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LOI CAM DOAN

T6i xin cam doan dé tdi nghién ciru trong ludn van nay la céng trinh nghién
civu cia t6i dua trén nhing tdi lidu, sé lidu do chinh téi tw tim hiéu va nghién ciru.
Chinh vi vay, cdc két qua nghién ciru dam bdo trung thuwc va khdach quan nhat. Pong
thoi, két qua ndy chwa tirng xudt hién trong bat cir mét nghién ciru nao. Cdc sé liéu,
két qua néu trong ludn vén la trung thire néu sai téi hoan chiu trach nhiém truéc phat

luat.
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LOI CAM ON
Pé hoan thanh luan van nay, trudc tién, to1 xin gui 161 cdm on sau sic nhat dén
thﬁy giao, Pho Vién truong Vién Cong nghé thong tin, Vién Han lam KH&CN Vigt
Nam, PGS.TS. Nguyén Long Giang, ngudi di khoi ngudn, dinh huéng chuyén mén,

cling nhu truc tiép huéng din cho t6i trong qué trinh thuc hién luan vin.

T61 xin chan thanh cdm on Ban Lanh dao Hoc vién da luén quan tadm, chi dao dé tao
ra mot mdi trudng hoc tap va nghién ciru chuyén nghiép gitp t6i c¢6 thé phat huy hét

kha nang cua minh.

Xin cam on Phong Dao tao va cac phong chirc ning khac ctia hoc vién vi da cung cap
nhing thong tin can thiét va hd tro kip thoi trong subt qua trinh hoc tap, nghién ciru
tiép.

T6i cling xin chan thanh cam on anh Pham Quang Nam d hd trg, cung cap nhiing tai

nguyén cho nghién ctru luan vin va huéng din toi trong sudt thoi gian vira qua.

Cudi cung, t6i xin bay to long kinh trong va su biét on sau sic dén gia dinh di tao
dong lyc va moi diéu kién tot nhat dé t6i co thé hoan thanh tdt moi cong viéc trong
qua trinh thyc hién luan van.

Mic du d4 rat ¢b gang trong qua trinh thyc hién nhung luan van khong thé tranh khoi
nhirng thiéu sét. T6i rdt mong nhan duoc su gdp ¥ cua cac thiy cd va ban beé dé tiép

tuc hoan thién thém nghién ctru cia minh.
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MO PAU
1. LY DO CHON PE TAI

Trong bdi canh cudc cach mang cong nghiép 4.0 dang dién ra manh mé, viéc
xdy dung va phat trién cac nén tang dé xir Iy va phan tich dit liéu 16n, ciing nhu cac
nén tang hd tro phat trién mé hinh hoc may, dang thu hiit sy quan tim ctia nhiéu nha
nghién ctru va cac tdp doan cong nghé 16n. Hién tai, voi nhitng hé théng voi luong
dir liéu d6 s6 va t6i tir nhiéu ngudn s& can thu thap, chuan hoa va luu trit [1] vao mot
nén tang. Tl d6 ta s& sir dung nhitng dir liéu da thu thap duoc dé tién hanh phan tich
thong qua mot s6 nén tang phan tich dir liéu 16n, vi du nhu Apache Spark, Hadoop,
Google Cloud BigQuery, va rit nhiéu nén tang khac [2]. Bén canh d¢, hién nay ciing
c6 rat nhiéu nén tang hd trg phat trién mé hinh hoc may tir nhitng dir liéu da thu thap
dugc nhu: Kubeflow, Amazon SageMaker, Microsoft Azure Machine Learning
Studio, Google Cloud AI va AutoML, déu da duoc ap dung rong rii trong cong dong
[3]. Tuy nhién, cac giai phap tich hop ca hai nén tang phuc vu thu thap, luu trit, xir
1y, phan tich dit liéu 16n va nén tang phuc vu phat trién mé hinh ML van con rat nhiéu
han ché.

Du viéc tich hop cac nén tang cho xu 1y, phan tich dit liéu 16n va phat trién
hoc may da duoc thyc hién, nhung viéc xay dung mdt khung kién trac théng nhét dé
phuc vu d@)ng thoi ca hai nhiém vu trén van chua dugce trién khai. Do do, dé tai dang
ky thuc hi¢n tich hop 05 nén tang dugc mo td & muc 3 voi hai khoi: khéi nén tang thu
thap, luu trit, xir 1y dit liéu 16n (Nifi, CEPH, Spark, Kubernetes) va khdi phat trién
m6 hinh hoc may (Kubeflow) v6i co ché dang nhap mot 1an SSO cho phép truy cép
vao cac nén tang qua cong dir liéu Openscience.vn. Giai phap nay 1a méi, chua ¢ &
trén thé gioi va tai Viét Nam.

2. MUC PiCH NGHIEN CUU

Muc tiéu cta dé tai luan van 1a tich hop cic nén tang ma ngudn mé vao hé
thdng Openscience.vn nham thyc hién cc budc trong qua trinh phan tich dit liéu 16n
va hoc mdy, bao gdm:

- Nén tang thu thap dir liéu Nifi phuc vu thu thap dir lidu tir bén ngudn: co s&
dir liéu quan hé (RDBMS), tép dit liéu (files), phan mém dang dich vu (Saas$,
APIs), dit liéu ludng (IoT)

- Nén tang Apache Spark thyc hién tac vu xir 1y theo 16 (batch processing) va
xtt Iy theo ludng (streaming processing)

- Nén tang Kubeflow dé phat trién va thyc thi cac mé hinh hoc may (machine
learning)

- Nén tang Keycloak 4p dung cong nghé xac thue mot 1an cho toan bd hé thong.

3. NOI DUNG NGHIEN CcUU

Ngoai phan m¢ dau va két luan, luan van gom 3 chuong véi ndi dung nhu sau:

3.1. Tong quan tinh hinh nghién ciru



e Trinh bay khai quat vé hé thong quan 1y va chia sé dir liéu nghién ctru khoa
hoc va céng nghé qudc gia (Openscience.vn)

e Gidi thidu vé cac giai phap tich hop cac nén ting ma nguén mé phuc vu thu
thap, phan tich dir liéu va hoc may trén thé gidi va tai Viét nam

3.2. Xdy dwng gidi phdp tich hop cdc nén ting thu thip, phén tich dit liéu vao hé
théng Openscience.vn

e Xay dung giai phap tich hop nén tang Nifi vao hé théng Openscience.vn dé
thuc hién nhi€ém vu thu thap dir li€u tur cac nguén dit liéu nhu file, co s¢ dir
liéu dang quang hé, ludng IoT.

e HO tro xir Iy nhiing dir liéu da thu thap dugc thong qua giai phap tich hop nén
tang Spark vao hé théng Openscience.vn

e Tiép tuc tién hanh x4y dung giai phap tich hop nén tang Kubeflow vao hé
théng Openscience.vn dé hd trg cac nha khoa hoc dit liéu quan ly va thyc thi
quy trinh phat trién mé hinh hoc may

e Xay dung giai phap dang nhap mét 1an (SSO) cho Openscience.vn dé truy cp
vao céac nén tang moQt cach déng bo.

3.3. Thur nghiém va danh gia cdac gidai phap
e Thir nghiém, danh gia cac giai phap tich hop dé kiém tra ludng (pipeline) da
thuc hién duoc trén hé théng.
e Thir nghiém ding nhip mot 1an SSO giita cac nén tang da tich hop duoc trén
Openscience.vn

4. CO SO KHOA HQC VA TiNH THUC TIEN CUA PE TAI

Giai phap tich hop cac nén tang ma ngudn mé: nham thyc hién mot quy trinh
(pipeline) phan tich dir lidu 16n va hoc may, bao gém cac budc thu thap, luu trir, xtr
1y, phén tich dir lidu 16n va phat trién mo hinh hoc méy, phuc vu nghién ctru, phat
trién va ing dung tri tué nhan tao (AI). Cac nén tang ma ngudn mé duoc tich hop bao
gom:

1) Nén tang Kubernettes (hay K8S): nham tu dong hoa viéc trién khai, can bang tai
va quan ly cac iing dung trén ha tang dam may.

2) Nén tang quan trj va luu trir dit ha tang dit liéu 16n CEPH duoc tich hop trén nén
tang K8S. CEPH 1a cong nghé luu trit tién tién, hién dai nhét cho phép luu trit phan
tan, do tin cdy va hiéu ning cao, dé dang mé rong véi kién trac Lakehouse, cung cép
cac giai phap luu trir d6i tuong (Object storage), luu trix khéi (block storage), tép (file
storage), ngoai ra CEPH ciing hd trg cu triic luu trir S3. Ngoai ra, CEPH ciing tich
hop véi luu trit CSDL quan hé véi PostgreSQL nham quan 1y cac thudc tinh cua dir
liéu (metadata) phuc vu tra ctru, bao cdo, thong ké [4].



3) Nén tang Apache NiFi duoc tich hop v6i CEPH cho phép két ndi véi cac ngudn
dir 1i€u khac nhau va thyc hién ty dong thu thap dir li¢u dé dua vao luu trit trong
CEPH, bao goém 4 ngudn dit liéu: co s& dit liéu quan hé (RDBMS), tép (files), phan
mém dang dich vu (SaaS, APIs) va dit liéu ludng tir cac hé théng IoT [5].

4) Nén tang xir ly dir liéu 16n Apache Spark dugc tich hop véi CEPH nham xir 1y dir
liéu duoc luu trit trong CEPH hodc xit Iy dit liéu ludng dugc thu thap truc tiép tir Nifi.
Apache Spark bao gém hai tac vu 13 xtr 1y dit liéu theo 16 (Batch processing) va dix 1y
dir liéu ludng (streaming processing) [6]. Két qua xt 1y dit lidu duoc luu trit trong
CEPH phuc vu cac tac vy phan tich dir li¢u tiép theo.

5) Nén tang quan trong nhit, duoc xem 13 15i ca hé théng, 13 nén tang hoc may
Kubeflow dugc tich hop trén CEPH va K8S. Kubeflow cung cap cac thu vién nén
tang nhu Tensorflow, PyTorch [7] cho phép cac nha khoa hoc dir li€u quan 1y va thuc
thi quy trinh phat trién mé hinh hoc mdy, bao gdm xay dung mo hinh, huan luyén,
kiém thtr va quan 1y mé hinh va tich hop véi cac cong cu trién khai phan mém.

6) Nén tang xac thuc mot lan Keycloak dugc tich hop dé cung cap kha nang chuyén
d6i linh hoat giita cac hé théng thu thap dit liéu, phan tich dir liéu va hoc may.

Tt ca cac nén tang ma ngudén md néu trén duge tich hop, két ndi v6i nhau va
duoc x4y dung trén nén tang quan tri ddm may K8S, cung cap mdi trudng cho cac
nha khoa hoc dir liéu thuc hién mot luéng cong viéc (pipeline) tir budce thu thap, luu
trit, xr Iy va phat trién mo hinh hoc may.

5. NHUNG PONG GOP CUA LUAN VAN

Dé tai s& cung cip mdt giai phap tich hop méi mé va kha thi, giup giai quyét
cac thach thire trong viée trién khai cac hé théng phan tich dit liéu 16n va hoc may
trong thyc té. Thém vao do, dé tai ciing dé xuat va trién khai mot giai phap tich hop
da nén ting mi ngudn md, bao gébm Apache NiFi, Apache Spark, Kubeflow,
Kubernetes, va CEPH tir d6 cung cdp mot hé thong pipeline tyr dong, bao gom tat ca
cac bude chinh tir thu thap dit liéu, luu trit, xt 1y dit liéu 16n dén phat trién, huin
luyén va trién khai mé hinh hoc may. Viéc nay sé& giup giam thiéu thoi gian va cong
strc trong viée xir 1y dir liéu thu cong, dong thoi gitip hé thdng hoat dong lién tuc va
6n dinh trong cac méi trudong cd khéi luong dir lidu 16m.



CHUONG 1. TONG QUAN TiNH HINH NGHIEN CUU

1.1. TONG QUAN VE HE THONG QUAN LY VA CHIA SE DU LIEU
NGHIEN CUU KHOA HQOC VA CONG NGHE QUOC GIA
(OPENSCIENCE.VN)

Hé théng nén tang quan 1y va chia sé dit liéu nghién ctru khoa hoc va cong
nghé (KH&CN) dung chung, goi tit 12 hé thdng Openscience.vn, duoc xay dung véi
muc tiéu thu thap, luu trit quan tri, chia sé dir liéu nghién ciru KH&CN, tich hop céc
cong cu phat trién, thuc thi mo hinh phan tich dir li¢u, hoc may. DPoi tugng st dung
1a cac nha khoa hoc dir li¢u, cac can bg nghién curu, gidng vién, hoc vién, sinh vién
cac truong dai hoc, cac can b quan ly trong linh vuc khoa hoc dir 1i€u, hoc may, tri
tué nhéan tao (AI). Hé thong Openscience.vn 1a méi trudng cho phép cong dong dong
gop, khai thac, chia sé dit liéu va xay dung, phat trién cic mé hinh hoc may, phan tich
dir liéu phuc vu phat trién, ing dung Al trong cac linh vuc khac nhau.

