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TOM TAT

D1t liéu ban cdu truc thuong dugc biéu dién & dinh dang XML. Mic du hién nay da
c6 mot sO hé quan tri ¢6 kha ning td chire, luu tri va xtt ly di liéu ban cdu trtc
mot cach c6 hiéu qua nhung d6i voi cac tap dix liéu co kich thude 16n thi cac hé
théng nay lai boc 16 nhiéu han ché. Khi bd nhé thtt cdp duoc st dung d€ luu triv
mét lwong 16n di liéu néu khong ¢ chi muc phut hop nao duoc st dung thi thoi
gian thuc hién cua cac truy van phtc tap sé tang 1én dang ké. Hién nay, Hadoop
véi cong cu MapReduce da thanh cong trong viéc xu ly loai di liéu co ciu triac véi
kich thudc tap tin kha 16n va thoi gian xtt ly nhanh. Tuy nhién, d6i v6i dit liéu ban
cau truc nhu XML thi it duwoc ban dén. Trong bai bdo nay ching t6i dé xuat mo
hinh xtt 1y di liéu ban ciu tric trén nén tang Hadoop véi cong cu MapReduce
bang cach chuyén tai liéu XML thanh c4u triic phan cap XML Tree.

T khéa: Hadoop, MapReduce, dit liéu ban cdu trac, XML

1. MO PAU

Dt liéu ¢6 cdu trac duoc mo ta trén mot luwoc d6 xac dinh, cho phép mo ta rd
rang thong tin vé mdi d&i twong nao d6 trong mo hinh dit liéu quan hé. Tuy nhién, d&
liéu trén moi treong quan hé lai to ra khong may thuan loi khi duoc st dung d€ trao
doi thong tin gitra cac hé thong trong moi truong web. Trong treong hop nay dir liéu
XML dugc stt dung nhu la cach d€'loai bo cac han ché nay cua dit liéu quan hé. XML 1a
mot dinh dang bén ciu trc phan cap dwoc bidu dién dwdi cau tric cay phan cap.
Nghia 13, ching ta ludn c6 thé chuyén mot tai liéu XML bat ky thanh mot cay phan cap
(XML Tree) gom 7 loai node khac nhau vodi thé goc cta tai liéu XML la nat gdc cua cay
phan cdp XML Tree. Cac trinh phan tich XML (XML Parser) [1] ¢6 thé di chuyén trén
cac nut cia XML Tree d€ doc va truy xuat thong tin. Mot 1oi ich quan trong caa XML la
nd khong nhat thiét phai can mot luwoc d6 xac dinh d€ luu triv thong tin trong mot co s
dit liéu theo md hinh quan hé. Cac tai liéu XML la nhitng tap tin van ban véi dinh
dang plain text duoc tao ra khong phai véi muc dich dé€ hién thi (display) d@ liéu nhuw
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cho van ban, gitup tao cdu truc cho dix liéu [1]. XML khong phai la ngdn ngt 14p trinh
va nguoi hoc cting khong can phai la mot 1ap trinh vién dé€ c6 thé hoc va st dung né
thanh thao. N6 gitp cho cac tng dung dé dang tao d liéu, doc dit liéu va lam cho cdu
trac dit liéu trd nén ro rang dé hi€u. Mot thuan loi cua khuon dang van ban la cho
phép nguoi ta, néu can thiét, cd thé xem dir liéu ma khong can phai c6 chuong trinh da
tao ra di liéu d6. No6i cach khac, ching ta ¢ thé doc no véi bat ki bd soan thao van ban
nao. Cac khudn dang van ban ciing cho phép tim 16i dé dang hon trong cac ting dung,.
Do d6, khong thé néi rang thong tin ban cau tric yéu hon thong tin cé cdu tric, nhung
thong tin ban cdu trac cé mot dinh nghia di liéu phtic tap hon so véi trong cac dit liéu
0 cau truc vai cac quan hé cd dién.

