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NGHIEN CUU KHOA HOC
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Vii Bao Tao', Dang Van Nam?, Nong Thi Oanh?,
Hoang Thi Ngat?!, Nguyé&n Thj Anh Tuyét!
*Email: taovb2006@gmail.com

Trwong Dai hoc Sao Bd
2Trwong Bai hoc Mo - Dia chat Ha Noi

Ngay nhan bai: 24/01/2022
Ngay nhan bai stra sau phan bién: 27/6/2022
Ngay chap nhan dang: 30/9/2022

Tom tat

Hién nay, di¥ liéu da va dang tr& nén ngay cang quan trong. D liéu la yéu t6 quyét dinh, anh hwéng téi hau hét
céac Iinh vre nhw tai chinh - ngan hang, y té, gido duc, néng nghiép, nang lwvong.... Téc dd sinh di¥ liéu ngay cang
nhanh vé&i khdi lwong ngay cang I&n va thuat ngtr D liéu I6n (Big data) ciing ra doi. D liéu I1&n la mot trong
nhirng cong nghé cha chét ctia cudc Cach mang cdng nghiép 4.0. Tuy nhién, viéc lwu trir va phan tich di liéu Ion
cling doi hdi nhirng kién thirc va cdng nghé phu hop. Chung ta khéng thé sir dung céc ky thuat lwu trir va phan
tich di liéu truyén thdng véi di liéu 1&6n dwoc. Trong bai bao nay, nhém tac gia sé trinh bay viéc trién khai xay
dwng nén tang lwu tri» di liéu I&n st dung Apache Hadoop trén mét cum (cluster) cac may tinh va Apache Spark
dé phan tich d, trich rat cac thdng tin cé ich (insights) tir tap di liéu lwu trir trén cac may tinh nay.

Twr khéa: Dir liéu I6n; phén tich dir liéu Ion; cum may tinh;, Hadoop; Spark.
Abstract

Data has become more and more important. Data is the decisive factor, affecting almost all fields such as finance,
banking, healthcare, education, agriculture, energy...The speed of data generation is getting faster and faster with
increasing volume and the term Big data was also born. Big data is one of the key technologies of the Industrial
Revolution 4.0. However, storing and analyzing big data also requires the right knowledge and technology. We
can’'t use traditional data storage and analysis techniques with big data. In this article, the authors will present
the implementation of building a big data storage platform using Apache Hadoop on a cluster of computers and
Apache Spark to analyze data, extract valuable from the dataset stored on these compters.
Keywords: Big data; big data analytics; cluster; Hadoop; Spark.
1. DAT VAN BE Khi néi toi di ligu o 1a néi téi khdi lwgng Ién dir liéu,
o X ) bao gébm ca di liéu cé cAu truc va khoéng cé clu tric
Sw blng no vé dir ligu dang dwoc the hiénratré trong  ma ching ta dang tao ra va déi mat hang ngay. Thuat
nhirng nam gan day; Thuat ngl "Dl liéu khong bao  ngi “Dir ligu Ion” 1a thuat nglr dwoc st dung cho tap
gio ngti - Data never sleep” da khong con xa la. LWoNg  hop cac div liéu qua I6n va phirc tap khién cho viéc xt
dir lieu dwoc tao ra trong 2 nam gan day bang toan bd |y cac div lisu nay tré nén kho khan khi st dung cac
d liéu dwoc tao ra trwdc d6. Theo wéce tinh, dén nérp ky thuat truyén théng [1]. D liéu I6n thwdng dwoc xac
2025, sé co 46’3 Exabytes di¥ liéu sé duwoc sinh ra moi dinh théng qua mé hinh 5V [2] (Hinh 1) bao gém:
ngay va dy kién dat 180 Zettabyte [1]. Lwong dir liéu .
khdng 16 nay duoc tao ra khéng chi béi cac Email, tin -~ Volume (Dung lweng): Déy la dac tinh dau tién va
nhén, website, mang x& hoi, hinh anh, video... ma con  Pho bién nhat ciia d liéu Ion, dac tinh nay cho biet 46
mét lwong Ion di liéu dwoc tao ra bédi may moc ma 16N cla div liéu dwoc sinh ra.
khéng can tac dong cla ngwdi dung, nhw cac thiét bi

10ng can 1ac d Velocity (Téc d6): Khong chi ¢é nhiéu ngudn di liéu
cam bién két ndi Internet (IoT).

khac nhau tir cac thiét bi, may moc, con ngwdi ma tbe

do sinh di¥ liéu cling tang 1én lién tuc. Khia canh toc do

Ngudi phan bién: 1. PGS. TS. Nguy&n Long Giang tr?ng ‘dﬂ’ Ijéti Ié’nhbén Eanh~qg?n tam t&i toc do sinh dir
2. PGS. TS. L& Hong Anh liéu con la toc db truyén di¥ liéu.
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Variety (Pa dang): D@ liéu tén tai & nhiéu dinh dang
khac nhau ti di¥ liéu c6 cAu trac, div liéu sb trong cac
co s& dir liéu truyén thdng, cho dén cac tai liéu van
ban khéng cé cu trdc, email, &m thanh, hinh &nh, cac
giao dich tai chinh...

