a action. Cang lén cao trong pyramid, ching ta co:

e Tang gia tri business: Tt raw data dén actionable insights

e Gidm volume: T massive datasets dén focused recommendations

e Tang context: T isolated data points dén business-relevant information

e Tang impact: T descriptive reports dén predictive va prescriptive analytics

Mo hinh nay minh hoa s tién héa tit dit lieu tho dén insight va hanh dong cu thé:

+« Business Intelligent

» Data-driven Decision Making

Decision
Making

Report Data Analysis

Detail Exploration

Data Mining

Data Warehousing
(ETL)

Data Sourcing

Hinh 2: Business Intelligence Pyramid

Céac tang trong BI Pyramid:

1. Big Data (Tang nén tang):
e Dit licu tho tir nhiéu nguon khac nhau
e Volume 16n, da dang vé format va structure
e Yéu cau khé nang luu trit va xit Iy manh mé

2. Data Sourcing (Thu thap d@ liéu):

e Identification va connection dén cac data sources
e Data profiling va quality assessment

e Establish data access patterns va security
3. Data Warehousing - ETL (X ly va luu tri):

e Extract, Transform, Load processes

e Data integration va standardization
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e Historical data storage va management
4. Data Mining (Khai thac d@ liéu):

e Pattern recognition va anomaly detection
e Statistical analysis va machine learning

e Predictive modeling va forecasting
5. Report Data Analysis (Phéan tich va bao cao):

e Descriptive analytics va visualization
o KPI monitoring va dashboard creation

e Ad-hoc analysis va self-service BI
6. Decision Making (Ra quyét dinh):

e Data-driven decision processes
e Strategic planning dya trén insights

e Action planning v& execution

1.4.2 Quy trinh ETL téng quat

ETL Pipeline 1a connecting bridge gitta raw data sources va business intelligence applications:

e B = /

=8 —] {

:u:=L-_ Transform

=& .

Extract * Loading
m—) % ’ sl} > )
Same Format Processed Data Data
Data Warehouse

. mongoDB\ i

Multi Sources

Hinh 3: ETL Process Flow

Multi Sources (Da nguén dit liéu):

¢ Relational Databases: MySQL, PostgreSQL, SQL Server, Oracle

File Systems: Excel, CSV, JSON, XML, Parquet

NoSQL Databases: MongoDB, Cassandra, Redis

Cloud Storage: AWS S3, Google Cloud Storage, Azure Blob

APIs: REST APIs, GraphQL, SOAP services
e Streaming Data: Kafka, Kinesis, Event Hubs

Extract Phase (Trich xuét):
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e Két néi va doc dit lieu tir multiple sources

e Handle different data formats va protocols

e Implement extraction strategies (full, incremental, CDC)
e Data validation va error handling

Transform Phase (Chuyén dbi):

e Same Format Data: Standardization vé common format
e Data cleaning va quality improvement

e Business rule application

Schema mapping va data type conversion

Aggregation va calculation

Load Phase (Tai dit liéu):

e Processed Data: Optimized cho analytical workloads
e Dimensional modeling (Star/Snowflake schema)

e Indexing va partitioning cho performance

e Data archival va retention policies
Data Warehouse (Kho di liéu):

e Central repository cho enterprise data
e Optimized cho OLAP operations
e Support cho reporting va analytics tools

e Data governance va security implementation

1.4.3 Data Warehouse nhu mot nha hang

Dé hiéu ré6 hon vé vai tro ctia Data Warehouse, ching ta cé thé tudng tuong né nhu mot nha hang
chuyén nghiép:

Multi Source Ingredients Warehouse Kitchen

__________________________________________________________________________________

Choose Processed
Ingredients
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Hinh 4: Data Warehouse as Restaurant




