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XU LY DU LIEU LON DUNG Hadoop va Map Reduce
Aditya B. Patel, Manashvi Birla, Ushma Nair

Téng quan: Ngay nay, quy md cua co so dir liéu duoc
st dung trong cac doanh nghiép di ting theo cap sb
nhan. Bong thai, nhu cau xir Iy va phan tich mot khoi
luong dir lidu 16n gitp doanh nghiép dua ra quyét dinh
cling ting 1én. Trong mot s6 wng dung thudc linh vuc
kinh doanh va nghiéu ciru khoa hoc, can phan xt ly hang
terabyte dir lieu mét cach hiéu qua. Diéu nay di nay sinh
van dé vé dir lieu Ion ma nganh cong nghigp phai ddi
mit do hé théng co so dit liéu thong thuong khong co
kha ning dap ung ciing nhu cac cong cu phan mém dé
quan ly hoac xir ly cac tap dir liéu I6n trong gidi han cho
phép. Viéc xir ly dir liéu bao gdbm céc hoat dong khac
nhau 12 tdy vao cach thuc sir dung nhu : Loai bo, gan
the, 1am ndi bat, 1ap chi muc, tim kiém, nhan dién khudn
mit, v..v... Tir d6 khong thé diing mot hodc mot vai may
tinh dé luu trit hoac xu ly khéi dir liéu khong 16 nay
trong mot khoang thoi gian qui dinh. Bai viét nay cong
b cong viéc thir nghiém vé dir liéu 16n va giai phap tdi
ru cua né bang cach sir dung Hadoop cluster, hé théng
tap tin phan tdn Hadoop(HDFS) ding dé luu trit va xt ly
song song dé tir do xtr ly tap dir liéu 16n dung trén nén
tang v6i cé ché Map Reduce. Viéc trién khai trén mau
Hadoop cluster, HDFS luu trit va xt ly tap di liéu I6n
bang cach xem xét dwa trén mau kich ban wng dung di
liéu Io6n. Cac két qua thu duoc tir nhitng thir nghiém cho
ra nhitng két qua kha quan nho tiép can Hadoop cluster
dé giai quyét van dé dir lisu lon.

I. GIOI THIEU

Trong thoi dai tin hoc dién tur ngay nay, ngay cang nhiéu
t6 chuc dang phai déi mat véi van dé bung né dir liéu va
quy md cua co s¢ dir li¢u duoc st dung trong cac doanh
nghiép ngay nay da tang 1én theo cap s nhan. Dir liéu
duoc tao théng qua nhidu ngudn nhu qua trinh kinh
doanh, giao dich, trang web mang x& hi, may chu web,
V.V. Va no ton tai & dang cau triic ciing nhu khong co céu
trdc [1]. c&c ung dung kinh doanh ngay nay dang cé cac
tinh nang doanh nghiép nhu quy mé 1én, sir dung nhiéu
dir liéu, dinh huéng web va dugc truy cap tir cc thiét bi
khac nhau bao gom ca thiét bi di dong. Xir ly hoic phan
tich luong dir liéu khdng 16 hodc trich xuat thong tin c6 y
nghia 1a mot nhiém vu day théach thuc.

1. BIG DATA

Thuat ngir "Big Data" dugc sir dung cho cac tap di liéu
I6n c6 kich thudc vuot kha nang ctia nhitng cong cu
phan mém thuong duoc sir dung dé capture, manage va
xu ly dir liéu trong khoang thoi gian khd nhanh. Kich
thudc dir liéu 1on 12 muc tiéu thay ddi lién tyc va hién
dang dao dong tir vai chuc terabyte dén nhiéu petabyte
dix liéu trong mot tap dir lieu. Nhitng thach thuc gap
phai gdom capture, luu trir, tim kiém, chia s¢, phan tich
va truc quan héa. Mot s6 vi du dién hinh cua Big data
hién nay duoc thu thap tir cc ngudn web logs, dit ligu
duoc tao bang RFID, mang cam bién, dir liéu vé tinh va
khong gian dia ly, dit liéu tir mang xa hoi, van ban va tai
liéu tr Internet, cc keyword tur Internet, ghi nhan chi

