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MO DAU
1. Tinh cip thiét caa dé tai

Ching ta dang chimg kién sy bung nd théng tin khong 10 chua timg thay tir
nguoi st dung cac dich vu Internet va cac phuong tién truyén thong. Theo udc tinh, thi
truong chitng khodn New York sinh ra khoang 1 Terabyte dit liéu vé cac giao dich mdi
ngay, Facebook dang Iuu trit va truyén bé trén 10 ty tim anh (t&c khoang mot petabyte),
trang web Ancestry.com (mot trang web cung cip dich vu luu giit gia pha dong ho) dang
luu trr khoang 2,5 petabyte dir liéu, trang web Internet Archive dang Iuu trir khoang 2

petabytes dir liéu va c6 téc do gia ting 20 terabyte/thang.

C6 nhiéu thuc té nay sinh tir viéc bung nd thong tin, thong tin thay doi qua
nhanh nén phai c6 hudng tiép can linh hoat. Bai toan tu van ddi v6i cac san pham ma
ho chua biét 1a mot trong nhitng trong tdm nghién ciru cta thuong mai dién tir. SO
luong khach hang va s6 luong san pham 16n 14 thach thirc cho cac phuong phép tu van
hién nay trong huan luyén dé dua ra két qua tu van. Trong qua trinh nghién ctru trién
khai ing dung, bén canh nhiing van dé chung ctia bai toan tu van ngudi dung nhu tinh
thua thét dit 1iéu huan luyén, x1ir Iy khach hang mo1, hang héa maoi thi yéu cau tang tbe
d6 cuia cc giai thuat huan luyén van 1a chi d&é mo duoc cong dong quan tam nghién
ctru. Su ra doi ciia Hadoop MapReduce 1 mot mo hinh phi hgp dé nham dén noi dung
nay.

2. Toéng quan vé van dé nghién ciu

Sau nhiéu nam giir bi mat voi cac dbi thu canh tranh, Google da cong bd nén tang
MapReduce ra cong dong va tré thanh ddi twong nghién ctru va trién khai cho nhiéu
mg dung khac nhau. Déi vai cac chuyén gia ciia Google, MapReduce chi duoc xem la
mdt giai phap xur 1y dir liéu 16n khi ho dang ¢ gang mé rong bo may tim kiém cua
minh. Trén thyc t& MapReduce 1a mot md hinh 14p trinh, hay mét thuat giai caa khoa
hoc may tinh. Thuét giai MapReduce dua ra nguyén 1y chia viéc xir ly thanh nhiéu
khdi cdng viéc nho, phan tan khip céc nit tinh toan (tiéu biéu 1a cac server thong
thuong), roi két hop két qua chung cho 16p cac bai toan cu thé. Hién tai MapReduce
cho phép thuc hién trén cac phan céng thdng thuong (commondity hardware) ma
khong doi hoi cac server chay MapReduce c6 kha nang tinh toan, luu trir va truy xuét
manh m&. Do vay, chi phi trién khai tmg dung trén MapReduce s& thap hon nhiéu so



v6i cac cach tiép can khac. Mot loi thé khac cia MapReduce 1a n6 don gian hoa cac
giai thuat tinh toan phan tan. Trén MapReduce ta chi can xay dung hai ham Map va
Reduce phu hop vé6i thanh phan xtr Iy dit liéu dau vao cho timg tmg dung. Do vay, cac
nha phét trién wng dung phan tan cd thé trong tdm nhiéu hon vao phan logic cua tng
dung va bo qua cac chi tiét phirc tap caa xir Iy phan tan.

Chinh vi 1y do trén, hoc vién lua chon dé tai “Nghién citu va xdy dung irng
dung tw vin trén nén ting Hadoop MapReduce” duoc thuc hién trong khuén khod
luan van thac si chuyén nganh Hé théng thong tin. Muc tiéu, d6i tuong va phuong
phap nghién ctru cu thé cua dé tai duoc trinh bay chi tiét trong cac muc tiép theo.

3. Muc dich nghién ciu

Nghién ctru phuong phap xay dung hé tu van nguoi dung d6i voi san pham trén
Hadoop MapReduce. Panh gia hiéu qua ciia phuong phap xay dung hé théng tu van
trén Hadoop MapReduce so Véi cac phuong phap truyén thong.

4. Poi twong nghién ciru
Péi tugng nghién cau 1a mé hinh xir ly dit liéu 16n trén Hadoop MapReduce cho
bai toan tu van ngudi ding.
5. Pham vi nghién ciu
Pham vi nghién ciu 1a hé thong tu van theo mé hinh truyén thong va hé thong
tu van cai dat trén Hadoop MapReduce.
6. Phwong phap nghién ctru
6.1. Nghién czeu ly thuyét:
e Dua trén nguén tai lieu k¥ thuat da dugc cong bo, nghién ctru k¥
thuat va mo hinh trién khai tng dung trén Hadoop MapReduce.
e Nghién ctru cic phuong phap xay dung hé tu van dua vao ngudi
dung va dua vao san phdm trong cac hé thong thuong mai dién tir.
Thuc hién cai dit va kiém nghiém cac mo hinh co ban.
o So sanh va danh gia két qua tu van vé két qua va thoi gian thyc
hién cac phwong phap tu van co ban voi phuong phap tu van cai dat
trén Hadoop MapReduce.

6.2. Nghién cvru thwc nghiém:



Phuong phap thuc nghiém duoc tién hanh trén cac bo dir liéu vé phim dugc
cong déng nghién cuu st dung. Du kién luan van st dung mdt trong cac bd dir licu
sau dé tién hanh thir nghiém két qua du doan cac mé hinh:

Bo6 dir liéu MovieLens1: Pugc thu thap béi Du 4n nghién ctru GroupLens cua
Dai hoc Minnesota. Tap dit li€éu MovieLens co6 ba lya chon véi kich thudc khac nhau
lan luot 1a: MovieLens 100k, MovieLens 1M va MovieLens 10M. Luén van st dung
tap dir liéu MovielLens 1M.