Mo hinh kién trac hé thdng Openscience.vn duoc mé ta & Hinh 1, bao gom

cac khoi nhu sau:

[ = [ B
Cac ki s d Céc nha khoa hoc dif ligu Céc nha phat trién phan

NGUBN QQ LIEU ia;m Ev;glneeﬂ;;f (Data Scienctist) mém (Software Developers)
(Data Sources)

Xir ¥ theo 16
i {Batch processing - .
------ - Spark )

C3DL guan.
hé (RDBMS) data ingression)

{Machine learning -
Kubeflow)

Thu thip, tich

hop theo ludng
(Nifi - Streaming e alinng
data ingression) P.;:)stgresdl..i

HA TANG

Ha téng lwu trik. Ha téng tinh toan (CPU, GPU) Ha téng mang (Internet)
Hinh 1. 1. M6 hinh kién tric hé thong Openscience.vn

1.1.1. Khoi thu thép, tich hgp dir liéu tir nhiéu nguon (Data Ingression)



Khdi nay st dung cong ngh¢ thu thap dir liéu Nifi thuc hién thu thap dir li¢u
theo 16 (Batch ingression) va thu thap dir liéu ludng (streaming ingression). Dit li¢u
dugc thu thap theo 16 gém cac nguén: cac tép dir liéu (files), co s¢ dir li€u quan hé
(RDBMS) va tir cac h¢ thong phan mém (SaaS) qua giao tiép API. Dit liéu ludng gom
dir liéu tir cac thiét bi IoT hay céc thiét bi truyén dit liéu theo thoi gian thuc. Cac dit
liéu thu thap duoc luu trir vao kho luu trir dang Lakehouse véi nén tang cong nghé
luu trir CEPH két hop v6i CSDL quan hé [5, 8].

1.1.2. Khéi lwu triv div liéu (Data stogare)

Khéi luu trit dir liéu ¢6 nhiém vu luu trir dit liéu duoc thu thap tir cac ngudn
phuc vu cac tac vu xtr 1y va phan tich dir liéu. Khoéi luu trit si dung cong ngh¢ luu trix
dit liéu 16n CEPH két hop v6i luu trit CSDL quan hé vdéi hé quan tri CSDL
PostgreSQL. CEPH 14 nén tang luu trit dit liéu 16n tién tién véi kién trac quan 1y dir
liéu m& Lakehouse va cac cdu tric luu trit nhu luu triv dbi twong (Object storage), luu
trir khdi (block storage), cu triic luu trit S3 [4].

Hé théng quan tri cho phép ngudi quan tri thue hién cac cac tac vu quan 1y cac

cAu trac luu trir va tuong tac véi dit lidu luu trir trong CEPH.
1.1.3. Khoi xir ly, phan tich dir li¢u (data processing and analyzing)

Khdi xir ly dir 1liéu: Thyc hién cac tac vu xt ly dir liéu dugc luu trir trong
CEPH, bao goém xir 1y theo 16 (batch processing) va xur 1y theo ludng (streaming
processing). Khdi xir 1y theo ludng c6 thé xur 1y cac ludng dit liéu duoc thu thap tir
T0T qua hé théng thu thap dir liéu Nifi va luu trir két qua trong CEPH. Khdi xt 1y dit
liéu sir dung nén tang xir 1y dit liéu 16n Spark tich hop trén hé théng luu trit CEPH.

Khéi phan tich dir liéu: 1a mdi trudng dé xay dung va phat trién cic mo hinh
hoc may (Machine learning) str dung cong cu kubeflow. Khéi nay cho phép cac nha
khoa hoc dir liéu xay dung mo hinh, kiém tra m6 hinh va thuc thi md hinh trén céc

tép dit liéu duoc luu trir trong nén tang CEPH.

Céc md hinh hoc may sau khi phat trién dugc chuyén sang khéi ung dung
thong minh dé tich hop véi cac ing dung giai quyét cic bai toan thyc tién trong cac
linh vuc khéc nhau nhu kinh té, tai chinh, ngan hang, moi truong, du lich...

Nhu vy, kién trtc cua hé théng openscience.vn bao gém cac khéi, mdi khbi
dam nhan mot chirc nang khac nhau véi cac nén tang cong nghé khac nhau. Cac nén

tang cong nghé thanh phan trong cac khdi duoc tich hop v6i nhau trén mot nén tang



théng nhat Kubernetes (K8S) nham thuc hién mot ludng cong viée (pipeline), bao

gém: thu thap, luu trir, xtr Iy dit liéu, phat trién mo hinh hoc may va dua ra két qua.

1.2. TONG QUAN VE CAC GIAI PHAP TICH HQP CAC NEN TANG MA
NGUON MO PHUC VU THU THAP, PHAN TiCH DU LIEU VA HQC MAY
TREN THE GIOI VA TAI VIET NAM

Véi su phat trién manh mé cua cudc cach mang cong nghiép lan tht 4, viée
xay dyung va phat trién cac nén tang xir 1y, phan tich dit liéu 16n va cac nén tang phuc
vu phét trién cac mo hinh hoc may 1 vin dé dang dugc cac nha nghién ciru, mg
dung, cac tdp doan cong nghé 16n quan tdm. Cho dén nay, c6 rat nhiéu cac nén tang
phuc vu phat trién cac mé hinh hoc may (machine learning flatform) da duoc sir dung
rong rii trong cong dong nhu Kubeflow, Amazon SageMaker, Microsoft Azure
Machine Learning Studio, Google Cloud AI va AutoML [3]. Song song véi no, nhiéu
nén tang phan tich dir liéu 16n ciing dugc cac tap doan cong nghé 16n phat trién nhu
Apache Spark, Hadoop, Google Cloud BigQuery, va rat nhiéu nén tang khéc [2]. Tai
Viét Nam, mot ) tap doan da xay dung céc nén tang phan tich dir li¢u 16n nhu nén
tang Bkav Big Data Platform ciia BKAV cho phép thu thap, luu trir, xtr Iy va phan
tich dir liéu 16n. Tuy nhién, cac giai phap tich hop ca hai nén tang: 1) nén tang phuc
vu thu thap, luu trit, xur ly, phan tich dir li¢u 16n; 2) Nén tang phuc vu phat trién mo
hinh ML nham trién khai day di mét tién trinh (pipeline) tir thu thap, luu trit, xir 1y
dir lidu 16n va phat trién mo hinh hoc méay con han ché va c6 tiém ning ung dung hiéu
qua.

Viéc tich hop cac nén tang phuc vu xtr 1y, phén tich dir liéu 16n va phat trién
hoc may d va dang duoc thyc hién. Tuy nhién, viéc tich hop cac nén tang dong thoi
phuc vu cd hai nhi€ém vu néu trén trong mdt khung kién tric théng nhét chua duoc
thuc hién. Do d6, muc ti€éu nghién ctru cta luan van 1a thyc hién tich hop 05 nén tang
dugc mo ta trén day vai hai khéi: khdi nén tang thu thap, luu trlr, xr ly dit 1iéu 16n
(Nifi, CEPH, Spark, Kubernetes) va khi phat trién mo hinh hoc may (Kubeflow).

Dé tai dé cap dén giai phap tich hop cac nén ting ma ngudn mé nham thuc
hién mét quy trinh phén tich dir liéu ddy du (pipeline). Bao gém cac budc thu thap,
luu trit, xr ly, phan tich dit li¢u 16n, hoc may. Trude hét, ching t61 mo ta van tit vé
cac nén tang duoc str dung cho giai phap tich hop, 13 cac nén ting ma ngudn mé duoc

st dung rong rai hién nay va c6 nhi€u tinh nang vuot troi.

1.2.1. Kubernetes (K8S)



Kubernetes 1a mot nén tang ma nguon mao, kha chuyén, tu dong hoa viéc quan

ly, kha ndng m& rong va trién khai ing dung dudi dang container va service.

Kubernetes ban dau dugc phat trién va thiét ké boi cac ki su tai Google nham trién

khai cac ing dung trén dam may, day ciing 13 cong nghé dang sau cac dich vu dam

mAy ciia Google. C6 thé néi Kubernetes 1a moi trudng trién khai tng dung tién tién

nhat, véi mot hé sinh thai 16n va phat trién nhanh chéng. Céac chirc ning chinh cia

Kubernetes 14 can bang tai, diéu chinh bd nhé, tu dong cap phat va thu hdi va quan

1y c4u hinh hé théng [9]. M6t s6 1oi ich khi str dung Kubernetes:

Kubernetes cung cip cc cong cu can thiét dé phat trién tng dung nhanh chéng
trong khi van duy tri sir 6n dinh. Ngoai ra, Kubernetes con sir dung Container
Image ma trong d6 ung dung s& duogc dong géi lap tirc. Néu tng dung dugc
phat trién thém chirc ning méi s& twong duong vai viée tao ra mot Container
Image méi. Vay nén, khi trién khai, ta chi can thay thé Image cii bang Image
méi. Va néu c6 18, ta c6 thé trd lai phién ban 6n dinh trude d6 ngay lap tic
bang cach sir dung lai Image cii.

Application s& dugc chia nho thanh nhiéu Service ma mdi Service s& chi thuc
hién mot chirc ning duy nhat (con duoc goi 1a microservice). Mdi Service s&
duoc duy tri bdi mot nhém microservice va co thé scale dé dang hon rat nhiéu
so voi trong hé théng thong thuong.

Kubernetes tu dong khoi phuc néu ¢6 su cb. Khi mot Container dirng hoat
dong, Kubernetes s& tu dong 1én lich dé chay mot Container khéac.

Nhiéu application c6 thé chay trén cing mot may ma khéng anh hudéng dén
nhau.

Tu dong hoa viéc phan phéi cac ung dung trén toan cum, ddm bao muc do su
dung cao hon so v6i cong cu truyén théng. Kubernetes API gitip Gmg dung ¢

thé di dong trén nhiéu maéi trudng khac nhau.

1.2.2. CEPH

Ceph 12 nén tang ma ngudn mo dé xay dung ha tang luu trit (storage) phén tan,

on dinh, do tin cdy va hiéu ning cao, dé dang mé rong. V4i hé thong luu trit dugc

diéu khién bang phan mém, Ceph cung cap nhitng giai phap luu trit nhu:

e Luu trit theo dbi tugng (Object storage): Object storage system cila
Ceph cung cap mot s6 tinh ning vuot troi hon so v6i nhiéu hé thong
luu trit Object hién nay: Ceph cung cip giao dién File System truyén
théng vi POSIX. Object storage system 1a mot cai tién déang ké, nhung



chung van con phai thue hién nhiéu hon so vé6i cac File System truyén
théng. Khi céc yéu cau vé luu trix tang 1€n cho cac ung dung hi¢n tai,
t6 chirc ¢ thé cau hinh cac tmg dung hién tai dé st dung Ceph File
System. C6 nghia 13 ngudi dung c6 thé chay mot Storage Cluster cho
Object, Block va luu trir dit li€u dua trén File.

e Luu trit theo khdi (Block storage): Hé thong luu trir Object ctia Ceph
khong giéi han native binding hoidc RESTful APIs. Ta c6 thé mount
Ceph nhu mot 16p cung Gmg mong Block Device. Khi ngudi ding viét
dir liéu trén Ceph bang cach sir dung Block Device, Ceph tu dong hoa
déng bo va tao ban sao dir liéu trén Cluster, RADOS Block Device
(RBD) cua Ceph ciing tich hop voi Kernel Virtual Machine (KVM),
mang lai viéc luu trir 40 hoa khong gidi han téi KVM chay trén Ceph
client ciia nguoi dung.

e Luu trit theo tép dit liéu (File storage): Thu vién phan mém cua Ceph
cung cip cac tmg dung cho khach hang véi kha ning truy cap truc tiép
t6i hé thong luu trir dya trén RADOS Object va cung cip mot nén tang
cho mét sb tinh ning cao cip ctia Ceph, bao gdm RADOS Block Device
(RBD), RADOS Gateway va Ceph File System.

Tat ca nhitng giai phap néu trén déu duogc tich hop trong mot nén tang don
nhat. Ceph chay trén nén tang dién toan dam may (cloud) véi cac thiét bi phan ctng
6n dinh va tién tién nhat, gitp tiét kiém chi phi va sir dung d& dang [4]. Cho dén nay,

Ceph 1a cong nghé luu tri tién tién nhét véi kién trac luu trit hd dit lidu (Lakehouse).
1.2.3. Apache Nifi

Apache NiFi 1 mot trong nhiing giai phap ma nguén mo pho bién cho phép
két ndi voi nhiéu ngudn dir liéu khac nhau va dua dir liéu vao nén tang luu trir dir
lidu. Nifi str dung kién tric c6 thé cho phép tao cac trinh két néi méi bang Java. Qua
trinh tich hop dir liéu bao gém mot s6 tic vu chinh nhu: két nbi véi cac nguén dir liéu
thoi gian thuc (streaming data) hodc ngudn dit liéu dang goi (batch data); chuyén doi
dir liéu tir cac ngudn dir liéu sang nén tang luu trit di liéu ma van gitr nguyén noi
dung va dinh dang cua dit liéu (viéc bao toan dit liéu ndy rat quan trong d6i voi cac
dir liéu dugc xur ly lai sau nay); ghi lai cac s6 liéu théng ké va trang thai cua dir liéu
sau d6 luu thong tin vao khéi luwu trir dit liéu. Nifi co thé tich hop dir liéu tir nhiéu
ngudn khac nhau, bao gém: co s dit liéu quan hé¢ (RDBMS), tép (files), phan mém
dang dich vu (SaaS, APIs) va dir liéu luéng tr cac hé théng IoT. Ngoai ra, Nifi cho



phép ciu hinh dé thu thap dir liéu voi dung luong luu trit 16n thong qua kha ning xay

dung ludng chuyén di liéu tr dong gitra cac hé thong tir rat nhiéu kiéu ngudn va dich
khac nhau nhu [5, 10]:

Cac loai RDBMS: Oracle, MySql, Postgre, ...