tiét cudc goi, nganh thién van hoc, khoa hoc khi quyén ,
nghién ciru vé cau tric, chirc nang va sy phat trién cua
b6 gen, linh vuc hda sinh, sinh hoc, va nghién ctiru khoa
hoc phirc tap ¢6 lién hé voi mot s6 linh vuc khac nhu
giam sét quan sy, ho so' y té, nhiép anh, luu tri video va
thuong mai dién tir voi quy mé 16n. Cac tac dong cua
Big data ma cu thé la Walmart phai xir 1y hon 1 tri¢u
giao dich khach hang méi gio, hang triéu khach hang
d6 dugc imported vao co s6 dit liéu wéc tinh hon 2,5
petabyte dir liéu - tuong dwong voi 167 lan thong tin
chtra tat ca cac cudn sach trong Thu vién Quéc hoi Hoa
Ky va ban than Facebook ciing xir Iy khoan 40 ty buc
anh tr ngudi dung cta ho.

A. Vdn dé Big data la gi ?

Dix liéu 16n da hién hitu boi vi chung ta dang song trong
mot xa héi ma con ngudi tao nén sy gia tang do sir dung
nhiéu cong nghé co lién quan dén dit lieu. Mot tinh ning
hién tai cua dir liéu 16n 1a gap kho khan khi lam viéc vai
co s dir liéu quan hé va cac géi thdng ké / truc quan
hoa tir may tinh dé ban, thay vi doi hoi "phan mém xi ly
song song trén hang chuc, hang trim hodc tham chi
hang nghin may chu". Nhirng thach thac khac nhau phai
d6i mat trong quan Iy di liéu 16n ciing bao gom - kha
nang mo rong, di liéu phi cau trac, kha nang truy cap,
phan tich thoi gian thuc, kha nang chiu 13i va nhiéu hon
thé nira. Ngoai cac bién thé vé luong dit liéu duoc luu
trit trong céac sector khac nhau nhu cac dang dir liéu
video, hinh anh, &m thanh hoac thong tin van ban / dang
s6 c6 nén ma hda hay khong ciing c6 sy khac biét rd rét
tir cac linh vuc v6i nhau.

B. Ky thugt va céng nghé trong Big data

Big data can nhitng cong nghé dic thu dé xu ly luong
I6n dir lieu mét cach hiéu qua trong thoi gian chip nhan
dugc. Nhitng cong nghé dang dwoc &p dung cho Bisg
data gdm co s& dir liéu xir Iy song song (MPP), khai thac
dir liéu qua gids, hé thdng tap tin phén tan, co so dit lidu
phan tan, nén tang dién toan dam may, Internet va nhirng
hé thong luu trit mé rong. Viéc diéu phdi thdng tin theo
thoi gian thuc 1a mét trong nhitng dac tinh cta phén tich
dir ligu I6n. Do tré do do c6 thé dugc tranh bat ct khi
nao . Mot loat céc ky thuat Ian cong nghé phét trién va
diéu chinh nham tong hop, thao tac, phan tich va truc
quan hoa dit liéu I6n [2]. Nhiing k§y thuat 1An cong nghé
nay c6 dugc tir mot s6 linh vuc nhu thdng ké, khoa hoc
may tinh, toan hoc @ng dung va kinh té. Piéu nay co
nghia khi ndo mét té chire c6 du dinh ldy dir liéu tir Big
data phai 4p dung céch tiép can mét cach linh hoat, da
linh vuc.

C. Hadoop
Dy &n Apache Hadoop phat trién dya trén phan mém ma

nguon mé cho h¢ thong tinh toan phan tan, c6 do tin cay
va c6 thé ma rong. Thu vién phan mém Apache Hadoop
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1a mot framework cho phép xir ly phan tan céc tap di
liéu lon trén cac cum may tinh bang mot mé hinh lap
trinh don gian. N& cho phép céc ung dung hoat dong vai
hang ngan may tinh doc lap tinh toan véi hang petabyte
dir liéu. Hadoop dwoc phat trién tir MapReduce va GFS
cua Google.