Veracity (Chinh xac): Dac tinh nay dé cap téi do tin
cay cla dir liéu thu thap dwoc tlr cac ngudn khac nhau,
gitp ta hiéu rd hon vé céc rdi ro ctia cac phan tich va
cac quyét dinh dwa ra dwa trén mot tap div liéu cu thé.

Value (Gia tri): Day la dac trweng dwoc coi la quan
trong nhat cta div liéu I6n. N6 dé cap téi nhirng tri
thire (insights), gia tri cé thé trich rat ra dwoc tr di
liéu. D@ liéu Ién sé khong cé y nghia gi néu chung ta
khong chuyén dwoc ching thanh nhivng thir cé gia tri.

5V’SOF |
BIG DATA

Veracity

Hinh 1. M6 hinh 5V cta dix liéu 16n

Ngay nay, thi trwéng cong nghé vé div liéu Ion lién tuc
phat trién. Moi khia canh trong d&i sdng cla chung ta
déu sé bi anh hudng bdi dir liéu Ion. Viéc thu thap,
lwu trir va phan tich di liéu I&n dé& phat hién ra cac tri
thire tiém &n bén trong di liéu 13 rat quan trong, giup
hé tro qua trinh ra quyét dinh mang lai nhiéu gia trj to
I&n [3]. Céac linh vye dang st dung dif liéu I&n dem lai
hiéu qua c6 thé chi ra nhw trong linh vic gido duc, y
t&, quan ly nha nwéc, tai chinh - ngan hang, giao thoéng
van tai, truyén thong va gidi tri, quan ly tai nguyén va
giam sat thién tai.... Ngoai mé hinh 5V nhw & trén, cac
nha nghién cu hién nay con dé xuat cac mé hinh 10V,
14V dé dé cép t&i nhidu dac trung va bao quat hon cta
D liéu Ion [4].

Khéng ai c6 thé phi nhan duwgc tdm quan trong va loi
ich cia D@ liéu I&n d&a, dang va sé mang lai. Tuy nhién,
dé c6 thé trién khai va van hanh mét hé théng dir liéu
I&n trong thwe té sé phai dbi mat véi mot loat cac thach
thire tlr chi phi téi ha tng thiét bi, cong nghé va ky
thuat [5], [6].

CAu truc cla bai bao bao gdm cac ndi dung tir nghién
ctu ly thuyét téi trién khai thuc nghiém xay dung mot
hé thdng di liéu I&n hoan chinh. Trong do, ndi dung
phan 2 cla bai bdo sé dwoc trinh bay tiép theo day
tap trung vao viéc gidi thiéu cac nén tang lwu trir va
phan tich di liéu Ién manh mé va phd bién hién nay

NGANH CONG NGHE THONG TIN

la Apache Hadoop va Apache Spark. Phan 3 ciing 1a
phan trong tdm cla bai béo, tap trung vao viéc thiét
ké va trién khai xay dwng mét cum véi 3 may tinh
trong dé6 mot may dong vai tro la Namenode va 2 may
Datanode, st dung hé diéu hanh Ubuntu 20.04. Cac
may tinh trong cum sé& dwoc két néi, cho phép lwu triy
di¥ lieu phan tan. Hé théng nay dang duoc van hanh
on dinh, c6 khd nang ndng mé rong theo ca chiéu
ngang va chiéu doc mét cach nhanh chéng. Bdng thoi,
chang t6i cling thwc hién lwu trir, phan tich trén mot
tap div liéu cu thé la Data_Uber s& dung Spark SQL
dé truy van, trich rat théng tin cé ich va Spark MLLib
dé xay dwng md hinh hoc may, thwc hién phan cum div
liéu voi thuat toan Kmeans.

2.NEN TANG LUU TRU'VA PHAN TiCH DU’ LIEU LGN

2.1. Apache Hadoop

Nhw da trinh bay trong phan dat van dé, chung ta
khong thé str dung cac céng nghé va ky thuat truyén
thdng dé lwu tri» va phan tich di¥ liéu 16n duoc. Do do,
can phai trién khai va &ng dung cac cong nghé phu
hop dap (rng dwoc cac yéu cau vé hiéu nang, tinh sén
sang, do an toan va kha nang chiu 16i cao ctia mét hé
thdng di liéu I&n. Apache Hadoop & mét trong nhirng
hé thdng dap ng dwoc cac yéu cau dé va dang dwoc
st dung réng rai.

