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B4o céo hoc thuat: Tim hiéu ngdn ngi Scala va Spark SQL trong xd¥ ly dé¥ liéu phan tan

MO PAU

Trong thap ky qua, sy bung nd cta dit liéu sd da tao ra nhimg thach thirc chua timg c6 trong
lich sir cong nghé thong tin. Theo wdc tinh cia IDC (2024), thé gidi s& tao ra hon 175
zettabytes dif liéu vao nam 2025. Con sb nay dit ra yéu cau cap thiét vé cac cong cu va nén
tang c6 kha nang xir Iy, phan tich va khai thac gi tri tir luong dit liéu khong 16 d6.
Apache Spark, ra doi tai Pai hoc California Berkeley vao nam 2009, da nhanh chéong tro
thanh mot trong nhirng nén tang xir Iy dit liéu phan tan pho bién nhét thé gisi. Vi kha ning
xtr 1y dit liéu in-memory, téc d6 vuot troi so voi MapReduce truyén thong, va hé sinh thai
phong phu bao gébm Spark SQL, MLIib, GraphX va Spark Streaming, Apache Spark da
duoc hang nghin to chirc trén toan cau trién khai trong méi truong production.

Scala 1a ngon ngir 1ap trinh duoc thiét ké boi Martin Odersky — dong vai tro dic biét trong
hé sinh thai Spark. Khong chi 14 ngdén ngir ma Spark dugc viét, Scala con cung cip API
native gitip khai thac t6i da sitc manh cta Spark. Sy két hop gitra 1ap trinh huéng ddi tuong
va lap trinh ham trong Scala tao ra mgt mdi truong phat trién vira linh hoat, vira an toan
kiéu dir ligu.

Bao c4o nay duoc thuc hién véi muc tiéu cung cép mot cai nhin toan dién va co chiéu sau
vé ngon ngir Scala va Spark SQL trong bdi canh xir 1y dir liéu phan tan. Noi dung duogc to
chue tir 1y thuyét nén tang dén tng dung thuc tién, bao gdm phan tich kién trac, so sanh

hiéu ning, va mot case study hoan chinh vé phan tich log web.
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CHUONG 1: GIOI THIEU CHUNG

1.1 B&i canh va van deé cua dir liéu I&n

Khai niém "dir liéu 16n" (Big Data) khong chi don thuan dé cap dén kich thudc cia dir lidu
ma con bao ham nhitng dic trung phirc tap hon duoc mo ta qua mo hinh 5V: Volume (khéi
luong), Velocity (téc d6 sinh ra), Variety (da dang), Veracity (d0 tin cay) va Value (gia tri).
Nhitng dic trung nay dit ra nhimg thach thirc ma cac hé thong co so dir liéu quan hé truyén
thong khong thé giai quyét hidu qua.

Trude khi Apache Spark ra doi, Hadoop MapReduce 14 giai phap chinh thong cho bai toan
xir 1y dir liéu 16n. Tuy nhién, MapReduce c6 nhiing han ché dang ké: mdi bude xir 1y déu
phai ghi/doc tir dia (disk I/O), ddn dén hiéu ning thap trong cac tac vu iterative nhu machine
learning; 1ap trinh MapReduce phirc tap va doi hoi nhiéu boilerplate code; khong hd trg
real-time hay near-real-time processing.

Nhirng han ché nay da tao ra nhu cu cho mot thé hé framework xtr Iy dir li¢u mo1 — mat
framework c6 thé xtr 1y dit liéu trong bd nhd, hd tro nhiéu paradigm xir Iy (batch, streaming,
interactive), va cung cip API than thién véi 1ap trinh vién.

Bang 1.1: So sanh Hadoop MapReduce va Apache Spark

Tiéu chi Hadoop MapReduce Apache Spark

Mo hinh xtr 1y Batch processing Batch + Streaming +
Interactive

Luu trir trung gian HDFS (disk-based) In-memory (RAM)

Téc do xur 1y 1x (baseline) 10-100x nhanh hon

Hb tro ML iterative Kém (doc/ghi dia nhiéu lan) Tét (cache dit liéu trong
RAM)

Ngon ngit hd trg Java, Python (Streaming) Scala, Java, Python, R, SQL

Fault tolerance HDFS replication RDD lineage graph

Do kho 14p trinh Cao (verbos boilerplate) Trung binh (API cao cip)

1.2 Téng quan vé Apache Spark
Apache Spark dugc khai tao nhu mot du 4n nghién ctru tai AMPLab, Dai hoc California
Berkeley boi Matei Zaharia vao nam 2009. Phién ban dau tién duoc mi nguén mé héa vao

ndm 2010, va Spark tr¢ thanh du an top-level cia Apache Software Foundation vao ndm
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2014. Bén nay, Spark di phat hanh phién ban 3.5.x véi hang nghin contributor tir khip noi
trén thé gioi.
Kién trac ciia Apache Spark dugc xdy dung xung quanh khai niém Resilient Distributed
Dataset (RDD) — mdt tip hop cac phan tir bat bién, phan tan trén cluster va c6 kha ning tu
phuc hoi sau 16i. Trén nén tang RDD, Spark cung cp nhiéu 16p API va module chuyén
biét:

» Spark Core: Engine xtt Iy phan tan co ban, quan 1y 1ap lich task va fault tolerance.

