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MO HINH XU LY DU LIEU LON TREN PIEN TOAN PAM MAY
THEO MO HINH ANH XA - RUT GON

Tran Thi Thiy"
TOM TAT

Ngay nay, chiing ta dang song trong thoi dai thong tin, véi su tang trudng biing no thong
tin theo cdp sé nhan[1]. Nhitng cong ty hang dau vé céng nghé thong tin nhw Google, Yahoo,
Facebook, Twitter, ... dang doi mdt véi khoi lwong dit liéu khong 16. Sw tang truong nay doi
hoi phai co chién luoc méi dé phan tich va xu ly dir lieu. Pién toan dam may dwoc phat trién
va dnh xa-rit gon (MapReduce) dang la mdt mé hinh tinh todn manh mé dé gidi quyét van dé
nay. Mo hinh MapReduce dwa ra khung lap trinh cho cdc ung dung xv Iy dir lieu van ban co
kha néng xir Iy nhanh chéng mot khéi heong I6m dir liu nho viée xik Iy song song trén cum
I6n cdc may tinh. Bai viét nay trinh bdy mét cdc tong quan vé van dé xie Iy diF liéu lom trén
nén tang dién todn dam mdy nhu kién triic va thanh phan ciia Hadoop, hé thong tdp tin phdn
tan(HDFS-Hadoop Distributed File System), mé hinh MapReduce va ung dung cuia no.

ABSTRACT

Nowaday, we are living in the information age with an exponential explosion and growth
information. The leading information technology companies such as Google, Yahoo, Facebook,
Twitter, .... they are facing with a huge information. This requests to have the new strategy to
analyze and process data. Cloud computing is developed and MapReduce-Hadoop has become
the powerful computing model to be solved this problem. MapReduce provides a framework
programming applications to process text data, it can solve a large amount of data fastly
based on computing parallel on computer clusters. This article presents fundamental about a
processing data on cloud computing, architecture and components of Hadoop, HDFS (Hadoop
Distributed File System), MapReduce and its application.
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dugc cung cap va phat hanh nhanh chéng véi
nd luc quan 1y hodc tuong tac vdi nha cung
cap toi1 thiéu. Dién toan dam may doi khi con

1. Giéi Thi¢u
Theo dinh nghia cua NIST (National

Institute of Standard and Technology), dién
toan dam may la mot mo hinh cho phép thuan
tién, truy cap mang theo yéu cau theo mot noi
chtra cac ngudn tai nguyén tinh toan c6 thé
chia sé va cdu hinh duoc, & d6 ching c6 thé

* Thac si, Khoa Cong nghé Thong tin, Truong
Dai hoc Cuu Long
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duoc coi la thé hé internet moi.

V& mit lich st, John McCarthy tir nam
1960 da du doan rang “mot ngay nao do tinh
toan c6 thé 1a dich vu cong cong”. Pi¢n toan
dam may hi¢n thyuc ra doi nho vao sy phat trién
cua cac cong ty 16n nhu Google, Amazon véi
cac trung tam dir lidu khong 16 két nbi bang
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Internet. Dién toan dam may co6 1€ khong phai
dé phat trién riéng cho xir 1y dit liéu 16n nhung
n6 la mot cong nghé méi day hira hen cho bai
toan dir li¢u lon.

Khai ni¢m dir 1i€u 16n (big data) chua c6
mot dinh nghia thong nhat nhung né am chi
cac tap dit liéu c6 dung luong rat 16n ma don
vi do thuong la cd terabyte trg [én [1]. Dt lidu
16n thong thuong la cac tap dir liéu ma kich c&
ctia n6 vugt qua kha nang thu thap, quan 1y va
xtt 1i trong thoi gian chap nhan duogc. Vi vay,
khai niém dir liu 16n khong chi 1a céc tap dir
liéu 16n vé dung lwgng ma con bao ham ca vé
cong nghé luu trix, tinh toan, tim kiém trén do.
Dién todn ddm may cung cip mot giai phap luu
trlr trong cum may tinh c6 kha nang co gian
va xur 1y dugc. M6 hinh hién tai c6 thé xu 1i
dir liéu song song phan tan trong mot cum lon
may két ndi véi nhau d6 1a anh Xa - rat gon.
Hadoop 14 nén tang cong nghé cho phép thiét
1ap cum may tinh, che gidu moi gdnh ning vé
song song hay giao tiép mang giita cic may
tinh nén n6 cé thé coi 1a mot giai phap dam may
cho bai toan dir liéu 16n. Giai phép nay dang
duoc quan tim vi tinh dé sir dung, kha ning
mo rong, dé chuyén dbi va sao luu du phong.

