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A Gentle Introduction to PySpark for Data Processing
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Budi hoc thir 5 (ngay 7/8/2025) dugc chia thanh 4 phan chinh nham gitip ta hiéu dwoc Cach PySpark xur
1y dix liéu cho Big Data va Machine Learning:

« Phén 1: Big Data 1a gi va vi sao lai cin né
« Phén 2: Giai thich co ché hoat dong ciia Hadoop va Apache Spark
+ Phién 3: Pyspark trong Python va SQL

« Phin 4: So sanh workflow ciia Sklearn va PySpark dé dé hiéu hon

Phin 1: Big Data 1a gi va vi sao lai cin né
Vi sao lai can Big Data trong thé giéi hién nay?

Khéi luong dir li€u toan cAu du kién sé& dat khoang 180-163 zettabyte vao nam 2025 [ 1], dé hinh dung thi 1 chiéc
dién thoai ngay nay c6 128GB va 1 zettabytes bang 1 nghin ty GB, twong dwong véi 7.8 ty chiéc dién thoai. Vay
nén viéc xu 1y, thu thap va xtr Iy thong tin 16n nhu BigData hay khong, khong phai la 1 lya chon ma 1a 1 linh vue
bit budc phai hiéu dé khong bi bo lai phia sau.

Dé dé hinh dung, vi du khi ta viét mot chuwong trinh nhé dé tim kiém tén ta trong danh sach 100 ngudi, thi viée
xur 1y kha don gian — doc dit li€u, tim tén, tra k&t qua.
Nhung néu:

* Dii li¢u khong phai 100 nguoi, ma 1a 100 triéu ban ghi (hoac hon).

« Dir liéu ndm rai rac & nhiéu noi: server & Ha Noi, TP.HCM, Singapore...

« Dit liéu c6 nhiéu kiéu va mot trong sé d6 con 1a thong tin chwa dwoc xir 1y.
* Yéu cau phai tra két qua trong vai gidy.

Luc nay, ta s& gap hai 16p van dé:

Lép 1 - Logic ctiia chwong trinh: Day 1a “bo ndo” cla Gng dung:
* Xac dinh tng dung can 1am gi (tim kiém, loc, tinh toan...).
. Viét bﬁng ngbn ngt nhu Python, Java, SQL,...

« Vi du: “Tim tat ca khach hang ¢4 mua hang trén 5 triéu déng trong thang 7.



L6p 2 — Thue thi trén dir liéu khong 16: DAy 13 phan khoé khi dir liéu rat 16n:

L]

Chia nhé dir liéu dé xir Iy song song.

Phén viée cho nhiéu may chii khac nhau.

Téi wu ha ting dé moi may hoat dong tron tru.

Téng hop két qua tir nhiéu may va tra vé cho ngudi dung.

Xir 1y 18i: néu mot may hong, hé thdng van tiép tuc chay.

Nhue khi ta tra ciru Google, khong phai mot méy tinh duy nhat tim kiém toan bo Internet. Hang trim may s& chay
song song, moi may xur Iy mot phan dit liéu, roi két qua dugce gom lai cuc nhanh.

2.1 BigDatalagi?

Dit liéu tré thanh Big Data khi dat du 5 tiéu chi SV):

1.

Volume — Khéi lugng dit liéu khong 16.
Vi du: Facebook Iuu trit hang ty birc anh.

. Velocity — Tbc d6 dit lidu duge tao ra va xir ly.

Vi du: Dit li¢u livestream, giao dich ngan hang theo thoi gian thye.

. Variety — Su da dang vé dinh dang va ngudn dir liéu, dir liéu c6 cdu tric hodc khong hodc ban cau tric.

Vi du: Van ban, video, anh, log server.

. Veracity —D0 tin cdy va tinh chinh xac cua dir li¢u.

Vidu: Bo dit liguy té c6 thé chua thong tin nhap sai hoac trung lap.

. Value — Gia tri ma dit liéu d6 mang lai.

Vidu:
« Cai thién trai nghiém khach hang qua phan tich hanh vi mua hang dé goi y san pham phu hop cho
tung khach hang.

« Giam chi phi qua phan tich nhimg véan d¢, yéu t 16n nhit dang kéo doanh thu xudng ma khéng mang
lai loi ich gi.

« Giai quyét vin dé t6t hon qua hinh dung van dé trong dir liéu.