«  Spark SQL: Module xir 1y dit liéu c6 cau tric v6i DataFrame/Dataset API va SQL
interface.

* Spark Streaming / Structured Streaming: Xt 1y dir liéu real-time va near-real-time.
* MLIib: Thu vién machine learning phan tan véi hang chuc thuat toan dugc tdi wu.

«  GraphX: Framework xir Iy va phan tich do thi phan tan.

1.3 Vi tri caa Scala va Spark SQL trong hé sinh thai

Scala déng vai tro kép trong hé sinh thai Spark: vira 1a ngén ngir trién khai (Spark duoc
viét bang Scala), vira 1 ngdn ngit API ua thich cho ngudi ding ning cao. Su lwa chon nay
khong phai ngiu nhién — Scala cung cép kiéu tinh (static typing) gitip phat hién 156i sém
trong qua trinh bién dich, két hop véi kha ning biéu dat cao cta lap trinh ham, tao ra moi
truong ly tudng cho vi¢c xay dung pipeline xu ly dir liéu phuc tap.

Spark SQL, ra doi trong Spark 1.0 (2014), di tro thanh module dugc sir dung rong rdi nhat
trong hé sinh thai Spark. Bang cach cung cdp giao dién SQL quen thudc két hop véi kha
nang xu 1y phan tan ctia Spark, Spark SQL ha thap ngudng gia nhap cho cac nha phan tich

dir liéu va k¥ su BI trong khi vin cung cép sttc manh day da cho k¥ su dit liéu.

Trang 6



B4o céo hoc thuat: Tim hiéu ngdn ngi Scala va Spark SQL trong xd¥ ly dé¥ liéu phan tan

CHUONG 2: NGON NG SCALA

2.1 Lich stp va triét ly thiét ké

Scala (Scalable Language) duogc thiét ké boi Martin Odersky tai Ecole Polytechnique
Fédérale de Lausanne (EPFL), Thuy Si. Phién ban dau tién duoc cong bd ndi bd vao nam
2003 va phét hanh cong khai vao nim 2004. Tén goi "Scalable" phan anh triét 1y thiét ké
cdt 16i: Scala duogc thiét ké dé phat trién cing véi nhu ciu cua lap trinh vién, tir cic script
nho dén hé théng doanh nghiép phtc tap.

Triét 1y thiét ké ctia Scala dya trén ba nguyén tic co ban: (1) Unification — théng nhét lap
trinh hudng d6i twong va 1ap trinh ham thanh mot hé théng nhét quéan; (2) Expressiveness
— cung cap cac cdu trac ngdn nglt phong phu dé biéu dat ¥ tudng mot cach suc tich; (3)
Safety — hé théng kiéu manh gitp phat hién 13i tai compile-time thay vi runtime.

Scala chay trén JVM (Java Virtual Machine), diéu nay mang lai mét sb loi thé quan trong:
kha nang tuong tac hoan toan voi cac thu vién Java; tan dung JIT compiler va garbage
collection dd duoc toi wu hang thap ky; kha ning trién khai trén bat ky moi truong hd tro

JVM nao.

2.2 Diac diém nodi bat cta Scala
Scala két hop nhiéu dic diém manh mé khién n6 tro thanh ngdn ngit phu hop cho xtr Iy dit

liéu 16n:

2.2.1 Immutability va Val/Var

Scala khuyén khich str dung gia tri bat bién (immutable values) théng qua tir khoa val, trong
khi van hd tro bién c6 thé thay d6i voi var. Immutability 13 nén tang cho 1ap trinh ham an
toan va tranh cac side effects khong mong mudn trong mdi trudng concurrent.

// Immutable value (preferred)
val name: String = "Spark"
val numbers: List[Int] = List(1, 2, 3, 4, 5)

// Mutable variable (dung khi can thiét)
var counter: Int = 0
counter += 1

2.2.2 Case Classes va Pattern Matching
Case classes 1a mot trong nhiing tinh ning ndi bat nhét ciia Scala. Chiing tyr dong cung cép

cac phuong thirc nhur equals, hashCode, toString, va copy, dong thoi hoat dong hoan hao
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v6i pattern matching. Case classes thuong duge ding dé dinh nghia schema ctia DataFrame
trong Spark.

case class Employee (
id: Long,
name: String,
department: String,
salary: Double

// Pattern matching vdi case class
def classify(emp: Employee): String = emp match {
case Employee( , , "Engineering", s) if s > 100000 => "Senior

Engineer"
case Employee( , , "Marketing", ) => "Marketing Staff"
case _ => "General Employee"

}
2.2.3 Higher-Order Functions
Scala coi functions 12 first-class citizens, cho phép truyén functions nhu tham s, tra vé
functions tir functions, va luu trit functions trong cac ciu tric dir liéu. Pay 1 nén tang cho
cac phép bién d6i dit liéu trong Spark nhu map, filter, va reduce.