Theo kién tric Hadoop[4], md hinh anh
xa - rat gon dugc cai dat bao gém mot bo theo
doi cong viéc (Job Tracker) hay con goi la
chu (Master) va cac bo xtr li nhi¢m vu (Task
Trackers hay Workers) dé thyc thi mot cong
viéc (Hadoop Job). M6 hinh tinh todn nay dua
trén hé théng quan Iy tap tin phan tan d6 13 hé
thong tin cay va kha niang chiu 16i cao nham
quan 1y luu trir va thue hién sao chép dir lidu
dau vao, dau ra ctia mot cong viéc Hadoop.

2. Hadoop

Apache Hadoop dinh nghia: “Apache
Hadoop 1a mét framework diing dé thiee thi
nhitng g dung trén mét phan Ién cdc may
tinh dwoc xdy dung trén nhiing phan ciing
thong thuong. Hadoop hién thuc mo hinh
anh xa - rut gon, day la mé hinh ma ung dung
s€ dwoc chia nhé ra thanh nhiéu phdn doan
khdc nhau, va cdc phan nay sé dwoc chay
song song trén nhiéu node khdc nhau. Thém
vdo dé, Hadoop cung cap mét hé thong tip
tin phdn tan cho phép luu trir dir liéu lén trén
nhiéu node (mot may tinh). Ca MapReduce va
HDEFS déu dwoc thiét ké sao cho framework
sé tw dong quan Iy dwoc cdc 161, cdc hie hong
vé phan cimg ciia cdc node.”

Kién tric tong quat cia Hadoop nhw hinh 1:

Pig (Data Flow)

Hive (SQL)

Hcatalog

HBase(Key-Value store)

Zookeeper (Coordination)

Hinh 1. Kién triic Hadoop/3]
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MapReduce 1a mdt mo6 hinh 14p trinh va
khung phat trién phan mém cho phép viét cac
ung dung nhanh chong xur ly mét lugng 16n dix
liéu song song dua vao mot cum lén cac may
tinh goi 14 cac nit tinh toan (node) dya trén kién
tric cua nén tang Hadoop[3]. MapReduce st
dung HDFS dé truy cép vao cac khéi (block)
va luu trir két qua rat gon.

HDFS 14 hé thong luu trir chinh dugc
st dung boi cac ing dung Hadoop[3]. Mot
hé thdng tap tin phan tan cung cép truy cip
thong lugng cao vao dir liéu cua ung dung,
tao ra nhiéu ban sao cua khéi dir liéu va phan
phéi chung trén cac nit tinh toan trong mot
cum dé cho phép tinh toan song song dang tin
cay va nhanh choéng.

Hbase la mot co s& dit liéu phan tan theo
cot[3], st dung HDFS cho viéc luu trit, anh
xa dir liéu HDFS vao mot co so dir li€u co
ciu tric twong tu va cung cap cac giao dién
1ap trinh cho Uing dung Java (Java API) truy
cap. No hé tro hang loat kiéu tinh toan sir
dung cac truy van MapReduce va doc ngau
nhién, thuong dugc st dung khi ¢é truy cap
doc/ghi ngau nhién, thoi gian thuc. Muc tiéu
ctia n6 1a luu trit cac bang rat 16n dang chay
trén cum thiét bi phan cung.