« Gia tang loi nhuan nhd vao phén tich mang khach hang cn quan tam.

2.2 Taisao can cac giai phap nhw Apache Spark?

Cac nén tang nhu Apache Spark cho phép 1ap trinh vién:

« Tap trung vao Lép 1 (logic xtr 1y) thay vi tu viét toan bo Lép 2.

« Tu dong chia dit liéu va phan céng cho nhiéu may xu 1y.

+ Quan Iy tai nguyén va tong hop két qua.

* H) trg ca dir liéu batch va streaming (thoi gian thyc).

NG6i cdch khdc: ta chi can “ra ménh 1énh” va Spark s& huy dong “d6i quan méy tinh” dé lam phan con lai.



Phin 2: Giai thich co ché hoat dong ciia Hadoop va Apache Spark

3.1 Muc Dich cua Hadoop va Apache Spark

Ttr vi du ¢ phan trude, khi khéi luong dir liéu 1én dén hang trdm triéu ban ghi, phan tan ¢ nhiéu may chi va yéu
cau phan hoi trong vai giy, ta can dén cac framework xu ly dit liéu phan tan.

Intent Data Processing Data Analytics

‘Work Process Analyses batches of data present in huge volumes Analyses and processes real-time data
Processing Style Batch Real-time

Latency High Low

Cost Tess costly due to the MapReduce Model Is more expensive (in-memory solution)
Ease of Use Complex to use Easier to use

Written Java Scala

Hinh 1: Hadoop and Apache comparison

« Hadoop phi hop v6i batch processing khdi lugng 16n, tan dung mo hinh HDFS + MapReduce d¢é hru tri
va xit ly dir liéu theo Batch.

« Apache Spark ké thira va md rong y tuong tir Hadoop, sir dung in-memory computing giup xir Iy nhanh
hon, hd trg ca batch va streaming dir 1i€u, thudn tién hon cho phan tich dir liéu thi gian thye.
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Hinh 2: Minh hoa workflow ctia Hadoop va Spark

Tom lai, dé xir 1y dir liéu 16n ta can 1 hé théng chuyén luu trit rdi xir 1y dit liéu theo Batch va 1 hé théng cho
phép phan tich dir liéu theo thoi gian thuc sir dung RAM. Gibéng nhu O Cimg va RAM trong may tinh.

3.2 HDFS (Hadoop Distributed File System)

HDFS 1a hé théng luu trit phan tan dugc thiét ké dé xur 1y dir liéu 16n trén nhiéu may cha. Toan bd work-
flow cia HDFS c6 thé tom tit nhu sau: khi HDFS Client giri yéu cAu doc hoic ghi dir liéu, HDFS Client



s& giao tiép voi NameNode dé 1dy metadata (co ban né 1a 1 json string chita chtra nhiéu cip keys va values) va
thong tin vi tri cac block di liéu xanh do tim vang nhu minh hoa. Sau do, Client giao tiép truc tiép voi cac
DataNode d¢ 1ay hodc ghi dit liéu. Luu ¥ 13 cac block duoc nhan ban (replication) trén nhiéu DataNode dé dam
bao dir liéu van kha dung ngay ca khi mot may bi hong.
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Hinh 3: Cau trac HDFS
« NameNode: “B6 nio” cia HDFS, quan Iy metadata, vi tri cac block, va diéu phéi viéc doc/ghi.

Cac thanh phan chinh:

« DataNode: Luu trit dit liéu thyuc té dudi dang block, mdi DataNode chay trén mot may cha riéng.
« HDFS Client: Giri yéu cau dén NameNode va truy cap dif liéu tir DataNode.

« Replication: Mdi block dugc nhan ban trén nhiéu DataNode dé ting kha ning chiu 18i va do san sang.

3.3 MapReduce

MapReduce 1a mé hinh xir Iy dit liéu 16n theo co ché chia nhé va tong hop. Workflow tong quat: dit liéu dau vao
dugc chia nho (Splitting) thanh nhiéu phan va xir 1y song song bai cac ham Map, tao ra cac cip (key, value).
Sau d6, hé thdng thyc hién Shuffling &é nhoém cac gia tri cung key lai voi nhau, va cudi ciing Reduce tong hop
chung dé tao ra két qua cudi cung.

