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ABSTRACT

Today, we are living in the information age in which the information is
explosive growth in exponent rate. Some leading company in information
technology as Google, Yahoo, Amazon, Microsoft, Facebook, Twitter, etc. have
challenged with huge amount of data. This growth has demanded new strategies
for processing and analyzing data. Cloud computing has been developed and
Hadoop-MapReduce has become a powerful computation model addressing
these problems. This model provides a programming framework for text
processing applications that have ability to process quickly a large amount of
data due to the parallel in a large computer cluster. This article provides an
overview of large data processing problem on cloud computing platforms, such
as architecture and components of Hadoop, HDFS (Hadoop Distributed File
System), MapReduce model and its various applications.

TOM TAT

Ngay nay, chung ta dang song trong thoi dai thong tin, voi su tang truong bing
né thong tin theo cdp s6 nhdn. Nhitng cong ty hang dau vé cong nghé thong tin
nhw Google, Yahoo, Amazon, Microsoft, Facebook, Twitter... doi mdt véi mét
khéi lwong dit liéu khong 16. Sw tang trieéng nay doi héi cdc chién luoc moi aé
xit Iy va phdn tich dit liéu. Dién toan dam mdy dwoc phat trién va Hadoop-
MapReduce dang la mt mé hinh tinh todn manh mé dé gidi quyét cho nhitng
van dé nay. Mé hinh ndy dwa ra mét khung Idp trinh cho cdc vmg dung xir li vin
ban c6 kha nang xit Ii nhanh chong mot lwong [on dit lieu nho vao sy song song
trong mot cum lon may tinh. Bal viét nay cung cap mot cdi nhin tong quan vé
van dé xir Ii dit liéu 1om trén nén tang tinh toan dam mady, nhw la, kién tric va
thanh phan ciia Hadoop, HDFS (Hadoop distributed File System), M6 hinh
MapReduce va cac ung dung khac nhau cia no.

1 GIOI THIEU

tac vdi nha cung cap toi thieu. Dién toan dam may
d6i khi con duoc coi la thé hé internet mdi. Tu

Theo dinh nghia cia NIST(National Institute
of Standards and Technology), dién toan dam may
la m6t mé hinh cho phép thuan tién, truy cép
mang theo yéu cau dén mot noi chira cac nguon
tai nguyén tinh toan c6 thé chia sé¢ va cdu hinh
duoc (vi dy: mang, may chu, luu trir, ing dung va
dich vu), & d6 ching c6 the duogc cung cap va phat
hanh nhanh chéng véi nd luc quan 1y hoic twong
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dién mo Wikipedia dinh nghia: “Pién toan dam
may la viéc st dung cac tai nguyén may tinh
(phdn clg va phan mém) c6 san tir xa va truy cap
duoc qua mang (thuong la Internet)”. Pi€n toan
dam may cung cdp 3 mo hinh dich vu co ban: dich
vu phan cimg (TaaS), dich vu ha tang (PaaS) va
dich vu phﬁn mém (SaaS). Voi mot sé dic trung
chinh : thué bao theo yéu clu, nhiéu thué bao,
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dung bao nhiéu tra bdy nhiéu. Vé mit k¥ thuat,
dam may 1a mot tdp hop tai nguyén tinh toan rong
16n va cung cap cac dich vy nhu da ndi trén.

Vé mit lich str, John McCarthy tir ndm 1960
d3 dy doan ring "mot ngdy nao d6 tinh toan co
thé 1a mot dich vu cong cong”. Pién toan dam
may hién thuc ra doi nho vao sy phat trién cua céac
cong ty 16n nhu Google, Amazon véi cac trung
tam dir li€u khéng 16 két ndi b?mg mang va
Internet. Pién toan dam may co6 1€ khong phai dé
phat trién riéng cho xu i dit li¢u 16n nhung no 1a
mot cong nghé mai dﬁy hira hen cho bai toan dir
liéu 16n. Trong 151 din ciia Hoi thao qubc té vé
dién toan dam may va dir li€u lén nam 2012
(http://www.cloudserviceresearch.com/bdc2012/)
¢ doan viét “Gan day, dién toan dam may di ndi
[én nhu mot cong nghé déy htra hen dbi véi viée
xu ly dir liéu 16m.”