2. PHAN MANH DU LIEU TRONG MOI TRUONG PHAN TAN

Trong co so dit liéu quan hé, viéc phan ra mot quan hé thanh nhiéu manh, mdi
manh dugc xtt ly nhu mot don vi, sé cho phép thuc hién nhiéu giao dich dong thoi.
Mit khac, khung nhin hodc don vi truy xudt cua cac tng dung thuong khong phai la
toan by quan hé ma la mét phan quan hé chira nhitng thong tin can thiét. Ngoai ra,
viéc phan manh cac quan hé sé cho phép thuc hién song song mot cau truy van bang
cach chia no ra thanh mot tap cac cau van tin con hoat tac trén cac manh [2]. Vi thé viéc
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phan manh sé lam tang mttc d6 hoat dong dong thoi va nhu thé lam tang luu lwong
hoat dong ctia hé thdng. Thé hién ctia cdc quan hé 1a cac bang, vi thé van dé dat ra 1a
tim cach d€ chia mét bang thanh nhiéu bang nho hon thoa mét sd rang budc cho trude,
diéu nay duoc goi la phan manh quan hé. C6 hai cach phan manh mot quan hé: phan
manh ngang (horizontal fragmentation) va phan manh doc (vertical fragmentation).
Phan manh ngang dwoc thie hién béng mot phép toan chon trén cac quan hé ctia mot
lwgc d6 CSDL. Con phan manh doc dwgc thuee hién bﬁng mot phép chon cac thudc tinh
cua mot quan hé. Tuy nhién phan manh ngang dwoc st dung phé bién hon. Ngoai ra
trong thuec t&, ngudi ta con st dung phan manh hon hop (hibrid fragmentation) ttec la
két hop ca phan manh ngang va phan manh doc [2]. Tat nhién qua trinh phan manh
phai dugc gan lién véi van dé cap phét dit liéu va bai toan cu thé nhu thé nao. Vi vay,
van dé ching ta ban luan dwdi day chi mang tinh chat minh hoa cho viéc phan manh
quan hé.

Déi voi dir liéu ban cau tric nhue XML thi viéc phdn manh phtc tap hon do nd
khé phan manh hon. Cdu trac XML khong phai 1a thong thuong theo mdc dinh ma tuy
thudc vao thong tin mang theo, mot cay XML c¢6 thé cd cdu trac hudng van ban, c6 thé
tap trung vao mot tai liéu nao dé cling ¢ thé la mét dinh hwdng dix liéu 6 cau truc
hodc mot tap tin XML chi tap trung vao dit liéu. Do d9, viéc phan manh XML phai st
dung thuat toan phan vung tly thudc vao cau truc ctia cay. Hinh 2.1, m6 ta phan vung
co s& dit liéu quan hé va phan vung di liéu ban cau trac XML.

Phan manh ngang
1 1 [ 7 | [ | |

Phan manh doc

Phan manh cay XML

Hinh 2.1. Phan manh d liéu c6 cdu triic va di liéu ban ciu trac
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2.1 Giai phap Hadoop/MapReduce

Nén tang Hadoop cling véi mo hinh MapReduce da ap dung thanh cong trong
viéc xtt ly, truy van cac file dit liéu quan hé 6 kich thuoc 16n véi hang tram terabytes
(nhu BigData). Trong khi d6, cung vdi file dix liéu nay SQL Server lai to ra kha han ché
vé kha nang va toc do xi ly. Viéc xt ly di liéu ban cdu tric va phi ciu tric trén moi
treong Hadoop hién nay it dwoc ban téi, mac du moét s6 hé quan tri CSDL ciing ¢6 dé
cap dén van dé nay. Do md hinh d@ liéu quan hé khong thé lvu trit cac loai dit liéu ban
cau trac va khong cau tric nén viéc xtt ly di liéu loai nay trong Hadoop/MapReduce
cht yéu dugc thé hién & phan NoSQL (co sd dit liéu theo cdt, cdp khda-gia tri) [4].

2.1.1 Hadoop

Apache Hadoop [4] 1a mét framework dung d€ chay nhiing ting dung trén mot
cluster 16n duoc xay dung trén nhiing phan ctng thong thuong. Thu vién phan mém
Hadoop 1a mot khudén mau cho phép xtt Iy phan tan cac b dit liéu 16n trén cdc nhom
mady tinh st dung cac mo hinh 14p trinh don gian. N6 duoc thiét k€' d€ mo rong tir mot
may cht duy nhat sang hang ngan mdy khac, mdi mdy cung cdp tinh todn va luu tri
cuc bo. Hadoop thuc hién md hinh MapReduce, day la m6 hinh phan tan song song,
tng dung sé dugc chia nho ra thanh nhiéu phan doan d liéu khac nhau (phan tan), va
cac phan nay sé dugc thuc hién trén dong thoi trén nhiéu node khéc nhau (song song).
Bén canh d6, Hadoop cung cap mot hé thong file phan tan (HDFS) cho phép luu trix di
liéu 1én trén nhiéu node. Ca Map/Reduce va HDFS déu duoc thiét k€ sao cho
framework sé tu dong quan ly dugc cac 16, cac hu hong vé phan cting ctia cac node.