Tap MovieLens 1M chira 1,000,209 danh gia ctia 6040 nguoi dung cho khoang
3900 bo phim. Tét ca danh gid duoc luu trong file “ratings.dat” theo dinh dang:
UserID::MovielD::Rating:: Timestamp. Trong d6:
- UserID la sé nguyén trong khoang 1 d¢én 6040.
- MovielD la sé nguyén trong khoang 1 d¢én 3952.
- Rating la s6 nguyén trong khoang 1 dén 5.
Timestamp: la thoi gian danh gia.
Cau truc luan vin
Noi dung cua luan vin duoc trinh bay trong ba phan chinh nhu sau:
1. Phan mé dau
2. Phan noi dung: bao gébm ba chuong
Chuong 1: Téng quan vé Hadoop MapReduce
Chuong 2: Phét trién hé thong tu van va cai dit trén Hadoop MapReduce
Chuong 3: Thir nghiém va danh gia.

3. Két luan
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CHUONGI. TONG QUAN VE BIG DATA VA HADOOP-
MAPREDUCE

1.1 Giéi thiéu vé Big Data

1.1.1 Dinh nghia Big Data

Big Data 13 thuat ngit dung dé mo ta luong dit liéu khong 16, c6 dung luong 1én (1én
dén hang Terabytes hay Petabytes), ting truong nhanh va c6 ndi dung da dang.

Big Data thuong lién quan dén mot sb loai dir liéu [1]:

- Céc loai dir liéu truyén thong cua doanh nghiép: thong tin ngudi dung, dit liéu giao
dich, cac dit liéu ké toan néi chung...

- Dt liéu do may tu sinh, dir li¢u cam bién: dir liu cam bién cua cac thiét bi, cac file
log sinh ra khi chay cac thiét bi phan cting hodc chay cac tng dung,...

- Dit lidu x4 hoi: dit liéu nguoi dung, phan hoi, hoat dong ctia ngudi dung, tin nhén,

bai dang, binh luan trén cdc mang xa hoi nhu Facebook, Twitter,...

1.1.2 Tdm quan treng cia Big Data

Big Data la cong nghé thu thap thong tin quy mo 16n tu cac website. Cac doanh
nghiép thuong van dung cong cu nay nham phuc vu cong viéc du doan xu hudng thi truong,
nang cao chét lugng san phém hoac dich vu hién co, tao ra san phém méi hodc tim hiéu vé
hanh vi khach hang. Phén tich dit liéu ciing c6 thé gitip cac doanh nghiép thich nghi, tao ra
ndi dung website thu hut nhiéu khach hang hon, c6 duoc cai nhin sau sdc vao hanh vi mua
hang. Dit liéu cang nhiéu thi cang tot cho cong ty. Pé lam duoc nhu vy, doanh nghiép nén
cung cip ndi dung trén nhiéu nén tang social media, nham thu thap dugc nhiéu thong tin tir
nhitng diém tiép xtc voi khach hang bang cach tim hiéu qua hé théng co sé dit liéu, cong ty
c6 thé tao ra ndi dung c6 lién quan hon véi ngudi doc.

Khi Big Data duoc luu trit, xtr Iy va phan tich mot cach chuan xac, ching ta ¢ thé c6
duoc nhiéu thong tin hiru ich dé hiéu hon vé cong viéc ciia minh qua d6 gitip cho cong viée
dat hiéu qua cao hon. Trong hé thong thwong mai dién tir, trén mang xa hoi gilp cho nha
quan 1y hiéu rd hon vé khach hang va xu hudng ctia ho, dong thoi giup cac hé théng tu van

dua ra nhitng goi y chinh xéc cho nguoi dung.



1.2 Téng quan vé Hadoop
1.2.1 Gidi thigu Hadoop va céc thanh phan ciia Hadoop Escosystem

1.2.1.1 Gidi thiéu Hadoop

Ta c6 thé khai quat nhu sau:

- Haddop 13 mét framework cho phép phat trién cac ing dung phén tan.

- Hadoop viét bang Java. Tuy nhién, nhd co ché streaming, Hadoop cho phép phat
trién cac ung dung phan tan bang ca java l1dn mot sé ngdn ngir 1ap trinh khac nhu C++,
Python, Pearl.

- Hadoop cung cap mot phuong tién luu trir dit liéu phan tan trén nhiéu node, hd tro
t6i wu hoa luu lwong mang, d6 1a HDFS. HDFS che giau tit ca cac thanh phan phan tan, cac
nha phat trién Gng dung phén tan s& chi nhin thdy HDFS nhu mot hé théng file cuc bd binh
thuong.

- Hadoop gitp cac nha phét trién tng dung phan tan tip trung t6i da vao phan logic
ctia mg dung, bo qua dugc mot sé phan chi tiét k§ thuat phan tan bén dudi (phan nay do
Hadoop ty dong quan 1y).

- Hadoop la Linux-based. Ttrc Hadoop chi chay trén moi truong Linux 2.

1.2.1.2 Céc thanh phan caa Hadoop Ecosystem

[ HBase ] [ Hive j[Chunkaj[ Pig ]
e

Hinh 1-1:CAu triic cac thanh phin ciia Hadoop
Trong khudn khé cta ludn vin ndy, em chi nghién ctru hai phan quan trong nhit cta

Hadoop, d6 1a HDFS va MapReduce.
1.2.2 Luwu trie dik ligu lon trén HDFS

1.2.2.1 Tong quan caa mot Hadoop Cluster
Mot Hadoop cluster c6 HDFS va MapReduce 13 hai thanh phan chinh. Kién trac coa
Hadoop 1a kién triic master-slave, va c4 hai thanh phan HDFS va MapReduce déu tuan theo

kién trac master-slave nay.
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Kién trac mot Hadoop cluster nhu sau:
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DataMode TaskTracker nhat ky cac thay déi