Khai niém dir li€u 16n (big data) chua c6 mot
dinh nghia théng nhit nhung n6 am chi cac tap dir
lidu c6 dung lugng rat 16n ma don vi do thudng 1a
& terabyte tré 1én. Theo tu dién mé Wikipedia,
dir liéu lon thong thuong 1a cac tap dir liéu ma
kich c& cta n6 vugt qua kha nang thu thap, quan
ly va xir li trong thoi gian chip nhan duoc. Vi
vay, khai niém dir li€u 16n khong chi la cac tap dir
liu 16n vé dung luong ma con bao ham ca vé
cong nghé luu trir, tinh toan, tim kiém trén do. Vi
du, HP cho rang: “doanh nghi¢p dang chim trong
thong tin - c6 qua nhiéu dir liéu ma khong c6 cach
hidu qua dé xur li nd. Pam méy cia HP 1a dam
may c6 tinh co gidn dugc, cung cép nén tang luu
trlt va 1ap chi muc cho tdp dir li€u hang tram
petabyte va c6 thé truy vin dwgc hau nhu tic
thoi” (https://www.hpcloud.com/solution/big-
data-hp-cloud). Sach tring ctia IDG nim 2011
viét rang “ dir lidu 16n dang 1a thach thirc khong
ngung gia tang ma cac t6 chuc phai dbi mat khi
ho gip cic ngudn dir liéu hay thong tin ting 1én
rat nhanh”. Lam sao dé c6 thé luu trit va xtr 1i mot
khéi luwgng dir liéu 16n va ngay cang 16n hon theo
cAp sb nhan? Giai phap truyén thdng 1a mua phan
cung 16n hon (CPU, RAM, dia cing 16n). Giai
phép nay ngay cang kém hiéu qua, doi hoi dau tu
méi lién tuc. Mat khac, day 1a giai phap dbi dién
v6i bé tic vi dir lidu c6 dung lugng 16n hon kha
nang luu trir va xir 1i ca bat ky mot may tinh nao,
chang han nhu qui mé dit lidu ciia Google. Pién
toan dam mAay cung cip mot giai phap luu trix
trong cum may tinh cé kha nang co gian dugc va
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¢ thé xtr Ii dwoc. M6 hinh hién tai c6 thé xu Ii dir
liéu song song phan tan trong mdt cum 16n may
két nbi véi nhau do 1a anh xa - rat gon (Map -
Reduce). C6 thé Map - Reduce chang lién quan gi
dén dién toan dam may, nhung Hadoop 1a nén
tang cong nghé cho phep thlet 1ap cum may tinh,
che ddu moi ganh ning vé song song hay giao
tlep mang gitta cac may tinh nén no6 co6 thé coi 1a
mot giai phap dam may cho bai toan dit liéu 16n.
Giai phap nay dang dugc quan tAm vi tinh dé sir
dung, kha ning mo rong, d& chuyén doi va sao
Iuu dy phong.

Mo hinh MapReduce cung cap khung 1ap trinh
véi chirc nang chinh 1a xu 1y dit liéu theo chic
ning co ban: Anh xa (map) va rat gon (reduce).
Viéc anh xa dugc thyc hién cuc bd, song song
trén cac may tram khac nhau. Nguyén tic lam
vi€c: cac may tram thyc hién xur li cac khéi dix
lidu dau vao theo mot kich thude (¢ dinh) nao dé
va Xudt ra cac gia tri trung gian theo dang cip dix
liéu <khoda K, gia tri V>. Cac cdp nay tao thanh
mot tdp hop cac cap, khong cé thu tu va khoa
khong duy nhét. Tiép dén, tap cic cap nay sé
dugc rat gon thanh cap <K,V’> trong d6 khoa la
duy nhét.