Al VIETNAM aivietnam.edu.vn

Multi-Source Ingredients (Nguyén liéu da nguon):
Giong nhu mot nha hang can nguyén liéu tit nhiéu nguon khac nhau:

e Excel: Nhu market stalls - dit liéu nhé 1é, manual

e MySQL/PostgreSQL: Nhu wholesale suppliers - dit liéu structured, reliable
e Supabase: Nhu modern food distributors - cloud-based, scalable

e APIs: Nhu direct farm connections - real-time, fresh data

Data Warehouse (Kho luu tri):

e Collect: Thu thap nguyén liéu tit cac nguon

e Cleaning: Lam sach, loai bé impurities

e Processing: Ché bién theo standardized recipes (business rules)

e Preserve: Bdo quan trong diéu kién optimal

e Arrange: Sap xép theo organized structure

Serving Customers (Phuc vu ngudi dung):
Data Warehouse phuc vu nhiéu types of "customers":

e Business Analysts: Nhu regular diners - can standard reports

e Data Scientists: Nhu professional chefs - can raw ingredients cho custom analysis
e Executives: Nhu VIP customers - can high-level dashboards va insights

e Operational Teams: Nhu catering orders - can scheduled, automated deliveries
Quality Control (Kiém soat chat lugng):

e Data Quality: Nhu food safety standards

e Performance Monitoring: Nhu service time tracking

e Customer Satisfaction: Nhu feedback collection tir users

e Continuous Improvement: Nhu menu updates va process optimization

1.4.4 Lgi ich caa kién tric ETL

Business Benefits:
1. Single Source of Truth: Centralized data repository
2. Data Consistency: Standardized definitions va calculations
3. Historical Analysis: Time-series data cho trend analysis
4. Improved Performance: Optimized cho analytical queries
5. Data Governance: Centralized security va access control

Technical Benefits:
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1. Scalability: Handle growing data volumes

2. Reliability: Robust error handling va recovery

3. Maintainability: Modular design véi clear separation of concerns
4. Monitoring: Comprehensive logging va alerting

5. Flexibility: Support cho multiple output formats va destinations

Vi foundation nay, ETL Pipeline trd thanh backbone ctia modern data-driven organization, enabling
chuyén ddi tit reactive reporting sang proactive, insight-driven decision making.

2. Data Extraction - Trich xuat di liéu

2.1 Quy trinh Extraction

Data Extraction (Trich xuat dit lieu) 1a giai doan dau tién trong quy trinh ETL (Extract - Transform
- Load), ddm nhiem vigc 1ay dit licu tit cdc nguon khéc nhau nhu co s dit lieu, API, file logs, hodc cac
hé théng ng dung. Qua trinh nay can dam béo tinh day di, chinh x4c va kip thoi ctia dit lieu dé phuc
vu cho cac budc xit Iy tiép theo. Cac phuong phap trich xuat dit lieu pho bién gom:

e Pull (Active): He thong ETL chii dong giii yeéu cau dén nguon dit lieu theo lich dinh sn hoac
theo su kieén dé kéo dit lieu ve.
— Uu diém: Kiém soat dugc thoi diém va tan suét 1y dit lieu; dé tich hgp véi nhiéu loai ngudn.
— Nhuge diém: Cé thé gay tai cao lén hé théng nguon néu tan sudt truy van lén; do tré phu
thuoc vao lich 1ay dit lieu.
— Vi du: He théng ETL chay cron job mdi 1 gio dé truy van bang giao dich tit co sé dit lieu
ban hang.
e Push (Inactive): Nguon dit licu chii dong day dit lieu dén hé thong ETL khi c6 dit lieu méi hoic
khi dat diéu kién nhat dinh.
— Uu diém: Do tré thap; giam tai cho hé théng ETL vi khong can truy van lién tuc.
— Nhuge diém: Can cau hinh va hd trg ti he thdng nguodn; khé kiém sodt néu nguodn gii di
liéu sai dinh dang.
— Vi du: Ung dung thuong mai dién ti gii sy kien don hang mdi qua Webhook dén hé théng
ETL ngay khi don dugc tao.