HTTF port 50030 trén hé thdng HDFS

HTTF port 50070

Quan Iy Iy trir cac pan Iy lwu trir cac an by lru trir cac [an Iy lwu trir cac
blocks theo yéu cau cia pcks theo yéu cau cla cks theo y&u cau clia lcks theo yéu ciu cla
MamehMode va dap dang meMoede va dap ong mehNode va dap &ng meMode va dap ong
yeu cau truy cap cac U cau truy cap cac U cau fruy cdp cac cau truy cdp cac
blocks tlr client pckes tir client cks tlr client _‘/‘J Ickes tir client _/)

#7 TaskTracker ™ | TaskTracker ™ | TaskTracker | TaskTracker ™,
Thwe thi cac Map task wrc thi cac Map task e thi cac Map task lrc thi céc Map task
wva Reduce task theo Reduce task theo Reduce fask theo Feduce task theo
yeu cau cia JobTracker L cau cia JobTracker u cau cUa JobTracker cau cua JobTracker

Slave Slave Slave Slave
J
@ cCéc node chay HDFS @ ) Cacnode chay MapReduce Engine

Hinh 1-2: Téng quan mdt Hadoop cluster
HDFS — Hadoop distributed file system (Hé thdng file phan tan Hadoop) 1a mét du

an con cua Apache. HDFS duogc thiét ké dé lwu trir dir liéu 16n va file phan tan mot cach
dang tin cay. Kién trac cia HDFS 1a kién trac dya trén mé hinh chi - t& (master — slave), n6

duoc thiét ké dé giam thiéu viéc tiéu ton tai nguyén phan cing [2,6,7].

1.2.2.2 Khai niém Block trong HDFS
Tuong ty nhu block trong hé thong file thong thudng, block trong HDFS ciing 1a

luong dir li¢u t61 thi€u ciia moi 1an doc, ghi dit liu.

1.2.2.3 Kién triic ctia HDFS

Gidng nhu cac hé thong file khac, HDFS duy tri mét ciu tric ciy phan cap cac file,
thu myc ma céc file s& dong vai tro 1a cac node 14. Trong HDFS, mdi file s& duoc chia ra
lam mot hay nhiéu block va mdi block nay s€ c6 mdt block ID dé nhan dién. Cac block cua
cung mdt file (trr block cudi cing) s& c6 cung kich thudc va kich thude nay duoc goi la
block size cua file d6. Mdi block cua file s& duoc luu trit thanh ra nhiéu ban sao (replica)

khac nhau vi muc dich an toan dir liéu .
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1.2.2.4 NameNode va qua trinh twong tac gitra client va HDFS

Viéc ton tai duy nhat mot NameNode trén mot hé théng HDFS da 1am don gian hoé
thiét ké cua hé théng va cho phép NameNode ra nhitng quyét dinh thong minh trong viéc
sap xép cac block dir liéu 1én trén cac DataNode dua vao cac kién thirc vé moi truong hé
thdng nhu: cdu trac mang, bang thong mang, kha ning cua cac DataNode... Tuy nhién, cin
phai t6i thiéu hoa sy tham gia cia NameNode vao cac qué trinh doc/ghi dir liéu 1én hé thong
dé tranh tinh trang nat that co chai (bottle neck).

Client s& khong bao gior doc hay ghi dit liéu 1én hé thdng thong qua NameNode. Thay
vao do, client s& hoi NameNode xem nén lién lac véi DataNode nao dé truy xuat dit lidu.
Sau do, client s€ cache thong tin nay lai va két ndi truc tiép véi cac DataNode dé thuc hién
cac thao tac truy xuat dit liéu. Chung ta s& mo xé qua trinh doc mot file tir HDFS va ghi mot

file 1én HDFS thong qua viéc tuong tac giita cac ddi tuong tir phia client 1én HDFS.

1.2.2.5 Qua trinh doc file

Trong qua trinh mdt client doc mot file trén HDFS, ta théy client s€ truc tiép két ndi
v6i cac DataNode dé 13y dit liéu chir khong can thyc hién gian tiép qua NameNode (master
ciia hé théng). Pidu nay sé& lam giam di rat nhiéu viéc trao d6i dir liéu giita client
NameNode, khéi luong luan chuyén dir liéu s& dugc trai déu ra khép cluster, tinh trang
bottle neck s& khong xay ra. Do d6, cluster chay HDFS c6 thé dap tmg dong thoi nhiéu

client cung thao tac tai mét thoi diém.

1.2.2.6 Quaé trinh ghi file

Ciing gidng nhu trong qua trinh doc, client s& truc tiép ghi dit liéu 1én c4c DataNode
ma khong can phai théng qua NameNode. Mot dic diém ndi trdi nira 13 khi client ghi mot
block véi chi s replication 1a n, tirc né can ghi block 1én n DataNode, nhd co ché luan
chuyén block dit liéu qua 6ng dan (pipe) nén luu luong dir lidu can write tir client s& giam di

n lan, phan déu ra cac DataNode trén cluter.

1.2.2.7 Tb chuc dix liéu

Hé thdng file phan tan Hadoop 1a hé théng file dua trén cay phéan cip truyén thong
giong nhu UNIX. Nguoi ding c6 thé thém, doi tén, xéa file hodc thu muyc trong hé thong.
Thu muc géc cua Hadoop duoc ki hiéu bdi “/”, cadc thu muc con va file co thé duoc tao ra

bén trong thu muc goc[3].
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Dir lidu dugc to chitc dudi dang nhiéu khéi dir liéu.Kich thuéc mic dinh ciia mot
khéi dit liéu 1a 64MB. Khi mét file dit liéu dugce tao ra trén HDFS, n6 s& duge luu tam & bd
nh¢ dia phuong cho dén khi no dat du kich thude ciia mot khoi dit lidu, khi dé may khach s€
giri yéu cau dén NameNode, NameNode kiém tra cac DataNode dang sin sang va giri lai
thong tin vé dia chi khdi dich, ma cua node t6i may khach. May khach nhan duoc thong tin
nay sé day dir liéu tir bd nhd dia phuong dén DataNode tuong tng.