Theo kién tric Hadoop, mé hinh MapReduce
duoc cai dat bao gém mdt bd theo ddi cong viée
(Job Tracker) hay con goi la chu (Master) va cac
b xtr li nhi¢m vu (Task Trackers hay Workers)
dé thuc thi mot cong viéc (Hadoop Job).

Job Tracker nhan nhi¢ém vu tor nguoi dung
(user) va phan chia thanh cic nhiém vu va chia
cho cac Task Tracker, kiém soat qua trinh thyc
hién cua cac Task Tracker. Sau khi cac Task
Tracker hoan thanh nhiém vu thi Job Tracker bao
c4o hoan thanh cong viéc. Mdi Task Tracker duoc
4n dinh truéc mot sb cac anh xa va rat gon (map
va reduce) dé chi ra kha nang xu i cua no tai mot
thoi diém. Mo hinh tinh toan ndy dwa trén hé
thong quan li tdp tin phan tan HDFS (Hadoop
Distributed File System), d6 1a hé thong tin cay va
kha nang chiu 18i cao nham quan li lwu trir va thuc
hién sao chép dir li€u dau vao, dau ra ciia mot
cong viéc Hadoop.

Cén luu ¥ rang nhitng gi ching ta n6i dén vé
dir liéu déu vao dau ra 1a trong ngit canh dit liéu
16n (Big data), vuot qua kha nang luu trir va xur li
ctia bt ky mot hé quan tri CSDL hay mot may
tinh don 1¢ nao. Dir liéu 16n ¢ thé co céu truc,
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ban cau triic hay phi cdu triic, thong thudng 1a phi
cau trac. DT li¢u do6 can c6 mot h¢ thong quan 1i
luu trit mai d6 1a HDFS.

2 HADOOP

Hadoop lam viéc trén nguyén tic xi li theo 16
dua trén mot cum may tinh goi la cac niif (nodes).
Céc nut dugc cung cip nén tang phuc vu cac hoat
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dong phan tich dit liéu 16n theo mo hinh anh xq-
riit gon (Map-reduce) cho dit liéu phi cdu tric trén
hé théng tap tin phan tan. Hadoop 13 nén tang
chinh déng gop cho thanh cong ciia b tim kiém
Yahoo. Hadoop bao gdm nhiéu thanh phan cung
cép chirc ning tinh toan song song va phan tan.
Kién trac tong quat ciia Hadoop duoc cho trong
Hinh 1.

Pig (Data Flow)

Hive (SQL) Hcatalog

MapReduce (Job Scheduling/Execution System)

Hinh 1: Kién tric cia Hadoop [1]

HBase (Key-Value store)

Zookeepr (Coordination)

HDFS
(Hadoop Distributed File System)

Loi (core) Hadoop: bao gdm mot tap hop cua
cac thanh phan va cac giao dién cung cap chirc
nang truy cép vao cac hé thong tap tin phén tan va
vao ra tong quat. Cac thanh phan cot 18i ciing
cung cp su t6i uu hoa dya vao phan nhom dia 1y
clia may chi nham giam thiéu luvu luong mang
gilia cac may chu trong cac cum tinh toan.

Hadoop-MapReduce: 1a mot m6 hinh 1ap trinh
va khung phét trién phan mém cho phép viét cac
ung dung nhanh chong xir Iy mét luwong 16n dir
liéu song song dua vao mdt cum lon cac may tinh
goi 13 cac nit tinh toan (node) dya trén kién trac
ctia nén tang Hadoop. MapReduce sir dung HDFS
dé truy cap vao cac khdi (phan doan tap tin) va
luu trit két qua rat gon.

Hé théng tdp tin phdn tan (Hadoop Distributed
File System-HDFS) 1a hé théng lwu trit chinh
duoc su dung boi cac ung dung Hadoop. HDFS,
nhu t€n goi cua no, mot hé thong tap tin phan tan
cung cip truy cap thong lugng cao vao dir liéu cua
mg dung, tao ra nhiéu ban sao cta khéi dit ligu va
phan phdi ching trén cac nut tinh toan trong mot
cum dé cho phép tinh toan song song, dang tin
cay va nhanh chong.