D- HDFS (Hadoop Distributed File System) [5]

Hadoop Distributed File System (HDFS) la mot h¢
thong tép phan tan cung cap kha ning chiu 15i va dugc
thlet ké dé chay trén phan cing co ban. HDFS cung cap
quyén truy cap thdng leong cao vao dit liéu tng dung va
phu hgp véi cac ing dung c6 tap dir liéu I6n. Hadoop
cung cap mot hé théng tép phan tan (HDFS) c6 thé luu
trit di liéu trén hang ngan may véi ¥ nghia 14 n6 thyc
hién cbng viéc Map/Reduce trén nhitng node d6. HDFS
c6 kién trac master/sliver. Dix lidu I6n duoc ty dong cat
ra thanh cac khdi va dwoc quan ly bai cac node khéc
nhau trong hadoop cluster.

Large amount of input data...

Data loading step

Node 1 Node 2 Node 3
Slice of Slice of Slice of
input input input

Hinh 1: Di liéu dwoc phén bé trén cac node

A. Nén ting chwong trinh MapReduce [6]

MapReduce la nén tang phan mém dugc Google gidi
thiéu vao nam 2004 nham hd tro tinh toan phan tan trén
cac tap dit liéu I6n trén cac cum may tinh ¢ ndi mang.
MapReduce 13 mot mé hinh lap trinh dé xu ly va tao cac
tap dir liéu 16n. Nguoi dung chi dinh mot ham map xa ly
cip key/value dé tao cap key/ value trung gian va ham
reduce gébm nhom tat ca cac gié tri trung gian c6 cling
key.

Buéc ""Map'': Node chinh nhan dit liéu du vao, chia
nho va diéu phdi dén cac node worker. Node worker
thuc hién lai 1an luot viéc diéu phdi nay nham hinh thanh
c4u tric cAy phan cap. Node worker xir ly phan dit liéu
dugc chi dinh sau d6 phan hdi lai vi Master node. Phan
viéc ciia Map 1a lay cap key/value ¢ dir liéu dau vao, xir
ly tra vé két qua 1a mot list & dau ra :

Map (kl1, vl) — list (K2, v2)

Buéc "Reduce’: Trong budc niy, Master node ghi
nhan tat ca cac phan hdi va tong hop dé lam két qua
dau ra, ké tiép ham reduce lan luot xir Iy song song
trén mdi nhom dé gdm céc gid tri trong cung nhém.

Reduce (K2, list (v2)) — list (v3)

Node 1 Node 2 Node 3
Pre-loaded local
9?9@??9 QWQF WW
Mappmg process Mappnng process Mappmg process

Intermediate data
from mappers

o | | 60000 | | 000

Values exchanged
by shuffle process

Node 1 Node 2 Node 3

T

Reducing process
generates outputs

| Reducing process 1 Reducing process Reducmg process

s | mE || .|| .

Outputs stored
Hinh 2: Distributed Map and Reduce processes
[1I-KIEN TRUC HE THONG

Kién tric hé thdng ciing dong nghia véi kién truc hadoop
vi n6 duoc trién khai trong mot cluster c6 nhiéu node va
cdng viéc cai dat HDFS Ian trién khai MapReduce nham
giai quyét van dé phuc tap cua dit liéu.