Input Splitting Mapping Shuffling Reducing Final result

Bear, 1 Bear, 2
Deer, 1 » Bear, 1

River, 1

/ Car, 1

Car, 1 Bear, 2
Deer Bear River Car, 1 Car, 1 Car, 3
Car Car River Car, 1 Deer, 2
Deer Car Bear River, 1 River, 2

Deer, 1 » Deer, 2 -
Deer, 1
Deer, 1
Deer Car Bear Car, 1
Bear, 1 River, 1 m
River, 1

Hinh 4: Quy trinh MapReduce




Vi du cac budc luu trit thong tin qua vi du dém s6 chit, giéng ‘token_dict*” trong NLP:
1. Splitting: Chia dit liéu thanh cac chunk nhé dé xir 1y song song.
2. Mapping: Ham Map xur ly tung chunk va phat ra cac cap (key, value).
3. Shuffling: Gom nhém céc gia tri cé cung key.
4. Reducing: Haim Reduce xir Iy timg nhom key dé tao két qua.

5. Final Result: Téng hop va xuat ra két qua cudi cing.

3.4 Tong quan Pipeline hoat dong ciia Apache Spark

D¢ hiéu rd hon Apache Spark c6 hoat dong nhur thé nio, minh s& di qua 1 workflow xir Iy dit liéu cho Hoc May,
Flow bét dau tir viéc thu thap dit liéu tir nhidu ngudn khac nhau (streaming: dit liéu dugc cép nhat lién tuc va
static: dir liéu da luu), sau do6 xu ly béng cac API nhu DataFrame hodc Spark SQL, thyc hién cac tac vy phéan tich
nang cao (MLIib), va cudi cung luu trir két qua (i.e. dit liéu da xtr 1y) vao cac hé thong luu trir dir lidu.
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Hinh 5: Pipeline xu 1y dit liéu véi PySpark

Céc budc chinh trong pipeline:

1. Streaming Data: Thu thap dit liéu thoi gian thyc tir cac ngudn nhu Kafka (vi du: dit liéu mang xa hoi, log
tr web app).

2. Static Data: Doc dit li€u tinh tir cac hé quan tri co s& dit li€u hodc cong cu tim kiém nhu Elasticsearch,
MySQL, MongoDB.

3. Process with DataFrame: Str dung API DataFrame ciia Spark dé xur 1y dit liéu mot cach linh hoat va tdi
uu, tan dung kha nang in-memory computing.

4. Spark SQL: Thyc hién cac truy van twong tac véi dir liéu théng qua ct phap SQL.

5. MLIib: Ap dung céc thuat toan hoc may nhu phén loai, hdi quy, clustering dé phan tich va trich xuat thong
tin.

6. Data Storage: Luu két qua phan tich vao cac hé thong luu trir phan tin nhu MemSQL, Apache HBase,
Cassandra hoac dinh dang file tdi wu nhu Parquet.



3.5

Pyspark Ecosystem

Pé van hanh va xur y dit liéu tron tru cho cac myc dich khac nhau, cac h¢ sinh thai dugc xay dung 1én xung quanh
Apache Spark:

L]

Storage and Infrastructure dong vai tro 1a “nén moéng”, noi luu trir va quan 1y dir liéu khong 16 (vi du:
Hadoop, S3, Parquet).

Data Science and Machine Learning 14 “cong cu”dé cac Data Scientist xdy dung cdc mo hinh phirc tap,
phan tich dir li¢u chuyén sau va trich xuat thong tin gia tri tir dir liu tho/raw.

SQL Analytics and BI 1a "’giao dién”, noi dit liéu da dugc xur 1y va phan tich dugc trinh bay dudi dang truc
quan, gitip khach hang d& dang hiéu va dua ra quyét dinh.

Luu ¥: mb ta thu vién dudi day chi mang tinh chat tham khao, dé hiéu chi can doc mé ta cta ting phan.
Data science and Machine learning: st dung d€ mé rong kha nang xu ly dit li€u 16n bang cach tich hgp cac mo
hinh va thuat toan hoc may.

L]

scikit-learn: Mot bo cong cu danh cho lap trinh vién Python dé xay dung cac mé hinh hoc may mot cach
don gian, vi du nhu duy doan xu hudng hodc phén loai dit liu.

pandas: Gidng nhu mot bang tinh Excel siéu manh trong Python, gitip ta dé dang lam sach, xir 1y va phan
tich dir liéu.
TensorFlow: Mot nén tang manh mé gitp ta tao ra cac mo hinh hoc may phtrc tap, dac biét 1a cac mé hinh

str dung mang Iu6i no-ron dé lam nhiing viéc nhu nhan dién hinh anh hodc dich ngdn ngit.