HBase: 1a mot co so dit liéu phan tan theo cot.
HBase st dung HDFS cho viéc luu trlt co ban cta
no. N6 anh xa dir liéu HDFS vao mdt co so dir
lidu co cdu triic giéng va cung cp cac giao dién
18p trinh dugc cho Java (Java API) truy cép vao
CSDL nay. N6 hd tro hang loat kiéu tinh toan st

58

dung cac truy van MapReduce va doc ngiu nhién.
HBase thuong dugc st dung trong Hadoop khi co
truy cap doc/ ghi ngau nhién, thdi gian thuc. Muc
tiéu ciia n6 1 luu trir cac bang rat 1on dang chay
trén cum thiét bi phan cing.

Pig: 1a ngbn ngtr xur 1i dong dir liéu. Apache
Pig la mot nén tang cho viéc phan tich dir liéu 16n
bao gdm modt ngdn ngir cap cao dé dién ta cac
chuong trinh phan tich di li¢u. Pac diém chinh
ctia chuong trinh Pig 14 c4u tric cia ching c6 thé
dugc song song hoa cho phép n6 xu ly cac tép
hop dit lidu rat lon, ¢ phap don gian. Cac tinh
nang xay dung san (built-in functionality) cung
cép mot mirc do triru truong dé cho  phat trién cac
cong viéc Hadoop nhanh hon va d& dang hon dé
viét hon so v&i MapReduce truyén thong.

Zookeeper: 1a mot céng cu cdu hinh cum
(cluster) va quan 1y su diy hoa (serialization) rat
hitu ich dé xay dung cac cum lén cic nut cua
Hadoop, dich vu hi¢u ning cao cho cac tng dung
phén tan. N6 tap trung vao cac dich vy nhu quan
li théng tin ciu hinh, dit tén, dong bo hoéa phan
tan cling va cac dich vy nhom.

Hive: 1a mot kho dir liéu co so ha tang duoc
xdy dyung trén Hadoop. Hive cung cap cac cong cu
dé cho phép tom tat dir liéu, truy van khong chuan
(ad-hoc) va phan tich cac bd dir liéu 16n dugc luu
trit trong cac tap tin Hadoop. N6 cung cip mot co
ché dé dinh cu trac cho loai dit liéu nay va cung
cAp mot ngdn ngit truy van don gian goi 1a Hive
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QL, dya trén SQL, cho phép ngudi sir dung quen
thudc véi SQL dé truy van dir liéu nay.

~ Chukwa: cong cu ma nguén mo, dugc st dung
dé quan li cic cum 16n may chu phén tan. No la
mdt hé théng thu thap dir liéu dé theo ddi cac hé
thong phan tan 16n. Chukwa bao gf")m mot bo
cong cu linh hoat va manh mé& cho hién thi, theo
ddi va phan tich két qua dé sir dung tSt nhat cac
di ligu thu thép dugc.

HCatalog: 1a mot 16p quan ly luu trit cho
Hadoop cho phép nguoi dung st dung voi cac
cong cu xu ly dir liéu khac nhau. Bang HCatalog
trinh bay cho ngudi ding mot khung nhin kiéu
quan hé cho dir li¢u trong hé théng tap tin phan
tan Hadoop (HDFS) va dam bao rang nguoi dung
khong can phai quan tdm vé noi luu trit hodc dinh
dang cuta dit liéu dugc luu trit.

3 HE THONG TAP TIN PHAN TAN (HDFS)

Mot cum may tinh cai dat hé thdng HDFS c6
hai loai nut: Nut tén (NameNode), hay con goi la
nut chu (master), va nut di¢ liéu (DataNodes), hay
con goi la nut to (worker). NameNode quén ly
khong gian tén hé thdng tap tin. N6 duy tri cay hé
thong tap tin va siéu dit liéu cho tat ca cac tap tin
va thu myc trong cdy. NameNode nhan biét cac
DataNode ma trén do tat ca cac khdi cho mot tap
tin dugc dat phan tan. Cac DataNode luu trit va
lay khéi khi n6 duoc goi (bdi nguoi dung hodc tir
nut chu). DataNode bdao cdo dinh ky cho cac
NameNode danh sach ciia khéi ma no dang luu
trir. NameNode quyét dinh vé sao luu dit liéu cta
1 khéi. Trong mot HDFS dién hinh, mdi khéi c6
kich thudc la 64MB va thuong duoc nhan lam 3
ban, ban thir hai sao dia cuc bd va ban thir ba &
trén dia tir xa dé phong ho.