Apache Hadoop & mot framework ma ngudén mé viét
béng Java cho phép phat trién cac &ng dung phan tan
[7]. N6 dwoc thiét ké d& mé rong quy mod téi hang ngan
may tinh khac nhau trong mét cum. Apache Hadoop
duoc thiét ké theo kién tric chi - khach (Master -
Slave) bao gdm mét nut chi (Namenode) va nhiéu nat
khach (Datanode) nhw mo ta trong Hinh 2.

8

Slave

Slave Slave

Node
Manager

Node

Node
Manager Manager

Map  Reduce Map  Reduce Map  Reduce

Hinh 2. Kién trtic Master - Slave ctia Hadoop

Chtrc néng cltia nut chd 1a gan tac vu cho nhiéu nut
khach khac nhau, lwu trir siéu di liéu va quan ly tai
nguyén. Cac nut khach (Datanode) lwu trir di liéu thwe
va thwc hién cac tinh toan.

Hé sinh thai ca Hadoop bao gébm nhiéu thanh phan
khac nhau tw thu thap cho t&i lwu trlk va phan tich mot
lwong di liéu Ion tinh bang Petabytes (Hinh 3). Trong
do, hai thanh phan chinh ctia Hadoop bao gébm: Hé
théng file phan tan (Hadoop Distributed File System -
HDFS), day la phan I8i va la xwong séng cla hé sinh
thai Hadoop, c6 kha nang Iwu trir cac bd div liéu Ion
véi nhiéu dinh dang. D@ liéu dwoc lwu trir trén cac
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Datanode va sé dwoc sao lwu, nhan ban trén cac
Datanode khac nhau dé lam tang kha nang chiu 16i
cta hé théng. MapReduce va Spark 1a nén tang xt ly
va tinh toan di¥ liéu phan tan. N6 cho phép thyc hién
céc tinh toan & kich c& 16n mot cach dé dang. Chi tiét
vé Spark sé& dwoc trinh bay trong phan 2.2 duéi day.

Graphx spai
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Hinh 3. Hé sinh thdi ctia Apache Hadoop
2.2. Apache Spark

Apache Spark la mét dw an xt& ly di¥ liéu phan tan ma
ngudn mé [8]. Spark cho phép x& ly di liéu I&n v&i
tbc dd nhanh hon MapReduce t&i 100 1an, hé tro xt ly
nhiéu dinh dang va ngudn dir liéu, déng thoi tich hop
nhiéu bo thw vién manh mé dé x ly di liéu [9]. Nh&
tinh dé s& dung nén Spark tr& nén dé dang dbi véi cac
nha khoa hoc di liéu, phan tich di¥ liéu, Iap trinh vién.
Spark hd tro' nhiéu ngdn ngt¥ khac nhau nhw Java,
Scale, Python, R vi thé ngudi dung c6 thé dé dang lwa
chon cong cu dé phat trién cac (ng dung dé giai quyét
cac bai toan xt ly di¥ liéu co kich thwéc 1on.

@ STORM

1

=
cassandra

|
¥
| Ll

Apache Spark rat linh hoat, né cung c&p mét nén tang
hop nhéat dé x& ly di liéu va cé thé st dung cho nhiéu
dang xt& ly khac nhau nhw x& ly theo 16, thwc hién cac
twong tac truy van, x& ly si dung céc giai thuat hoc
may va xtr ly th&i gian thye. Trwde khi cé Spark, nguoi
dung phai st dung nhiéu céng nghé khac nhau dé giai
quyét nhirng bai toan nay, viéc sir dung mét nén tang
hop nhét sé gitp lam gidm chi phi va tai nguyén, téi
wu hoéa hé thdng. Apache Spark cé 5 thanh phan chinh
(Hinh 4), bao gdm:

SPARK SPARK
saQL STREAMING

@ CORE

Hinh 4. Cdc thanh phdn cta Apache Spark

MLIB GRAPHX

Spark Core: La phan I8i va nén tang dé xay dwng tat
ca cac chirc nang cua Apache Spark. Spark Core bao
gdm 2 thanh phan la ha tang tinh toan phan tan va lap
trinh RDD.

Spark SQL: La thanh phan nén tang phan tan cho xu
ly di liéu c6 céu tric, twong thich hoan toan véi Hive,
c6 thé truy xut dén nhiéu ngudn div liéu khac nhau
nhw Avro, Parquet, ORC, JSON, CSV... Spark SQL la

thanh phan phat trién nhanh nhat, nguoi dung co thé
dé dang st dung cac cau Iénh SQL dé thao tac, x& ly
d liéu phan tan.