Pig 1a ngdn ngtt xtr li dong dix 1idu[3], 1a
mot nén tang cho viéc phan tich dir lidu 16n
bao gom mdt ngdn ngir cap cao dé dién ta
cac chuong trinh phén tich dir liéu. Pic diém
chinh cta chuong trinh Pig 1a ciu truc cua
ching c6 thé duge song song hoa cho phép
xir 1y cac tap hop dir liéu rat 1on, ci phap don
gian. Cac tinh ning xay dung sin cung cap
mot muc do tiru truong dé cho phat trién cac
cong viéc nhanh, d& dang va dé viét hon so
v6i MapReduce truyén thong.

Hive 1a mot kho dir liéu co so ha téng
duoc xay dung trén Hadoop[3], cung cép cac
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cong cu cho phép tom tit dit liéu, truy van
khéng chuén va phan tich cac bo dir liéu 1on
duogc luu trir trong HDFS. N6 cung cap mot
co ché dé dinh dang cau trac cho loai dit liéu
nay va cung cip mot ngén ngir truy van don
gian goi la Hive QL, dya trén SQL, cho phép
nguoi st dung quen thude véi SQL dé truy
van dit liéu nay.

Hcatalog 1a mdt 16p quan 1y luu trit cho
phép nguoi dung sir dung vdi cac cong cu xur 1y
dir liéu khac nhau[3]. Bang HCatalog trinh bay
cho nguoi ding mot khung nhin kiéu dit lidu
quan h¢ trong HDFS va dam bao rang ngudi
dung khong can phai quan tdm vé noi luu trix
hodc dinh dang cua dir liéu dugc luu trit.

Zookeeper 1a mot cong cu cau hinh cum
may tinh[3], dich vu hiéu ndng cao cho céc tiing
dung phan tan. N¢6 tap trung vao cac dich vu
nhu quan li thong tin cau hinh, dittén, dong
bo hoa phan tan cling va cac dich vu nhém.

3. Hé théng tap tin phan tan

HDFS ra doi trén nhu cau luu trir dit liéu
cua Nutch, mot dy an Search Engine nguén
mo|[2]. HDFS ké thira cac muc tiéu chung cta
cac hé thong tap tin phan tan trude d6 nhu do
tin cdy, kha nang mo rdng va hi¢u suit hoat
dong. HDFS 1a mot hé thong tap tin phan
tan chay tén nhirng phan cing thong thuong,
khong do1 hoi cAu hinh phtrc tap, dét tién. Pac
diém ctia hé thong tap tin phan tan: kha ning
phét hién 15i, chéng chiu 13i va ty dong phuc
hoi; kich thude tap tin s& 16n hon so véi cac
chuan truyén thong; cac tap tin déu dugc thay
doi bfmg cach dya vao dix liéu vao cudi tap tin
hon la ghi d¢ 1én dir li€u hién co.

Block: HDFS duogc thiét ké dé hd trg
thao tac va luu trit nhitng tap tin rat 16n[2].
Cac ung dung st dung HDFS la nhiing ing
dung trén tap dit lidu rat 16n. Qué trinh ghi
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dir liéu chi mot 1an va doc mot hay nhiéu lan;
truyén tai dir liéu phai dap ing vé thoi gian.
Kich thuéc mdi block tir 6MB dén 64MB. Vi
vay, cac tap tin c6 dir ligu c6 kich thudce 16n
thi duge chia thanh nhiéu block va dugc luu
trr trén DataNode. NameNode dong vai tro
la master cua HDFS, quan 1y khong gian tén
hé théng tap, cac meta-data nhu tap tin trén h¢
thong va cac block_id trong tmg, quan 1y danh
sach cac slave va tinh trang cac DataNode,
diéu hudéng qua trinh doc/ghi dit liéu 1én cac
DataNode. DataNode chtra cac block dir li€éu
thuc su cua céc tap tin trén HDFS, chiu trach
nhiém dap tng cac yéu cau doc/ghi dit lidu
va tao/xo0a cac dir liéu tir NameNode.