Nguyén tac hoat dong: DPé doc mot tap tin
HDFS, céc tng dung tr may khach (client) chi
can sir dung mot ludng dau vao (nhu file input
stream trong Java) gidng nhu doc tp tin trong hé
théng tap tin cuc bd. Tuy nhién, vé xur i déng sau
hau truong, ludng dau vao nay duge xu 1i dé lay
dir liéu tir HDFS. Pau tién, NameNode lién lac dé
x4c dinh cho phép truy cap. Néu duoc phép truy
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cap, NameNode s& xac dinh danh sich cua khdi
HDFS chura tip tin va mét danh sach cac nut dir
liéu Iuu trit mdi khdi va tra vé cho may khach.
Tiép theo, may khach s& mé mot két ndi dén
DataNode "gan nhat" va yéu cau mot truy cép cac
khéi cu thé. Ké dén, cac khoi HDFS dugc tra vé
trén ciing mot két ndi va chung duoc dwa vao ung
dung. Pé ghi dir liéu HDFS, cac tng dung xem
cac tap tin HDFS nhu 12 mot ludng dau ra (output
stream). Tuy nhién, bén trong, dong dir li¢u, trude
hét, dwoc phén chia thanh cac khéi c6 kich thudc
HDFS (64MB ching han) va sau do lai chia thanh
cac goi nho hon (thudong 1a 64KB) dé xép hang
chd ghi. Viéc nay dugc mot tién trinh thuc hién
(thread). Mot tién trinh thtr hai thuc hién giai
phéng hang, phdi hgp véi cac NameNode dé gan
dinh danh (ID) cho khéi va phan phbi den cac
DataNode dé luu tri. Ngoai ra con mot tién trinh
thir ba quan 1y phan hoi tir cic NameNode rang
dit liéu da duoc ghi hoan tét.

4 MO HINH ANH XA - RUT GON (MAP-
REDUCE)

MapReduce 1a md hinh xu ly dit liéu (xem
Hinh 2) voi lap trinh song song dugc gidi thiéu
bdi Google. Trong md hinh nay, nguoi st dung
xay dung cac tinh toan qua hai chirc nang, anh xa
(map) va rat gon (reduce). Trong giai doan anh
xa, MapReduce 13y cac dir liéu déu vao va dua
cho bg dnh xg (Mapper). By anh xa thyc hién cai
gi la tuy theo cai dat cua ngudi lap trinh, tuy
nhién vé téng quan thi né loc va chuyen d6i dau
vao thanh mot cai gi do 13 san phim dé co thé
téng hop trong giai doan rut gon vé sau. Trong
giai doan rat gon, bg rut gon (Reducer) xt Iy cac
két qua diu ra tir mapper dé dua dén két qua cudi
cung. Cac thu vién co ban MapReduce hd tro tu
dong song song hoa tinh toan va xir ly cac vin dé
phirc tap nhu phén tan dir liéu, can bang tai va kha
ning chiu 15i, khic phuc 18i (fault tolerance).
Hadoop, nén tang cai dat MapReduce, nhim muc
dich dé song song hoa tinh toan trong cac cum 16n
may tinh. M6 hinh MapReduce co loi thé 1a dé
dang mé& rong quy mé xir 1y dit lidu trén nhiéu nit
tinh toan.
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Hinh 2: M6 hinh Map- Reduce [2]
m fork ..~ .., (1) fork
-~ (Mifork ™
@ _. (2)
assign assign X
d _-map reduce
- — =
‘ :
Splii 0 (6) write oulput
" file 0
split 1 2\ rend (4] local wrile
i Gy
split 3 v )
. > »| output
split 4 Ny file 1
-
-
Input Map Intermediate files Reduce Output