PyTorch: Mot cong cu khéc, ciing rat phd bién dé xay dung cac mé hinh hoc méy, dwoc nhidu nha nghién
cuu va chudng vi tinh linh hoat va dé su dung.

mlflow: Mot cong cu gitp ta quan 1y toan bd qua trinh phat trién cac mé hinh hoc may, tir viéc thir nghiém
cac thuat toan khac nhau cho dén khi trién khai chung.

R: Mot ngon ngit 1ap trinh chuyén biét danh cho cac nha théng ké va nha khoa hoc dir liéu dé phan tich dit
liéu va tao ra cac biéu do6 dep mat.

NumPy: Nén tang co ban cho hau hét cac thu vién khoa hoc dit liéu trong Python, gitp xir 1y cac phép toan
v&i sO va ma trdn mot cach cuc ky nhanh chong.

SQL analytics and BI: ding dé tryc quan héa va phan tich dit liéu da dwoc xir 1y hodc luu trit, gitp tao ra bao
c4o va bang diéu khién hiru ich.

Apache Superset: Mot cong cu ma ngudn md gitip ta tao ra cic bang didu khién (dashboard) va biéu do
tuong tac dé kham pha dir liéu cia minh ma khong can phai viét nhiéu code.

Power BI: M6t dich vu ctiia Microsoft gitip ta bién dit liéu tho thanh nhitng bao cao va biéu dd d& hiéu, giup
ta dua ra quyét dinh kinh doanh t6t hon.

Looker: Mot nén tang phan tich dir liéu gitip cac cong ty d& dang truy cap va hiéu dit liéu cua ho, dic biét
1a khi dit liéu phire tap.

re:dash: Mot cong cu méd ngudn mé giup ta tao cac bang diéu khién truc quan va chia sé két qua truy van
di liéu véi dong nghiép.


https://scikit-learn.org/stable/
https://pandas.pydata.org/
https://www.tensorflow.org/
https://pytorch.org/
https://mlflow.org/
https://www.r-project.org/
https://numpy.org/
https://superset.apache.org/
https://powerbi.microsoft.com/en-us/
https://looker.com/
https://redash.io/

« tableau: Mot trong nhimng cong cu hang dau trong viéc tryc quan héa dit liéu, giup ta tao ra nhirng biéu do

va db thi twong tic mot cach nhanh chong.

« dbt: M6t cong cu danh cho cac ky su dit liéu dé bién doi dir liéu tho trong kho dit liéu thanh cac bang da

duogc 1am sach va chuan bj sin sang cho viéc phan tich.

Storage and Infrastructure: dong vai tro quan trong trong viéc luu trix, quan 1y va xu Iy dir liéu 16n, tao nén
tang vitng chac cho cac tac vu phan tich va hoc may.

3.6

elasticsearch: Gidng nhu mét cong cu tim kiém Google cho dit liéu cua ta, giup ta tim kiém thong tin mot
cach nhanh chong va manh mé.

mongoDB: Mot loai co s¢ dit li¢u linh hoat, khong can tuan theo céu trac bang ¢ dinh nhu Excel, rat phu
hop dé Iuu trir dir liéu da dang nhu thong tin ngudi dung trén mang xa hoi.

Apache Kafka: Mot 6ng dan”dir liéu toc do cao, ding dé chuyén tiép mot lugng 16n dit lidu theo thoi gian
thue tir nhi€u ngudn khac nhau dén noi can xir ly.

Apache Airflow: Mot cong cu dé 1én lich va quan 1y cic cong viée phic tap, gitup ta dam bao cac quy trinh
xtr 1y dir liéu ludén chay dung thir tw va dung thoi diém.

Parquet: Mot cach dé luu trir dit liéu hiéu qua, dac biét 1a khi ta chi can truy cdp mot vai cdt dir liéu trong
mot tap tin 16n.

Microsoft SQL Server: Mot hé théng quan ly co s& dir liéu truyén théng, rat manh m@ va 6n dinh, duoc su
dung rong rai trong cac doanh nghiép.