e Incremental: Chi trich xuat phan dit liéu méi hodc thay doi so véi lan trich xuat truée d6, thuong
dya trén cac cot nhu last_modified hofc created_at.
— Uu diém: Tiét kiem thoi gian va tai nguyén; gidm dung lugng dit lieu can xit 1y.
— Nhuge diém: Can co ché theo doi trang thai lan trich xuét cudi; dé boé sét néu cot thoi gian
khong dudce cap nhat chinh xéc.
— Vi du: ETL chi iy cic ban ghi giao dich c¢6 updated_at 16n hon thdi diém trich xuat gan
nhéat.

e Change Data Capture (CDC): Theo doi va ghi lai moi thay d6i (INSERT, UPDATE, DELETE)
trén dit lieu nguodn bang log hodc trigger ¢ miic co sé dit lieu.
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— Uu diém: Ghi nhan chinh xac va day di cac thay déi; phit hop cho dong bo dit lieu thai gian
thue.

— Nhuge diém: Cau hinh phiic tap; c6 thé anh hudng hiéu nang ctia hé théng ngudn néu khong
toi uu.

— Vi du: Stt dung Debezium dé ling nghe binlog ctia MySQL, phat hién moi thay déi va gii
dén Kafka.

2.2 Case Study: Iowa Liquor Sales Dataset

Chiing ta sé st dung bo dit lieu Towa Liquor Sales lam vi du thyc té. Dataset nay chita thong tin vé
viéc mua ban rugu tai lowa véi cac trusng chinh:

# Data Structure of Iowa Liquor Sales

columns = [
’invoice_line_mno’,
’date’,
’store’,
’name’,
’address’,
’city’,
’zipcode’,
’store_location’,
’county_number’,
>county’,
’category’,
’category_name’,
’vendor_no’,
’vendor_name’,
’item_number’,
’item_description’,
’pack’,
’bottle_volume_ml’,
’state_bottle_cost’,
’state_bottle_retail’,
’sale_bottles’,
’sale_dollars’,
’sale_liters’,
’sale_gallons’

2.3 Xit ly vAn dé Composite Key Collisions

Khi extract dit liéu tit nhiéu nguon, thudng giap van dé tring lip composite key:

-- Create stagging table to extract data
CREATE TABLE Staging_Sales (
invoice_line_no TEXT,

date TEXT,

store TEXT,

name TEXT,

address TEXT,

city TEXT,

zipcode TEXT,
store_location TEXT,
county_number TEXT,
county TEXT,
category TEXT,
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category_name TEXT,
vendor_no TEXT,

vendor_name TEXT,
item_number TEXT,
item_description TEXT,

pack TEXT,

bottle_volume_ml TEXT,
state_bottle_cost TEXT,
state_bottle_retail TEXT,
sale_bottles TEXT,
sale_dollars TEXT,
sale_liters TEXT,
sale_gallons TEXT,
file_name TEXT NOT NULL,
processed_timestamp DATETIME NOT NULL,
record_source TEXT NOT NULL

2.4 Batch Processing

bé
def

3.

xt Iy hiéu qua, dit liéu dugce chia thanh cac batch nho:

process_csv_in_batches (file_path, batch_size=10000) :

nun

Process CSV by batch_size

nun

import pandas as pd
chunk_iter = pd.read_csv(file_path, chunksize=batch_size)

for i, chunk in enumerate (chunk_iter):
# Add metadata
chunk[’file_name’] = file_path
chunk [’processed_timestamp’] = pd.Timestamp.now ()
chunk [’record_source’] = ’batch_processing’

# Save into staging area
chunk.to_sql(’staging_sales’, conn,

if _exists=’append’, index=False)

print (f"Processed batch {i+1}: {len(chunk)} records")

Data Transformation - Chuyén doi dit liéu

Chuyén doi dit lisu (Data Transformation) 14 giai doan quan trong trong quy trinh xit 1y dit licu, nhim

Processing (X ly di liéu).