Spark‘ Streaming: La thanh phan cho phép x ly di
liéu ludng thoi gian thyc véi bang thong cao, kha nang
chiu 16i 16n.

MLLib: Thanh phan nay cung cép co ché dé quan ly
va don gian héa nhiém vu xay d},fhg cac md hinh hoc
mé’y, cung cap thw vién v6i nhiéu giai thuat hoc may
pho biéen.

GraphX: Thu vién x& ly dd thi phan tan, cung cép
céc tinh toan db thi va triru twong hoéa db thi dwa trén
cac RDD.

3. XAY DUNG CUM MAY TiNH LUU TRU' VA PHAN
TiCH DU LIEU LGN

3.1. Thiét ké va xady dung cum may tinh v&i Apache
Hadoop dé Iuwu trir dir liéu

Trong phan 2, ching téi da trinh bay tbng quan vé nén
tang dwoc st dung dé lwu trir va phan tich di liéu 1&n
manh mé hién nay la Apache Hadoop va Spark. Trong
phan 3 nay, chung t6i sé tién hanh trién khai thiét ké va
xay dwng mdt cum (cluster) cac may tinh dé tao thanh
mot hé théng Iwu trlr va phan tich di¥ liéu phan tan trén
nén tang Apache Hadoop.

Do diéu kién vé& ha tang thiét bi c6 han, ching t6i st
dung 3 may tinh khac nhau dé tao thanh mét cum theo
moé hinh Master - Slave trong do: 01 may tinh dam
nhan vai trdo Master, 02 may tinh déng vai tro Slave.
Cac thong sb cu thé clia cum cac may tinh dwoc mé
td nhw Hinh 5 dwoi day. May Master ddm nhan chirc
nang ctia mét Namenode, khong chira di¥ liéu thwe ma
chi chira bang tham chiéu t&i dia chi chra di liéu, 1ap
lich va quan ly tai nguyén vi thé can it bd nh¢ lwu triv
va cac tai nguyén tinh toan cao. May Slave dam nhan
chirc nang cua Datanode la noi lwu trir di¥ liéu thyc
trong mét mdi trvdng phan tan.

01 Master - Namenode
RAM: 12 GB — HDD: 300 GB
HDH: Ubuntu 20.04
-

Master/192.168.1.3
L

Slave02/192.168.1.8

02 Slave - Datanode
RAM: 8 GB - HDD: 300 GB
HBH: Ubuntu 20.04

L

Slave01/192.168.1.7

Hinh 5. Thiét ké 3 mdy tinh tao thanh mét Cluster theo
mé hinh Master - Slave

Sau khi thiét ké xong, trién khai cai dat Hadoop trén
cac may tinh va céu hinh cac tham sb cla hé thdng.
Chung t6i str dung phién ban Apache Hadoop 3.3, day
l& phién ban mai nhat hién nay. Hé thdng da dwoc cai
dat va két ndi véi nhau thanh cong, tao dwoc mét nén
tang cho phép Iwu trir va xt& ly mot khdi lwong I1&n div
liéu hang terabytes va petabytes (Hinh 6).
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Hinh 6. Thong tin phién bdn Hadoop va danh sdch
cdc mdy Datanode trong cum

Véi kién trac lwu trir HDFS, mot file cé kich thuwéc 1on
bat ky hang Gigabytes di liéu khi lwu triy trén hé thdng
Hadoop sé& dwoc chia ra thanh cac khéi (mé&c dinh
128Mb trong phién ban 3.3, ngudi dung cé thé thiét lap
kich thwéc khéi cho phi hop) va dwoc lwu trik nhw cac
don vi déc lap phan tan trén cac Datanode cla cum.
Viéc lwu triv div liéu dwéi dang cac khdi sé giai quyét
dwoc van dé khi can lwu trir mot file cé kich thuéc 1on,
dodng thdi né gitp don gidn héa hé théng lwu trir, phu
hop véi viéc nhan ban dir liéu dé lam ting kha néng
chiu 18i va tinh s8n sang.

File d@ liéu Data_Uber.csv [10] ma chung t6i st dung
dé phan tich s& dworc trinh bay trong 3.2 c6 kich thudc
558MB khi lwu tri trén hé théng HDFS cltia Hadoop sé
dwoc chia ra thanh 5 khéi, tir BlockO dén Block4. Hé
thédng khoéng quan tam té¢i dinh dang file ma sé thuc
hién tach thanh tirng khéi, trong d6 cac khéi BlockO
dén Block3 c6 kich thwéc 128MB, khéi Block4 chira
phan di liéu con lai cha file twong ng véi 46MB
(Hinh 7).