Delta Lake: Mt ”16p phu”gitp cai thié€n d6 tin cay va hiéu suit cua cac kho dir liéu 16n, gitp dit liéu luén
nhat quan va dé quan 1y hon.

kubernetes: Mot cong cu giup ta quan Iy hang tram, tham chi hang ngan, img dung nho (goi la container)
mot cach ty dong, ddm bao chung ludn chay on dinh.

cassandra: Mot loai co s dit liéu phén tan, dugc thiét ké dé xir 1y lugng dit liéu khong 16 trén nhiéu may
chii ma khong bao gid bi 15i.

Apache ORC: M6t dinh dang luu trit dit liéu khac, twong tu Parquet, ciing gitip toi vu hoa viée truy cap va
xu ly dir lidu.

Kién tric ciia Apache Spark

Phén nay mé ta workflow tong quat cuia Spark theo kién trac top-down: bét dau tir Spark Driver giri cong viéc
xudng cac Spark Worker, mdi worker gan v6i mot Data Node luu di liéu trén Hadoop HDFS. Tai mdi worker,
dir liéu duoc xtr Iy bdi Executor thong qua cac Task thuc thi trén cac Partition dir ligu.


https://www.tableau.com/
https://www.getdbt.com/
https://www.elastic.co/
https://www.mongodb.com/
https://kafka.apache.org/
https://airflow.apache.org/
https://parquet.apache.org/
https://www.microsoft.com/en-us/sql-server
https://delta.io/
https://kubernetes.io/
http://cassandra.apache.org/
https://orc.apache.org/

Spark Driver

Spark Worker

Spark Worker

Spark Worker

Hinh 6: PySpark top-down architecture

Workflow tdng quat.
1. Spark Driver khdi tao tmg dung, xay dung ké hoach xtt 1y (job) va giri yéu ciu t6i cac Spark Worker.
2. MGi Spark Worker lién két véi mot Data Node dé truy xuat dir liéu tir HDFS.
3. Worker khdi chay Executor, chia dit li¢u thanh cac Partition va gan Task cho tirng partition.

4. Céc Task chay song song trén nhiéu node, sau d6 tra két qua vé Spark Driver hodc ghi ra storage.

Thanh phin chinh.
« Spark Driver: Diéu phdi toan bo ludng xir 1y.
* Spark Worker: Node tinh toan, nhan Iénh tir Driver.
« Executor: Tién trinh trén Worker thuc hién cac Task.
* Data Node: Noi luu trit dir liéu vat ly, thuong 1a cac block trong HDFS.

HDFS: Hé thong luu trit phan tan cung cap dit liéu cho Spark.
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Hinh 7: Vi du chi tiét kién trac Spark: Driver, Resource Manager, Executors va Data Nodes

3.7 Apache Spark: RDD (Resilient Distributed Dataset)

RDD la cau tric dir liéu cdt 16i cua Spark, dugc phén tan (Distributed) qua nhiéu node, c6 kha niang chiu 15i
(Resilient) va chura dit liéu dudi dang cac Partition. Phan nay mo ta workflow RDD tir khi dir liéu nam trén

Disk/HDFS dén khi dugc xir Iy trong RAM thong qua cac Transformations.

oo RDD  In-memory (RAM)
' : Transformations

.,

7| Pattition 1 | | Partition2 | 4 Partition3 | : N oo ST O
CTTTTTTTTTTTTTTTTTTT [l | oad éate om HDFS to Memory |

|I: [ I'.:
Loading | | | : | RDDL filter() i
| | | /i :
i e
Disk HDES
Hinh 8: PySpark RDD: Partition tir Disk/HDFS va xtt Iy In-memory

{

Workflow tong quat.
1. Loading: Dir liéu dugc doc tur Disk/HDFS dudi dang cac Block.

2. Moi Block trong R cung anh xa thanh mdt Partition trong RDD va dugc load vao In-memory (RAM).



3. Cac Transformations (vi du: filter (), groupBy ()) dugc ap dung lén partition nhung chi luu dudi dang
lineage (lazy) - nghia la Spark luu lai lich st thyc thi chtr chua thuc thi ngay.

Dua trén lineage, Spark xay dung mot DAG (Directed Acyclic Graph) thé hién mdi quan hé phu thudc giira
cac bude xtr 1y. DAG 14 ké hoach thuc thi dugc Spark t6i wu hoa trude khi chay, gitp:

» Xac dinh thu ty cac phép tinh can thuc hién.
« Chia cong viéc thanh cac stage va task dé xur 1y song song.