Data Cleaning - Lam sach dw liéu

lam sach va bién déi dit lieu tho thanh dit lieu c6 chat luong va phit hop cho céc bude phan tich hoac
luu trit. Qué trinh nay thuong bao gom hai budc chinh: Data Cleaning (Lam sach dit liéu) va Data

Trong budc nay, dit lieu duge kiém tra v xit 1§ dé loai boé hoiic stta cac 16i va vAn dé anh hudng dén
chat Iuong dit lieu nhu:

e Duplicated (Trung lip): Xac dinh va loai bd céc ban ghi dit licu bi tring dé tranh gay sai lech

trong phan tich.
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Filtering (Loc dit liéu): Loc bo cac dit lieu khong hop 1¢ hodc khong can thiét dya tren dieu
kién cu thé.

Missing (D liéu thiéu): Xit Iy cac gia tri bi thiéu bing cach dién gia tri thay thé, loai bé hoic
git nguyén tuy theo muc dich.

Invalid (D liéu khong hdp 1€): Phat hién va sita cac dit lieu sai dinh dang, ndm ngoai pham
vi cho phép hodc khong hgp lé.

Type Casting (Chuyén doi kiéu dit liéu): Dam bao cic truong dit liu c6 kiéu dit lieu phu
hgp (vi du: 86 nguyén, chudi, ngay thang) dé dé dang xit 1y v& phan tich.

Data Processing - X1t ly di liéu

Sau khi dit lieu da duge lam sach, budc xit Iy dit lieu sé bién ddi dit lieu dé phuc vu cho cac muc tieu
phan tich, bao gom:

Enrichment (Lam giau dit ligu): Bd sung thém thong tin hodc thude tinh mdi cho dit liéu hién
c6 dé tang gia tri khai théc.
Aggregate (Tong hop): Tap hop dit licu theo cac nhom hodc tiéu chi nhat dinh dé tao ra cac

chi s6 tong quan, vi du nhu téng doanh s6 theo thang.

Normalize (Chuén héa): Diéu chinh dit lieu vé ciing mot thang do hodc dinh dang dé dé so
sanh va phan tich.

Integrate (Tich hgp): Két hgp dit lieu tit nhiéu nguon khéc nhau thanh mot bo dit lieu théng
nhat.

Derived Column (Cét dan xuét): Tao thém céc cot dit licu méi dya trén phép tinh hoac két
hgp cac cot hién c6, vi du nhu tinh téng gia tri hoac phan loai nhém.

Nho vao cac bude lam sach va xit 1y nay, dit lieu dude chuyén doi tré nén dong nhat, chinh xac va

coOy

3.1

nghia hon, tit d6 gitip nang cao hiéu qua trong viéc phan tich va ra quyét dinh.

Data Cleaning - Lam sach dw liéu

3.1.1 X ly d@ liéu trung lap

1 import pandas as pd

3 # Find and Solve duplicate
i df _full_duplicated = df [df.duplicated(keep=False)]
5 print (f"No. duplicate records: {len(df_full_duplicated)l}")

7 # Drop duplicate

s df_c

)]

15 df _f

18 ]

leaned = df.drop_duplicates()

0 # Solve duplicate by key
df _special_duplicated = df [df.duplicated(

subset=[’invoice_line_no’, ’store’], keep=False

inal = df[

df .duplicated(subset=[’invoice_line_no’, ’store’], keep=’first’) |
~“df .duplicated (subset=[’invoice_line_no’, ’store’], keep=False)

10
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3.1.2 X ly dit lieu thiéu (Missing Data)

# Check null data
null_columns = df.columns[df.isnull().sum() > 0].tolist ()
print ("Columns having null value:", null_columns)

# Fill missing data

strategies = {
>address’: ’Unknown’,
’city’: ’Unknown’,
’zipcode’: ’Unknown’,
>county_number’: ’Unknown’,
’county’: ’Unknown’,
’category’: ’Unknown’,
>category_mname’: ’Unknown’

}

df _filled = df.fillna(value=strategies, inplace=True)

# Delete columns that have missing values

critical_columns = [

’state_bottle_cost’, ’state_bottle_retail’,

’sale_bottles’, ’sale_dollars’, ’sale_liters’, ’sale_gallons’
1

# Delete columns based on business logic
df _cleaned = df.dropna(subset=critical_columns)

3.1.3 Xu ly d liéu khong hgp lé

# Check numeric columns

numeric_cols = [
’pack’, ’bottle_volume_ml’, ’state_bottle_cost’,
’state_bottle_retail’, ’sale_bottles’, ’sale_dollars’,