HDFS c¢6 thé duoc truy cip st dung cac cach sau[3] :

e Java APIs.

e Hadoop command line APIs.

e C/C++ language wrapper APIs.
e WebDAV.

e DFSAdmin.

e RESTFul APIs for HDFS.

1.3 Giéi thiéu MapReduce

1.3.1 Gigi thigu mo hinh tinh toAn MapReduce

assign

split 0

- 3 output
split | B i e worker file 0

split 2
Y worker output
e © file 1
split 4
Come) il
Input Map Intermediate files Reduce Qutput
files phase (on local disks) phase files

Hinh 1-3: M6 hinh MapReduce ciia Google

MapReduce 1a mot framework cho phép lap trinh vién viét cac chwong trinh xir 1y
lrong 16n dir liéu mot cach song song thong qua moi truong phan tan. MapReduce la mo
hinh 14p trinh dya trén key — value, chuong trinh s& doc vao tap key — value va tra vé tap

key — value mdi sau khi xir 1y[3].
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1.3.2 Kién trac ciia MapReduce

1.3.2.1 Kién trdc cé4c thanh phan (JobTracker, TaskTracker)

Client
Pragram

Submit job

JobTracker

han cdng reduce
task

Phén cong map j4£k

Shared FlleSystem
(HOFS)

Hinh 1-4: Kién tric cic thanh phin
Xét mot cach triru twong, Hadoop MapReduce gdm 4 thanh phan chinh riéng biét:
Client Program.

JobTracker
TaskTracker

1.3.2.2 Co ché hoat dong

Hinh 1-8 mé ta co ché hoat dong tong quat cua HadoopMapReduce, mé ta qua trinh
tir Ilac ClientProgram yéu cau thuc hién job dén lic cac TaskTracker thuc hién reduce task
tra vé cac két qua output cudi cliing

@L Subit fab ol Tracier

TaskTracker
HDFS
“““““ :
Ouputtie | |
| E] ! i
: 1
i | i - R
! | i Local disk
) It The u ! TaskTracker
) ETE]
) ' M2
I
——————————————— TaskTracker Rz
HDFS TaskTracker
=]
v === ===
TaskTracker
TaskTracker) TaskTracker thuc thi maptask :r _ E
TaskTracker) TaskTracker thuc thi reducetask | ——
e HDFS
[___]! poiiuten HOFS

{————p Cosyinlacqualal

:' Cée ham chire ndng cla MapReduce
Kidu Format ma client maudn

0 ™ iang cho inputoutps

Hinh 1-5: Co ché hoat dong ciia Hadoop MapReduce
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Trong ciu trac dit liéu ctia minh, JobTrack c6 mdt job scheduler voi nhiém vy ldy vi
tri cac split (tr HDFS do chuong trinh client tao), sau d6 n6 s€ tao mdt danh séch cac task
dé thuc thi. Vai tung split thi n6 s€ tao mot maptask dé thuc thi, mic nhién sb lugng
maptask bang véi sb luong split. Con dbi voi reduce task, sb lugng reduce task dwgc xéac
dinh boi chuong trinh client. Bén canh do, JobTracker con luu trir thong tin trang thai va

tién do cua tat ca cac task.

JobTracker

M1

Ty éu caurt_c:_anhdsach v!:trl cac
partition dugc cap
Region 1 copy R1
Region 2 )
TaskTracker
—
NE e
— copy r——=—=————- 1
jian I " I
s ——— Lomane ] |
keyl, list of values | @ —0 | S
key2 ist of values
I (=l ke\,-% ist of values reduce() HDFS
s
R
M4 JE—
e y
Region 1
Region 2

N
R2
R
Twong tw R1, R2 nhén danh sach vi tri clia céc
TaskTracker partition 2

Hinh 1-6: Co ché hoat ddng ciia Reduce Task

Khac voi TaskTracker thuc hién maptask, TaskTracker thuc hién reduce task theo
mot cach khac. TaskTracker thuc hién reduce task vdi dir liéu input la danh sach cac vi tri
clia mot region cu thé trén cac output dugc ghi trén localdisk cua cac maptask. Diéu ndy co
nghia 13 voi region cu thé, JobTracker s& thu thip cac region ndy trén cic output ciia cac
maptask thanh mot danh sach cac vi tri ctia cac region

Khi TaskTracker thuc hién thanh cong reduce task, thi n6 sé giri thong bao trang thai
“completed” ctia reduce task dugc phan cong dén JobTracker. Néu reduce task nay 13 task
cudi cung ciia job thi JobTracker sé tra vé cho chuong trinh nguoi dung biét job niy da hoan
thanh. Ngay ltic d6 JobTracker s& lam sach cdu trac dit liéu cia minh ma dung cho job nay,
va théng bao cho cac TaskTracker x6a tat ca cac dir liéu output cua cac map task (Do dit
liéu maptask chi 1a dir liéu trung gian lam input cho reduce task, nén khong can thiét dé luu

lai trong hé thong).
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1.3.3 M0 hinh lam viéc va luéng di liéu ciia MapReduce

Phan nay em s& trinh bay vé cach ma mét chuong trinh MapReduce xu 1y dir liéu va
ludng di chuyén cua dit liéu trong qua trinh thuc thi mot chuong trinh MapReduce[7, 6].

MapReduce Job 1a mdt don vi thuc thi hoan chinh, n6 thyc hi€én mot cong viéc nhét
dinh ma client muén thé hién. Mot MapReduce Job bao gdm 3 thanh phén 1a: dir liéu dau
vao, chuong trinh MapReduce, thong tin cau hinh.

Hadoop chia mdi MapReduce Job thanh cac tasks, co 2 loai tasks 1a: map task va
reduce task.

1.3.3.1 Ham Map

output

input

Hinh 1-7: Ham Map
Nguoi dung dua mét cdp dir licu (key,value) lam input cho ham map, va tily vao muc
dich cua nguoi dung ma ham map s€ tra ra danh sach cdc cap dir li¢u (intermediate

key,value).