Céc loai DB NoSQL: Mongo, HBase, Cassandra, ...
Tir cac ngudn web nhu: HTTP, web-socket

Lay hodc day dir liéu streaming vao Kafka

Hay la tu: FTP, log

Ba nhom tinh ning ndi bat cua Nifi bao gom kha ning quan 1y ludng dit lidu;

viéc su dung, van hanh mot cach dé dang; va kha ndng mé rong.

Thi nhat 13 vé kha ning quan 1y ludng dit lidu:

Pam bao an toan: Moi don vi dit liéu trong luéng ctia ban s& duoc biéu
dién boi mot Object 6 tén 1a FlowFile. N6 s& ghi lai tat ca cac thong
tin vé dit liéu trong ludng nhu dang duoc xir Iy bai khdi ndo, dang duoc
chuyén di dau, ... Lich st xt Iy cua mot FlowFile lai duoc Iuu trit trong
Provenance Repo dé chung ta truy vét. Két hop vé6i co ché Copy-on-
Write, NiFi luu trir lai dir liéu tai ting budc trong luéng trude khi xur
1y, gitip ta dé dang chay lai dir liéu.

Data Buffering: Tinh ning nay giip giai quyét van dé toc do nhan
cham hon toc do truyén gitra hai h¢ théng khac nhau. N6 hoat dong duya
theo co ché Queue gitra hai khéi xtr 1y trong ludng. Dit liéu nay s& duoc
giir trén RAM, nhung néu nd vuot qua ngudng thiét ap thi dir liéu s&
duoc dwa xudng 6 clng.

Thiét 14p dd wu tién: Trong mot s truong hop ma ta can vu tién xur 1y
mot loai dit liéu nao d6. Vi du nhu log c6 nhan error chflng han, ta co
thé thiét 1ap dé hé thong duoc xir Iy ngay lap tirc trudc khi xir 1y nhiing
log warning.

HJ trg danh déi giira toc dd va kha ning chiu 16i: C6 nhing ludng
dit liéu ta cAn dam béao tuyét ddi vé tinh toan ven va an toan cua dir liéu
chép nhén do tré cao. Va c6 nhiing lué)ng ta lai can chuyén duoc dir liéu
t6i dich trong thoi gian ngan nhét c6 thé. NiFi sé hd tro ta cai dat dé can

bang giita hai yéu t nay.

Tht hai 14 vé kha ning sir dung, van hanh mot cach dé dang:
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e Viéc tao ra mot luéng dir 1iéu s€ dugc thuc hi¢n hoan toan trén giao
dién WEB, va béng vai thao tic kéo tha ta s& nhanh chong tao dugc
mot ludng don gian.

e Ngodi ra ta con co thé tai sir dung ludng dir liéu di tao thong qua
mot template chira mdt luéng co ban dé sir lai khi can.

e Theo ddi truc quan lich sir xtr 1y ctia dit liéu khi can kiém tra 15i.

e Chay lai dugc ca dir liu tai tung bude xur 1y

e D@ dang lap trinh duwgc mot thanh phan xi 1y, diéu khién, report hay
UI trong NiFi khi can. Vi du nhu mot khdi encode hodc decode dit
liéu.

Cubi cung, can nhic téi mot tinh nang quan trong cia cac ing dung trong cac
hé théng phan tan 1a kha ning mé rong theo chidu ngang (thém server vao cum). Néu
mot lué)ng dit liéu trén trén mot server NiFi c6 thé xt Iy dugc 100MB/s , nhung yéu
cau thuc té lai 1én dén 500MB/s thi ta c6 thé cai dat mot cum gém nhiéu server dé xir
1y dit liéu mot cach song song ma khong can nang cp cu hinh cua server dang str

dung.

Do d6, Nifi dugc xem 1a mét trong nhitng nén tang thu thap dit li¢u tho tién

tién nhat hién nay voi nhiéu tinh nang va hiéu qua vuot troi.
1.2.4. Apache Spark

Apache Spark 12 mot h¢ thong xir Iy phan tin ma nguén mé dugce sir dung cho
cac khéi luong cong viée xir 1y dir liéu 16n. Hé thong nay str dung kha ning ghi vao
bd nhd dém nam trong bd nhd va thyc thi truy van tdi uu hda nham gitp truy van
phan tich nhanh dir liéu c6 kich thudc bat ky [6]. Apache Spark cung cap cac API
phat trién bang ngdn ngit Java, Scala, Python va R va h tro tai sir dung ma trén nhiéu
khéi lwong cong viée, chang han nhu xur 1y dit liéu theo 16, truy van twong tac, xir 1y
dir liéu theo ludng [11].

Apache Spark gdm c6 5 thanh phan chinh : Spark Core, Spark Streaming,
Spark SQL, MLIib va GraphX, trong do:

e Spark Core 13 nén tang cho cc thanh phan con lai va cac thanh phan
nay mudn khéi chay dugc thi déu phai théng qua Spark Core do Spark

Core dam nhan vai tro thuc hién cong viéc tinh todn va xur ly trong bd
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nhé (In-memory computing) dong thdi nod ciing tham chiéu cac dir licu
duoc luu trir tai cac hé théng luu trit bén ngoai.

e Spark SQL cung cip mdt kiéu data abstraction mé&i (SchemaRDD)
nham hd trg cho ca kiéu dit liéu co ciu trac (structured data) va dir liéu
ntra cdu tric (semi-structured data — thuong 13 dir liéu dir liéu c6 cau
trac nhung khong dong nhét va ciu trac cua dit liéu phu thude vao chinh
noi dung ciia dir liéu dy). Spark SQL hd trg DSL (Domain-specific
language) dé thuc hién cac thao tic trén DataFrames bang ngon ngir
Scala, Java hodc Python va né ciing hd trg ca ngdn ngit SQL véi giao
dién command-line va ODBC/JDBC server.

e Spark Streaming duoc sir dung dé thyc hién viéc phan tich stream
bﬁng vi€c coi stream la cac mini-batches va thuc hi¢c ky thuat RDD
transformation d6i véi cac dit liéu mini-batches nay. Qua d6 cho phép
cac doan code duge viét cho xir 1y batch co thé duoc tan dung lai vao
trong viéc xur 1y stream, lam cho viéc phat trién lambda architecture
dugc dé dang hon. Tuy nhién diéu nay lai tao ra d6 tré trong xu ly dir
liéu (d6 tré chinh bang mini-batch duration) va do d6 nhiéu chuyén gia
cho rang Spark Streaming khong thuc su 1a cong cu xtr 1y streaming
giong nhu Storm hodc Flink.

e MLIib (Machine Learning Library): MLIib 12 mot nén tang hoc may
phan tan bén trén Spark do kién triic phan tan dya trén b nhé. Theo
céc so sanh benchmark Spark MLIib nhanh hon 9 1an so v&i phién ban
chay trén Hadoop (Apache Mahout).

e GraphX: Graphx 14 nén tang xir 1y d6 thi duva trén Spark. N6 cung cip
céc Api dé dién tacac tinh toan trong do thi bang cach str dung Pregel
Api.

Spark cho phép xu ly dit li¢u theo thoi gian thuc, vira nhan dir li¢u tir cac
ngudn khac nhau dong thoi thuc hién ngay viée xir Iy trén dit liéu vira nhan duoc (hay
con goi la Spark Streaming). Spark khong c6 hé thong file ctia riéng minh, né sir dung
hé théng file khac nhu: HDFS, Cassandra, S3,.... Spark ho trg nhiéu kiéu dinh dang
file khac nhau (text, csv, json...) ddng thoi nd hoan toan khéng phy thudc vao bat cir
mot hé thong file nao. Trong hé thong ma chung ta dang thuc hién, Spark s& dugc lay

dir liéu tir kho lwu trir dir liéu dé xir Iy va van hanh.
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1.2.5. Kubeflow

Kubeflow 14 nén tang md ngudén md nhim trién khai cic mé hinh hoc may
(Machine learning — ML). N6 dugc phat trién trén nén tang Kubernetes gitup tu dong
hod viéc trién khai, mé rong quy mé va quan 1y cac tmg dung ML. Bang cach tin
dung sttc mang cua Kubernetes, Kubeflow cho phép cac nha khoa hoc dir li¢u xay
dung, trién khai va quan 1y quy trinh phat trién ML mot cach dé dang, hiéu qua, tir d6
day nhanh qua trinh phat trién va tmg dung cac mé hinh ML vio cac bai toan thyc té
[12]. Kubeflow bao gdm céc tinh ning nhu cung cap nén tang hop nhét véi cac cong
cu phat trién ML nhu Tensorflow, PyTorch linh hoat trong kién trac mo dun, tu dong
ho4 phan bd tai nguyén va tich hop vdi cac cong cu trién khai lién tuc cho phép ta ty
dong hoa vong doi ML, gitp giam thoi gian va cong sitc can thiét dé trién khai cac
mo hinh ML [7].

Mot s0 vu diem cua Kubeflow nhu:

e Kubeflow tuong thich véi cac dich vu ddm may (AWS, GCP, Azure) va
cac dich vu tu luu trir.

e N6 cho phép cac ki su hoc may tich hop tat ca cac loai framework Al
dé huén luyén, tinh chinh, 1én lich va trién khai cac mé hinh.

e N6 cung cip mot bang diéu khién tap trung dé gidm sat va quan 1y cac
pipeline, chinh stra ma bang Jupyter Notebook, theo ddi thir nghiém,

registry mo hinh va luu trit tao tac.

Do d6, Kubeflow duoc xem 1a nén tang phat trién mé hinh ML tién tién nhat

hién nay.
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CHUONG 2. XAY DUNG GIAI PHAP TiCH HQP CAC NEN TANG
THU THAP, PHAN TiCH DU LIEU VAO HE THONG
OPENSCIENCE.VN

Kién tric tng dung hé théng Openscience.vn duge mé ta & Hinh 2.1, bao gdm
cac 16p:

: O

Lép, .
nawi =

@
@
@
@

& Gudnénidd iy Qudn b khai thic Gidng vién, sinh ~ Mhdkhoa Cianbénghién  Nha quin i

E

Ha ting dam may.

Hinh 2. 1. M6 hinh kién triic img dung Openscience.vn

e L&p ngudi dung: bao gdm nhém quan tri va nhom khai thac hé théng. Nhom
quan tri hé théng (thuéc NASSATI) c6 nhi€ém vu quan tri, phan quyén cho
nguoi s dung va phé duyét, hién thi cac bo dit liéu trén Openscience.vn.
Nhom khai thac hé théng bao gém cac nha khoa hoc dir liéu, can bd nghién
cuu, gidng vién, sinh vién dai hoc thudc linh vuc khoa hoc dit 1i€u, tri tu¢ nhan
tao va céc linh vyc lién quan.

e Lép giao dién: 13 cong thong tin khai thac hé théng Openscience.vn. Lop giao
dién cho phép cac 16p ngudi dung truy cap va khai thac cic nén tang nén trong

hé théng v6i co ché dang nhap mot 1an SSO, bao gdm cac khdi chirc ning:
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quan tri hé théng, nap dir li€u, tai dir li€u, chia sé dir liéu theo phan quyén va
truy cap vao cac nén tang bén trong ciia hé thong Openscience.vn
e Lp tng dung nén tang: bao gdm cac nén tang thap dit liéu, xtr 1y dit lidu, quan

tri, luu triv dir liéu, quan tri ddm may va phat trién mo hinh hoc may, Al
Ngoai ra, hé thong Openscience.vn con bao gom cac 16p:

e L6p luu trir dit liéu: luu trir dit liéu 16n bang cong nghé CEPH va luu trir co
so dir liéu quan hé véi hé quan tri PostgreSQL.

e Lop ha tang vat 1y: bao gdm ha tang dam may (Cloud), ha ting dudng tryén
(Internet), ha tang tinh toan (CPU, GPU) va ha tang luu trit vat 1y (may chu,
thiét bi luu trit)

Tir cac 16p trén, ta s& x4y dung 1én nhitng thanh phan cua hé théng nhu sau:

e (Cong thong tin quan 1y va chia sé dit liéu dung chung Openscience.vn

e Nén tang thu thap dir liéu: Nén tang cho phép nguoi str dung thu thap dit liéu
tir cac ngudn khac nhau va luu trit vao hé thdng luu trix dit liéu 1on CEPH. Cac
ngudn dir liéu bao gém: tép dit liéu (files), co s& dir liéu quan hé (RDBMS),
hé thdng phan mém (API), dit liéu ludng (IoT). Nén tang sir dung cong nghé
NIFI tich hop trén cong nghé luu trit CEPH.

e Nén tang quan tri hé théng bao gdm:

o Quan tri lvu trir dir liéu 16n CEPH véi céc tac vu luu trir tép (files), luu
trit khdi (blocks), luu trir ddi trong (Objects) va quan tri luu tri.

o Quan trj ha tAing ddm mAy trén nén tang K8S, bao gdm céc tac vu nhu
quan tri may 4o, cap phat tai nguyén, can bang tai, kiém soat van hanh.

e Nén tang xur 1y dit liéu: Cho phép thuc hién céc tac vu xir Iy dir liéu theo 16
(batch processing) va theo ludng (streaming processing) tir dir liéu dugc doc
tir CEPH hoic tir IoT str dung cong nghé Spark tich hop trén nén tang.

e Nén tang phan tich dir liéu: 1 mdi trudng cho phép cac nha khoa hoc dir liéu
huan luyén mo hinh, kiém thir mé hinh, thuc thi va quan 1y mo6 hinh hoc may
st dung cong nghé Kubeflow tich hop trén nén tang.