File information - Data_Uber.csv

Download Head the file (first 32K) Tail the file (last 32K)

Block information - 1L VI

Block 0

Block ID: 10737419C Block 1

Block Pool ID: BP-13' Block 2 2.168.1.3-1644916992319

Generation Stamp: 1 Block 3
Size: 134217728 Block 4
Availability:

* slave0l
* slave02

Hinh 7. Phdn tdch file dir liéu Data_Uber.csv thanh cdc
khéi va luu trir trén HDFS
Trong truéng hop mdt cum cé nhiéu Datanode thi cac
khéi s& dworc lwu tri» phan tan trén cac node nay. Béng
thoi, Hadoop ciing thwc hién nhan ban cac khéi (Block
replication) dé gidp lam tang kha nang chiu 16i cta hé
thdng. Hé s6 nhan ban mac dinh 1a 2, nghta la v&i moi
mdt block sé dwoc nhan ban thém mot block dé lwu
trir trén cac node khac nhau. Tuy thudc cac yéu cau vé

NGANH CONG NGHE THONG TIN

an toan di¥ liéu va nén tang phan cirng, ngwoi ding cé
thé thiét lap hé s6 nhan ban cho phu hop [11]. Hinh 8
dwéi day minh hoa viéc lwu trir 5 Block trén mét cum
gdm 4 Datanode véi hé sb nhan ban la 3. M&i mot
block sé dwgc nhan ban thanh 3 ban sao va dwoc lwu
trr trén cac Datanode khac nhau, viéc nay dam bao
réng khi sw cb xay ra & mot hodc hai datanote bat ky
trong cum thi hé thc“'mg van hoat déng binh thuong.

Block Replication

Hinh 8. Nhdn bdn va luu trir cdc Block trén mét cum
g6m 4 Datanode

Viéc chia thanh cac khdi, nhan ban va Iwu trr trén cac
Datanode dworc thwc hién “trong subt” véi ngudi dung.
Nguw&i dung khi doc, ghi cac file dir liéu trén Hadoop
duoc thwe hién nhw 14 trén moét file duy nhét. Viéc thuc
hién doc va phan tich file di liéu lwu trir trén hé thdng
phén tan HDFS sé& dwogc chung t6i trinh bay trong ndi
dung tiép theo.

3.2. Truy van va phan tich dir liéu I&n véi Apache Spark

Apache Spark nhw da trinh bay trong ndi dung 2.2 la
mot dy an xt Iy di liéu phan tdn ma ngudn mé. Spark
duoc viét bang Scala trén nén JVM va Java runtime,
c6 thé chay da nén tang trén Linux va cd Windows. N6
hé tro xt ly nhidu dinh dang va ngudn di liéu khac
nhau, ddng thei tich ho'p nhiéu bd thw vién manh dé xir
ly div lieu. Spark hd trg nhiéu ngén ngi 1ap trinh khac
nhau, trong ndi dung bai bao nay chung téi st dung
ngdn ng 1ap trinh Python dé doc va phan tich di liéu,
day hién tai cling la ngdn ngi lap trinh dwoc str dung
nhiéu nhat véi Spark.

Thuwc hién cai dat va ciu hinh PySpark lén hé thng,
chung t6i st dung Spark phién ban 3.3.1, Python phién
ban 3.8.10 va Jupyter notebook dé truy van di liéu.

Welcome to

ey
\

\/
/1 -

version
/_1
Using Python version 3.8.10 (default, N
Spark context Web UI available at ht
Spark context available

5

5
SparkSession available as

Hinh 9. Phién bdn Spark va Python sur dung

D& c6 thé thao tac dwoc véi dir liéu lwu trir trén HDFS
ctia Hadoop can tao mét phién (Spark Session) két
ndi v&i may chd Master. Hinh 10 du¢i day la doan ma
ngué“)n thwe hién kh&i tao mét session véi may Master.
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In [2]): #Khoi tao sparksession
import findspark
findspark.init()
from pyspark.sql import SparkSession
spark = SparkSession.builder.master("master[9870]").getOrCreate()
spark
Out[2 SparkSession - hive
SparkContext
Spark Ul
Version
v3.1.1
Master
local[2]
AppName
PySparkShell

Hinh 10. Khdi tao SparkSession téi mdy Master

File di¥ liéu Data_Uber.csv dwoc st dung dé phan tich
da duoc lwu trir trén HDFS trong cum may tinh. Chung
ta sé st dung Spark dé doc tap di¥ liéu nay vao bién
kiéu DataFrame, DataFrame |a tap hop dang bang
vOi cac hang va cot. Tap di liéu lwu trir thdng tin thoi
diém, vi tri dén khach va ma cong ty quan ly phuvong
tién bao gém 4 cot: Datetime - Thoi diém doén khach;
lat - Kinh d6; lon - V1 dd vi tri dén khach; base - Ma don
vi quan ly phwong tién ché khach. Bay la tap div liéu
ché khach ctia Uber tr ngay 01/8 dén hét 31/8/2014.