DPé doc mdt tap tin HDFS, cac ung
dung tir may khach (client) chi can st dung
mdt ludng dau vao (nhu file input stream trong
Java) giong nhu doc tap tin trong hé thong tap
tin cuc bo. Tuy nhién, vé xir Iy dang sau hau
truong, ludng dau vao nay duoc xu Iy dé lay
dir liéu tr HDFS. Pau tién, NameNode lién
lac dé xac dinh cho phép truy cip. Néu duoc
phép truy cap, NameNode s€ x4ac dinh danh
sach ctia khdi HDFS chira tap tin va mot danh
sach cac nat dit liéu luu trir moi khdi va tra vé
cho may khach. Tiép theo, may khach s& mo
mot két n6i dén DataNode “gan nhat” va yéu
cAu mot truy cap cac khdi cu thé. K& dén, cac

khéi HDFS dugc tra vé trén cuing mot két nbi
va chung dugc dua vao ing dung.

Pé ghi dir liéu HDFS, cac tng dung
xem cac tap tin HDFS nhu 1a mot luéng dau
ra (output stream). Tuy nhién, bén trong, dong
dit liéu: Trude hét, duoc phan chia thanh cac
khdi ¢6 kich thudc HDFS (64MB chang han) va
sau do lai chia thanh cac g6i nhé hon (thuong
12 64KB) dé xép hang chd ghi. Viéc nay duoc
mdt tién trinh thuc hién. Mot tién trinh tht
hai thyc hién giai phong hang, phéi hop voi
cac NameNode dé gan dinh danh (ID) cho
khéi va phan phdi dén cac DataNode dé luu
trit. Ngoai ra con mot tién trinh thtr ba quan
Iy phan hoi tir cic NameNode rang dir liéu da
dugc ghi hoan tat.

4. Mo hinh anh xa-rut gon

MapReduce la mo6 hinh xtr 1y dit li€u voi
1ap trinh song song dugc gidi thiéu bai Google.
Trong mo hinh nay, ngudi st dung xay dung
céac tinh toan qua hai chic nang, 4nh xa va
rat gon. Trong giai doan anh xa, MapReduce
14y céac dir liéu ddu vao va dua cho bd anh xa
(Mapper). Bo anh xa thuc hién loc va chuyén
d6i dau vao thanh mot két qua dé co thé tong
hop trong giai doan rut gon. Trong giai doan
rit gon, bd rit gon (Reducer) xir Iy cac két qua
dau ra tir mapper dé dua dén két qua cudi cing.

P ST Node 1
Dir liéu ddu vao duogc

nap san cucbd

Node 2 Node 3

Di¥ liéu trung gian
tir ham map [ﬁ[ﬁﬁ][ﬁﬁ]

T

Gié tri thay ddi
b&i qué trinh tron

" 1
Ham reduce taora fode

két qua dau ra

Node 2 Node 3

A

gt | | 2

Pauraduoc
lwu tri cuc b

0

e | |

Hinh 2. M6 hinh MapReduce [4]
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5. Lap trinh véi mo hinh anh xa-rut

gon

Theo mé hinh MapReduce, céac 1ap trinh
vién chi can viét hai ham: 4nh xa va rat gon.
Chtrc nang anh xa s€ nhan dir li¢u dau vao va
sinh ra cac cap <khoa, gia tri> trung gian dé
duoc tiép tuc xtr ly. Chirc nang rat gon két hop
tat ca cac cap khoa/gia tri trung gian, lién két

/
/ (2)

/ Phan cafig
P 4
mé p

Tap tin
dauvao

Giai doan
Anh xa

Tap tin trung gian
(trén dia cuc bd)

theo khoa dé tao ra dau ra cudi cung. V& mat
logic chuong trinh s€ c6 ba vai tro chinh: b
chi huy (master), bd anh xa va bd rat gon. Vai
tro cuia bd chi huy 1a 1ap ké hoach cong vigce,
quan ly cong viéc. M6 hinh MapReduce dugc
xdy dung trén mot hé thong tap tin phan tan
cung cip luu trit va truy cdp phan tan. Hinh 3
cho thiy qua trinh thyc hién ciia MapReduce
qua hai giai doan: anh xa va rut gon.