’sale_liters’, ’sale_gallons’

for col in numeric_cols:
df [col] = pd.to_numeric(df[col], errors=’coerce’)

# Delete invalid data (< 1)
df _valid = df [(df [numeric_cols] >= 1).all(axis=1)]

3.2 Type Casting - Chuyén déi kiéu dix liéu

numeric_cols = [
’state_bottle_cost’, ’state_bottle_retail’, ’sale_bottles’,
’sale_dollars’, ’sale_liters’, ’sale_gallons’

]

for col in numeric_cols:
df [col] = pd.to_numeric(df[col], errors=’coerce’)

# Change data type into datetime
df [’date’] = pd.to_datetime(df[’date’], errors=’coerce’)

11
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3.3 Data Processing - Xt ly dw liéu

3.3.1 Derived Columns - Tao cot phai sinh

# Create columns based on business logic
df [’revenue’] = df[’sale_dollars’]
df [’cost’] = df[’state_bottle_cost’] *x df[’sale_bottles’]

df [’profit’] = (df[’state_bottle_retail’] - df[’state_bottle_cost’]) * df[’

sale_bottles’]
df [’total_bottles_sold’] = df[’sale_bottles’]
df [’total_volume_sold_in_liters’] = df[’sale_liters’]

# Calculate advance metrics

df [’profit_margin’] = (
(df [’profit’] / df[’revenue’] * 100)
.round (2)
.where(df [’revenue’] > 0, 0)

)

df [’ average_bottle_price’] = (
(df [’sale_dollars’] / df[’sale_bottles’])
.round (2)
.where(df [’sale_bottles’] > 0, 0)

)

df [’volume_per_bottle_sold’] = (
(df [’sale_liters’] / df[’sale_bottles’])
.round (2)
.where(df [’sale_bottles’] > 0, 0)

4. Data Loading - Tai dw liéu

4.1 Dimension va Fact Tables
4.1.1 Thiét ké Star Schema

Trong Data Warehouse, ching ta sit dung mo hinh Star Schema véi:
Fact Table (sales fact):

CREATE TABLE sales_fact (
sales_key INTEGER PRIMARY KEY,
invoice_line_no TEXT,
store INTEGER,
date_key INTEGER,
store_key INTEGER,
item_key INTEGER,
vendor _key INTEGER,
revenue DECIMAL,
profit DECIMAL,
cost DECIMAL,
total_bottles_sold INTEGER,
total_volume_sold_in_liters DECIMAL,
profit_margin DECIMAL,
average_bottle_price DECIMAL,
volume_per_bottle_sold DECIMAL,
processed_timestamp DATETIME

12
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Dimension Tables:

-- Date Dimension
CREATE TABLE date_dim (
date_key INTEGER PRIMARY KEY,
date DATE,
year INTEGER,
month INTEGER,
day INTEGER,
quarter INTEGER,
weekday TEXT
) 8

-- Store Dimension

CREATE TABLE store_dim (
store_key INTEGER PRIMARY KEY,
store_id INTEGER,
address TEXT,
city TEXT,
zipcode TEXT,
store_location TEXT,
county_number TEXT,
county TEXT,
start_date DATE,
end_date DATE,
is_active BOOLEAN

) 8

—-- Item Dimension

CREATE TABLE item_dim (
item_key INTEGER PRIMARY KEY,
item_number TEXT,
item_description TEXT,
category TEXT,
category_name TEXT,
pack FLOAT,
bottle_volume_ml FLOAT,
state_bottle_cost DECIMAL,
state_bottle_retail DECIMAL,
start_date DATE,
end_date DATE,
is_active BOOLEAN

) 3

-- Vendor Dimension

CREATE TABLE vendor_dim (
vendor_key INTEGER PRIMARY KEY,
vendor_no TEXT,
vendor_name TEXT,
start_date DATE,
end_date DATE,
is_active BOOLEAN

) §

4.2 Slowly Changing Dimensions (SCD)

Slowly Changing Dimensions (SCD) la khai niem ding dé mo t4 cic chiéu dit lieu trong kho dit
lieu ma thong tin trong céc chiéu nay thay doi khong thusng xuyeén hoiic thay doi cham theo thoi gian.
Vi du vé cac chiéu nhu vay thuong la thong tin khach hang, san pham, dia diém, nhan vién, v.v.