Trong do, hé théng Openscience.vn dang hoat dong trén Kubernetes da duogc cai dat
san cac hé thong Apache Nifi, CEPH, Kubeflow, Apache Spark, Keycloak. Vay nén
trong chuwong nay, chiing ta s& tip chung vao viéc cdu hinh, két ndi va phdi hop nhimng

hé thong theo giai phap da d¢ ra.
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2.1. XAY DUNG GIAI PHAP TiCH HQP NEN TANG NIFI VAO HE THONG
OPENSCIENCE.VN

2.1.1. M6 ta cong cu Nifi

Apache NiFi 1a mot trong nhitng giai phap ma nguén mé phd bién cho phép
két ndi v6i nhidu ngudn dir liéu khac nhau va dua dit liéu vao nén tang di liéu. NiFi
str dung kién triic c6 thé cho phép tao céac trinh két ndi méi bang Java. Qua trinh tich
hop dir liéu nay bao gdm mét s tac vu chinh nhu: két ndi voi cac ngudn dit 1idu thoi
gian thyc (streaming data) hodc ngudn dit liéu dang goi (batch data); chuyén d6i dir
lidu tir cac nguodn dir liéu sang nén tang luu trir dit liéu ma van gitt nguyén ndi dung
va dinh dang cua dir liéu (viéc bao toan dit liéu ndy rat quan trong dbi voi cac dir liéu
duoc xur 1y lai sau nay); ghi lai cac s6 liéu thong ké va trang thai cta dir liéu sau do

lwu thong tin vao khéi luu trix dit liéu.

D liéu truc tuyén
(Streaming data)

B kafka

Tép Phan mém dang dich vu
(File) (Saas, APls)

CSDL quan hé
(RDBMS)

Nén tang di liéu Gdm may (Cloud data platform)

Hinh 2. 2. Cdc nguon dit liéu ciia hé thong
Trong cac ung dung thuc té c6 ¢6 rat nhidu ngudn dir liéu khac nhau, tuy nhién
hé thong chi tap chung sir dung chii yéu vao bon ngudn dir lidu chinh 1a: co so di liéu
quan hé¢ (RDBMS), dit li¢u tép (file), dir lidu clia cac phan mém dudi dang dich vu
(SaaS, API), dit liéu truc tuyén (Streaming).

e Tich hop dit liéu tir CSDL quan hé (RDBMS): Hé théng cung cip cac phuong
phép: tich hop tr RDBMS sur dung SQL; tich hop tir co sé dir licu NoSQL
(BigData); tich hop siéu dir liéu (metadata) cho RDBMS va NoSQL.

o Tich hop tir RDBMS sir dung SQL: Str dung cic cdu 1énh truy van dit
liéu d@é thuc hién truy van dit liéu tir CSDL ngudn va luu trit vao nén

tang.
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o Tich hgp tr CSDL NoSQL (BigData): Str dung cac cong cu (Tool) cua
cac CSDL NoSQL dé dinh nghia mét quy trinh (pipeline) tich hop di
liéu.

o Tich hop cac siéu dit lidu (metadata) tir hé théng nguon (RDBMS,
NoSQL) bang cac cong cu dugc xdy dung, bao dam tinh toan ven dit
liéu tir hé thong ngudn vao nén tang luu trit dit liéu.

e Tich hop dit liéu tir dit liéu dong (thoi gian thuc): Hé thdng sir dung giai phap
Apache Kafka thyc hién tich hop dir lidu dong (streams) c6 yéu td thoi gian
thuce tir cac ung dung, dién hinh 13 cac Gng dung IoT.

e Tich hop dir liéu tir cac tmg dung SaaS: Ung dung Saa$S ngay cang trd nén phd
bién trong giai doan hién nay. Trong hé thong, viéc tich hop véi cac ing dung

SaaS dugc thuc hién bang cach stir dung API qua giao thic HTTP(s).
2.1.2. Thu thap dit liéu tir tép hé théng (file systems)

Tich hop dit liéu tir tép (file): Dit liéu tép (File) 1a loai dit liéu phd bién xuét
hién trong cac ngudn dir lidu. Hé thdng cung cp hai phuong phap chuyén dit liéu file
vao nén tang luu trit. Phuong phap thir nhat 1a sir dung giao thirc truyén tép FTP.
Phuong phap tht hai 14 str dung luu trir dam may thay vi may cha FTP. Cac tép ngudn
dugc luu trir tai mot ddm may cuc bd va hé théng s€ thuc hién sao chép tir dam may
ngudn sang dam may dich ciia nén tang luu trit. Ta bat dau thuc hién tién hanh cau
hinh thu thap dit liéu tir nhirng t&€p hé théng 1én Apache Nifi da dugc cai dat tur trude.

2.1.2.1. Bdang nhdp hé thong Openscience.vn

Diu tién, ta truy cdp vao trang chi hé théng theo duong dan

“https://openscience.vn/”. Giao dién chinh cta hé thdng sé& hién ra nhu sau:

‘: HE THONG QUAN LY VA CHIA SE

> 7 D LIEU NGHIEN CUU KHOA HOC VA CONG NGHE DUNG CHUNG SANGNHAP

A Tengchi D ligu Tin tre & Sy kign Hutng dén s dung Ung dyng nén ting

Chao mimg ban dén véi
HE THONG QUAN LY VA CHIA SE DI LIEU NGHIEN CUU KHOA HOC VA CONG NGHE VIET NAM

* . Dang nhép tai khoan o,
@ Quén it knsi

~

Hinh 2. 3. Giao dién dang nhap chinh
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bé dang nhap vao hé théng, ta nhan vao nit Dang nhap SSO, mdt man hinh
dang nhép sé hién ra. Ta sir dung tai khoan di duoc cung cép dé dang nhap vao hé
thong. Sau khi khai bao xong, ta nhan Sign In dé dang nhap. Néu qua trinh ding nhap
dién ra thanh cong, ta s& co thé truy cdp dugc vao giao dién chinh cua h¢ théng.

« @ = betaspensciencey ¥+ aE@wDls0o0EE date |

'\‘; HE THONG QUAN LY VA CHIA SE
7 | p{rLIEU NGHIEN CUU KHOA HOG VA CONG NGHE DUNG CHUNG

T
A | g Pramouangam

L] Trang chis DO iy Tin tirc & Su kién Hudng aéin sif dung (g duna nén tng Tim kim 4 .. Q

4
Ngéty h&i Tri tud nhén tao Vigt Nam2023

YISt =i >
Sdc manh cho cudc séng L b P
Artificial Intelligence k- ;

Empowering Life >

] * ) K
¢ Kinh t& Gido duc Néng nghiép Tai chinh Sirc khoé 5
@ 3220 oot xem @ 1437 gt zem @ 65kt xem @ St rem @ 468 ot xem
& 2w O st O o B 8o 8 s
$&lugng b d ligu trong 12 thang géin nhit Ti 1¢ chia sé bo di léu theo pham vi ing dung 12 thang gén nhat

1l
Hinh 2. 4. Giao dién chinh ciia hé thong Openscience

2.1.2.2. Cdc bude cau hinh nguon div liéu
- Khéi truyén dit lidu

Trén thanh cong cu cua Apache Nifi, nhén chon nat tao mot bd xtr ly méi. Tu
ctra sb hién ra, nhap tén khdi chuc nang GetFile, sau do6 4n ADD. Luc nay trén man
hinh lam viéc chinh ctia Apache Nifi s€ hién ra khdi chirc nang GetFile vira dugc tao.
Nhay dap chudt vao khéi GetFile, lic nay mot cira so dung dé cai dit cac thong tin
s€ hién ra.

Ta s& can dién cac thong tin quan trong sau:

« Input Directory: dudng dan dén thu muc chira di liéu.

« File Filter: loc cac tép mudn giri di dwa vao dic diém tén tép. Vi du trong thu
muc can gui di co rat nhiéu dinh dang tép nhu json, txt, word, v.v thi cé thé cai dat

theo ¢t phap [*\.].* dé chuyén tit ca dir liéu.
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« Keep Source File: néu ta chon true tép s& duoc giir lai tai may gdc sau khi

qua trinh gt hoan tét, nguoc lai néu ta chon false thi tép dir liéu s€ bi xba sau khi qua

trinh guri hoan tat.

Hinh 2. 5. Cita 56 cai ddt cdc thong tin truyén dir liéu
Sau d6 nhin chon nit APPLY dé ghi nhan céc cai dat.
- Khéi nhan dit liéu
Thao tac twong tu nhu khdi Truyén dit liéu, nhap khéi chire ning PutS30bject,
sau d6 an nat ADD. Luc nay trén man hinh lam viéc chinh cta Apache Nifi s& hién

ra khdi chte ning PutS30bject vira dugc tao. Nhay dup chudt vao khéi PutS30bject,
lac nay mot cira s6 dung dé cai dat cac thong tin s& hién ra.

Ta s€ can dién céac thong tin quan trong sau:

« Object Key: dudng din dén noi luu trit dit liéu trong kho dit li¢u. Ta can tudn
tha theo ciu trac thu muc duge quy dinh tur trudce:

<Ma don vi>/FILE/<Tén bo dir li¢u><Tén t&p dir licu>
* Bucket: tén bucket tai kho luu trir.
* Access Key ID: khoa truy cép vao kho dir li¢u.

« Secret Access Key: mat khau truy cap kho luu tri.
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* Endpoint Override URL: dia chi truy cap dén kho luu trir dit liéu.

Configure Processor | putsobject 1220

Il Stopped

SETTINGS SCHEDULING PROPERTIES RELATIONSHIPS COMMENTS

Required field @ +
Property Value
Object Key
Bucket

000.00.00.G31_VAST/FILE/20012024/${filename}
openscience-test-bucket

1>

Content Type No value set

Content Disposition No value set
Cache Control

Access Key ID

Secret Access Key

Credentials File

AWS Credentials Provider Service
Object Tags Prefix

Remove Tag Prefix

Storage Class

False
Standard

)OO 0O 0000000 OO

CANCEL APPLY

Hinh 2. 6. Cira s6 cai dat cdc théng tin nhdn dir liéu
Sau d6 nhan chon nit APPLY dé ghi nhén céc cai dat.
- Két ndi hai khéi truyén va nhan dit liéu
Sau khi dé tao duoc hai khéi truyén dit liéu va khéi nhan dit liéu, di chuyén

con tro chudt dén khdi GetFile, kéo mili tén huodng téi khoi PutS30bject, lic nay mot
lién két s& duoc hinh thanh.

0/0 bytes 0 >0 o Al 0 v o *0 o0 0o o & 151748 (€T

@ navigate

@a Ikl

0 GetFile
1-: & GetFile 1.22.0

org.apache.nifi - nifi-standard-nar

| In 0 (0 bytes) 5min
Read/Write 0 bytes / 0 bytes 5 min
g Out 0 (0 bytes) 5min

Tasks/Time 0/ 00:00:00.000 5min

Name success
Queued 0 (0 bytes)

4, PutS30bject
~/ PutS30bject 1.22.0

org.apache.nifi - nifi-aws-nar

In 0 (0 bytes) 5min
Read/Write 0 bytes / 0 bytes 5 min
| Out 0 (0 bytes) 5min
Tasks/Time 0/ 00:00:00.000 5min

Hinh 2. 7. Két néi hai khéi truyén va nhan dir liéu
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- Thuc hién chay thu théap dir li¢u

Sau khi da thuc hién cac thao tac cai dit va cau hinh, tai khdi Operate trén giao

dién chinh cua Apache Nifi, nhén chon nut Start dé thyc hién guri va nhén dir liu.

{b Operate

PutS30bject

018d100a-2123-1603-d8fa-093c4fe29ec3
& ¥ X PR =
vl o W oeLeTe

Hinh 2. 8. Khoi diéu khién Operate

Ta c6 thé xem trang thai hoat dong ciia cac khdi chirc ning bang cich nhan
chudt phai vao khdi trung gian nam gitra khdi GetFile va PutS30bject. Sau d6 chon

View status history va List queue dé xem thong tin chi tiét.

2.1.3. Thu thép dir liéu ludng tir hé thong IoT (data stream)

Dé bat dau thuc hién thu thap dir liéu luéng tor hé théng IoT, ta cling s€ can
phai dang nhap vao hé thong thong qua Dang nhap SSO dé c6 thé truy cap dugc vao
giao dién chinh cua hé théng. Sau d6 ta s& thuc hién cac bude cau hinh nguén dir liéu
nhu dudi day.