Tap tin
daura

Giai doan
Rat gon

Hinh 3. Ba vai tro chinh thuc hién trong MapReduce[5]

Dit liéu dau vao duoc chia thanh mot tap
hop cua cac khdi. Cac bo anh xa doc cac khdi
va xtr li song song trong giai doan anh xa. Moi
mapper s& xtr 1y dir liéu bang cach phan tich
d@r li¢u thanh cac cap <khoa, gié tri> va sau
d6 tao ra cac két qua trung gian duoc luu trix
trong hé théng tap tin cuc bod. Két qua trung
gian s& duogc sip xép va két hop theo khoa:
tat ca cac cap véi cung khéa s& dugc nhom
lai v&i nhau. Céac bd rut gon str dung phuong
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thire goi tir xa dé doc dit liéu tir cc mapper.
Nguoi 1ap trinh s& viét ma dé xac dinh cach
thire rat gon, tirc 1a tinh toan két qua dau ra.
Cubi cung, dau ra s& dugc ghi vao cac tap tin
trong hé thong phan tan.

MapReduce dugc thiét ké dé chiu dung
16, tirc 1a kha nang tu than khac phuyc 18i. Day
1a tinh niing quan trong vi viéc xay ra 16i trong
mot hé théng phan tan gém s6 luong 16n may
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tinh khong phai 1 hiém gip. Ldi c6 thé xay
ra @ may chu va may t& (worker). May chu s¢€
do (ping) may td, bao gdm bd anh xa va bo rat
gon, theo dinh ky. Néu khong c6 phan tGng tir
may t& trong mot khoang thoi gian nhit dinh,
may t& dugc danh dau 1a hong. Nhiém vu dang
thuc thi va cac nhiém vu can dugc thuc hién
boi mapper hong s& duoc giao lai dé mapper
khac va thuc hién ngay tir dau. Néu bo rat
gon hdng thi cong viéc rut gon nao da hoan
thanh khong can phai dugc thuc hién lai bdi
vi két qua di dugc luu trit trong hé thong tap
tin toan cuc, phan tan. Trudong hop 16i xay ra
& may chu (chi c6 mot may tinh duy nhét nén
xé4c suat hong rat nho), MapReduce sé& thuc
hién lai toan b cong viéc.

6. Ung dung cho bai toan “dém tir ”
véi 1ap trinh MapReduce

Xét bai toan tinh tan suit xuat hién cua
cac tu trong mot tap tin. Ching ta s€ giai
quyét bai toan nay theo mé hinh lap trinh
MapReduce. Giai thuat dé giai quyét bai toan
duoc mo ta nhu sau:

— Dit liéu dau vao duogc phan chia thanh
nhimg khéi nho luu trit phan tan trong cum
may tinh.

— Déi v6i mdi khdi dit lidu dau vao, mot
bo anh xa chay cho ra két qua dau ra 1a 4nh
xa moi tir thanh cip <khoa, gia tri> trong do6
khoa 14 tir con gi tri 1a tAn sudt cua tir trong
khdi. Ciing c6 thé don gian 1a <khoa, 1> trong
d6 cac khoa co thé tring lai, khoa 1a mot tir
trong khoi.

— Két qua dau ra cua tit ca cac bd 4nh xa
duoc sap xép va két tap theo khoa riéng biét;

mot bd suu tap dugc tao ra co chira tat ca cac
gia tri tuong ing tir dau ra cua cadc mapper.

- Tiép theo, mdi bd suu tap duoc thyc
hién rat gon theo khoa dé tao ra cap <khoa,
gia tri> trong d6 khoa 1 tir con gia tri 1a tan
sut cua tir d6 trong tap tin (tirc 1a trong tat ca
céc khdi). Day chinh 14 két qua cudi cing cua
hai budc anh xa va rat gon. D6 ciing 1a két qua
két tip mong mudn.

Loi ich cia m6 hinh MapReduce ¢ day 1a
rat rd rang. Lap trinh vién khong ban tim t6i
luu trit vat 1y phan tan cua tap tin trong HDFS.
Chuong trinh khong phu thude vao céach luu tri
phan tan. Lap trinh vién ciing khong can phai
quan tam té1 vi¢e tinh tai hay kha nang xu ly
cua cac nut. Tinh co gian cua chuong trinh la
tu dong do chirc nang ciia Hadoop. Minh hoa
phan chinh ctia chwong trinh MapReduce, bao
g6m map va reduce trong hinh 4, 5.