val salaries = List(50000.0, 75000.0, 120000.0, 90000.0)

// Higher-order functions

val highEarners = salaries.filter(_ > 80000)
val doubled = salaries.map( * 2)

val total = salaries.reduce( + )

// Function composition
val processPayroll = salaries
.filter( > 60000)

.map(s => s * 1.1) // 10% raise
. sum
2.3 Lap trinh ham trong Scala
Lap trinh ham (Functional Programming — FP) trong Scala khong chi 1a mdt phong cach
1ap trinh ma con 1a mot paradigm duoc ho tro sdu & cép dd ngdn ngtr. Cac khai niém cot
18i ctia FP trong Scala bao gom:
Referential Transparency — mot expression ludn cho cing mot két qua véi cing dau vao,
khong co side effects an. Trong Spark, referential transparency la co so dé Catalyst

Optimizer c6 thé tu do reorder, fuse, va optimize cac phép bién doi.
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Monadic Composition — Scala cung cp cac monad nhu Option, Try, Either, va Future dé
xtr 1y tinh khong chic chin (uncertainty) mot cach twdng minh va an toan. Trong xir 1y dit
lidu, Option monad dic biét hitu ich khi xir Iy dit liéu c6 thé thiéu (nullable values).

// Option monad dé& xu 1y null-safe

def findEmployee (id: Long) : Option[Employee] = {
val db = Map(lL -> Employee(l, "Alice", "Eng", 120000))
db.get (id)

val result = findEmployee (1L)
.map( .salary)

.filter( > 100000)

.getOrElse (0.0)

2.4 Hé théng kiéu dir liéu va Type Inference

Scala so hitu mot trong nhiing hé thong kiéu phong phu nhét trong cic ngdén ngit JVM.
Type inference cho phép compiler tu dong suy luan kiéu dit liéu trong hau hét cac truong
hop, giam thiéu boilerplate code trong khi van duy tri sy an toan kiéu tinh. Céc tinh ning
nang cao nhu Generics, Covariance, Contravariance, va Type Bounds cho phép xay dung

cac abstraction manh mé va tai sir dung cao.

Traits trong Scala hoat dong nhu interfaces trong Java nhung c6 thé chira concrete
implementations, mixin compositions, va abstract members. Traits 1a cong cu chinh dé xay
dung cac abstraction tai sir dung trong Spark ecosystem.

// Generic class vdi type bound

class DataPipeline[T <: AnyVal] (data: Seql[T]) {
def transform[U] (f: T => U): DataPipeline[U] = ...
def filter(pred: T => Boolean): DataPipeline[T] = ...

// Trait v&i default implementation
trait Serializable[T] {
def serialize(value: T): String
def deserialize(s: String): T
def roundTrip(v: T): T = deserialize(serialize(v))

2.5 Scala so sanh véi Java va Python
Bang 2.1: So sanh Scala, Java va Python trong Spark

Tiéu chi Scala Java
Type Safety Static (strong) Static (verbose)
Verbosity Thép (concise) Cao (boilerplate)
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Tiéu chi Scala NEVE
Perf. v&i Spark Tét nhat (native) Tét JVM)
Functional Prog. First-class support Java 8 lambdas
Learning Curve Cao Trung binh
Dataset API Fully typed Fully typed
Catalyst Optimizer Tich hop day du Tich hop day du
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CHUONG 3: SPARK SQL

3.1 Kién trac téng quan cta Spark SQL

Spark SQL duoc xay dung trén mot kién trac phan ting tinh vi, cho phép xir 1y dit liéu ¢o
cau triic voi hiéu ning cao. Kién tric nay bao gdom bodn 16p chinh: 16p API (SQL,
DataFrame, Dataset), 16p phan tich logic (Analysis), 10p t6i uu hoa (Catalyst Optimizer),
va 16p thyec thi vat 1y (Physical Execution v&i Tungsten Engine).

Ludng xr Iy mot query trong Spark SQL trai qua céc giai doan: (1) Parsing — cau SQL hoic
DataFrame operations dugc chuyén doi thanh Unresolved Logical Plan; (2) Analysis —
catalog dugc tham khao dé resolve tén bang va cot, tao Resolved Logical Plan; (3)
Optimization — Catalyst ap dung hang chuc rules dé t6i uu héa logical plan; (4) Physical
Planning — tao Physical Plan véi cac chién luoc join, shuffle, va execution cu thé; (5) Code

Generation — Tungsten tao bytecode JVM ti uu cho execution.

3.2 DataFrame va Dataset API
DataFrame la abstraction trung tam ctia Spark SQL — mot tap hop dir li¢u cé cAu trac, duoc
td chirc theo hang va cdt voi schema duogc biét trudc. V& mit ndi tai, DataFrame 1a
Dataset[Row], nghia la DataFrame 1a mét truong hop dac bi¢t ctia Dataset voi kiéu Row
tong quat.
Dataset API, ra mit trong Spark 1.6, cung cép tinh ning type-safety trén nén tang
DataFrame. V&i Dataset[T], mdi phan tir ¢6 kiéu cu thé T dugc kiém tra tai compile-time,
gitup phat hién 16i sém hon so v6i DataFrame. Trong Scala, Dataset 13 lua chon ua thich
khi can tinh an toan kiéu cao; trong Python, chi DataFrame duoc hd tro déy du.

import org.apache.spark.sqgl.SparkSession

import org.apache.spark.sqgl.functions.

val spark = SparkSession.builder ()
.appName ("SparkSQLDemo")
.config("spark.sgl.shuffle.partitions"™, "200")
.getOrCreate ()

import spark.implicits.