- Khéi truyén dir lidu:

Trén thanh cong cu cua Apache Nifi, nhan chon nut tao mdt bo xur Iy maéi. Tu
ctra sb hién ra, nhap tén khdi chuc nang ConsumeMQTT, sau do 4n ADD. Lic nay
trén man hinh lam viéc chinh cia Apache Nifi s& hién ra khdi chic ning

ConsumeMQTT vira duogc tao.

ConsumeMQTT

In 0 (0 bytes)
Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)
Tasks/Time 0/ 00:00:00.000

Hinh 2. 9. Khoi chitc ndng méi tao
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Ta nhay dup chudt vao khdi ConsumeMQTT dé thiét 1ap cac thong sb quan

trong sau:
* Broker URI: Dia chi nhéan thong tin tur thiét bi IOT.
« Topic Filter: Nhan thong tin tir tén chil d& nhét dinh.

« Max Queue Size: Khi tin hiéu dugc giri t6i dong thoi qua nhidu ciing mot

luc, ta cai dat cho gia tri nay dé giir lai thong tin ctia N tin hiéu gin nhét.

Trong truong hop thir nghiém, gid tri nay duwoc cai dat 1a 100. Sau d6 nhan
chon niit APPLY dé ghi nhén cac cai dt.

Ngoai ra, dé c6 thé tuy chinh théng tin (vi du nhu tén dit liéu) ta c6 thé khi bao
thém mot khéi chirc nang c6 tén UpdateAttibute bang cac thao tac twong tu nhu trén
va ndi v6i khdi ConsumeMQTT ban dau bang cach nhay dup chudt vao khoi
UpdateArttribute, liic ndy mot ctra s6 dung dé cai dit cac thong tin s& hién ra. Chuyén
sang tab properties dé khai bao thém thudc tinh filename va dién gia tri cta thudc tinh
d6 theo dang json. Sau khi hoan thanh, ta nhén APPLY dé luu céac cai dat.

- Khéi nhan dit ligu
Thao tac twong tu nhu khdi Truyén dir liéu, nhap khéi chirc ning PutS30bject,
sau do 4n nat ADD. Luc nay trén man hinh lam viéc chinh ctia Apache Nifi s€ hi¢n

ra khdi chte ning PutS30bject vira dugce tao. Nhay dup chudt vao khéi PutS30bject,

va chuyén sang tab properties dé cdu hinh cac thong tin cho khdi nhan dit liéu.
Ta s& can dién cac thong tin quan trong sau:
« Object Key: duong dan dén noi luu trix dit liéu trong kho dit lidu.

Nguoi dung can tuén thu theo cdu trac thu muc duoc quy dinh tur trude: <Ma

don vi>/IOT/<Tén bd dir li¢u><Tén t&p dir li¢u>
* Bucket: tén bucket tai kho luu trir.
* Access Key ID: khoéa truy cap vao kho dir li¢u.
« Secret Access Key: mat khau truy cap kho luu trit.
« Endpoint Override URL: dia chi truy cap dén kho luu trit dir lidu.

Sau d6 nhan chon nit APPLY dé ghi nhan céc cai dat.
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Configure Processor | puts3object122.0

I stopped
SETTINGS SCHEDULING PROPERTIES RELATIONSHIPS COMMENTS
Required field ® +
Property Value
Write Permission User List ©  $(s3.permissions.write.users}
Read ACL User List ©  $(s3.permissions.readacl.users}
Write ACL User List ©  ${(s3.permissions.writeacl.users}
Owner ©  ${s3.owner}
Canned ACL ©  ${s3.permissions.cannedacl}
SSL Context Service @ | Nov
Endpoint Override URL ©  https://s3-hfx03.fptcloud.com
Signer Override ©  Default Signature
Multipart Threshold © 5GB
Multipart Part Size © 5GB
Multipart Upload AgeOff Interval © 60min
Multipart Upload Max Age Threshold © 7days <

Hinh 2. 10. Cdu hinh cdc thuéc tinh cia khéi nhdn div liéu
- Két ni hai khéi truyén va nhan di liéu
Sau khi dé tao duoc hai khdi truyén dit liéu va khéi nhan dir liéu, di chuyén
con tro chudt dén khéi ConsumeMQTT, kéo miii t€n hudng téi khdi UpdateAttibute,

sau d6 kéo tiép miii tén dén khéi PutS30bject, lic nay mot lién két s& duoc hinh
thanh.

- Thuc hién chay thu thap dir li¢u

Khi d3 c6 tin hiéu IOT gui t6i hé thong, dé tién hanh thu thap dir liéu, ta s&
truy cap toi Apache Nifi, tai khdi Operate trén giao dién chinh, nhén chon nat Start
dé thuc hién giri va nhan dir liéu.

Nguoi dung c6 thé xem trang thai hoat dong ciia cac khdi chirc nidng bang cach
nhan chudt phai vao khdi trung gian nam giita cic khdi ConsumeMQTT,
UpdateAttibute va PutS30bject. Sau d6 chon View status history va List queue dé
xem thong tin chi tiét.
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ConsumeMQTT

org apa‘che !;\f‘— zwx‘x—"‘Aq-zi—rwar
In 0 (0 bytes) 5 min
Read/Write 0 bytes/ 18 bytes 5
Out 7 (18 bytes)

Tasks/Time 60 /00:00:02.743 5 min
m

Name Message
Queued 0 (0 bytes)

& Configure

i
N UpdateAttribute | View status history
Cré arpar:"ewmf.'l - “‘f:ru‘:;fjat-:—qn'\buteﬂar S queus
In 7 (18 bytes) «~ Go to source
Read/Write 0 bytes /0 bytes — Go to destination
Out 7 (18 bytes)

() Bring to front
Tasks/Time 7/00:00:00.016
] == Create template

Name success © Empty queue

Queued 0 (0 bytes) @ Delete

\

g PutS30bject
cré épac;e m:"; - ">f:ia\'.3—ma'
In 7 (18 bytes) 5 mir
Read/Write 18 bytes/ 0 bytes 5
Out 0 (0 bytes) 5 min

Tasks/Time 7/00:00:00.169 5 mir

Hinh 2. 10. Luong nhédn va giti div liéu IOT
2.1.4. Thu thap dir liéu tir hé thf')ng CSDL quan hé

Ta tiép tuc thuc hién dang nhap vao hé thong thong qua Pang nhap SSO dé co
thé truy cép dugc vao giao dién chinh cua h¢ théng va thuc hién cac bude cAu hinh
ngudn dit lidu.

- Khéi truyén dir liéu

Trén thanh cong cu cua Apache Nifi, nhan chon nut tao mdt bo xur Iy maéi. Tu
ctra s6 hién ra, nhap tén khdi chirc nang ExecuteSQL, sau d6 4n ADD. Lic nay trén
man hinh lam viéc chinh cta Apache Nifi s& hién ra khdi chirc nang ExecuteSQL vira
dugc tao. Ta nhay dup chudt vao khdi nay va chon tab properties dé cu hinh nhiing
thong s cua khoi.

Ta s& can dién cac thong tin quan trong sau:

* Database Connection Pooling Service: Chon c4u hinh cho dich vu co s¢ dit

liu.
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« SQL select query: Cau 1énh truy van co so dit liéu.

Configure Processor | ExecutesqL1220

I stopped
SETTINGS SCHEDULING PROPERTIES RELATIONSHIPS COMMENTS
Required field @ +

Database Connection Pooling Service DBCPConnectionPool -
SQL Pre-Query »
SQL select query
SQL Post-Query
Max Wait Time

select * from Persons;

0 seconds

Normalize Table/Column Names false

false
NONE
10

Use Avro Logical Types
Compression Format
Default Decimal Precision
Default Decimal Scale
Max Rows Per Flow File
Output Batch Size

)OO 0O OO OI00O0O OO0

CANCEL APPLY

Hinh 2. 11. Bing thong sé ciia khoi ExecuteSQL
Sau d6 nhan chon nat APPLY dé ghi nhén céc cai dit.

Pé chuan hoa dit liéu thu dugc tir co s¢ dir liéu ta s& can bién d6i ching vé
dang JSON théng qua khéi ConvertAvroToJSON va dit tén cho dit liéu dang JSON
thu dugc tir co s dit liéu bang khbi UpdateAttribute. Trong do:

« Di v6i khdi ConvertAvroToJSON, ta khong can cAu hinh thudc tinh.

« Dbi v6i khbi UpdateAttribute, ta can khai bao thém thudc tinh tén 1a filename

va dién gié tri cua thudc tinh d6 theo dang json.
- Khéi nhan dir liéu
Thao tac twong ty nhu khdi Truyén dir lidu, ta thém khdi chtc ning

PutS30bject, sau do6 truy cap t6i thudc tinh ctia khdi va thiét 1ap nhitng thanh phan

quan trong cta khdi nhu:

« Object Key: duong din dén noi luu trit dit liéu trong kho dit liéu voi ciu tric:

<Ma don vi>/DB/<Tén bo dit li¢u><Tén tép dir licu>
* Bucket: tén bucket tai kho luu trir.
* Access Key ID: khoa truy cap vao kho dir li¢u.
« Secret Access Key: mat khau truy cap kho luu tri.

* Endpoint Override URL: dia chi truy cap dén kho luu trix dit liéu.
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Sau d6 nhan chon nut APPLY dé ghi nhan céc cai dat.

- Két noi hai khoi truyén va nhan dir li¢u

ExecuteSQL
In 0 (0 bytes)
Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)

Tasks/Time 0 /00:00:00.000
I

Name success
Queued 0 (0 bytes)

A
ConvertAvroToJSON
In 0 (0 bytes)
Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)

Tasks/Time 0/ 00:00:00.000
|

Name success
Queued 0 (0 bytes)

A4
UpdateAttribute
In 0 (0 bytes)
Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)

Tasks/Time 0/ 00:00:00.000
|

Name success
Queued 0 (0 bytes)

 /
PutS30bject
In 0 (0 bytes)
Read/Write 0 bytes /0 bytes
Out 0 (0 bytes)

Tasks/Time 0/ 00:00:00.000

Hinh 2. 12. Két néi cdc khoi dé nhén dit liéu tir hé thong CSDL
quan hé
Khi d4 tao duoc hai khi truyén dir lidu va khoi nhan dir liéu ta s& lién két cac
khéi lai v&i nhau bang cach di chuyén con tré chudt dén khdi ExecuteSQL, kéo mili
tén hudng t6i khéi ConvertAvroToJSON va UpdateAttibute, sau d6 kéo tiép miii tén
dén khéi PutS30bject, ltic niy mot lién két s& duoc hinh thanh.

- Thuc hién chay thu thap dir liéu

Sau khi d3 thue hién cac thao tac cai ddt va cu hinh, tai khdi Operate trén giao
dién chinh cua Apache Nifi, ta nhéan chon nat Start dé thuc hién gui va nhan di li¢u.
Ta c6 thé xem trang thai hoat dong cua céc khdi chire nang béng cach nhéan

chuot phai vao khdi trung gian nam gita cac khéi ExecuteSQL,
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ConvertAvroToJSON, UpdateAttibute va PutS30Object. Sau dé chon View status
history va List queue dé xem thong tin chi tiét.

2.1.5. Thu thap dir li€éu qua API

Ta thuc hién ddng nhap vao hé thong thong qua Pang nhap SSO dé c6 thé truy
cap dugc vao giao di¢n chinh ctia hé théng va thuc hién céac budce ciu hinh nguén dir
liéu.

- Khéi truyén dir liéu

Trén thanh cong cu cua Apache Nifi, nhan chon nut tao mot bo xir Iy méi. Tu
ctra s6 hién ra, nhap tén khéi chtrc ning InvokeHTTP, sau d6 an ADD. Ta truy cap
vao khung thudc tinh cua khéi ndy, va dién nhitng thong tin quan trong sau:

« HTTP Method: nhap phuong thiic giao tiép voi API.

« HTTP URL: nhap dia chi két ndi t6i APL

Sau d6 nhan chon nit APPLY dé ghi nhén céc cai dat.

Configure Processor | imvokeHTTP 1220

A Invalid

SETTINGS SCHEDULING PROPERTIES RELATIONSHIPS COMMENTS

Required field @ +

Property Value
HTTP Method
HTTP URL
HTTP/2 Disabled
SSL Context Service

GET

https://reqres.in/api/users

True
Socket Connect Timeout §secs
Socket Read Timeout 15 secs
Socket Idle Timeout 5 mins
Socket Idle Connections 5
Proxy Configuration Service
Proxy Host

Request OAuth2 Access Token Provider

)OO OO0 OO OO O|Io®

Request Username

Hinh 2. 13. Cdc thuéc tinh cia khéi InvokeHTTP
Ngoai ra, dé c6 thé tuy chinh thong tin (vi du nhu tén dit liéu) ta c6 thé khi bao
thém mot khéi chirc ning ¢ tén UpdateAttribute bang cac thao tac twong tu nhu trén.
- Khéi nhan dit ligu
Thao tac twong ty nhu khéi Truyén dir liéu, nhap khdi chirc ning PutS30Object,
sau d6 an nut ADD. Khi da thém thanh cong khdi nay trén man hinh lam viéc chinh
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ctiia Apache Nifi, ta nhay dup chudt dé truy cip vao bang thudc tinh cua khéi, va dién
nhitng thong tin quan trong dudi day:

Nguoi dung s& can dién cac théng tin quan trong sau:

« Object Key: duong dan dén noi luu trit dit liéu trong kho dit liéu tuan tha
theo ciu tric thu muc duoc quy dinh tor trudc: <Ma don vi>/API/<Tén by dir
ligu><Tén t&p dir licu>

* Bucket: tén bucket tai kho luu tri.