13
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Trong quéa trinh quan ly dit lieu, viéc xit 1y cac chiéu nay rat quan trong vi ching khong chi don

thuan chtta dit lieu hién tai ma con can giit duge lich st cac thay ddi theo thoi gian dé phuc vu phan
tich va bao cao chinh xac.

4.3

Tai sao can quan tam dén Slowly Changing Dimensions?

e Cac chiéu dit lieu thuong luu cic thuoc tinh mo ta déi tugng nhu tén, dia chi, trang thai, hosic

4.4

4.5

cac thuoc tinh khac.

Khi cac thudc tinh nay thay doi (vi du khach hang ddi dia chi, nhan vién thay doi chiic vu), ta
can quyét dinh:

— (¢ gitt lai thong tin cit khong?
— Néu gitt thi bing cach nao?
— Néu thay déi thi c6 4nh huéng dén dit lieu béo cdo khong?

Cac loai Slowly Changing Dimensions phé bién

. SCD Type 0 (Khéng thay dbi)

Khong bao gid cap nhat dit lieu cii, gitt nguyén gia tri ban dau. Thuong diing khi khong can theo
doi lich st thay doi.

. SCD Type 1 (Ghi de dit liéu ci)

Khi c6 thay doi, dit licu cii bi ghi de béi dit lieu méi, khong giit lich st thay ddi. Vi du: stia 16i
chinh ta trong tén khach hang.

. SCD Type 2 (Gitt lich st day di)

Tao ban ghi méi médi khi c6 thay doi, giit lai lich sit ciia cac ban ghi cii. Thudng ding cac trudng
nhu start_date, end_date hodc is_current dé xéc dinh phién ban hién tai. Day la loai SCD
phd bién nhat.

. SCD Type 3 (Luu mot s phién ban thay dbi)

Chi lvu mot s6 thuoc tinh cit va méi trong ciing mot ban ghi, khong giit lich st day dt. Vi duy, c6
thé luu gia tri cit va gia tri hién tai cia mot thuoc tinh cu thé.

. Cac loai SCD mé rong khac (Type 4, Type 6, ...)

Két hgp cac phuong phap trén hoac luu lich st trong bang riéng biét.

Vi du minh hoa SCD Type 2

Gia st bang khach hang luu thong tin dia chi. Khi khach hang thay déi dia chi, thay vi cap nhat tryc
tiép trén ban ghi hién tai, ta tao thém mot ban ghi méi véi dia chi méi va danh dau ban ghi cii 14 khong
con hiéu lye (vi du end_date = ngay thay ddi).

CustomerID Name Address Start Date | End Date | Is_ Current
1001 Nguyén An | 123 Duong A | 2020-01-01 | 2022-06-30 False
1001 Nguyén An | 456 Duong B | 2022-07-01 NULL True

Bang 1: Vi du SCD Type 2 cho quan 1y dia chi khach hang

Diéu nay gitp khi phan tich doanh s6 theo thoi gian, ta biét chinh xac khach hang & dau trong ting

giai doan.
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4.6 Vi du minh hoa cac SCD khac
4.6.1 SCD Type 1 - Overwrite

Ghi de dit liéu cil bang dit lieu mdi:

-- Example: Update store address
UPDATE store_dim

SET address = ’New Address’,

city = ’New City’
WHERE store_id = 123;

4.6.2 SCD Type 2 - Add New Row
Thém ban ghi méi va giw lai lich su:
def process_scd_type2(df, dim_table, key_col, attributes, conn):