// Tao Dataset tu case class
case class Sale(date: String, product: String, amount: Double)
val sales: Dataset[Sale] = spark.read.json("sales.json").as[Sale]
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// DataFrame operations
val monthlySummary = sales
.filter (col ("amount") > 1000)
.groupBy ("product")
.agg (sum("amount") .as ("total"), count("*").as("transactions"))
.orderBy (desc ("total"))

3.3 Catalyst Optimizer va Tungsten Execution Engine

Catalyst Optimizer 13 trai tim ctia Spark SQL, mot query optimizer dya trén quy tac (rule-
based) va chi phi (cost-based) duoc viét bang Scala. Catalyst str dung kién tric tree-based
v6i cac transformation rules dugc ap dung theo thir tu cu thé dé bién doi logical plan thanh
physical plan tbi wu.

Céc optimization rules quan trong trong Catalyst bao gdm: Predicate Pushdown — day diéu
kién loc xuéng gﬁn nguén dit liéu nhét co thé, giam luong dir liéu doc vao; Column Pruning
— chi doc cac cot can thiét tir ngudn dir lidu; Constant Folding — tinh toan trudc cac
expressions v&i gia tri hang tai plan time; Join Reordering — sap xép lai th ty join dé tdi
thiéu dit liéu trung gian.

Tungsten Execution Engine, ra mét trong Spark 1.4, tip trung vao tdi wu hoa & tang low-
level: str dung off-heap memory dé tranh overhead ctia JVM garbage collection; biéu dién
dwr li¢u & dang binary format tdi wu cho cache va CPU; tan dung cac tinh nang CPU hién

dai nhu SIMD va CPU cache efficiency thong qua whole-stage code generation.

3.4 Céc phép toan cét I6i trong Spark SQL
Spark SQL cung cép hai giao dién chinh: SQL text-based va DataFrame/Dataset APL. Ca
hai déu duoc bién dich thanh cing mot physical plan, do d6 hiéu ning 13 trong dwong.

// SQL Interface
sales.createOrReplaceTempView ("sales view")
val result = spark.sgl ("""
SELECT product,
SUM (amount) AS total revenue,
AVG (amount) AS avg transaction,
COUNT (*) AS num_ transactions
FROM sales view
WHERE date >= '2024-01-01"
GROUP BY product
HAVING SUM (amount) > 50000
ORDER BY total revenue DESC

mwn ")

// Tuong duong vdi DataFrame API
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val result2 = sales
.filter (col ("date") >= "2024-01-01")
.groupBy ("product")

.agg (
sum ("amount") .as ("total revenue"),
avg ("amount") .as ("avg_transaction"),
count ("*") .as ("num_transactions")

)
.filter(col ("total revenue") > 50000)
.orderBy (desc ("total revenue"))

3.5 Tich hgp véi Hive Metastore

Spark SQL c6 thé tich hop v6i Hive Metastore dé chia sé catalog metadata véi Hive va céc

cong cu khac trong hé sinh thai Hadoop. Khi Hive support dugc bat, Spark SQL c6 thé doc

va ghi Hive tables, sir dung Hive SerDes, va thyc thi Hive UDFs. Diéu nay cho phép di

chuyén workloads tir Hive sang Spark mot cach sudn sé ma khong can thay d6i schema hay

dir li€u hién co.

val spark = SparkSession.builder ()
.appName ("HiveIntegration")

.config("hive.metastore.uris", "thrift://metastore:9083")

.enableHiveSupport ()
.getOrCreate ()

// Tao va query Hive table
spark.sqgl ("CREATE TABLE IF NOT EXISTS customers ...")
spark.sqgl ("MSCK REPAIR TABLE customers")
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CHUONG 4: NG DUNG THUC TIEN

4.1 Xt ly ETL véi Spark SQL

ETL (Extract, Transform, Load) 1a mt trong nhiing use case phd bién nhét ctia Spark SQL
trong moi trudng doanh nghiép. Spark SQL cung cip kha ning doc dit lidu tir nhiéu ngudn
khac nhau (CSV, JSON, Parquet, ORC, JDBC, Kafka), thuc hién cac phép bién doi phirc
tap, va ghi két qua vao céac data stores dich.

Mot ETL pipeline dién hinh v6i Spark SQL bao gdm ba giai doan: Extract — doc di liéu tir
nguén vo1 schema inference hoac schema predefined; Transform — lam sach dit li¢u, xu ly
gia trj thiéu, chuan hoa format, join véi bang tham chiéu, va tinh toan cac derived metrics;
Load — ghi dir liéu da xur Iy vao data warehouse v6i cac cdu hinh partition va format phu
hop.