1.3.3.2 Ham Reduce

output

input

Hinh 1-8: Ham Reduce

Hé théng s& gom nhém tit ca value theo intermediate key tir cac output ctia ham
map, dé tao thanh tap cac cap du li¢u véi cAu truc 1a (key, tap cac value cung key). Dir ligu
input cia ham reduce la ting cap dit liéu dugc gom nhém ¢ trén va sau khi thuc hién xu 1y
n6 sé tra ra cdp dit lidu (key, value) output cudi ciing cho nguoi dung.

1.3.4 MapReduce va HDFS (Cic diic diém téi wu ciia MapReduce khi két hop
voi HDFYS)

MapReduce don thuan lam nhiém vu xu 1y tinh toan song song, vdy trong mot hé

théng phén tan thi di liéu s& duoc kiém soat nhu thé nao dé ngudi dung c6 thé d& dang truy
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xuat, do d6 viéc str dung HDFS cho viéc bd sung céc input split cia MapReduce xudng va
c6 kich thuéc gan bang vé6i kich thude block, déu nay 1am ting hiéu suit cho viée xur ly
song song va dong bd cia cac TaskTracker voi ting split ma c6 thé xu 1y riéng biét nay.
Thém vao dé, cac dir liéu output cudi cing cua mdét MapReduce Job ciing dugc luu trit
xubng HDFS, déu nay gitp cho ngudi dung tai mot may tinh nao do trong hé thong déu cd
thé 14y duogc toan bo két qua output nay thong qua cac phuong thirc thude co ché quan 1y
cia HDFS (Tinh trong sudt). Bén canh do, khi cic block khong dit tinh trang cin bang
(load-balancer) thi HDFS ¢6 co ché thuc hién viée can bang cac block trd lai mot cach hiéu

qua, diéu nay s& lam gia ting hiéu suit cua data locality.

1.3.5 Phaét trién izng dung theo md hinh MapReduce véi Hadoop MapReduce

Sau day la toan bd qua trinh phat trién mot ing dung theo mo6 hinh MapReduce voi

| Job Configuration |

| input Format

| nput Locations

Number of
Reduce Tasks

Output
Value Type

| Output Format '\

| Output Location }—_ |

o

[ map Function }/

| Reduce Function
Output
Key Type

A

\

Input Splitting &
Distribution

v

Start of Individual
Map Tasks

v

Shuffie, Partition/Sort
per Map Output

v

Merge Sort for
Map Outputs for Each
Reduce Task

v

Start of Individual
Reduce Tasks

v

Collection of
Final Output

thi¢p va cong viéc nao bén trong framework tu lam.

Hinh 1-9: Phat trién ing dung MapReduce trén Hadoop

Qua trinh phat trién dugc phén rd ra theo cong viée ndo do ngudi dung thyc hién can
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1.4 Két luan chwong 1

Chuong 1 da giéi thiéu va dua ra tdm quan trong cua Big Data trong viéc phan tich
dir liéu 16n. Khi Big Data dugc luu trir, xir Iy va phéan tich mot cach chuan xéc, ching ta co
thé c6 duoc nhiéu thong tin hitu ich dé hiéu hon vé cong viéc ciia minh qua d6 gitp cho
cong vi¢c dat hi¢u qua cao hon. Co rat nhiéu cong nghé¢ dugc trién khai phuc vuc cho viéc
khai thac dir liéu 16n trong d6 tiéu biéu 13 viéc ap dung framework Hadoop — MapReduce
mdt phan mém ma ngudn md chophép tinh toan phan tan htra hen s& dem lai hiéu qua cao
vé ning suat, toc do xir 1i voi yéu cau dap tmg thoi gian thyec.

Trong chuong tiép theo em sé& trinh bay mdt s6 phuong phap cu thé & ddy 14 loc cong

tac dya trén mo hinh dé ap dung cho mé hinh MapReduce trong bai toan vé hé tu van.
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CHUONG II. UNG DUNG HADOOP-MAPREDUCE CHO HE TU
VAN
2.1 Gidi thiéu van dé

2.1.1 Phét biéu bai todn twr vin

Tuy vao phwong phap loc tin, cac hé tu van duoc phan 1am 3 loai : Tu vén dua vao
phuong phép loc theo ndi dung(Content-Based Filtering Recommendation), Tu van dya
vao loc cong tac (Collaborative Filtering Recommendation), Tu van dua vao phuong phap
loc két hop(Hybrid Filtering Recommendation)

M&i phuong phap loc p dung cho cac hé tu van dugc phan thanh 2 huéng tiép can:
loc dya vao by nhd (memory-based filtering) va loc duwa vao md hinh(Model-Based
Filtering).

Trong d0 4n nay em tap trung nghién ciru vao phuong phap tu van cong tac.

bé xay dung hé tu van béng loc cong tac, can phai xac dinh duoc lich str quan diém
clia cac ngudi ding véi cac san pham khac nhau trong hé théng. Quan diém & day duoc chia

1am 2 loai 14 quan diém tuong minh (explicit) va quan diém khong tudng minh (implicit)[5].

Bang 2-1: Ma tran danh gia vi du 2.1

Iy I I3 4 Is Ig

Uz 5 2 4 3 5 0
U, 5 4 1 0 2 3
Us 0 3 2 2 4 5
Uy 5 3 ? 3 ? ?

2.1.2 Cdc phwong phdp xdy dung hé tir van

Loc cong tac 1a ki thuat tu van dugc st dung rong rai trong cac h¢ tu van. Loc cong
tac 1a phuong phap tu dong dua ra cac du doan (loc —filtering) vé sé thich cia mot ngudi
ding bang cach thu thap va phan tich thong tin vé sd thich ciia mét luong 16n nguoi ding
khac. Phuong phéap loc cong tac dya trén gia thiét rang néu nguoi diung A c6 so thich twong
dong voi ngudi dung B ¢ mot van dé nao dé thi c6 nhicu kha ning ngudi dung A c6 cung
quan diém véi nguoi dung B vé van dé khac.