Handle Slowly Changing Dimension Type 2

nnn

# Create a copy to avoid SettingWithCopyWarning
df = df.copy ()

if current_dim.empty:
# Initial load - all records are new
df = df.assign(
start_date=datetime.now () .date (),
end_date=None,
is_active=True
)
df .to_sql(dim_table, conn, if_exists=’append’, index=False)
return

# Find new and changed records
merged = df.merge(current_dim, on=key_col, how=’outer’,

suffixes=(’’, ’_current’), indicator=True)

# New records

new_records = merged[merged[’ _merge’] == ’left_only’][key_col + attributes].copy()
if not new_records.empty:
new_records = new_records.assign(

start_date=datetime.now () .date (),
end_date=None,
is_active=True

)

new_records.to_sql(dim_table, conn, if_exists=’append’, index=False)

# Changed records

changed_records = merged[merged[’ _merge’] == ’both’].copy ()
for attr in attributes:
changed_records = changed_records[
changed_records[attr] != changed_records[f’{attr}_current’]
]

if not changed_records.empty:
# Expire old record versions
conn.execute (text (£"""
UPDATE {dim_table}
SET end_date = :end_date, is_active = 0
WHERE {key_col} = :key_val AND is_active = 1
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nn u) s {’end_date ).

’key_val’:

datetime.now () .date (),
row[key_coll})

# Insert new versions
new_versions =
new_versions = new_versions.assign(
start_date=datetime.now() .date (),
end_date=None,
is_active=True
)

new_versions.to_sql(dim_table, conn,

5. Advanced ETL Concepts

5.1

Change Data Capture (CDC)

CDC theo dbi va ghi lai moi thay déi trong database:

def

5.2

def

implement_cdc_tracking () :
nnn

Implement CDC tracking with timestamp and checksum

nmmnn

# Add CDC columns to the staging table

cdc_columns = {
’cdc_timestamp’:
’cdc_operation’:
’cdc_checksum’:

>VARCHAR (10) 7,
>VARCHAR (64) °

# INSERT,

# Trigger to automatically record CDC
trigger_sql =
CREATE TRIGGER cdc_trigger_sales

AFTER INSERT OR UPDATE OR DELETE ON sales_source
FOR EACH ROW

nun

BEGIN
IF TG_OP = °’INSERT’ THEN
INSERT INTO cdc_log VALUES (NEW.*, ’>INSERT’,
ELSIF TG_OP = ’UPDATE’ THEN
INSERT INTO cdc_log VALUES (NEW.*, °’UPDATE’,
ELSIF TG_OP = ’DELETE’ THEN
INSERT INTO cdc_log VALUES (OLD.*, ’DELETE’,

END IF;
END;

nun

Data Quality Monitoring

data_quality_checks (df):

nun

Check data quality

nun

quality_report = {}

# 1. Completeness Check

quality_report[’completeness’] = {
’total_records’: len(df),

’missing_values’: df.isnull().sum().to_dict(),

if _exists=’append’,

changed_records [key_col + attributes].copy ()

index=False)

>TIMESTAMP DEFAULT CURRENT_TIMESTAMP’,
UPDATE,
# MD5 hash of the record

D) ENMESRE:

CURRENT_TIMESTAMP) ;
CURRENT_TIMESTAMP) ;

CURRENT_TIMESTAMP) ;
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’completeness_rate’: ((len(df) - df.isnull().sum()) / len(df) * 100).to_dict ()

# 2. Uniqueness Check
duplicate_rate = df.duplicated().sum() / len(df) * 100

quality_report[’uniqueness’] = {
’duplicate_records’: df.duplicated().sum(),
’duplicate_rate’: duplicate_rate
}
# 3. Validity Check
numeric_cols = df.select_dtypes(include=[’number’]).columns
invalid_numeric = (df [numeric_cols] < 0).sum()
quality_report[’validity’] = {
’invalid_numeric_values’: invalid_numeric.to_dict ()
}

# 4. Consistency Check

business_rules_violations = []

if ’profit’ in df.columns and ’revenue’ in df.columns:
invalid_profit = (df[’profit’] > df[’revenue’]) .sum()
business_rules_violations.append ({