// ETL Pipeline hoan chinh
object SalesETL {

def run(spark: SparkSession): Unit = {
// Extract
val rawSales = spark.read

.option ("header", "true")
.option("inferSchema", "true")
.csv("hdfs://data/raw/sales/*.csv")

val products = spark.read
.parquet ("hdfs://data/dim/products")

// Transform

val cleanedSales = rawSales
.na.fill (Map ("discount" -> 0.0, "region" -> "Unknown"))
.withColumn ("revenue", col("quantity") * col("unit price") *
(1 = col("discount")))
.filter (col ("revenue") > 0)

val enriched = cleanedSales
.jJoin (broadcast (products), "product id")
.withColumn ("year month", date format (col ("sale date"),
"yyyy-MM"))

// Load
enriched.write
.mode ("overwrite")
.partitionBy ("year month", "region")
.parquet ("hdfs://data/processed/sales _enriched")
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4.2 Streaming v&i Structured Streaming

Structured Streaming, ra mit trong Spark 2.0, cung cip mot API thong nhat cho ca batch
va streaming processing. Thay vi xtr Iy micro-batches nhu Spark Streaming cii, Structured
Streaming mo6 hinh héa dir li€u streaming nhu mdt unbounded table lién tuc dugc append.
Diéu nay cho phép viét code streaming gidng hét code batch, vdi cac dam bao exactly-once
semantics.

// Structured Streaming - doc tu Kafka

val rawStream spark.readStream
.format ("kafka")
.option("kafka.bootstrap.servers", "broker:9092")

.option ("subscribe", "clickstream")

.load()

val events rawStream
.select (from json(col ("value") .cast ("string"),
eventSchema) .as ("data"))

.select ("data.*")

// Windowed aggregation

val windowedCounts events

.withWatermark ("event time", "10 minutes")

.groupBy (window (col ("event time"), "5 minutes"), col("page"))

.agg (count ("user_id") .as ("page views"))

windowedCounts.writeStream
.format ("delta")

.option ("checkpointLocation"™, "hdfs://checkpoints/")

.outputMode ("update™)

.start ()
4.3 Machine Learning Pipeline két hop MLIib
Spark MLIib cung cép cac thuat toan machine learning duoc thiét ké dé chay phan tan trén
cluster. Két hop véi Spark SQL dé xir Iy feature engineering, mot end-to-end ML pipeline
c6 thé dugc xay dung hoan toan trong Spark ecosystem, tranh viéc phai di chuyén dir liu
giita cac hé thong.
Pipeline API cua MLIib cho phép két hop nhiéu Transformers va Estimators thanh mot
workflow tuyén tinh, hd trg cross-validation, hyperparameter tuning, va model persistence.
Diéu nay ddc biét hitu ich khi can xu 1y lugng dir li¢u training 16n ma khong thé fit vao bd

nh¢ ciia mdt may don.

import org.apache.spark.ml.
import org.apache.spark.ml.
import org.apache.spark.ml.

Pipeline
feature.
classification.RandomForestClassifier
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val tokenizer = new
Tokenizer () .setInputCol ("text") .setOutputCol ("words")

val hashTF = new
HashingTF () .setInputCol ("words") .setOutputCol ("features")

val rf = new
RandomForestClassifier () .setLabelCol ("label") .setNumTrees (100)

val pipeline = new Pipeline () .setStages (Array (tokenizer, hashTF,
rf))

val model = pipeline.fit (trainingData)
val predictions = model.transform(testData)

Trang 16



Bé&o céo hoc thuat: Tim hiéu ngdn ngd Scala va Spark SQL trong x ly di# liéu phan tan

CHUONG 5: CASE STUDY - PHAN TICH LOG
WEB

5.1 M6 ta bai toan va dir liéu

Trong case study ndy, chung ta s& xdy dung mot pipeline hoan chinh dé phan tich web
access log tir mot hé thong thuong mai dién tr v6i luu lugng trung binh 5 triéu requests
mdi ngay. Muc tiéu phan tich bao gdm: x4c dinh cac trang duoc truy cap nhiéu nhat, phan
tich hanh vi nguoi dung theo thoi gian, phat hi¢n cac anomalies trong luu lugng truy cap,
va tao bao cdo hi¢u nang server.

Dit liéu log ¢6 dinh dang Combined Log Format ctia Apache/Nginx, méi dong bao gdm:
IP address, timestamp, HTTP method va URI, HTTP status code, response size, referrer
URL, va User-Agent string. Tong dit liéu trong 90 ngay udc tinh khoang 450 GB ¢ dang
text gzip-compressed.