* Access Key ID: khoa truy cép vao kho dir li¢u.

« Secret Access Key: mét khau truy cap kho luu tri.

« Endpoint Override URL: dia chi truy cap dén kho luu trit dir lidu.

Sau d6 nhan chon nit APPLY dé ghi nhan céc cai dat.

- Két ndi hai khéi truyén va nhan dir liéu

Sau khi d3 tao duoc hai khéi truyén dir liéu va khéi nhan dir liéu, di chuyén
con tro chudt dén khdi InvokeHTTP, kéo miii tén hudng to1 khdi UpdateAttibute, sau
d6 kéo tiép miii tén dén khdi PutS30bject dé tao lién két truyén dir liéu giita cac khoi.
- Thuc hién chay thu thap dir liéu

Sau khi da thuc hién céc thao tac cai dit va cau hinh, tai khoi Operate trén giao
dién chinh cua Apache Nifi, ta nhan chon nut Start dé thuc hién gui va nhan dir lidu.
Va khi can xem thém thong tin chi tiét, ta s& chon View status history va List queue
giira cac khéi.

2.2. XAY DUNG GIAI PHAP TiCH HQP NEN TANG SPARK VAO HE
THONG OPENSCIENCE.VN

2.2.1. Xt ly dir liéu theo 16 (Batch processing)

2.2.1.1. Tong quan vé xir Iy dit li¢u theo I

Batch Processing (Xt 1y dir liéu theo 16) duogc str dung dé xir 1y luong dit lidu
khéng 15 nhdm thye hién cac tac vu dit liéu c6 khoi lugng 16n va lap lai, mdi tac vu
thuc hién mot thao tac cu thé ma khong can su can thi¢p ctia nguoi dung. Khi c6 du
tai nguyén tinh toan, quy trinh xtr ly dit li¢u theo 16 cho phép xur Iy va quan ly dir lidu

ma khong can hoac c6 rat it tuong tac cua nguoi dung

K¥ thuat nay dac biét hitu ich cho cac hoat dong 1ap di 1ap lai va don di¢u dé

hd tro mot s6 data workflows. Vi qua trinh xtr 1y dit liéu theo 16 ty dong hoa quy trinh
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cong viéc nén né giam thiéu t6i da kha ning xay ra 16i hodc c6 bat thudng khi thuc
hién thii céng. Do dat duoc mirc d6 chinh xac dang ké thong qua tu dong hoa, cac to
chitc ¢ thé dat dugc chét lugng dir liéu vuot troi déng thoi gidm tic nghén trong cac
hoat dong xtr ly dir li¢u [13].

Dt 1iéu méi dugce sinh ra s€ dugc gom nhém thanh cac 16 (batch) va sé dugce xtr
Iy (process) sau d6. Hai cach pho bién dé xac dinh khi nao cac batch nay sé duoc xir
ly 1a:

e Dua trén mot khoang thoi gian nhét dinh. Vi du: ctt 60 phut xtr ly mat lan

e Duya trén mot sd diéu kién nhat dinh. Vi du: ¢t thu thap da 50 files dit liéu s&

xtr Iy mot 1an, hay ctr thu thap du 100G dit liéu s& xur Iy mot 1an, ...

Process Process Process Process Process
1#'"' | I | e

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5

Hinh 2. 14. Minh hoa xu ly dit liéu theo 16

2.2.1.2. Trién khai xiv Iy div liéu theo 16 trén Openscience.vn
Dé sir dung Apache Spark xtr 1y dit liéu theo 16, ta can thuc hién nhitng budc
sau:

- Bang nhép Openscience.vn

Ta thyc hién dang nhap vao hé thong théng qua Pang nhap SSO dé c6 thé truy
cap duoc vao giao dién chinh cua hé thong va truy cap vao phan XU LY DU LIEU,
chon “XU LY DU LIEU (SPARK WORKER)” dé mé jupyter hub két ndi dén spark

cluster.

XU LY DU LIEU

Ngudi dung thuce hién xtr ly di liéu trén nén tang quan tri dit liéu véi cac phuong phap: Xt ly dir liéu theo 16 (batch processing); Xur ly
theo ludng (Streaming Processing)

Hinh 2. 15. Giao dién dé truy cdp vio module xir Iy dit liéu
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- Chuén bi tép dit liéu 1on

Chi khi c6 dit liéu thi Apache Spark méi c6 thé xir Iy, nén ta s& can thiét ké
hodc tim kiém tap dir liéu 16n c¢6 san. Khi da c6 dir lidu, ta can chuan bi dit liéu mau
dé tién hanh xur 1y theo 16. Sau d6 copy file dir liéu tir may 1én hé thong quan 1y dir
liéu 16m, c6 thé 1a HDFS, S3, hodc hé théng file cuc bd.
- Tao Spark Session

Dé c6 thé 1am viée véi Spark, ta can tao mot Spark session dé truy van dir liéu
tir nhirng hé thdng quan 1y file dir lidu 16n ma ta da chudn bi tir budc trén rdi doc dir
liéu, thuc hién céc phép tinh phan tan trén Spark. Mot session c6 thé tao bang nhiing
dong 1énh nhu & Hinh 2.16

spark = SparkSession.builder \
.appName('demo") \
.getOrCreate()

Hinh 2. 16. Lénh tao Spark Session
- Phan tich dir li¢u da nap
Ta ¢ thé dung ham read() trong Spark dé doc dit liéu dataset trong file vira
nap vao tir budc chudn bi va dung ham show() dé hién thi dir liéu. Sau khi thdy bo dit
liéu da duoc nap va hién thi thanh cong, ta co thé tiép tuc thuc hién mot sd cong tac

phan tich dir li¢u

df.show()

Fommmmm e B B R e Fommm B Fmmm +
|hvfhs_license_num|dispatching_base_num| pickup_datetime| dropoff_datetime|PULocationID|DOLocationID|SR_Flag|
Fmmmmmm e Fmmmmm e Fmmmmm e e Fmmmm Fmmmmm o Fmmm - +
| HVeeo3 | B02682(2021-01-01 00:33:44]2021-01-01 00:49:07| 230| 166]  null|
| HVeeo3 | BO2682|2021-01-01 00:55:19(2021-01-01 01:18:21| 152| 167]  null|
| HVeeo3 | BO2764|2021-01-01 00:23:56|2021-01-01 00:38:05] 233| 142|  null|
| Hveeo3 | B02764|2021-01-01 00:42:51|2021-01-01 00:45:50 142| 143  null|
\ HVeeo3 | BO2764|2021-01-01 00:48:14|2021-01-01 01:08:42| 143| 78]  null]
| HVe00s | B02510|2021-01-01 00:06:59|2021-01-01 00:43:01| 88| 42| null|
| HVeeos | B02510|2021-01-01 00:50:00|2021-01-01 01:04:57| 42| 151  null|
| HVeeo3 | BO2764|2021-01-01 00:14:30|2021-01-01 00:50:27| 71| 226 null|
| HVeeo3 | BO2875|2021-01-01 00:22:54|2021-01-01 00:30:20| 112| 255  null|

Hinh 2. 17. Sir dung ham dé hién thi mot sé dir liéu

e Kiém tra luge do dir liéu ctua DataSet va hién thi truc quan thong qua ham

printSchema()
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hvfhs_license_num: string (nullable
dispatching base num: string (nullable
pickup_datetime: string (nullable
dropoff_datetime: string (nullable
PULocationID: string (nullable
DOLocationID: string (nullable
SR_Flag: string (nullable

true)
true)

true)

true)
true)
true)

true)

Hinh 2. 18. Kiém tra lvoc d6 dit liéu va hién thi ra man hinh

Phén ving lai dit liéu thanh cac partition nho hon dé t6i wu hiéu ning xir 1y

cua Spark. D61 véi tap dit li€u nay, chung ta s€ x4o tron dir li¢u va phan vung

lai thanh céc partition khac nhau bang ham repartition()

Ghi dir li¢u da dugc phan vung thanh cong dudi dang Apache Parquet (Pay 1a

mot dinh dang dir li¢u hudng cdt giup tang tde truy vAn voi cc bai toan can

truy van nhanh theo cot) bang ham write.mode('overwrite').parquet()

Pé lam viéc véi dir liéu dau ra (Cac phan ving duoc dinh dang Parquet tir

budc trén) ching ta can goi ham spark.read.parquet() cua Spark doc file

Parquet tir bucket

Sau cung ta s& dung ham createOrReplaceTempView() ctia Spark dé tao mot

bang dit liéu quan h¢ tir do ta sé co thé thao tac voi DataFrame dé doc dit liéu

dang Apache Parquet ¢ budc trén.

Khi dinh dang va phén tich dir liéu xong, ta s& co thé twong tac v6i dir liéu da

xir Iy xong bang cac cau truy van nhu & trén co sé dir liéu dang quan hé thong thuong.

# Question 1: taxi trips on Jan 15 = 406887
spark.sql("""
SELECT
count(*)
FROM
hvthw_data
WHERE
pickup_datetime LIKE '2021-01-01%'

""").show()

# Question 2: longest trip for each day = 16.43 Hours

spark.sql("""

SELECT
dispatching_base_num,

ROUND((UNIX_TIMESTAMP(dropoff datetime)
- UNIX_TIMESTAMP(pickup_datetime)) /3600.0 , 2)
AS trip_duration_hours

FROM
hvthw_data
ORDER BY trip_duration_hours DESC

""").show()

Hinh 2. 19. Thao tac voi dir liéu da xu ly thong qua query
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2.2.2. Xir Iy dik liéu theo ludng (Streaming processing)

2.2.2.1. Tong quan vé xii Iy dir li¢u theo luéng
Structured Streaming la phuong phép liwa chon cho nhu cau xir 1y dit liéu ludng
hién dai boi vi:
e Day la mé hinh xur Iy di liéu ludng thuc su voi ché d6 xtr 1y lién tuc, khong
gidng nhu mé hinh micro-batch cua Spark Streaming.
e API phong phti hon va bo tinh ning xt 1y ludng dit liéu manh mé& hon bang
cach tan dung Spark SQL.
e Kha ning chiju 156i va dam bao tinh nhit quan (consistency guarantees) manh
m& hon. Viéc mat dit lidu duoc ngin chin thong qua viée kiém tra va phuc hoi.
e HO tro xur 1y dya trén thoi gian cia sy kién va suy luan vé dir liéu theo thoi
gian.

e API dé sir dung hon so véi API DStreams.

Structured Streaming la mot stream processing framework built trén Spark
SQL engine. Thay vi tao mot API riéng biét, Structured Streaming stir dung cac API
6 cAu tric hién c6 trong Spark (DataFrames, Datasets va SQL), c6 nghia 14 tit ca cac
operation ban quen thudc déu dugce hd tro. Nguoi dung dinh nghia cdc ham tinh toan
dir liéu ludng gidng cach ho viét ham tinh toan hang loat trén dit liéu tinh. Sau khi
xac dinh diéu nay, va xac dinh mot diém dén dit liéu luéng, engine Structured
Streaming sé& chay truy van ctia ban mot cach ting dan va lién tuc khi dir liéu méi vao

hé thong.

Ngoai core structured processing engine, structured streaming bao gdm mot
sb tinh nang cu thé cho viéc xtr 1y dir liéu luéng. Vi duy, Structured Streaming dam
bao xir 1y end-to-end, exactly-once processin cling nhur kha ning chiu 16i thong qua

checkpointing va write-ahead logs.

Y tuong chinh dang sau Structured Streaming 1 xem xét mot ludng dir liéu
nhu mdt bang ma dir liéu dugc lién tuc thém vao. Spark job sau d6 s€ dinh ky kiém
tra dir liéu dau vao moi, xu 1y no, cdp nhat mot sb internal state nam trong state store
néu can thiét, va cap nhat két qua cua minh. Mot nén tang cua API 1a ban khong can
phai thay d6i query code ciia minh khi thuc hién xir Iy batch hodc streaming - ban
chi can xéc dinh liéu chay truy véan d6 theo cach batch hay stream. N§i bg, Structured
Streaming s& tu dong tim ra cach "ting dan" truy van cia ban, tirc 13 cip nhat két qua

cua n6 mdt cach hi¢u qua moi khi dir liéu mai dén, va s€ chay nd6 mdt cach chiu 161.