(on local disks)

phase hiles

Hinh 3: Ba vai tro chinh trong thwe hi¢n Map-Reduce [3]

5 LAP TRINH VOI MAP-REDUCE

Theo mé hinh MapReduce, co ban, cac ldp
trinh vién chi can viét hai chirc ning (hodc hai
ham): anh xa va rut gon. Chiic nang anh xa sé&
nhén dit liéu dau vao va sinh ra cac cap <khoa,
gia tri> trung gian dé dugc tiép tuc xtr 1y. Chirc
ning rat gon két hop tat ca cac cap khoa / gia tr1
trung gian, lién két theo khoa dé tao ra dau ra cudi

cung. V& mit logic chuong trinh s& ¢ ba vai tro
chinh: bg chi huy (master), bo dnh xa (mapper) va
bé rut gon (reducer). Vai tro cua bd chi huy la lap
ké hoach cong viéc, quan 1y cong viéc. Mo hinh
MapReduce dugc xdy dung trén mot hé théng tap
tin phan tan (HDFS) cung cép luu trit va truy cip
phan tan. Hinh 3 cho thiy qua trinh thuc hién cia
MapReduce qua hai giai doan: anh xa va rit gon.
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Dit liéu d4u vao dugc chia thanh mét tap hop
ciia cac khdi. Cac bd anh xa (mapper) doc cac
khdi va xir li song song trong giai doan 4nh xa.
M&i mapper s& xur 1y dit liéu bang cach phan tich
di liéu thanh céc cap <khoa, gia tri> va sau do tao
ra cac két qua trung gian duoc luu trir trong hé
thong tap tin cuc b. Két qua trung gian s& dugc
sap xép va két hop theo khoa: tat ca cac cip véi
cung khoa s€ dugc nhom lai voi nhau. Cac bd rut
gon (reducer) st dung phuong thic goi tir xa
(RPC) d& doc dir liéu tir cac mapper. Ngudi lap
trinh s& viét ma dé xac dinh cach thie rat gon, tirc
1a tinh toan két qua diu ra. Cudi cung, dau ra sé
duogc ghi vao cac tap tin trong hé thng phén tan.

MapReduce dugc thiét ké dé chiu dung 16i
(Fault tolerance), tirc 1a kha nang ty than khic
phuc 16i. Pay la tinh nang quan trong vi viéc xay
ra 16i trong mot hé thong phén tan gébm 5O luong
16n may tinh khong phai 1a hiém gap. Ldi co thé
xdy ra & may chu va may té (hay may lam vigc).
May chi s& do (ping) may t6, bao gdm bo anh xa
va bo rat gon, theo dinh ky. Néu khong c6 phan
mg tr may t& trong mot khoang thoi gian nhét
dinh, may t6 dwoc danh dau 1a hong. Nhiém vu
dang thyc thi va cac nhiém vu can duoc thuc hién
boi mapper hong s& dugc giao lai dé mapper khac
va thyc hién ngay tir dau. Néu bo rut gon hong thi
cong viée rit gon nao di hoan thanh khong can
phai dugc thuc hién lai béi vi Kkét qua da duogc luu
trlt trong hé théng tdp tin toan cuc, phan tan.
Truong hop 16i xay ra & may chu (chi c6 mét may
tinh duy nhit nén xac suit hong rat nho),
MapReduce s€ thyc hién lai toan bg cong viéc.

6 MOT Vi DU VE LAP TRINH MAP- REDUCE

Xét bai toan théng ké tan suit xuét hién cua
chc tir trong mot tap tin. Chung ta s& giai quyét
bai toan nay theo mo hinh lap trinh MapReduce.
Xin nhéc lai, MapReduce chi 1a mot cach, mot mo
hinh theo d6 phan chia mot nhiém vu 16n thanh
cac nhiém vu con roi rac, co thé duge thuc hién
song song.