Bang 5.1: Céu tric d¥ liéu Web Access Log

Trwong div liéu

ip_address Dia chi IP cua client (vi du: 192.168.1.100)
timestamp Thoi gian request theo dinh dang ISO 8601
method HTTP method: GET, POST, PUT, DELETE
uri DPuong dan tai nguyén dugc yéu cau
status_code Mai trang thai HTTP (200, 404, 500, ...)
response_size Kich thude response body tinh bang bytes
referrer URL ngudn (trang dan dén request nay)
user_agent Chudi dinh danh browser/client
response_time Thoi gian server xur 1y request (ms)

5.2 Thiét ké pipeline xtr ly
Pipeline duoc thiét ké theo kién triic Medallion Architecture véi ba 16p: Bronze (raw data),
Silver (cleaned & parsed), va Gold (aggregated business metrics). Kién tric ndy dam bao

tinh tai xtr Iy va audit trail day du.
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Giai doan Bronze: Poc raw log files trt HDFS, khong thyc hién bién ddi nao ngoai viéc
thém metadata nhu tén file ngudn va thoi gian ingest. Dit liéu duoc lvu dudi dang Parquet

v6i partition theo ngay dé tbi wu read performance.

Giai doan Silver: Parse chudi log theo regex, validate format, extract cac trudng co cau
tric, parse timestamp vé chuan UTC, phan loai User-Agent thanh thiét bi/browser/OS, loai

bo bot traffic va cac request khong hop 1¢€.

Giai doan Gold: Tao cac aggregation tables cho cic business questions cu thé: hourly page
views, daily unique visitors, error rate trends, top pages by traffic, geographic distribution,

device breakdown, va performance metrics theo endpoint.

5.3 Trién khai v&i Scala & Spark SQL

import org.apache.spark.sqgl.SparkSession
import org.apache.spark.sqgl.functions.
import org.apache.spark.sqgl.types.

object WebLogPipeline {

// Schema dinh nghia cho parsed log

val logSchema = StructType (Seq(

StructField ("ip", StringType, nullable = false),
StructField ("timestamp", TimestampType, nullable = false),
StructField ("method", StringType),

StructField ("uri", StringType),
StructField ("status", IntegerType),
StructField ("bytes", LongType),
StructField ("referrer", StringType),
StructField("user agent", StringType),
StructField("response ms", DoubleType)

))

// Bronze layer: ingest raw logs
def ingestBronze (spark: SparkSession, date: String): Unit = {
spark.read.text (s"hdfs://logs/raw/S$date/",)
.withColumn ("source file", input file name())
.withColumn ("ingest ts", current timestamp())
.write.mode ("overwrite")
.partitionBy ("date")
.parquet (s"hdfs://logs/bronze/date=Sdate")

// Regex dé parse Apache Combined Log Format
val LOG REGEX = """~ (\S+) \S+ \S+ \[(["\11+)\] "(\S+) (\S+) \s+"
(\d{3}) (\d+|_) "([/\"]*)" "([/\"]*)" (\d+)$"""

// Silver layer: parse va enrich
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def processSilver (spark: SparkSession, date: String): Unit = {
import spark.implicits.
val bronze =
spark.read.parquet (s"hdfs://logs/bronze/date=S$date")

val parsed = bronze
.filter (col ("value") .rlike (LOG_ REGEX))
.select (regexp extract (col ("value"), LOG REGEX, 1).as("ip"),

to timestamp (regexp extract (col ("value"), LOG REGEX,
2),

"dd/MMM/yyyy:HH:mm:ss
z").as ("timestamp"),

regexp extract (col ("value"), LOG REGEX,
3) .as ("method"),

regexp extract (col ("value"), LOG REGEX,
4) .as ("uri"),

regexp extract (col ("value"), LOG REGEX,
5) .cast (IntegerType) .as ("status"),

regexp extract (col ("value"), LOG REGEX,
8) .as ("user agent"),

regexp_ extract (col ("value"), LOG REGEX,
9) .cast (DoubleType) .as ("response ms")

)
.withColumn ("is bot",
lower (col ("user_agent")) .rlike ("bot|crawler|spider"))

.withColumn ("uri path", regexp extract(col ("uri"),
"M, 1))
.filter(!col("is bot"))

parsed.write.mode ("overwrite")
.partitionBy ("date")
.parquet (s"hdfs://logs/silver/date=$date")

// Gold layer: business metrics
def buildGold(spark: SparkSession, startDate: String, endDate:
String): Unit = {
val silver = spark.read.parquet ("hdfs://logs/silver/")
.filter (col ("date") .between (startDate, endDate))

// Metric 1: Hourly traffic
silver.groupBy (date trunc ("hour",

col ("timestamp")) .as("hour"), col("uri path"))
.agg (count ("*") .as ("requests"),
approx count distinct(col("ip")) .as("unique ips"),

avg ("response ms") .as ("avg latency ms"),

percentile approx(col ("response ms"),
1it(0.95)) .as ("p95 latency ms"))

.write.mode ("overwrite") .parquet ("hdfs://logs/gold/hourly traffic"
)

// Metric 2: Error rate by endpoint
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silver.groupBy (col ("uri path"), col("status"))
.count ()
.groupBy ("uri path")

-agg (
sum (when (col ("status") >= 400,
col ("count")) .otherwise (0)) .as("error count"),
sum ("count") .as ("total count"))
.withColumn ("error rate", col("error count") /

col ("total count"))