32

$+reaming InPu+ DataFraome

Hinh 2. 20. Minh hoa qud trinh xit Iy dit liéu theo luong

2.2.2.2. Trién khai xir Iy dit liéu theo luéng trén Openscience.vn

Pé str dung Apache Spark xir 1y dir liéu theo ludng, ta can thyc hién nhing
budc sau:
- Pang nhap vao hé théng

Ta thyc hién dang nhap vao hé thong thong qua Pang nhap SSO dé c6 thé truy
cap dugc vao giao dién chinh cua h¢ théng va truy cap vao phﬁn XU LY DU LIEU,
chon “XU LY DU LIEU (SPARK WORKER)” dé md hub két ndi dén spark cluster.
- Chuan bj dit li¢u

Chuan bj dit liéu theo ludng dang json. Sau d6 copy file dir liéu tir may 1én hé
théng quan ly dir li¢u 16n, co thé 1a HDFS, S3, hodc hé théng file cuc bo béng cau
1énh “!hdfs dfs -put data /path/”

- Tao Spark Session

Sau khi da chuén bj di liéu xong, can tao mot Spark session dé truy van dir
lidu theo dang ludng tir nhitng hé théng quéan 1y. Mot session c6 thé tao bang nhing
dong Iénh nhu ¢ Hinh 2.21

from pyspark.sql import SparkSession

import pyspark

spark = SparkSession \
.builder \
.config("spark.streaming.stopGracefullyOnShutdown", True) \
.getOrCreate()

Hinh 2. 21. Tao SparkSession cho luong dit liéu
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- Xu ly dir liéu
Tao DataFrames dir li€u Streaming DataFrameStreamReader. Ta can dat

spark.sql.streaming.schemalnference thanh True dé cho phép truyén phat Schema

nhu Hinh 2.22 va kiém tra Schema ctia dir liéu Streaming bang ham printSchema()

# To allow automatic schemalnference while reading

spark.conf.set("spark.sql.streaming.schemalnference", True)

# Create the streaming_df to read from input directory
streaming_df = spark.readStream!\
format("json") \
.option("maxFilesPerTrigger", 1) \
Joad("hdfs:////user/tranductho 1309/data/input/")

Hinh 2. 22. Bdt schemalnference sang True dé truyén phdt dir liéu luong

Ta tiép tuc st dung select SparkSQL dé chon va doc hét cac truong dir liéu roi
lay nhiing dit liéu d6 ra xt 1y dit liéu Streaming va 1am phang dit liéu JSON dé nhiéu
thiét bi c6 thé doc duoc. Dir lidu trudc va sau khi 1am phang s& duoc minh hoa thong
qua ham printSchema() nhu ¢ Hinh 2.25

# Lets explode the data as devices contains list/array of device reading

from pyspark.sql.functions import explode, col

exploded_df = streaming_df'\
.select("customerld”, "eventld”, "eventOffset", "eventPublisher”, "eventTime", "data") \
withColumn("devices", explode("data.devices™)) \

.drop("data")

Hinh 2. 23. Sir dung select SparkSOL dé doc hét cdc truong dir liéu trong JSSON
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# Flatten the exploded df
flattened df = exploded df\
.selectExpr("customerId", "eventId", "eventOffset", "eventPublisher", "eventTime",
"devices.deviceld as deviceld", "devices.measure as measure",

"devices.status as status", "devices.temperature as temperature")

Hinh 2. 24. Lam phdng dit liéu trong JSON

Dit liéu trude khi lam phang

# Check the schema of the exploded df, place a sample json file and change readStream to read
exploded_df.printSchema()

root
|-- customerId: string (nullable = true)
|-- eventId: string (nullable = true)
| -- eventOffset: long (nullable = true)
| -- eventPublisher: string (nullable = true)
|-- eventTime: string (nullable = true)
| -- devices: struct (nullable = true)
| |-- deviceld: string (nullable = true)
| | -- measure: string (nullable = true)
| |-- status: string (nullable = true)
| | -- temperature: long (nullable = true)

Dit liéu sau khi lam phang
flattened_df.printSchema()

root
|-- customerId: string (nullable = true)
-- eventId: string (nullable = true)
-- eventOffset: long (nullable = true)
-- eventPublisher: string (nullable = true)
-- eventTime: string (nullable = true)
-- deviceld: string (nullable = true)
-- measure: string (nullable = true)
-- status: string (nullable = true)
-- temperature: long (nullable = true)

Hinh 2. 25. So sanh dit liéu trude va sau khi lam phdng

Khi di liéu d3 dugc 1am phang, ta s& tién hanh ghi nhitng dit liéu ludng nay
vao kho dir liéu bang ham writeStream()
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2.3. XAY DUNG GIAI PHAP TiCH HQP NEN TANG KUBEFLOW VAO HE
THONG OPENSCIENCE.VN

2.3.1. Tong quan vé xy dwng mot pipeline

Viée xay dung mot pipeline deep learning (DL), machine learning(ML) trén nén

tang Kubeflow c6 mot sé muc dich quan trong nhu sau:

e Tich hop va ty dong hoa quy trinh: Kubeflow cung cip mdt nén tang dé to
chirc va tu dong hoa cac quy trinh ML hay DL phure tap. Viéc st dung pipeline
ML hoic DP trén Kubeflow gitip tao ra mot ludng lam viéc rd rang, dé quan
1y va dé mo rong

e Mo rong linh hoat: Kubeflow cho phép trién khai pipeline trén mot mang luéi
phan tan cac ngudn tai nguyén tinh toan, giup tdn dung tdi da sirc mang tinh
toan va mo rong linh hoat khi can

e Quan ly tai nguyén hiéu qua: Kubeflow tich hop cac cong cu phd bién trong
cong ddong ML va DL nhu TensorFlow, PyTorch hay Sklearn, gitp d& dang xay
dung céc pipeline sir dung cac cong nghé nay

e Giam thoi gian trién khai: Bang cach st dung Kubeflow, cic nhém ML hay
DL c6 thé giam thoi gian tir khau phat trién t6i khau trién khai san phdm, dong
thoi ting tinh nhat quan va d6 tin cdy cta cac quy trinh ML/DL

e Tang tinh di dong va tai st dung: Viéc xay dung pipeline ML,DL trén
Kubeflow gitip tao ra cac mo hinh va quy trinh c6 thé tai st dung, gitip ting

hiéu suét phap trién ML
2.3.2. Trién khai xy dung pipeline ML/DL trén Openscience.vn

Sau khi nguoi dung diang ky tao tai khoan va dugc cip quyén cho phép vio sir
dung trong kubeflow. Trong phan 1), nguoi quan tri (admin) can cap quyén cho mot
namespace co thé duge co quyén dé trd vao mét kho luu trix dé léy dit liéu, hoac luu
mo hinh d3 huin luyén vao dé thuc hién cac giai doan sau d6. Phan 2) huéng dan cho
mot file jupyter notebook c6 quyén kubeflow pipeline. Phan 3) huéng dan cach tao
mot pipeline co ban. Phan 4) thiét 1ap quyén cho phép Kubeflow pipeline truy cap

vao jupyter notebook. Phan 5) huéng dan cach tao mét pipeline co ban.
2.3.2.1. Diing nhdp hé théng Openscience.vn

Dé c6 thé truy cap vao muc phan tich dit liéu kubeflow, ta can thyc hién nhiing

budc sau day:
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e Truy cip vao web openscience.vn va chon “DANG NHAP”

e Chon “Pang nhap SSO” roi nhép tai khodn/mat khau va click “Sign In”

e Sau khi dang nhap, hé thong chuyén dén man hinh giao dién trang chu hé
thdng. Chon phan “Ung dung nén tang”

e O trang Ung dung nén tang, kéo xuéng phan PHAN TICH DU LIEU va chon
“PHAN TICH DU LIEU(Phat trién mé hinh hoc may)” dé mé jupyter hub két
nbi dén trang 1am viéc cua Kubeflow.

PHAN TiCH DU LIEU

o®  Ngudidung str dung phan hé phan tich dir liéu dé thyc hién huan luyén va thuc thi cdc mé hinh hoc may, tri tué nhan tao trén Nen
tang Openscience.vn.

o® Céc budc thuc hién phan tich dir liéu bao gom:

LU TRO, QUAN LY MO
HINH
THUC THI (CHAY) MO
HINH : I ~
1 7
) HUAN LUYEN MO HINH v
DOC DU LIEU TUNEN L i
TANG QUAN TRI DU LIEV i 4
p - 2
< g o
@ - !
18
g o

Gl <y

Hinh 2. 26. Truy cdp vao Kubeflow trén giao dién chinh

2.3.2.2. Tao mét notebooks trén hé thong Openscience

Sau khi thyc hién céc budc trong muc 2.3.2.1 s€ vao dugc giao dién cua
Kubeflow trén hé théng. Ta s& can phai khoi tao mot notebook dé kham pha dir liu,
phat trién va hun luyén mo hinh, thir nghiém va tinh chinh céac thuat toan, ghi chép
va chia sé két qua, cling nhu tich hop vao Kubeflow Pipelines dé ty dong hoa quy
trinh. Trong giao di¢n an vao phﬁn Notebooks va tiép tuc chon vao muc “New
Notebook™

Trong giao dién khdi tao Notebook dién tén New notebook can khéi tao, muc
Custom Notebook chon image “kubeflownotebookswg/jupyter-tensorflow-cuda-
full:v1.7.0”, tiép d6 chon 1 CPU, 2 Gi Memory va 1 GPU NIVIDIA, muc Advanced
Options trong muc Configurations lua chon Allow access to KFP, sau do 4n
LAUNCH dé tao mot notebook mai.
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7S
:r,‘ Kubeflow @ tranductho1309-gmail-co.. ¥ >
A

< New notebook

Notebooks

Name

demopipeline

Jupyter
X 1 2
JupyterLab VisualStudio Code RStudio

Alights

Custom Notebook o~

v Advanced Options

Hinh 2. 27. Khoi tao mot notebook maoi
2.3.2.3. Thiét lgp quyén truy cdp dé Kserve cé thé truy cip vao Minio
Trude khi bude vao budc xay dung vao pipeline bang cach st dung hudn
luyén, néu dir liéu dugc lwu trir vao Minio, thi cAn phai cai dat mot file cau hinh dé
Kserve co thé tré vao cac mé hinh dugc luu trir trén Minio va thyc hién viéc suy luan
trén cac mo hinh huén luyén dugc. File cau hinh can thay d6i namespace tring véi

namespace can khoi tao va c6 thé viét nhu Hinh 2.28 duéi day

apiVersion: v1
kind: Secret
metadata:
name: minio-kserve-secret
namespace: tranductho1309-gmail-com
annotations:
serving kserve.io/s3-endpoint: "minio-service.kubeflow:9000"
serving kserve.io/s3-usehttps: "0"
serving.kserve.io/s3-useanoncredential: "false"
type: Opaque
stringData:
AWS_ACCESS_KEY_ID: "minio"
AWS _SECRET_ACCESS_KEY: "miniol23"

apiVersion: v1

Hinh 2. 28. File cdu hinh Kserve tré vao cdac mé hinh trén Minio
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Sau d6 dung 1énh “kubectl apply -f set-minio-kerve-secret.yaml” dé co thé

apply file yaml vira khoi tao duéi quyén admin

2.3.2.4. Thiét lgp quyén cho phép Kubeflow pipeline truy cdp vao jupyter
notebook

Dé c6 thé thuc hién tuy chon Access to KFP dugc tich trong budc khdi tao

jupyter notebook. Chung ta can cip quyén cho phép KFP c6 thé truy cap. File cai dit

cau hinh s& nhu Hinh 2.29 dudi day va chay 1énh “kubectl apply -f access_kfp.yaml”

dé c6 thé apply file yaml vao hé thong

apiVersion: kubeflow.org/v1alphal
kind: PodDefault
metadata:
name: access-kf-pipeline
namespace: tranductho1309-gmail-com
spec:
desc: Allow access to KFP
selector:

matchLabels:
access-kf-pipeline: "true"

volumeMounts:

- mountPath: /var/run/secrets/kubeflow/pipelines
name: volume-kf-pipeline-token
readOnly: true

volumes:
- name: volume-kf-pipeline-token
projected:
sources:
- serviceAccountToken:
path: token
expirationSeconds: 7200
audience: pipelines.kubeflow.org
env:
-name: KF_PIPELINES SA TOKEN_PATH

value: /var/run/secrets/kubeflow/pipelines/token

Hinh 2. 29. File thiét ldp cdp quyén KFP
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2.3.2.5. Cach tao mot pipeline co bdan
Pé ¢ thé lay dit liéu trong Minio, luu dit liéu vao Minio trong Minio ching

ta co thé sir dung nhitng cau 1énh dudi Hinh 2.30 nhu sau.

from minio import Minio
import numpy as np

import os

minio_client = Minio(
"minio-service.kubeflow:9000",
access_key="minio",
secret_key="minio123",
secure=False

)

minio_bucket = "mlpipeline"

Hinh 2. 30. Truy cdp dir liéu trong co so dir lieu Minio

Trong nhiing cau I¢nh trén, ta cd bién minio_client dung dé khoi tao mot client
minio. Trén hé thong openscience ching ta co thé truy cap vao minio véi access key
va secret key mac dinh nhu trén. Vi du nhu trong phén demo & hinh 2.30 ta d3 tao san
minio bucket 1a  “mlpipeline”. Pé doc dir liéu chung ta c6 thé dung
“minio_client.fget_object(minio_bucket,'"heart-
disease/data/heart.csv","/tmp/heart.csv')”, trong d6 minio_bucket la tén bucket
trén minio, "heart-disease/data/heart.csv" 1a tén duong dan dir liéu trén bucket

"/tmp/heart.csv", 1 tén duong dan dich.