Db 4n s& trinh bay phuong phap loc cong tac dya vao md hinh gém 2 ki thuat: Loc
cong tac dua vao mo hinh mang Bayes(Bayesian networks), Loc cong tdc dya vao mo hinh

phén cum SVD.
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2.2 Phwong phap mang Bayes cho loc cong tac

2.2.1 DPinh ly mang Bayes

Dinh 1y Bayes cho phép tinh xac sut xay ra ctia mét sy kién ngiu nhién A khi biét
su kién lién quan B di xay ra. Xac suat nay duoc ki hiéu 1a P(A[B), va doc 13 “xac suét cua
A néu co B ”. Pai luong nay duoc goi la xac céd diéu kién hay xac suét hau nghiém vi no6
dugc rat ra tur gia tr1 dugce cho cua B hodc phu thudc vao gia tri do

Theo dinh 1y Bayes, x4c suit xay ra A khi biét B s& phu thudc vao 3 yéu to:

Xéc sut xay ra A cla riéng no, khong quan tdm téi B. Ki hiéu 1a P(A)va doc 1a xac
sudt cua A. Pay duoc goi 1a xac suit bién duyén hay xac suit tién nghiém, né 1a “tién
nghiém ” theo nghia rang né khéng quan tim dén bat ky thong tin nao vé B.

Xac suat xay ra B ctia riéng n6, khong quan tam téi A. Ki hiéu 1a P(B) va doc 1a “xéc
suat cia B”. Pai lugng nay con goi 1a hang s6 chuan hoéa (normalising constant), vi n6 ludn
giong nhau, khong phu thudc vao sy kién A dang mudn biét.

Xac sudt xay ra B khi biét A xdy ra. Ki hiéu 1a P(BJA) va doc 13 “xac suit ctia B néu
c6 A”. Pai luong nay goi 1a kha ning (likelihood) xay ra B khi biét A da xay ra.

Khi biét 3 dai luong ndy, xac sudt cia A khi biét B cho boi cong thic:

_ P(B|A)P(A) _ likelihood#prior
Pap) =

P(B) _normalizing_constant
Ttr 46 dan téi
P(A|B)P(B) = P(ANB) =P(B|A) P(A)
2.2.2 Phan logi dwa vao magng Bayes

Khi khong gian mau dugc dic trung bdi n thudc tinh, véi mdi gia tri dich v, viéc udc
lugng xac suat dong thoi P((ay,ay,...,an)/V) cho mdi (a3, ...,a,) s& rat khd khian. Mot
phuong phap phan 16p mang Bayes thuong dugc ap dung.

Phan 16p Naive Bayes ap dung cho cic bai toan ma mau x duoc md ta boi lién két
cac gia tri-thudc tinh va ham dich f(X) c6 thé ldy gia tri trong tap hiru han V. Véi tdp miu
huén luyén c6 gia tri ham muc ti€u cho trudc va c6 mot mau méi dugce biéu dién béi cac gia
tri thudc tinh (ag,ay, ...,an). Ta phai du doan gia tri muc tiéu hay phan 16p mau thir nay.

Tom lai, phuong phap hoc mang Bayes Naive bao gdm cac budc tinh toan P(vj),
P(ajlv)) dua trén tan suat dit liéu, sau d6 cac két qua nay duogc ding dé phan 16p mau méi

theo biéu thirc (2.2¢) véi gia thiét cac gi tri thude tinh 1a doc 1ap co didu kién.
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2.2.3 Ap dung mang Bayes cho hé fw vin
Y tuong : tinh Xac suat mot mau X vai tap thudc tinh da biét phu thudc vao mot phan

lé'p Ci:
_ P(xX/cipP(Ci)
Pcix) = P00

Cong thirc xac dinh xac suit Naive Bayes:
Prediction = argmax;eciassset P(Classj[ [, Xo = xo|classj)
Theo Laplace Estimator:
.oy Xi=xiY=y)+1
P(Xi=xi|Y=y) = T oopixi
Trong do:

e [Xj : kich thudc cua tap {Xx}
X,) 12 mau can xét , x; 1a thudc tinh tha i cua c

e Prediction : két qua du doan cuia cip user-item
e class;: phanlép j (=1, 2, 3, 4, 5)
Két qua du doan 1a gia tri class; co6 gia tri xac suat lon nhat dé phan 16p cho doi
tugng can phén loai.
Thuat toan chia ralam 2 giai doan:
Giai doan 1: Huén luyén
Giai doan 2: Phan lép

2.2.4 Hadoop-Map Reduce dua vao magng Bayes

Job 1 o
g
DataSplit DataSplit =
Input Mapper Reducer
Job 2
Tap dir
liéu dau
vao MatrixCount | MatrixCount
Mapper Reducer
Driver
Nal:\l;:a;a;es NaiveBayes
T e Reducer |- Qutput

Hinh 2-1: Ap dung MapReduce cho ky thuit loc cdng tic sir dung dinh li Bayes
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Budc 1: Xt 1y tap dit lidu dau vao (Job 1)
Budc 2: Dém sb luong danh gia (Job 2)

Budce 3: Tinh toan va dua ra du doan.
2.3 Phwong phap SVD cho lgc cong tac

2.3.1 Giai thigu phwong phap SVD (Singular Value Decomposition)

Bai toan phan ra gia tri riéng SVD duoc phat biéu nhu sau:

Vé6i bat ky ma tran A kich thuéc MxN nao c¢6 s6 M > N, ¢6 thé duoc viét
dudi dang tich cia mdét ma tran U truc giao theo cdt cod kich thudéc MXN, mot
ma tran chéo W ¢6 kich thudc NxNvéi cac sb trén duong chéo 1a khong 4m, va ma tran
chuyén vi cia mgt ma tran truc giao V ¢6 kich thude Nx N:

Wy

[A] = [U] x [S]x [V'] = [U] x x [V']

Wy

Puong chéo khai tao r cia S(51,55,..,S;) ¢6 cac dac trung $;> 0vas; >S,> ...> s,
Trong do, r cot dau tién cua U Ia vector riéng caa AAT va dai dién cho cac vector riéng tréi
ctia A trong khong gian mé rong cot. R cot du tién cua V 14 vector riéng cia ATA va dai
dién cho céac vector riéng phai ctua A trong khong gian md rong hang. Néu ching ta chi tap
trung vao cac r gia tri riéng khac 0, kich thudc hiéu qua SVD cua ma tran U, S va V sé tro

thanh Mxr, rxr va rxN tuong rng.