’rule’: ’profit_should_not_exceed_revenue’,
’violations’: invalid_profit
b
quality_report[’consistency’] = business_rules_violations

return quality_report

5.3 Performance Optimization

5.3.1 Parallel Processing

from concurrent.futures import ThreadPoolExecutor , ProcessPoolExecutor

import multiprocessing as mp

def parallel_etl_processing(file_list, num_workers=None) :

nun

Parallel ETL processing for multiple files
nun
if num_workers is None:

num_workers = mp.cpu_count ()

def process_single_file(file_path):
try:
# Extract
df = pd.read_csv(file_path)

# Transform
df _transformed = transform_data (df)

# Load
load_to_warehouse (df _transformed)

return {"file": file_path, "status": "success", "records": len(df)}

except Exception as e:

return {"file": file_path, "status": "error", "error":

str(e)}
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# Use ProcessPoolExecutor for CPU-intensive tasks
with ProcessPoolExecutor (max_workers=num_workers) as executor:
results = list(executor.map(process_single_file, file_list))

return results

5.3.2 Memory Optimization

def memory_efficient_processing(file_path, chunk_size=50000) :

nun

Process large files with memory optimization
nun

# Use categorical data type for string columns
dtype_map = {

’store’: ’category’,
’name’: ’category’,
’city’: ’category’,
’county’: ’category’,
’category_mname’: ’category’,
’vendor_name’: ’category’
}
# Read only necessary columns
required_columns = [
’invoice_line_no’, ’date’, ’store’, ’sale_dollars’,
’sale_bottles’, ’state_bottle_cost’, ’state_bottle_retail’
]
chunk_iter = pd.read_csv(
file_path,

chunksize=chunk_size,
dtype=dtype_map,
usecols=required_columns,
parse_dates=[’date’]

for chunk in chunk_iter:
# Process each chunk
processed_chunk = transform_chunk (chunk)

# Load immediately to free memory
load_chunk_to_warehouse (processed_chunk)

# Explicitly delete to free memory
del chunk, processed_chunk

5.4 Error Handling va Monitoring

import logging
from datetime import datetime

def

setup_etl_logging ():

nun

Setup logging for ETL pipeline
logging.basicConfig(
level=logging. INFO,
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def

- %(levelname)s - %(message)s’,

logging .FileHandler (f’etl_pipeline_{datetime.now().strftime ("%Y%m%d")}.log

format=’%(asctime)s - %(name)s
handlers=[
’))
logging.StreamHandler ()
]
)

return logging.getLogger (’ETL_Pipeline’)

robust_etl_pipeline(source_config,

nun

transform_config, target_config):

ETL pipeline with robust error handling

nun

logger = setup_etl_logging ()
pipeline_stats = {

’start_time’: datetime.now(),
’processed_records’: O,
’error_records’: O,
’status’: ’RUNNING’

}

try:

logger.info("Starting ETL Pipeline")

# Extract phase

logger.info("Starting extraction phase")

raw_data = extract_data(source_

config)

logger.info (f"Extracted {len(raw_data)} records")

# Transform phase

logger.info("Starting transformation phase")

transformed_data, error_data =
raw_data, transform_config

transform_data_with_error_handling(

pipeline_stats[’processed_records’] = len(transformed_data)

pipeline_stats[’error_records’]

if len(error_data) > O:

= len(error_data)

logger . .warning (f"Found {len(error_data)} error records")
# Save error records for review
save_error_records (error_data)

# Load phase

logger.info ("Starting load phase")
load_data(transformed_data, target_config)

pipeline_stats[’status’] = ’SUCCESS’
logger.info ("ETL Pipeline completed successfully")

except Exception as e:

pipeline_stats[’status’] = ’FAILED’
logger.error (f"ETL Pipeline failed: {str(e)l}")
raise

finally:
pipeline_stats[’end_time’] = datetime.now()
pipeline_stats[’duration’] = (

pipeline_stats[’end_time’]
).total_seconds ()

- pipeline_stats[’start_time’]
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logger.info(f"Pipeline statistics: {pipeline_stats}")

return pipeline_stats
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