2.1.2 MapReduce

C6 thé hiéu mot cach don gian, MapReduce phan chia cac cong viéc xtt 1y thanh
nhiéu khéi cong viéc nho, phan tan khip cac nit tinh toan (giai doan Map), réi thu hoi
cac két qua (giai doan Reduce). MapReduce ¢ thé chay trén cac phan cing thong
thuong, khong doi hoi cac server chay MapReduce phai 1a nhitng mdy tinh ¢é cdu hinh
cao v6i kha nang tinh toan, luu trit va truy xudt manh mé. Do d6, chi phi trién khai
MapReduce sé ré hon cadc mo hinh twong ty khac. MapReduce l1am don gian hoa céac
giai thuat tinh todn phan tan bang cach chi can cung cap hai ham Map va Reduce cling
v6oi mot sO thanh phan xtr ly d@ liéu dau vao theo yéu cau [4].

a. Ham Map: Nhan d@ liéu dau vao cap di liéu (key, value) lam input cho ham Map,
va tuy vao muc dich ctia nguoi dung ma ham Map sé tra vé danh sach cac cap di liéu
trung gian (intermediate key, value). Dt liéu nay s€ la input cho ham Reduce [4].

b. Ham Reduce: Hé thong sé gom nhom tat ca value theo intermediate key tix cac output
cta ham Map, d€ tao thanh tap cac cap di liéu voi cau trac la (key, tdp cdc value ciing
key). Dt liéu input cia ham Reduce la tirng cap dit liéu dugc gom nhém ¢ trén va sau
khi thuc hién xtr ly no sé tra ra cdp div liéu (key, value) output cudi cung cho nguoi
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dung. Cho dén nay, Hadoop da tré thanh giai phap ngu6n mé hang dau hd tro mé
hinh MapReduce. Hadoop duoc viét bang Java, tuy nhién hd tro phat trién MapReduce
trén nhiéu ngon ngtt khac ngoai Java nhw C++, Pearl, Python, ...
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—— > rotum ist(key' value’) Output records
—— ‘ —
| e—
reduce(key’list(value’)) — )
‘ retum list(value”) ——
Input records
.......
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Hinh 2.2. Kién truc ctia m6 hinh MapReduce

c. Mot vi du minh hoa Bém céc tir gidng nhau trong mot xau cho trude theo mo hinh
MapReduce:

The overall MapReduce word count process

Input Splitting Mapping Shuffling Reducing Final result

=
Deer, 1 »{ Bear, 1

P 4
e Bear, 2
Deer Bear River Car, 3
Car Car River Deer, 2
Deer Car Bear River, 2
v

s |

Hinh 2.3: Dém cac tir gidng nhau trong mot xau cho truedce theo mo6 hinh MapReduce

2.1.3 Kién trac Hadoop File System (HDEFS)

Giong nhu cac hé thdng file khac, HDFS duy tri mot cau trac cdy phan cap cac
file [5], thuw muc ma cc file s& dong vai tro 1a cac node 14. Trong HDFS, madi file s& dwoc
chia ra lam mot hay nhiéu block va mdi block nay sé& c6 mot block ID dé nhan dién.
Mbi block cua file sé dwoc lwu trit thanh ra nhiéu ban sao khac nhau vi muc dich an
toan dt liéu.
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2.2 XPath va XQuery

2.2.1 XPath

Dé€ rut trich thong tin tir mot tai liéu XML cac chuong trinh tng dung (goi
chung la XML Parser) phai c¢6 cach di chuyén bén trong tai liéu d6, 1dy ra gia tri ctia thé
va thudc tinh theo yéu cau. XML Path Language, goi tat 1a XPath, 1a mot ngdn ngit
duoc thiét ké voi muc dich giap cho cac tng dung c6 thé di chuyén trén cac nat bén
trong ctia mot cay XML va truy xudt gid tri trén cac nat cua cay nay. XPath déng mot
vai tro quan trong trong viéc trao doi dit liéu gitta cac may tinh hay gitta cac chwong
trinh tng dung vi né cho phép lwa chon hay sang loc ra nhitng thong tin can thiét dé
trao d6i hay hién thi. XPath xem mdi tai liéu XML 1a mot cay voi thé goc la nut goc
cung voi 7 loai nut khac nhau, do la: element, attribute, text, namespace, processing-
instruction, comment, and document (root). Chung ta cé thé sit dung biéu thitc duong
dan ctaa XPath d€ chi dinh duong di dén vi tri mot nut nao trén XML Tree hodc tra vé
mot hay nhiéu nit thoa man diéu kién yéu cau.