2.3.2 Ap dung phwong phdp SVD cho hé tw vin

Céac budc ma thudt toan SVD sé tién hanh nhu sau:

Budc 1: Xac dinh cac ma tran danh gia R ban dau, co kich thuéc M x N, trong dé
bao gdm cac xép hang ciia M ngudi dung trén N san pham trong do rij 1a danh gia cua nguoi
ding u; trén san pham P;.

Budc 2: Xtr Iy ma tran danh gia R dé loai bo tat ca cac gia tri dit liéu chua danh gia.

Budc 3: Tinh toan SVD cua R” va c¢6 duwgc ma tran U, S va V, cd kich
thugc M x M, M x N, va N x N tuong ung.

Budc 4: Thyuc hién cic budc giam chiéu bang cach gitt chi k dudng chéo tir

ma tran S dé c6 duoc mot ma tran k x k ky hiéu Sy ..
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2.3.3 Phwong phdap SVD dwa vao Hadoop Map Reduce

Liob2 |

Tép d Job 2
liéu dau

vao

|J0b1 |

DataSplit DataSplit

Mapper Reducer

|

SVDPre SVDPre
Mapper Reducer

[

Pedicion

Hinh 2-2: Ap dung MapReduce cho k§y thuit loc cdng tic bang phwong phap SVD

Budc 1: Xt 1y tap dit lidu dau vao (Job 1)

Budc 2: Tinh toan va dwa ra dy doan dénh gia cia ngudi ding u voi san pham i (Job2

Lép SVDPreMapper thuc hién cong viéc:

Budce 1: Doc tap dir liéu user-item dua ra ma tran danh gid R ban dau co kich thuée
MXxN, trong d6 M 1a s6 lugng item duoc danh gia, N s luong ngudi dung, rj twong Ung la
danh gia ciia ngudi ding j cho san pham i.

Budc 2: Chuin hoa ma tran dau vao:

Budc 3: Tinh toan SVD

Budc 4: Pua ra két qua du doan.

2.3.4 Vin dé chon chiéu trong phwong phdp SVD.
Trong phuong phap SVD d6 chinh xac hay toc do tinh todn cua cic danh gia phy
thude 16n vao viéc chon K 1a hang hay s6 chiéu ctia ma tran S.
K cang 16n toc d6 tinh toan cang 1au hon do phai tinh ma tran c6 chiéu 16n hon. Tuy

nhién dd chinh xac co6 thé cao hon.

2.4 Két luan chwong 2
Nhu védy,chwong 2 di trinh bay vé dinh nghia va cich ap dung framework
MapReduce thanh cong cho 2 phuong phéap mang Bayes va SVD trong loc cong tac dua trén
mo hinh cho bai toan vé hé tu van. Viéc 4p dung Hadoop va MapReduce cho cic phuong
phap mang dén nhiéu loi ich nhu: ting hiéu ning cua viéc tinh toan khi tan dung duoc tai
nguyén phan cing dé thuc hién tinh toan song song, ting kha ning chiu 16i khi viéc tinh

toan khong phu thudc vao viéce xay ra 16i ctia mot may.
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Cu thé trong chuong tiép theo em s& dua ra thuc nghiém va so sanh két qua, do do

kiém nghiém, d6 chinh xac cling nhu hiéu qua thoi gian cho timg phuong phap.

CHUONG III. THUC NGHIEM VA KET QUA

3.1 Dir liéu thuc nghiém
Do an st dung tap dit liéu MovieLens[13]. Pay 1a tap dit liéu duoc thu thap bai Du
an nghién ctru GroupLens cua Pai hoc Minnesota. Tap dir liéu MovieLens ¢6 ba luya chon
véi kich thuée khac nhau 1an luot 1a; MovieLens 100k, MovieLens 1M va MovieLens 10M.
Do 4n st dung 2 tap dir li¢u
= Tap MovieLens 100k chira 100K danh gia cia 943 nguoi dung cho khoang
1682 bo phim.
= Tap MovieLens 1M chira 1M danh gia cua 6040 nguoi dung cho khoang 3952
bo phim
= Tét ca danh gia duoc luu trong file “ratings.dat” theo dinh dang:
» UserID::MovielD::Rating::Timestamp
= UserlD la sé nguyén trong khoang 1 dén 6040.
= MovielD la sé nguyén trong khoang 1 dén 3952,

= Rating l1a s6 nguyén trong khoang 1 dén 5.

Vi du:
1::1193::5::978300760
1::661::3::978302109
1::914::3::978301968
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3.2 Do do kiém nghiém
Db an st dung hai d6 do sau ddy dé kiém nghiém d6 chinh xac cua phuong phap
thuc nghiém:
Trung binh sai sb tuyét d6i (MAE)[18] : day 1a phuong phap phd bién dé danh gia do

chinh x4c ctia du doan. Trung binh sai sé tuyét dbi dugc tinh theo cong thic:

MAE — Zi:llii_yil (31)

Trung binh binh phuong sai s6 (RMSE)[18] : diy 1a phuong phap tinh trung binh ctia

RMSE = /M (3.2)

3.3 Phwong phap thir nghiém

binh phuong sai s6 theo cong thirc:

Céch phan chia tap dir liéu huan luyén va kiém nghiém:

Tap dir 1li€u duogc chia thanh tap di licu huan luyén va tap dir liéu kiém nghi¢m véi
kich thuéc 1an luot 12 80% va 20%.Viéc phan chia tap dir liéu dugc thuc hién boi 16p
Processinput.