« Tai tinh toan dit liéu néu mot partition bi mét, bang cach chay lai cac budc can thiét trong DAG.

— Noi chung, lineage duoc tao ra dé luu lich st thuc thi va DAG duoc tao ra dé nim bat mgh gitra cac
budc thuc thi dé khi chay 13i s& khong phai chay lai.

4. Khi gdp mdt Action (vi du: count (), collect()), Spark thuc thi pipeline: chia thanh Tasks chay song
song trén cac partition.

5. Két qua duoc tra vé hodc ghi lai xudng storage; cac partition co thé dugc Cache dé tai sir dung.

Thanh phén chinh.
¢ Block: Pon vi luu trir cia HDFS.
* Partition: Pon vi tinh toan song song cua Spark, anh xa ttr Block.
+ In-memory (RAM): Noi Spark gitr partition di load dé giam 1/O.
« Transformations: Cac phép bién ddi tao RDD méi mot cach lazy.

Actions: Kich hoat thuc thi va tra két qua.

Phan 3: PySpark trong Python va SQL

Phén nay trinh bay cac component chinh cta PySpark va cach chung tich hop Spark SQL va Spark MLIib trong
xu 1y dir liéu phan tan.
4.1 Spark SQL
Spark SQL tich hop truy vin SQL vd&i sttcc manh xir 1y phén tan cta Spark:
« Hb trg nhiéu dinh dang dit liéu: Parquet, JSON, CSV, Elasticsearch, JDBC.
« DataFrame cung cip API thong nhét dé lam viéc vai dir liéu c6 cau triic va ban ciu tric.

« Workflow: Load dit liéu — xir I truy vin v6i SQL — xuit DataFrame két qua.

4.2 Spark MLIib

Spark MLIib cung cép thu vién Machine Learning phan tén:
» Thuat toan: classification, regression, clustering, collaborative filtering.
 Feature engineering: feature extraction, transformation, dimensionality reduction.

« ML Pipeline: ingest dit liéu — tién xir Iy — huan luyén mé hinh — kiém thir — deploy.

10



4.3 PySpark Layers

PySpark dugc thiét ké theo hai tang chinh:

Easier with
DataFrame

Spark Core APIs

Python  Java

DataFrame RAM Yes
Spark SQL  Disk Yes

Hinh 9: PySpark Layer

« Layer 1 - Spark Core APIs: Cung cip API nén tang cho nhiéu ngdn ngit (Scala, Python, Java, R). O mtc
nay, 1ap trinh vién 1am viéc truc tiép vdi RDD (Resilient Distributed Dataset) - viét ham, tip trung vao cac
thao tac low-level nhu map (), filter (), reduceByKey (), hodc 1 Custom RDD.

« Layer 2 — High Level APIs: Bao gdm cic API ndng cao nhu Spark SQL / DataFrame, Spark Streaming,
MLIib, GraphX gitp don gian hoa viéc xir 1y dit liéu bang cach cung cap cti phap d& doc, hd trg metadata,
va tich hop nhiéu chirc ning xu 1y dit lidu.

So sanh:
* RDD: Luu dir li€u trong RAM, khong c6 metadata.
« DataFrame: Luu dit liéu trong RAM, c6 metadata (schema), tdi uu cho truy van va thao tic dang bang.

« Spark SQL: Luu trén disk, co6 metadata, thich hop cho phan tich dit liéu 16n véi truy vin SQL.

4.4 PySpark RDD

RDD la céu trac dir liéu nén tang cta Spark, biéu dién tap dir liéu phan tan, c6 kha ning chiu 15i, va bat bién
(immutable). M&i RDD c6 thé duge xem nhu mot function ap dung 1én dit liéu dau vao.

1. Transformations: (vi du: map (), filter (), flatMap (), union())— tao ra mét RDD mdi tir RDD géc,
nhung khong thuc thi ngay (lazy evaluation). Spark luu lai lich st thuc thi (lineage) dé tdi wu va phuc hdi
dit ligu khi can.

2. Actions: (vi dy: count (), collect (), saveAsTextFile ())— kich hoat viéc thyc thi pipeline cac trans-
formations va tra vé két qua.