Giai thuat giai quyét bai toan thong ké tan
sudt néi trén theo md hinh Mapreduce dugc mé ta
nhu sau:

— Dir liéu dau vao duoc phan chia thanh
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nhiing khéi nhé luu triv phén tan trong cum
may tinh.

— Déi v6i mdi khdi dit lieu dau vao, mot bo
anh xa (mapper) chay cho ra két qua dau ra 1a anh
xa mdi tir thanh cap <khoa, gia tri> trong d6 khoa
1a tir con gid tri 14 tAn sudt cta tir trong khéi. Cling
c6 thé don gian 1a <khoa, 1> trong d6 cac khoa cd
thé trung lai, khoa 1a mot tir trong khéi.

- Két qua diu ra cua tit ca cac bo anh xa
duoc sép Xép va két tap theo khoa riéng biét; mot
bd suu tdp dugce tao ra cé chira tat ca cac gia tri
tuong tmg tir dau ra cua cac mapper.

- Tiép theo, mdi bd suu tap dugc thuc hién
rat gon theo khoa dé tao ra cap <khoa, gia tri>
trong d6 khoa 1a tir con gia tri 1a tin suét cua tir d6
trong tap tin (tuc 1a trong tat ca cac khdi). bay
chinh 1a két qua cubi cing ciia hai budc dnh xa va
rit gon. Do ciing 1a két qua két tip mong mudn.

Loi ich ciia md hinh MapReduce ¢ déy 1a rat
rd rang. Lap trinh vién khong ban tdm t6i luu trir
vat ly phan tan cua tép tin trong HDFS. Chuong
trinh khong phu thudc vao cach luu trit phan tan.
Lap trinh vién ciing khong can phai quan tim toi
viéc tinh tai hay kha nang xu 1y cia cac ntt
(nodes). Tinh co gian cua chuong trinh 1a tuy dong
do chirc nang ciia Hadoop. Minh hoa phan chinh
ctia chuong trinh MapReduce, bao gdm mapper,
reducer va thu tuc chinh dugc trong hinh 4 trich tu
huéng dan ciia Hadoop [2].

Theo céu triic chuong trinh trong Hinh 4, b
anh xa dugc cai trong Mapper, n6é don gian la anh
xa mdi tir voi 1 (tirc 1a dém 1 cho mdi tir xudt
hi¢n) va sinh ra cap <zar, />. Cac cap nay s€ dugc
bd rat gon tong hop vé sau. O day, s& c6 mot sd
thé hién khac nhau ciia Mapper chay trén cac may
khac nhau trong cum may dé thyc hién song song
chwong trinh. Tuong tu nhu vdy, ciing s& ¢6 nhiéu
thé hién khac nhau cua bo rut gon (Reducer) chay
song song trén cac may t¢. Ching thyc hién viéc
tong hop (trong bai toan nay 1a tinh tong 1an xudt
hién) cac cap <ur, 1> dé cho ra cc cip <tlr, n>
v6i n 13 tAn suat cua tur. Cubi cung, cac bo rat gon
cho ra két qua cubi cung la cac cap <tr, n> va ghi
két qua ra tap tin xudt.
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Public static class MapClass extends MapReduceBase

implements Mapper<LongWritable, Text, Text, IntWritable> {
private final static IntWritable one = new IntWritable(1);
private Text word = new Text();

public void map(LongWritable key, Text value,
OutputCollector<Text, IntWritable> output,
Reporter reporter) throws IOException {

String line = value.toString();

StringTokenizer itr = new StringTokenizer(line);
while (itr.hasMoreTokens()) {
word.set(itr.nextToken());
output.collect(word, one);

}
}

/ sk
* A reducer class that just emits the sum of the input values.
*/
public static class Reduce extends MapReduceBase
implements Reducer<Text, IntWritable, Text, IntWritable> {
public void reduce(Text key, Iterator<IntWritable> values,
OutputCollector<Text, IntWritable> output,
Reporter reporter) throws IOException {
int sum = 0;
while (values.hasNext()) {
sum += values.next().get();