A. Kién tric HDFS [6]

Nhu miéu ta trong Hinh 3, mot cum HDFS gém mot
NameNode duy nhit, mot master server quan ly mot
file namespace va quy dinh cach ma client truy cap tap
tin. Ngoai ra, trong sé6 DataNodes, thudong thi mdi
node tu quan ly viéc luu trir. Hé thong HDFS dua ra
mot file namespace va cho phép dir liéu nguoi ding
dugc Iuu trit thanh cac tép. Trong d6, mot tép duoc
chia thanh mét hodc nhiéu block va céc block dugc
luu trilr trong mot ddy DataNode. NameNode dam
nhiém map céc block téi cdc DataNodes. HDFS ciing
duoc thiét ké dé luu trir véi sé luong rat I6n cac tap tin
dang tin cay trén mot cluster 16n gdm nhiéu may. N6
lwu trix tap tin thanh mot day cac khoi.

B-Kién triic phin cap Hadoop cluster
Hadoop cluster gdm mot master va nhiéu slaver hay con

goi la cac "worker nodes”. Trong khi JobTracker la dich
vu trong Hadoop cung cap céc tac vu MapReduce cho



cac nut dugc chi dinh trong cluster, ly tuong la cac
node co chira dir liéu hodc it nhat thi ¢6 cung rack.

/home/foo/data, 3, ...

Namenode

Metadata (Name, replicas, ...):

Metadata ops M

Read Datanodes Datanodes

J | \
RN = = Replication BB B
gl

o ([ Blocks

— —

Rack 1 Wite Rack 2

Hinh 3: Kién tric HDFS

Tasktracker 1a mét node trong cluster nhan nhirng nhiém
vu va thuc thi cong viéc Map, Reduce va Shuffle tir
Jobtracker. Trong khi master node gdm JobTracker,
TaskTracker, NameNode va DataNode. Mét slave hay
worker hoat dong vai vai tro vira la DataNode vira la
TaskTracker. Trong mét cluster I6n nhu vay, hé théng
HDFS duoc quan ly thong qua NamdeNode server bing
cac hé thong tap tin chi muc, nhdm ngan chan viéc xay
ra su ¢4 va mat dir liéu thi NamdeNode secondary s&
chup lai mét ban du phong cho NameNode master.

Hadoop Client
Contacts Name Node for data

or Job Tracker to submit jobs

Name Node
Maintains mapping of file blocks
to data node slaves

Job Tracker
Schedules jobs across
task tracker slaves

Data Node b " Task Tracker
Stores and serves Runs tasks (work units)
blocks of data within a job

Share Physical Node

Figure 4: Kién truc phan cip Hadoop+
IV.THUC NGHIEM CAI DAT
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Dé thuc nghiém véi Big data, viéc trién khai Hadoop
dugc sir dung 4 nodes va hé thng luu trir tap tin
(HDFS). Bé hudng dén mot cluster nhiéu node, thi trudc
tién mot node cluster phai duoc ciu hinh va kiém tra.
Hadoop ¢ rat nhiéu tham s6 cau hinh dugc mo ta ¢ day,
nhung muc dich quan trong nhat d6 1a nhiing tac vu Map
va Reduce dugc phép chay trén mdi node. Chiing toi da
céu hinh trong cluster tir 4 dén 8 tac vu trén mdi server.
Mbi khi chuong trinh Map/Reduce dugc thyc thi thi nd
duoc chia thanh nhiing tdc vu map ky hiéu la M, con
nhirng tac vu Reduce goi 1a R. Dir liéu vao/ra cho moi
Ian thyc thi Map/Reduce duoc luu trén HDFS, trong khi
dir liéu vao/ra song song dua trén co ché stack dugc luu
truc tiép trén nhiing dia luu trir cuc bd. Mot node duoc
cau hinh gitr vai trd Master node trong khi nhitng node
con lai dugc cau hinh gitr vai trd 1a nhitng slave node.
Master node chay ngim mot "master” daemons:
DataNode ¢ tang HDFS trong khi TaskTracker thudc
tang xir Iy MapReduce. Master node ciing dugc ding
nhu mot slave node dé ting qua trinh xir Iy cac node.
Phan mém dé sir dung lam master va slave node l1a Sun
Java phién ban 1.6, Ubuntu Linux 10.04 LTS and
hadoop phién béan 1.0.3.