Theo ciu trac chuong trinh trong Hinh
4, map don gian 1a anh xa mdi tir v&i 1 (tirc
1a dém 1 cho mdi tir xut hién) va sinh ra cip
(<tur, t€nVB>,1). Cac cdp nay sé duoc reduce
tong hop vé sau. O ddy, s& c6 mot s6 thé hién
khac nhau ctia map chay trén cac may khéc
nhau trong cum may dé thuc hién song song
chuong trinh. Tuong ty nhu vay, cling s€ co
nhiéu thé hién khac nhau ciia reduce chay song
song trén cac may worker. Chung thyc hién
viéc tong hop (trong bai toan nay 1a tinh téng
1an xuét hién) cac cap (<tir, ténVB>,1) dé cho
ra cac cip (<tir, ténVB>,wf) v6i w14 tan suit
ctia tir. Cubi cung, cac b rit gon cho ra két
qua cubi ciing 1 cac cap (<tlr, tenVB>,wf) va
ghi két qua ra tap tin xuat. Dic biét phai st
dung bd cong cu vnTokenizer tach tur.
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- <TénVB, NDVB> - (<T,TénVB>,1)

Dir liéu

(<TirTénVB> ,wf)

HDFS

Hinh 4. M6 hinh héa gidi thudt “Pém tir”

void map (key TénVB, value NDVB) {
//thuc hién tdch tir bdng céng cu vnTokenizer va loai bé ki
tu ddc biét va stopword.
String[] mdngcdcTd = VietTokenizer (NDVB) ;
for(V Tu € mangcacTu) {
Emit (<T&, Té&nvVB>/1);
//key = <Tir,TénVB>, value=1
}
}
void reduce (key <Tu, TénVB>, value values=<1> ){
sum=0;//tdng sé 1an xudt hién cia T
for(V val : values){
sum++; //sum+=val (val=1)
}
Emit (<Tu, TénVB>/sum);
//key = <Tir,TénVB>, value=sum

Hinh 5. Trich code map, reduce chwong trinh “Dém tir” .
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7. Két ludn

Tién bd cong nghé dién toan dam may
va viéc gia tang st dung Internet dang tao ra
nhiing tap dit liéu rat 16n. Dt liéu 16n van con
¢ giai doan so khai nhung cling da c6 nhiing
anh huong siu sic dén cac cong ty cong nghé
va cach lam kinh doanh mai. Kich thuéc cua
cac bo dit liéu 16n doi hoi can c6 cach thie luu
trlt va xtr ly mé1i, phu hgp. M6 hinh 1ap trinh
MapReduce v6i Hadoop 1a mot nén tang co
ban trong cong ddng dir 1iéu 16n nho vao hiéu
qua chi phi trén cum may tinh duoc thiét 1ap
nhu 1a mot ddm may dién tir. Tinh hi¢u qua
va d& dang st dung cua nén tang Hadoop &
chd né cai dit mé hinh anh xa - rat gon chay
song song, lién quan dén nhiéu thuat toan
phan tich dir liéu di duogc che gidu bén trong.
Mot trong s6 d6 1a hé thong tap tin phén tan,
c6 thé chira mot khoi luong rat 16n dir liéu
(tinh bang terabytes hodc tham chi petabytes)
va cung cap co ché truy cap thong luong cao
vao cac dir liéu nay. M0 hinh nay, ngoai vi¢c
che gidu sy phirc tap trong tinh toan song
song, can bang tai, phan phdi tai,... Con ¢
kha ning co ban cung cap tinh mém déo, kha

ning chiu dung 16i ciing nhu tinh co gidn cua
hé thong. Hién tai day 1a mo hinh chinh dé
1ap trinh xwr 1y dir 1iéu 16n theo mo6 hinh dam
may dién tu.
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