2.2.2 XQuery

XQuery 1a mot ngdn ngir d€ truy van dit liu XML. C6 thé néi rang, XQuery
truy van di liéu XML giong nhuw SQL truy van d@ liéu quan hé. XQuery dwoc xay
dung trén biéu thitcc duong dan XPath va duoc hau hét cc hé thong co so di liéu hd
tro. XQuery cho phép st dung cac biéu thirc duong dan XPath dé trich xudt di lidu tie
tai liéu XML. D@ liéu d6 c6 thé 1a mot gia tri hodc la mot cau trac cay con cua cay XML
gbc. XQuery st dung cac biéu thiic duwong dan XPath, lién quan dén cac tir khéa
FLWOR (For, Let, Where, Order by va Return), d€ tach va 1ay dit liéu tir cay XML trong
hau hét cac truong hop [1]. Cau tric nglr phap cta ngdn nglt XQuery dwa trén cdu truc
cay cua chinh tai liéu XML. Ngoai ra, XQuery c6 thé duoc st dung dé€ trich loc thong
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tin d€ st dung trong cac Web Service, tao ra cac bdo cdo tom tat, chuyén d6i mot tai
liéu XML thanh mot tai liéu HTML va tim kiém tai liéu Web cho thong tin lién quan.

XPath va XQuery gidong nhau vé mot s6 mat. Tham chi XPath 1a mot phan tron
ven ctia XQuery. Ca hai ngdn ngit cho phép chon nhitng mau dit lidu tir mot tai lidu
XML hoac mot kho luu trix tai liéu XML. Trong truy van di liéu XPath mang lai su don
gian con XQuery cung cdp thém sttc manh va tinh linh hoat.

3. TRUY VAN DU LIEU XML TREN NEN TANG HADOOP VA MAPREDUCE
3.1 Hadoop va XML

C6 ba phuong phap chinh trong moi treong phan tan dé thuc hién viéc phan
phoi dit liéu dén cac nut cua hé thong mang: thir nhit, cach ti€p can tap trung véi nut
chinh chiu trach nhiém diéu phoi cac nat con cua mang; thit hai, cach ti€p can phi tap
trung, trong treong hop nay tat ca cac ndt cia mang déu binh dang nhu nhau va chiu
trach nhiém chuyén tiép cac yéu cau ctia hé thdng; va cach tiép can thir ba, két hop voi
hai phwong phép trudc, nghia 13, trong hé thdng cé nhiéu mang con, mdi mang con
duoc diéu phdi boi mot nut chinh; cac nut chinh nay duoc két néi voi mot mang peer
to-peer. Mdi cach tiép can déu c6 diém manh va diém yéu riéng, tuy thudc vao kién
trtic mang hién c6 d€ sit dung phuong phap nao cho thich hop.

O day Hadoop MapReduce bao gom hé théng tap tin phan tan (HDFS) chiu
trach nhiém phan phéi dir liéu thong qua mot nat chinh dén cac nat div liéu. Nt chinh
nay chiu trdch nhiém diéu phéi cac yéu cau va quan ly tai nguyén trén mdi nut dit liéu.
Hon ntra, ntt chinh khong chiu trach nhiém vé chuyén da liéu dén cac nut di liéu ti
mot may khach. Nhiém vu ctia né la xac dinh vi tri cac nut dit liéu cé trach nhiém va
cung cap vi tri nat dit liéu cho chwong trinh khach HDFS. Sau d6 chuong trinh khach
sé phan phoi dit liéu dén cho cac nut di liéu. Nhu vay, nat chinh chi chiu trach nhiém
diéu phoi cac yéu cau, quan ly tinh kha dung ctia bd nhé va dé luu trir anh chup nhanh
trong truedong hop 16i chinh. Trong treong hop ntt chinh gép sw ¢§ thi mot ntt chinh
méi sé dugc khoi tao voi dir liéu tir cac anh chup nhanh cudi cung. Theo méc dinh, dir
liéu phéan tan duoc t6 chirc theo kich thuwde khoi 1la 64 MB. MapReduce chiu trach
nhiém thuc hién tinh toan song song trén mot s6 nut dit liéu c6 chtra di liéu duoc
phan phdi. Ham map nhan cac ban ghi ti nut di liéu dwdi dang cac cdp khoa/gia tri va
két qua tinh toan duoc viét dudi dang két qua trung gian cho dau ra va dwgc phan
phoi va nhan rong thong qua HDFS. Ham reduce nhan tat ca cac két qua trung gian
duoc lién két véi mot khoa va thuc hién tong hop két qua, duoc ghi vao dau ra cudi
cung dong thoi dugce phan tan va nhan ban nhue mong mudén. Hinh anh dwéi day mo ta
qua trinh ban luén ¢ trén.
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Job Client Map/Reduce
Data block [] function
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Data Nodes Task Trackers