dir trir trén HDFS ciia Hadoop
path /Da!a HUNG db De Dala Uber.csv
df_uber = spark.read.schema(schema). load(pam

t='c

1n'ers:hema True,

header=False)
df_uber.printSchema() #Hién thi lux éu
df_uber.show(5) #Hién thi

root
|-- datetime: timestamp (nullable = true)
|-- lat: float (nullable = true)

|-- lon: float (nullable = true)

|-- base: string (nullable = true)

.............................................

,,,,,,,,,,,,
|2614-68-01
|2014-68-01 00:00
|2014-08-01 00:00:00|40.7424| -74.0044|BO2598 |
|2014-08-01 00:00:00| 46.751|-73.9869|B62598
12014-88-01 00:00:00|40.7406) -73.9962 802598 |

| 46.729|-73.9422|B02598|
:00]46.7476| -73.9871|B02598 |

............................................

only showing top 5 rows

Hinh 11. Doc tdp dir liéu lwu trir trén HDFS
ctia Hadoop vdi PySpark

Nhw d& trinh bay, viéc chia tap di liéu thanh cac khoéi
(block), nhan ban va lwu trlr vao cac Datanode trong
cum ciing nhw viéc tbng hop lai dé truy van div liéu
Hadoop sé& thwc hién “trong sudt” v&i nguoi dung,
ngwdi dung thwe hién gibng nhw trén mot file vat ly duy
nhat. File di liéu Data_Uber.csv dwgc chia thanh 5
block (blockO t&i block4) va dwoc lwu trik phan tan trén
2 Datanode ctia cum, hé sd nhan ban mac dinh 1a 2.
Khi truy xuat div liéu, may Namenode sé anh xa tham
chiéu t6i cac khéi twong (rng trén cac Datanode khac
nhau dé tao thanh mét file di¥ liéu hoan chinh.

Phan 2.2 d trinh bay 5 thanh phan chinh ctia Apache
Spark, trong d6 SparkCore & phan 16i va nén tang dé
xay dwng tat ca cac chlrc néng cla Apache Spark,
cung cap kha néng tinh toan trong bd nhé, xtr ly tap div
liéu I&'n song song va phan tan. Cac thanh phan con lai
bao gébm SparkSQL, Spark Streaming, Spark MLLib va
GraphX sé chay trén SparkCore. Chung t6i sé€ str dung
SparkSQL dé truy van tap di liéu va thyc hién mot sé
thdng ké sbé trén tap dir liéu Data_Uber.

SparkSQL 14 thanh phan nén tang phan tan cho xt ly
di¥ liéu c6 cAu tric, cé thé truy xut dén da dang nguoén
d@ liéu nhw: Avro, Parquet, ORC, JSON, CSV, JDBC.

SparkSQL mang dén mot sw tién loi, mém déo, hiéu
nang cao déi v&i di¥ liéu co cAu tric kich c& Petabytes.
Chung ta cé thé st dung cac cau lIénh SQL quen thudc
dé thao tac x ly dir liéu. Theo théng ké, SparkSQL
la thanh phan phét trién nhanh nhét vi né cho phép
nhirng nguoi st dung SQL c6 thé tiép can strc manh
cla nén tang x ly div liéu phan tan.

Dé thuwe hién thdng ké di liéu véi SparkSQL ching ta
c6 thé sir dung céc toan t&r ma SparkSQL cung cap
nhu select, where, groupBy, orderBy... dé truy van div
liéu trong DataFrame; Hinh 12 minh hoa viéc théng
ké dém sb lwong chuyén theo tirng ma hang quan ly
phwong tién. &’ day, ching t6i st dung todan t&r groupBy
dé& nhém di liéu theo cot ‘base’, orderBy dé sép xép
theo thir tw giam dan vé sé lvong.

#Thong ké s6 chuyén theo timg hdng vén chuyén

from pyspark.sql.functions import col, asc,desc

df base = df uber.groupBy(col("base”)).count().orderBy(col("count").desc())
df_base.show()

4o et

| base| count|
-
|B82617 | 355803 |
|B02598 | 220129 |
1802682 | 1732860 |
|B02764| 48591|
IBOZSIZI 31472|

rrrrrrrrrrrrrr

Hinh 12. Théng ké s6 chuyén theo ttrng hdng vai SparkSQL

Két qua cau truy van di¥ liéu cho thay c6 5 don vi quan
ly phwong tién, trong d6 don vi cé6 ma ‘B02617’ ¢6 sb
lwot chéd khach nhiéu nhat véi trén 350 nghin luot,
thap nhat 1a ma ‘B02512’ v&i trén 31 nghin lwot. Nhw
vay, trong thang 8/2014 don vi ‘B02617’ ¢c6 s6 lwot chd
khach cao hon 10 1an so v&i ‘B02512.