}

output.collect(key, new IntWritable(sum));

}

public void run(String inputPath, String outputPath) throws Exception {
JobConf conf = new JobConf(WordCount.class);
conf.setJobName("wordcount");

// the keys are words (strings)
conf.setOutputKeyClass(Text.class);

// the values are counts (ints)
conf.setOutputValueClass(IntWritable.class);

conf.setMapperClass(MapClass.class);
conf.setReducerClass(Reduce.class);

FileInputFormat.addInputPath(conf, new Path(inputPath));
FileOutputFormat.setOutputPath(conf, new Path(outputPath));
JobClient.runJob(conf);

Hinh 4: Trich code mapper, reducer va thi tuc chinh (main/driver) chwong trinh WordCount [2]
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Thanh phﬁn thtt 3 trong ma chuong trinh 1a
thi tuc diéu khién (driver), nhu 1a thu tuc chinh
(nhy ham main) didu khién chwong trinh. N6
khai bao va khoi tao mét cong viéc Hadoop
(Hadoop Job). Thiét lap cac duong dan vao, ra
chuong trinh dé truy cép cac tap tin va goi thuc
thi goéi cong viéc Hadoop, tirc 1a thyc hién chuong
trinh anh xa - rat gon. V& mat k¥ thuat, 101 goi
JobClient.runJob(conf) s¢ dua mdt goi cong viéc
(job) cho MapReduce va chd dén khi cong viéc
hoan tat.

Trén day la mé ta khai quat & muc cao qua
trinh thuc hién anh xa-rat gon, chi tiét hon vé
cach thirc hoat dong cua chuong trinh cai dat
bang Java trong Hadoop c6 thé tham khao trong
tai liéu [2].

N6i chung MapReduce lam viéc t6t trén tap tin
phi ciu trac nhu 13 vin ban. N6 ¢6 vé khong phu
hop 1am v6i dir liéu c6 ciu trac tmyén théng nhu
1a co s& dit liéu quan hé. Mot van dé dang quan
tdm trong Hadoop lién quan téi viéc chia cong
viéc va thyc hién song song trén nhiéu may to:
néu c6 mot may nao d6 chadm (doc dia cham
chéng han) thyc hién anh xa, thi cac may con lai
da thuc hién xong viéc anh xa nhung van phai che
cho may chdm d6 hoan thanh cong viéc.

7 KET LUAN

Tién b cong nghé dién toan dam may va viéc
gia tang sit dung Internet dang tao ra nhiing tap
dir liéu rat 16n. Dt liéu 16m van con & giai doan so
khai nhung ciing dd c6 nhimg anh hudng siu sic
dén cac cong ty cong nghé va cach lam kinh
doanh moi. Kich thudce cua cac bd dir liéu 1on
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d0i hoi can ¢6 cach thirc Iuu trir va xir i méi, phu
hop. M6 hinh 14p trinh MapReduce v6i Hadoop la
mdt nén tang co ban trong cong dong dir liéu 16n
nho vao hiéu qua chi phi trén cum may tinh dugc
thiét 1ap nhu 1a mot ddm may dién tir. Tinh hiéu
qua va dé dang s dung cua nén tang Hadoop &
chd n6 cai dit mo hinh anh xa - rat gon chay song
song, lién quan dén nhiéu thuat toan phan tich
dit liéu da duge che diu bén trong. Mot trong sb
d6 1a hé thdng tap tin phan tan HDFS, c6 thé chua
mot khéi lwong rit 16n dir liéu (tinh bang
terabytes hodc tham chi petabytes) va cung cép co
ché try cép thong lugng cao vao cac dir lidu nay.
Mo hinh nay, ngoai viéc che dau su phuc tap
trong tinh toan song song, can bang tai, phan phdi
tai,... con co kha ning co ban cung cip tinh mém
déo, kha niing chju dung 13i cling nhu tinh co gidn
ctia hé théng. Hién tai ddy 1a mo hinh chinh dé
1ap trinh x1r 1i dit li€u 16n theo md hinh dam may
dién tur.
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