.write.mode ("overwrite") .parquet ("hdfs://logs/gold/error rates")
}
}

5.4 Két qua va danh gia
Pipeline dugc trién khai trén cluster 10 nodes, mdi node c6 32 cores va 128 GB RAM. Két
qua do hiéu ning cho thay:

Bang 5.2: Két qué hiéu néng pipeline

Chisé Giéa tri do dwoc

Ingest 1 ngay dir liéu (5GB gzip) Khoang 3 phut 20 giay

Parse & enrich Silver layer Khoang 8 phut 45 gidy

Tinh toan Gold metrics (30 ngay) Khoang 22 phut

Throughput trung binh ~2.3 GB/phut

Ty 1€ records invalid (loc bo) 0.3% (bot + malformed)
Compression ratio Parquet vs CSV 8:1 (gzip Parquet vs raw CSV)
Chi phi cluster (AWS EMR) Khoang 4.2 USD/ngay dir liéu

Phén tich két qua tir Gold layer cho thiy cac insight quan trong: trang chu va trang san
pham chiém 68% tong luu lugng; ty 18 18i 404 cao bét thudng vao giita trua ngay thir Sau
trung v6i thoi diém deploy, can diéu tra; P95 latency ciia API search endpoint vugt ngudng

2 giay vao gio cao diém 8-9 gio toi, can optimization.
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CHUONG 6: HIEU NANG, TOI UU VA BEST
PRACTICES

6.1 Caching va Persistence Strategy

Mot trong nhitng coéng cu téi wu hiéu ning quan trong nhat trong Spark 1a kha ning
cache/persist DataFrame hodc RDD vao bd nh¢ hodc dia dé tai str dung trong nhiéu actions
khac nhau. Viéc hiéu rd khi ndo nén cache va storage level nao phu hop 1a k¥ ning quan

trong.

Nguyén tic caching: Cache khi mot DataFrame dugc str dung nhiéu hon mét lan trong cling
mot application; khong cache DataFrame chi ding mot 1an; unpersist sau khi khong con
can thiét dé giai phong bd nhd. Cac storage levels phd bién: MEMORY ONLY (nhanh
nhit, c6 thé bi evict), MEMORY AND DISK (an toan hon), MEMORY ONLY SER
(tiét kiém bo nhd hon vdi serialization).

import org.apache.spark.storage.StorageLevel

// Cache DataFrame thudng dung

val frequentlyUsed = spark.read.parquet ("hdfs://dim tables/")
.cache() // Mic dinh: MEMORY AND DISK

// Hodc chi dinh storage level cu thé
val largeTable = spark.read.parquet ("hdfs://large fact/")
.persist (StorageLevel .MEMORY AND DISK SER)

// Sau khi xong, giai phéng b6 nhé

frequentlyUsed.unpersist ()
6.2 Partitioning va Bucketing
Partitioning la chién lugc luu trir dit liéu chia thanh céc phﬁn dua trén gia tri cia mot hoac
nhiéu cot. Khi query c6 filter trén cot partition, Spark chi doc cac partition lién quan
(partition pruning), giam dang ké luong dir liéu I/O. Cot partition nén co cardinality vira
phai (khong qua nhiéu, khong qua it) — thuong 1a date, region, hodc category.
Bucketing 1a k¥ thuat nang cao cho phép phan phdi dir lidu vao mot s6 lugng fixed buckets
dua trén hash cua cdt bucket key. Khi join hai bang da dugc bucket trén cung cdt vdi cung
s0 bucket, Spark c6 thé bo qua shuffle phase ton kém — day 1a t6i wu quan trong nhat cho
repeated join workloads.

// Write v&i partition va bucket
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salesData.write

.partitionBy ("year", "month") // Partition pruning
.bucketBy (64, "customer id") // Sort-merge Jjoin
optimization

.sortBy ("customer id")
.saveAsTable ("sales bucketed")

// Join hai bang bucketed - khéng cidn shuffle!
val result = spark.table("sales bucketed")
.jJoin (spark.table ("customers bucketed"), "customer id")

6.3 Broadcast Join va Skew Handling

Broadcast Join 13 mot ky thuat tdi wu hiéu nang quan trong khi join mot bang 16n v6i mot
bang nhd. Thay vi shuffle ca hai bang qua network (sort-merge join), Spark s€ broadcast
(gui toan bo) bang nhé dén moi executor, cho phép mdi executor thyuc hién local join ma
khong can network shuffle. Mac dinh, Spark tu dong broadcast khi bang nho hon
spark.sql.autoBroadcastJoinThreshold (mac dinh 10 MB).

Data Skew xay ra khi dit liéu phan phdi khong déu giira cac partition, khién mot s6 task
chay 1au hon nhiéu so véi sb con lai (straggler tasks). Chién lugc xtr 1y skew bao gdm:
salting (thém random prefix vao key dé phan phdi déu hon), skew hints trong Spark 3., va
Adaptive Query Execution (AQE) c6 thé tu dong xir 1y skew.