master slave
task task
tracker tracker
- J—
MapReduce job
layer tracker

HDFS name
layer node
T ——

data data
node node

multi-node cluster
Hinh 5: Trién khai cum Hadoop nhiéu node

V-THUC NGHIEM VA CAC KET QUA PAT PUGC

Thuc nghiém dau tién la xir Iy tir dang text bang céch
dém sb luong tir xuit hién trong nhitng tai liéu cé kich
thudc 16n. Ham map s& cit moi tap tin tai liéu thanh
nhiéu tir va cho ra cung vé6i nhau tng véi mai tir c6 gia
tri "1". Vi thé cac record dau ra c6 dang (word,1).
MapReduce gdm nhém cac record c6 cung gia tri (i.e,



word) va chuyén qua ham reduce. Ham reduce tinh tong
Cé&c gia tri dau vao va xuat ra tir va tong so tir c6 trong
cac tai liéu.

A- Ung dung xi ly dang Text

Hinh 6: Map Reduce dém sé tir
1) Thuc nghiém véi viéc tang s6 node
Data set : kich thudc dugce sir dung = 100 Mb

how woodchuck, 1 woodchuck, 2 |
much woodchuck, 1 - chuck,2 |
wood . = wood, 2
would b B how, 1
a § chuck, 1 1:5;
woodchuck 2 chuck, 1 =
chuck § ‘3
] 5 :
a 5 wood, 1 g
woodchuck g wood, 1 s
could 2
chuck e
wood how, 1
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Hi’nh 7: Thoi gian thyc hién khi tang s6 node )
Keét qua trén cho thay thoi gian thuc thi giam khi tang s6
node trong Hadoop cluster.

2-Thuec hién Véi viée tang tdp dir liéu va sé heong node
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Hinh 8: Thuc gian thuc thi v6i viéc tang tap dix liéu va
node

Két qua trén cho thay thoi gian thuc thi giam khi tang sd
node trong Hadoop cluster.

B-Phdn tich dir liéu cua tran dong dat

Trong thi nghiém th{r hai, chung t6i d4 phan tich di liéu
tran dong dat da cong bd bai Co quan Khao sat Dia chat
Hoa Ky (USGS). Dit liéu dong dat c6 sin ¢ dang tép
dinh dang CSV (cac gi tri ghi nhan phan cach bang dau
phiy) dugc xudt ban theo dinh ky. Viéc phan tich dir
lidu tran dong dit cung cip cau tra 16i cho vi tri, noi xay
ra tran dong dét, sb luong tran dong dét vao ngay cu thé.
1) Thuee nghiém véi viée tang sé lwong node

Tap dit lidu — 7: Ngay bao cdo tran dong dit cua co

quan Khao sat dia chat Hoa Ky
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Hinh 9: Phan tich tran dong dat — S lugng node va
thoi gian thuc hién

2)Thuc hién voi viéc tang tap dir liéu va 56 lwong node
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Hinh 10: Phén tich dong d4t — S6 ngay béo céo vs thoi
gian thuc hién

Két qua thir nghiém & trén chi ra rang Hadoop cluster c6




thé mo rong dé hd tro tap dir lidu téng 1én va mat it thoi
gian thuc hién hon véi tang s6 lugng node.

VI-KET LUAN VA THUC NGHIEM TRONG TUONG
LAI

Trong thi nghiém nay, chung t6i da kham pha giai phap
cho vin @& dir liéu 16n bang cach st dung dir liéu
Hadoop cluster, cling véi cac tinh hudng tng dung mau
dir liéu 16n vao HDFS va nén tang lap tinh Map Reduce.
Céc két qua thu dugc tir nhitng 1an thi nghiém khéac nhau
cho két qua kha quan tir phuong phiap dé cap o trén
nham giai quyét van d¢ dir liéu Ion. Trong tuong lai, thi
nghiém sé& tap trung vao danh gia hiéu suat, mod hinh hoa
nhitng Gng dung dua trén nén ting ddm may nhu
Amazon Elastic Compute Cloud (EC2).
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