Ngoai viéc sir dung cac toan t&r ma SparkSQL cung
cép, chung ta cling co6 thé viét truc tiép cac cau truy
van SQL nhw véi co sé dir liéu quan hé. Trong Hinh 13
duai day thue hién truy van di liéu st dung SparkSQL
dé théng ké sb lwot don khach theo tirng gid trong
ngay. Chung ta thay ngay réng, ngwdi ding hoan toan
c6 thé st dung cac cau lénh SQL quen thudc khi lam
viéc v&i cac hé quan tri co s& di liéu dé truy van di
liéu phan tan véi SparkSQL. Pay ciing la mét trong s6
ly do gitp cho SparkSQL c6 téc dd phat trién nhanh,
dwgc dong ddo moi ngudi st dung.

Nhin vao biéu db thdng ké trén toan tap di liéu Data_
Uber d3 thwc hién, ching ta c6 thé thdy ngay rang
khung thoi gian tir 16 gi&> dén 21 gid hang ngay c6 sé
lwong khach di xe cao hon cac khung thoi gian khac,
cao nhét la thoi diém 17 gid véi trén 55 nghin lwot di
xe. Vao budi sang, khach chi yéu tap trung vao khung
7 gi0, 8 gi& cao hon cac khung gi& con lai. Nhirng
thdng tin chung ta trich rat dwoc te di liéu sé dem lai
nhiéu lgi ich trong qua trinh quén ly, van hanh va téi wu
hdéa hoat ddng cuia doanh nghiép.

Cac ndi dung & trén, chung t6i tap trung vao viéc khai
thac SparkSQL cGa Apache Spark dé truy van di
lieu phan tan lwu trir trén HDFS cla Hadoop, ching
ta hoan toan cé thé st dung cac thu vién khac nhw
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Spark MLIB, Spark Streaming... dé xay dwng cac mé
hinh hoc may, xt ly di liéu th&i gian thwe véi div liéu
phan tan.

#Tao mét bang tam tbl uber tir DataFrame:

df_uber.createOrReplaceTempView("tbl uber")

#Truy vén di 1iéu véi SparkSQL

sqll = “"“SELECT hour(tbl uber.datetime) as hr, count(tbl uber.base) as ct
FROM tbl _uber GROUP BY hr ORDER BY hr"""

a = spark.sql(sqll)

#Truc quan héa dir liéu

import matplotlib.pyplot as plt

x=a.toPandas()["hr"].values.tolist()

y=a.toPandas()["ct"].values.tolist()

plt.bar(list(map(str,x)),y)  _

plt.title('BIEU DO THONG KE SO LUQOT BON KHACH THEO TUNG GIO')

plt.xlabel("Gio - Hours")

plt.ylabel("Téng s6 chuyén")

plt.show()
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Hinh 13. Truy vdn dit liéu voi SparkSQL

MLIB I& mét phan clia hé sinh thai Spark, cung cap co
ché quan ly va don gidn héa nhiém vu xay dwng cac
mé hinh hoc may. Trong phan nay chung téi nghién
ctu str dung Spark MLIB xay dwng mét mé hinh hoc
may trén nén tang di liéu 16n dwoc lwu trik phan tan ap
dung cho di¥ liéu Uber da phan tich & trén.

M6i mét diém dén khach dworc lwu trik bao gdm ca kinh
dé va vi do n6 sé dwgc biéu dién thanh mot diém trén
ban dd. Hinh 14 cho biét pham vi va gi¢i han céac vi tri
doén khach trong tap div liéu. D& biét dwoc khu vire nao
c6 lwong dén khach nhiéu nhat, ching téi sé s dung
md hinh phan cum (Clustering) d& gom nhém céac diém
gan nhau lai dwa trén théng tin lat, lon cta diém do.
Phan cum & mét trong nhirng thuat toan phé bién nhat
thudc 16p bai toan hoc khdng giam sat (unsupervised
learning).
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Hinh 14. Pham vi cdc vi tri dén khdch trong
tdp dit liéu trén ban do6

C6 rét nhiéu thuat toan phan cum khac nhau, trong
dé K-means 1a mét trong nhirng thuat toan phd bién
va duwoc st dung nhiéu nhat [12]. Y twdng chung cta
K-means dwa trén viéc xac dinh cac tdm cum va phan
cac mau vao cum cé tdm gan nhat. Hinh 15 minh hoa
thuat toan phan cum cac diém di liéu vao 3 nhom.
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Hinh 15. Phdn cum str dung K-means