// Explicit broadcast hint
val result = largeFact.join (broadcast (smallDim), "dim id")

// Salting dé& xu ly data skew
val saltedOrders = orders
.withColumn ("salt", (rand() * 10).cast(IntegerType))

.withColumn ("salted key", concat (col("customer id"), 1lit("_"),
col ("salt")))

// BAQE config (
spark.conf.set ("spark.sgl.adaptive.enabled", "true")
spark.conf.set ("spark.sqgl.adaptive.skewJoin.enabled", "true")

Spark 3.x)

spark.conf.set ("spark.sqgl.adaptive.skewJoin.skewedPartitionThresho
1dInBytes", "256MB")

6.4 Best Practices va Anti-patterns
Dudi day 1a tong hop céc best practices va anti-patterns quan trong nhét khi lam viéc véi

Scala va Spark SQL.:

6.4.1 Best Practices
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+ Uu tién DataFrame/Dataset API hon RDD API: DataFrame sir dung Catalyst
Optimizer va Tungsten Engine, cho hiéu ning tSt hon nhiéu so véi RDD trong hau
hét cac tac vu.

«  Sir dung Parquet hoic ORC lam dinh dang luu trir mac dinh: Ca hai déu hd trg
columnar storage, predicate pushdown, va compression hi¢u qua.

«  Dinh nghia schema tuong minh: Thay vi dung inferSchema (t6n mot lan full
scan), hdy dinh nghia schema bang StructType dé ting toc do doc.

«  Tbi uu sb luong partition: S6 partition Iy tuong thuong 1 2-4x s6 core trong
cluster. Dung repartition() trudc cac shuffle operations 16n va coalesce() dé giam
sO partition sau khi filter.

«  Sir dung Adaptive Query Execution (AQE) trong Spark 3.x: AQE tu dong diéu

chinh plan dya trén runtime statistics, xtr 1y skew va t6i wu join strategies.

6.4.2 Anti-patterns can tranh

«  Goi collect() trén DataFrame 16n: Pay 1a nguyén nhan pho bién nhat gy OOM
(Out of Memory) trén driver. Chi collect() khi chic chan dir liéu du nho.

«  Sir dung UDF khong can thiét: Python UDF dic biét cham vi can
serialize/deserialize qua Py4J. Sir dung built-in functions ctia Spark SQL khi c6
thé.

« Khong unpersist sau khi ding cache: Dan dén memory pressure va 1am cham toan
bo application.

«  Shuffle qua nhiéu partition nho: Nhiéu task nho gay overhead scheduling. Dung

coalesce() dé merge trude khi write.

Bang 6.1: TOm t4t best practices va impact

Ky thuat toi wu Impact thwc té
Dung Parquet thay CSV Giam I/0 5-10x, tang query speed 3-5X
Broadcast join (bang < 10 MB) Loai bo shuffle, tang tc 2-10x
Bat AQE (Spark 3.x) Tu dong xir 1y skew, t6i wu join
Predicate pushdown + column pruning Giam dir li€u doc tir 30-80%
Partition dung cot & sb lugng Giam thoi gian ingest va query 2-4x
Cache dimension tables Tranh doc lai, tiét kiém 20-40% thoi gian
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KET LUAN

Qua qué trinh tim hiéu va nghién ctru vé ngdn ngir Scala va Spark SQL trong bdi canh xur
ly dir liéu phan tan. Cac két luan chinh dugc rat ra nhu sau:

- Scala khong chi don gian 1a mot ngdn ngit 1ap trinh ma con 1a mot paradigm méi két hop
strc manh ctia OOP va FP. Tinh bt bién, type safety, va higher-order functions cta Scala
tao ra nén tang Iy tuong dé xay dung cac pipeline xtr 1y dit liéu phurc tap, dé bao tri va test.
- Spark SQL véi kién trac Catalyst Optimizer va Tungsten Execution Engine da vuot xa
cac giai phap truyén théng vé hiéu ning. Kha ning ty dong tdi uvu hoa query plan, két hop
v6i cac ki thuat nhu predicate pushdown, column pruning, va whole-stage code generation,
cho phép Spark SQL xur ly petabyte dir li€u vi chi phi compute hop 1y.

- Case study phan tich web log da chimg minh ring mot pipeline di liéu production-grade
c6 thé dugc xdy dung hoan toan trong Spark ecosystem, tir ingest dén reporting. Medallion
Architecture cung cap mot framework rd rang dé t6 chire pipeline, dam bao data quality va
kha ndng tai xtr ly.

- Cac k¥ thuét t6i wu nhu broadcast join, bucketing, AQE, va partitioning strategy 1a su
khac biét gitta mot pipeline hoat dong va mot pipeline hoat dong hiéu qua. Pau tu vao
performance tuning c6 thé giam chi phi compute xudéng 50-80% trong nhiéu truong hop
thuc té.

V& hudng phat trién twong lai, Delta Lake (hodc Apache Iceberg) dang ndi 1én nhu 16p luu
trtr mac dinh cho data lakes hién dai, mang lai ACID transactions va time travel trén nén
Spark. Lakehouse architecture, két hop sitc manh cua data lake va data warehouse, 1a xu
hudng chu dao trong vai nam téi. Spark 4.x voi Python UDF optimizations va improved

streaming s& tiép tuc m& rong kha ning cia platform.
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