RDD created by reading data from stable storage.

action

e RDDI1 RDD2 RDD3 Result

Hinh 10: PySpark RDD Workflow in Code
Vi du code minh hoa:
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# Tao SparkContext
from pyspark import SparkContext
sc = SparkContext("local", "RDD Example")

# Tao RDD ti list Python
data = [1, 2, 3, 4, 5]
rdd = sc.parallelize(data)

# Transformation: nh&n §6i mdi phin td
rdd2 = rdd.map(lambda x: x * 2)

# Transformation: loc s > 5
rdd3 = rdd2.filter(lambda x: x > 5)

# Action: Thu két qud vé driver
result = rdd3.collect()
print(result) # [6, 8, 10]

Trong vi du trén:
* map() va filter () la transformations — chi tao lineage, chua thyc thi.

« collect () la action — kich hoat Spark chay pipeline va tra két qua.

4.5 Pyspark Connect Code

Phién ban pyspark nén cai dé tranh xay ra Ldi la v3.5.x, khong nén cai v4.0.0: Minh c6 thé chay PySpark
truc tiép qua Jypyter Notebook

''pip intall pyspark==3.5.1

from pyspark.sql import SparkSession
spark = SparkSession.builder.getOrCreate()
spark

Tham khio ma ngudn vi du PySpark: o
Thuc hanh xir 1y dit liéu qua code PySpark dé hiéu r& hon (chdm nghe ko bang 1 thiy ma):
https://drive.google.com/drive/folders/1C8LUx7UaSkM3k4r4PsZFBJ0t2bLGHCn j

4.6 1 Chit vé Téi wu Pyspark v6i DAG

DAG (Directed Acyclic Graph) 1a biéu d6 c6 hudng va khong ¢ chu trinh, biéu dién ludng xu 1y dit liéu trong
Spark. Khi 14p trinh vién ap dung cac Transformations (vi du: select (), map(), filter (), udf ()), Spark s&
khong thyc thi ngay, ma xay dung mot Execution Plan duéi dang DAG — thé hién thar ty va mdi quan hé gitra
cac budc xu ly

Lazy Evaluation: Spark ap dung co ché Lazy Evaluation — chi thuc thi khi gip mot Action (vi du: count (),
collect()). Pidu nay gitp Spark:

« Tbi wu ké hoach thuc thi (DAG Optimization) dé giam s6 1an doc/ghi dir liéu.

* Tranh vi€c tinh toan lap lai.
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Cache vs Persist

% Cache
StorageLevel | Speed ‘ Location | Read
| MEMORY_ONLY fastest No RAM
MEMORY_ AND DISK fast RAM when low RAM or Disk
' DISK__ONLY low Disk Disk

Hinh 11: PySpark Storage Optimization with Stoage Level

* Cache: Luu dit liéu vao RAM (MEMORY _ONLY) — phu hop cho dir liéu vira khit bd nhd.

* Persist: Cho phép chon Storage Level (vi dy: MEMORY_AND_DISK, DISK_ONLY) — dung khi dir liéu qua
16n dé luu toan bd trong RAM.

Thuec té: Cache () chinh 1 Persist () v6i mic dinh MEMORY _ONLY.
Checkpoint dugc str dung khi:

+ DAG qua dai, gdy rui ro mét dit liéu lineage khi node bi 15i.
« Can luu trang thai trung gian dang tin cay xuéng HDFS hodc storage 6n dinh.

Khac véi Cache/Persist (luu tam thoi trong b nhé hodc b dia local), Checkpoint s& ghi dir liéu xuéng hé théng
Iwu trit bén viing (thudng 1a HDFS).

~ 2
A

Phan 4: So sanh workflow ciia Sklearn va PySpark dé dé hiéu hon

Sklearn
[ Training Flow ] [ Sklearn ]
Train test split ["ro-w mpeort train_test_split ]
Encode Categorical ["ro m mport }
Data Scaling [ from mport ]
Modeling ["ro m import }
Evaluation [ from import accuracy_score ]
Hinh 12: Sklearn Training workflow
PySpark
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[ Training Flow ] [ PySpark ]
[<PySpark DataFrame> randomSplit ]
CEmmm—— )
CEmmm—— )
(= )
= )

Hinh 13: Pyspark Training workflow
Tai liéu

[1] IDC. Global DataSphere Forecast, 2023—2027. Truy cap: 10-08-2025. 2023. UrRL: https://www . idc.
com/getdoc. jsp?containerId=prUs51037223.
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