4

Phase 1 Phase 2

Hinh 2.4: Phase 1: Cac tép dau vao XML, qua HDFS, sé duoc phan tan dén cac nut di liéu.
Phase 2: Gop cac tép XML duoc phan tan vao CSDL XML.

Trong phase 1, cac tap tin dau vao XML sé duoc phan tan dén cac nut di liéu.
NameNode chiu trach nhiém dinh vi cac khdi ranh roi trén cac nut dit liéu va glri cac vi
tri khoi dén ntt khach hang, dwoc gan nhan bang cac mii tén 1 va 2. Sau d6, Client
Node sé ghi dau vao ctia né dén NameNode tuwong tng, duwoc mé ta nhuw mai tén 3.
Cu6i cung, khéi dwoc ghi sé duoc nhan ban thong qua Data Node, xem mdii tén 4.

Trong phase 2, MapReduce duoc khoi dong cho mdi tép dau vao. Mbi Client
Node gti yéu cau MapReduce ctia minh dén bd theo doi cong viéc Job Tracker, xem
mdi tén 1, Job Tracker dinh vi vi tri dit liéu trong HDFS, noi ma két qua ctia ham map
va reduce dwoc luu trix.

O day chung ta tap trung vao truy van dit liéu ban ciu truc XML, dic biét véi
mdi tap tin XML trong mot co sé dir liéu XML Viéc phan manh mot s6 lugng 16n cac
tap tin XML bao gom céc tap tin XML c6 kich thudc nho duoc thuc hién twong tu nhw
viéc phan manh ngang trong co so dit liéu quan hé. Vi vay cac ky thuat phan manh
quan hé déu duoc ap dung cho truong hop nay. Hinh 2.5 ¢ dudi cho ching ta thdy
réng viéc phan tan tap cac tap tin XML dén cac Data Nodes dugc thyce hién bdi mot
Master Node (hinh a). Sau d6, tai mdi Client Node bd phan truy van phan tan (Query
Distributer) sé thuc hién tim kiém thong tin theo yéu cau va luu trit trén cac Data
Node. twong tng (hinh b).
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Hinh 2.5. a) Phan tan cac tép XML qua Master Node

b) Truy van d liéu trén cac tép XML con

4. KET LUAN

Viéc xtr ly dir liéu ¢6 cdu truc trén nén tang Hadoop MapReduce da duoc tng

dung trong thuc t€ trén cac tap tin di liéu 16n (BigData). D&i v6i dit liéu ban cdu truc

nhu céc tai liu XML thi chiing ta lai gép rac r8i vé van dé phan manh di liéu. Tuy

nhién, néu chuyén mot tai liu XML sang mot cay phan cdp XML thi viéc phan manh

quan hé c6 thé thiee hién twong duong véi viéc phan cay XML thanh cac cay con va cac

nhanh dé€ cac trinh phan tich XML hoat tac trén cac cay con va nhanh nay.
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Xir ly div liéu ban ciu triic trén moi trieong Hadoop

PROCESSING SEMI-STRUCTURED DATA ON HADOOP ENVIRONMENT

Nguyen Mau Han
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ABSTRACT

Semi-structured data is usually represented in XML format. Existing database
management systems are capable of effectively organizing, storing, and processing
semi-structured data, but their limits become apparent when applied to enormous
data volumes. When vast volumes of data are stored in secondary memory
without an appropriate index, the execution time of complex queries will increase
dramatically. Currently, Hadoop with the MapReduce model effectively manages
structured data with enormous file sizes and fast processing time. However, semi-
structured data such as XML is rarely discussed. In this paper, we propose a semi-
structured data processing model on the Hadoop platform using the MapReduce
tool. In addition, we propose a semi-structured data processing model on the
Hadoop platform with the MapReduce tool by converting XML documents into
XML Tree hierarchies.

Keywords: Hadoop, MapReduce, semi-structured data, XML.
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