Tap dir liéu huan luyén va tap kiém nghiém dugc chia mot cach ngau nhién, dir liéu
mdi 14n chia 1a khac nhau, do d6 c6 thé thuc hién chia nhiéu 1an va thuc hién chay trén cac

tap khac nhau d6 dé két qua dugc chinh xac nhat.

3.4 Keét qua thir nghiém
Thir nghiém 1: Thir nghiém phuong phap loc cong tac bang phuong phap st dung
SVD v6i d6 giam ma tran khac nhau:
Nhén xét: Dbi voi phuong phap loc cong tac sir dung SVD do chinh xdc cua thuat

toan phu thudc vao gia tri chon k(kich thudc ma tran duong chéo S).

3.4.1 Thir nghiém vé thoi gian chay
Thir nghiém 1: Trong thir nghiém ndy nhdm so sanh vé thoi gian chay dong thoi dwa
ra danh gia vé do chinh x4c cta 4 phuong phap.
- Mang Bayes-MapReduce
- SVD MapReduce
- Mang Bayes thuong
- SVD thuong



Thir nghiém 2:
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Thir nghiém thoi gian chay trén tdp MoviesLen 1M:

3.5 Danh gia va so sanh

3.5.1 Ddnh gid giita cdc phwong phdp loc céng tac

V& thoi gian chay: phwong phéap loc cong tic dya vao mé hinh sir dung mang Bayes-
MapReduce cho tdc d6 tinh toan nhanh hon (27s) so phuong phap st dung SVD(109s).
Vé d6 chinh xéac: phuong phép ap dung SVD (MAE: 0.882287 ) cho két quéa chinh

xac cao hon so véi viéc ap dung Mang Bayes (MAE: 1.007064)

3.5.2 Ddnh gid thudt todn truwéc va sau khi dung Hadoop-MapReduce

V& thoi gian: theo bang so sanh, 1d rang thoi gian chay khi sir dung MapReduce ngan

hon nhiéu so véi khong sir dung MapReduce.

Vé d6 chinh xac: do cung bo dit liéu, cung thuat toan, nén d6 chinh xac dugc danh

gia 1 twong ddi gidng nhau ddi véi ca 2 hé théng co str dung va khong st dung Hadoop-

Mapreduce.

3.5.3 Ddnh gid phwong phdp tw vin sir dung MapReduce va MyMedialite

3700
3600
3500
3400
3300
3200
3100
3000
2900
2800
2700

B Thii gian

Bayes - MapReduce

T T 1
tembased-
My edialite

Hinh 3-1: Panh gia phwong phap tu van sir dung MapReduce va MyMedialite

Theo s6 liéu trong muc trén thoi gian chay khi sir dung thu vién MyMedialite 16n

hon kha nhiéu khi str dung MapReduce. Trong diéu kién chi thuc hién trén mot may, khong

tan dung dugc hét kha ning tinh toan song song ciia Hadoop — MapReduce, két qua nay la



23

kha t6t. Nhu vay, ap dung Hadoop — MapReduce cho hé tu van gép phan giai quyét duoc

van dé mo rong khi xay dung hé tu van cho dir li€u 16n.

3.6 Két luan chuwong 3

Chuong 3 ctia dd 4n di trinh bay qua trinh thuc nghiém va danh gia két qua khi xay
dung hé tu van dya trén Hadoop — MapReduce. Qua trinh thuc nghiém cho cac két qua kha
tdt. Cac két qua thuc nghiém cho thfiy tinh kha thi cia vi¢c md rong hé tu van st dung
Hadoop — MapReduce va khang dinh tinh dung din cua nhitng van dé 1y thuyét duoc néu
trong chuong 2. Dya trén phuong phap xay dung hé tu vin da duoc trinh bay ¢ chuong 2 va
thuc nghiém & chuong 3, hoan toan c6 thé ap dung phuong phap nay vao thuc té dé giai
quyét vin dé dir liéu 16n hién nay. Cac két qua nay chwa phai 13 t6i wu nhit do diéu kién co

s& vat chat dé thuc nghiém con han ché.
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KET LUAN
1. Két qua dat dwoc
Lu4n vin di trinh bay phuong phap ap dung MapReduce dé mé rong hé tu van véi
phuong phap loc cong tac (CF) dua vao mo hinh, tap trung nghién ctu 2 ky thuat co ban:
- Loc cong tac sir dung dinh ly mang Bayes

- Loc cong tac sir dung cong thuc SVD

Két qua thyc nghiém va danh gia cho thay:

- Trén ca 2 tap dir liéu MovieLens 1M va 100K, k¥ thuat loc cong tac dua vao mo
hinh Mang Bayes va SVD khi duoc 4p dung MapReduce cho két qua thoi gian chay tét hon
rat nhiéu do chinh xac twong tu so véi phuong phap truyén thong.

- Trong 2 phuong phap d3 str dung, phuong phap Mang Bayes cho ta két qua thoi
gian chay tot hon so v&i phuong phép st dung SVD tuy nhién vé sai sd tuyét ddi cua
phuong phap nay 1a cao hon.

- Phuong phép loc cong tac dua vao mod hinh str dung SVD tdc d6 va do chinh xac
cua thuat toan con phu thude vao viéc chon K (kich thudc cia ma tran duong chéo S).

2. Han ché

Do an con mot s6 han ché 1a chua thuc nghiém duoc phuong phap SVD trén tap di
liéu 16n hon do co s& vét chat khong cho phép.

3. Huéng phat trién tiép theo:

Nghién ctru phuong phap phén tich ma tran (Matrix Factorization - MF) va 4p dung
viéc tinh d6 tuong ty san phim thong qua ma tran dai dién nguoi dung va san pham tir d6
dua ra hé tu van s& cho do chinh x4c cta thuét toan cao hon.

Hadoop- MapReduce ngdy cang tré nén phd bién va dugc tng dung nhiéu trong cac
linh vuc cong nghé cao htra hen sé& giai quyét van dé thoi gian, dap tng thoi gian thuc cia

cac hé théng tu van thong minh dem lai ti¢n 1¢1 cho con nguoi.
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