Dé swr dung duwgc thuat toan K-means trong Spark
MLIB, can thwc hién VectorAssember dé két hop cac
dac treng (features) sé st¢ dung cho phan cum [13].
Vi bai toan nay, 2 thudc tinh lat, lon sé& dwoc dung dé
phan cum. Hinh 16 thé hién cac bwéc chuén bi di liéu
cho viéc phan cum.
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Hinh 16. VectorAssembler dir liéu lat, lon

T& module MLIB, can import thuat toan Kmeans dé
phan cum, tham sé bat budc can thiét 1ap dé la sé cum,
chuing téi thiét 1ap s6 cum bang 20. Nhw vay, thuat toan
sé thuc hién gom tat ca cac diém doén khach trong tap
di¥ liéu vao 20 cum dwoc danh sb tir 0-19 (cid) duwa
trén thong sé lat, lon (Hinh 17).

#Sir dung thudt todn KMeans dé phan cum dir liéu i
#Vi tri (kinh d§, vi df) - features duwoc sir dung dé phan thanh 20 cum

from pyspark.ml.clustering import KMeans
from pyspark.ml.evaluation import ClusteringEvaluator

# Trains a k-means model
kmeans = KMeans().setK(20).setFeaturesCol("features”).setPredictionCol("cid").setSeed(1)
model = kmeans.fit(df_uber_2)

# Make predictions
predictions = model.transform(df_uber_2)

predictions.show()
A e SETTTEEE SR R EELETTTETEEEEEERR S +
|

+ + +
| datetime lat| lon| base| features|cid|
Heseeeeeeecieiaaee. 4eeennas . T deeeeeeeeeeeeaeeaas 4o

|2014-08-01 00:00:00| 46.729|-73.9422|B02598|[40.7290000915527...| 8|
|2014-08-01 00:00:00|40.7476|-73.9871|B02598 | [40.7476005554199...| 16|
|2014-08-01 00:00:00|40.7424|-74.0044|B02598 | [40.7424011230468...| 16|

|
I
|2014-08-01 00:00:00| 40.751|-73.9869|B02598 | [40.7509994506835. . . |
|2014-08-01 00:00:00|40.7406 | -73.9902|BO2598| [40.7406005859375...| 16|
|2014-08-01 00:00:00|40.6994|-73.9591|B02617| [40.6994018554687. . . |
|2014-08-01 00:00:00|40.6917|-73.9398|B02617 | [40.6916999816894. . . |
|2014-08-01 00:00:00|40.7063|-73.9223|B02617| [46.706298828125, ... |
12014-08-01 00:00:00]|40.6759|-74.0168|B02617| [40.6758995056152. . . |

Hinh 17. Str dung Kmeans trong Spark MLIB

Twr két qua phan cum, ching ta sé xac dinh dwoc vi
tri tdm cla cac cum nay va hién thi vi tri cac tam cum
I&n trén ban dd. Hinh 18, thé hién vi tri mot sé tam cu
trén ban dd. Dwa trén két qua phan cum, ching ta cé
thé thwe hién cac phan tich s dung Spark SQL dé
thdng ké va xac dinh cac cum cé mat d6 dén khach
cao nhat, mat dd dén khach theo tirng khung thoi gian
trong ngay cua tirng cum.
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Hinh 18. Hién thj vj tri tdm cum trén bdn dd
4. KET LUAN

Cung véi sy phat trién manh mé cla cac cong nghé
m&i, dac biét la sy phat trién clGa mang Internet, div
liéu tr& nén rat da dang va dir liéu gia tang voi tbc do
clng ngay cang nhanh. Do dé, viéc nghién clru cac
coéng nghé, cong cu dé xay dwng va trién khai cac hé
thédng D@ liéu 16n 1a rét cap thiét. Trong ndi dung bai
bao nay, ching t6i da nghién ctvu va tién hanh thiét
ké, xay dwng mot cum may tinh theo kién tric Master-
Slave va trién khai hé théng ma nguén mé Apache
Hadoop cho phép Iwu tri» va tinh toan trén hé thdng
phan tan. Dong thoi bai bao ciing thwe hién trién khai
va truy van di liéu v&i Apache Spark. Day déu la cac
nén tang cdng nghé manh mé&, phd bién nhat hién nay
trong viéc trién khai va lam viéc voi D liéu 1én. Tt cac
bwdc trién khai nay, cé thé dé dang mé réng cac node
trong cum theo ca chidu ngang va chiéu doc dé gia
tang khong gian lwu triv, tinh s8n sang va strc manh
tinh toan phuc vu cho cac bai toan cé quy mé Ién hon.
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