Dé c6 thé tao mot pipeline co ban ching ta c6 thé 1ay vi du chung ta c6 2 ham
a() va b() dué1 Hinh 2.31.

def a():

print("Day 1a ham a")
def b():

print('Day 1a ham b')

Hinh 2. 31. Tao ham a() va b()
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Tiép tuc tién hanh tao thanh mot pipeline dau tién ta can import thu vién kfp
da co san trén hé théng, vOi moi ham trén chung ta co thé tao mgt component cho no,
sau d6 chung ta c6 thé tao n6 thanh mét pipeline hoan chinh nhu Hinh 2.32 duéi day
va khi tao xong & dudi notebook s& xuét hién dong chit mau xanh “Pipeline details”

dé chiing ta c6 thé run pipeline vira tao.

r().compile(pipeline_funczoutput_test,package_path='output_test.yaml')
pipeline_package_path='output_test.yaml',pipeline_name="demo")

Hinh 2. 32. Vi du mét pipeline hoan chinh

2.4. XAY DUNG GIAI PHAP PANG NHAP MQT LAN (SSO) CHO
OPENSCIENCE.VN PE TRUY CAP VAO CAC NEN TANG

Pé xay dung co ché diang nhap mot 1an (Single Sign On — SSO) cho phép
ngudi str dung truy cip vao cac nén tang bén trong hé thong tir giao dién hé thong
Openscience.vn, ching ta str dung hé théng Keycloak dé déng bo hoa cac tai khoan
trong Openscience.vn v&i cc tai khoan cua cac nén tang bén trong, trén co so d6 xay
dung co ché SSO. Keycloak 1a mot hé théng quéan 1y danh tinh va truy cip mé ngudn
mo, duge phat trién boi Red Hat. N6 cung cap mot giai phép an toan va hiéu qua dé
quén 1y xac thuc va iy quyén cho cac tmg dung web va di dong. Keycloak hd trg cac
chuin xé4c thuc phé bién nhu OpenID Connect, OAuth 2.0 va SAML 2.0, cho phép
tich hop dé dang voi nhidu hé thong khac nhau [14]. Ngoai ra, Keycloak con cung
cap tinh ning quan 1y ngudi ding, quan 1y phién, va quan 1y quyén truy cap, gitip cac
t6 chirc d& dang kiém soat quyén truy cdp vao cac tai nguyén va dich vu cta minh.
Vi giao dién nguoi dung truc quan va kha nang mé rong cao, Keycloak 1a giai phap

1y twong cho viée quan 1y danh tinh va truy cap trong thoi dai sé.
2.4.1. Thyc hién SSO truy cap vao Nifi qua Keycloak

Trong hé théng quéan 1y va chia sé dit liéu, Apache Nifi dong vai trd thu thip
dit liéu tr nhiéu nguén khéc nhau nhu 10T, Saas, Database, v.v Nén tang Apache Nifi

cling dugc xay dung voi co ché dang nhap riéng bang username va password.

Véimong mudn tao ra mot moi truong su dung thuat tién nhét cho nguodi dung,

hé théng quan 1y va chia sé di liéu da tich hop phan ding nhap ciia Apache Nifi vao
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phan dang nhap chung ctia Hé théng. Didu nay ¢ nghia 13, thay vi nguoi dung can

dang nhép hai lan (mot 1an dang nhap vao Hé théng, mot 1an dang nhap vao Apache

Nifi) thi gid' day nguoi dung chi can ding nhap mot 1an duy nhit vao Hé théng ma

van c6 thé truy cap duoc vao Apache Nifi dé thu thap dir liéu.

Va dé thyc hién viéc dong bd qué trinh ding nhéap giita Hé thong va Apache

Nifi, ching ta s€ can thyc hién nhitng cong doan sau:

Ta dang nhap vao hé théng Openscience thong qua Pang nhap SSO rdi truy
cap vao trang quan ly Keycloak thong qua dudng dan
“https://sso.openscience.vn/auth/”
Thuc hién tao mot Clients co tén la nifi-test
Tai phan cai dat ciia Clients Nifi-test, ta thiét 1ap cac thong tin can thiét nhu:
- Client Protocol: openid-connect
- Access Type: public
- Root URL: https://103.22.218.60:9443/nif1/
- Valid Redirect URLs: *
- Admin URL: https://103.22.218.60:9443/nifi/
- Web Origins: https://103.22.218.60:9443
- Backchannel Logout URL: https://103.22.218.60:9443/nifi/logout-

complete

& Cc 23 sso.openscience.vn/auth/admin/master/console/#/realms/maste: ents
m Clients

Client ID nabled Base URL

ient

—UEd -l IR - B
g 2lég 2 2z e

Hinh 2. 33. Tao mét client moi trong Keycloak cho Apache Nifi

Tién hanh cap nhat mot s6 thong tin cau hinh quan trong can thiét dé Nifi co

thé két nbi d¢én Keycloak nhu sau:
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- nifi.security.user.oidc.discovery.url:
https://sso.openscience.vn/auth/realms/master/.well-known/openid-
configuration

- nifi.security.user.oidc.client.id: nifi-test

- nifi.security.user.oidc.client.secret

2.4.2. Thyc hién SSO truy cap vao Kubeflow qua Keycloak

Khéng giéng véi Apache Nifi, dé tao tai khoan cho mot ngudi dung méi trong
Kubeflow cin rat nhiéu cong doan thu cong yéu cAu mot hodc nhiéu ngudi van hanh,
day 1a kich ban té nhat cho mot hé théng ap dung nhiéu cong nghé nhu trong du an
nay.

Kubeflow ap dung Multi-Tenancy, day la mdt hé théng tu phuc vu, mét nguodi
dung mdéi khi tao tai khoan nén dugc tao mot Profile méi mot cach tu dong. Dé thuc
hién duoc diéu nay, hé théng yéu cAu mot hé théng xé4c thuc dé thuc hién xac dinh

danh tinh cho mdi nguoi ding.

Maic dinh, Kubeflow s€ dugc cai dat va tan dung Dex, mdt OpenlD Connect

Provider. Nhung c6 hai 1y do dé ta khong ding Dex nira, d6 1a:

e Su phtrc tap va yéu cau nhiéu cong doan thu cong cua Dex.

e Openscience.vn st dung Keycloak.

Keycloak 1a mdt dich vu quén 1y dinh danh va truy cap. Keycloak hd tro tat ca

nhirng gi ma Dex c6 thé cung cip, trong d6 c6 ca OIDC Provider.

Khi nguoi dung tao tai khodn trén Openscience.vn, ho sé& ty dong duogc tao mot
tai khoan trén hé thong ciia Keycloak, tir d6 tao ra Single Sign On hay SSO dé truy
cap vao tat ca moi dich vu nhu Kubeflow v&i chi mot 1an dang nhap. Va dé thuc hién

duoc yéu ciu ndy thi ching ta s& phai giai quyét duoc hai van dé chinh.

e Van d& dau tién dit ra 1a thay thé Dex bang Keycloak trong qua trinh cai dit
Kubeflow dé dich vu SSO trong hé théng Openscience.vn c6 thé sir dung cho
Kubeflow.

e Vén dé tht hai la ching ta can mot dich vu dé tu dong tao Profile cho nguoi
dung.

Vi Kubeflow duogc cai dat trén hé théng Kubernetes On-Premise st dung

manifest v&i su hd trg cia kustomize va kubectl, nén ta c6 thé thay ddi cai dat OIDC

& trong folder “manifests/common/oidc-authservice/base/”. Thiét 1ap Kubeflow
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xac thyc v6i Dex dugc dinh nghia trong thu muyc nay, nén chiing ta c6 thé thay thé

Dex bang Keycloak.

Tiép d6 ching ta s& xay dung mot dich vu API v6i Framework Flask dé tu
dong tao Profile cho nguoi dung méi véi mét HTTP POST Request. Tat nhién chiing
ta s& dong goi nd dudi dang container bang cong cu Docker va van hanh né trén cum
Kubernetes dung dé van hanh Kubeflow.
2.4.2.1. Tao Client trong Keycloak

Trudce khi thuc hién cac bude véoi Keycloak, ta can chic chian réng ta da co
quyén truy cdp dén Admin Console cia Keycloak.

Vi mac dinh, Keycloak khong c6 Client Scope tén 1a “groups” nén ching ta
can tao dé c6 thé hoat dong véi Kubeflow theo diing ky vong. Nén ta sé& truy cap vao
Client Scopes va nhan vao nit Create, dién tén scope sau d6 nhin Save.

8 Xeycioak Admin Console x +

C 3 sso.openscience.vn/auth/admin/master/console/#/realms/master/client-scopes

@IKEYCLS

Master Client Scopes

Clients Name protocol GUI order
& Clent Scopes

Roles

Hinh 2. 34. Tao mot Client Scopes maoi trong Keycloak

Pé Kubeflow c6 thé st dung Keycloak lam OIDC Provider, ta can tao mot
Client trong Keycloak danh riéng cho Kubeflow. Ta tiép tuc truy cip vao phan Client
trong Keycloak va nhin vao nut Create. Trong phan thiét 1ap client méi, ta can luu y

thiét 1ap mot s trudng thong tin sau day:

e Client ID: kubeflow-openscience-client

e Client Protocol: openid-connect

e Access Type: confidential

e Root URL: https://kubeflow.openscience.vn/login/oidc
e Valid Redirect URLs: *
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2.4.2.2. Ap dung cai dat OIDC mdéi cho Kubeflow

Pau tién, ta thay ddi noi dung trong tép “params.env” nam trong thu muc
“manifests/ common/oidc-authservice/base” vdi URL duoc phoi ra internet cua
Keycloak nhu hinh 2.35 bén dudi.

9 (&) « i) manifests [SSH: kBs-m1)
@ EXPLORER . O params.env X
OPEN EDITORS commo dc-authservice > bas © params.env
X © params.env common/oidc-... OIDC_PROVIDER=https://sso.openscience.vn/auth/realas/master
MANIFESTS [SSH: K8S-M1) OIDC_AUTH_URL=https://sso.openscience.vn/auth/realas/master/protocol/openid-connect/auth

0IDC_SCOPES=email groups profile roles

github REDIRECT_URL=/login/oidc
apps SKIP_AUTH_URI=/keyc loak
common USERID_MEADER=kubef low-userid
cert-manager USERID_PREFIX=

d USERID_CLAIM=email

ex

PORT="8280

istio STORE_PATHs/var/lib/authservice/data.db
istio-1-14 11 |

knative

kubeflow-namespace
kubeflow-roles
oidc-authservice

v base

!I' envoy-filteryaml

! kustomization.yaml
© params.env

! params.yaml

! pveyaml

O secret_params.env
I service.yamil

! statefulsetyam

Hinh 2. 35. Cdu hinh file params.env

Sau do, ta tiép tuc thuc hién thay ddi noi dung trong tép “secret_params.env”
nam tai “manifests/common/oidc-authservice/base/secret_params.env’. O budc
nay, ta s& can hai thong tin: Tén cua Keycloak Client va gia tri ciia Secret trong phan
Credentials tir Client ta da tao & budc trén.

Khi d thuc hién xong noi dung can stra doi cua hai file cAu hinh trén, ta s&
can khdi tao lai dich vu OIDC ctia Kubeflow bang 1an luot hai dong 1énh nhu hinh
2.36 dé co thé ap dung duoc cAu hinh méi 1én hé théng.

# cd manifest/common/oidc-authservice/base/
kustomize build | kubectl --kubeconfig=./config delete -f -
kustomize build | kubectl --kubeconfig=./config apply -f -

Hinh 2. 36. Cdc dong Iénh khai tao lai dich vu OIDC ciia Kubeflow

V6i nhitng thay d6i méi duoc thuc hién, lac nay, khi truy cdp vao
“https://kubeflow.openscience.vn/” ta s& dugc chuyén hudng toi trang dang nhap
cua Keycloak. Tai day, néu ngudi ding da ding nhap trén trang Openscience.vn v6i
tinh ning SSO, ho s& dugc chuyén huéng thing dén Kubeflow Néu nguoi dung chua

thuc hién dang nhap trén trang Openscience voi tinh nang SSO, ho co thé thuc hién
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dang nhap véi tai khoan va mat khau cta ho va co thé truy cap dén cac dich vu khéc

c6 trén Openscience.

2.4.2.3. Thiét ké Flask API Server

Sau khi 4p dung thanh cong thiét 1ap OIDC trong Kubeflow dé sir dung
Keycloak thay cho Dex dé 1am dich vu xac thuc nguoi ding, ngudi ding méi khi truy

cap dén Kubeflow van chua thé dung cac tinh ning ma Kubeflow cung cap.
Diéu nay xay ra vi ngudi ding van chua duoc khoi tao Profile cho riéng ho.

Ta s& can tao thii cong Profile cho timg nguoi dung cu thé véi tép profile.yaml va ap

dung gidi han tai nguyén voi tép quota.yaml nhu & hinh 2.37

profile.yaml quota.yaml
apiVersion: kubeflow.org/vlbetal apiVersion: vi
kind: Profile kind: LimitRange
metadata: metadata:
name: user-namespace name: cpu-limit-range
spec: namespace: covid-namespace
owner: spec:
kind: User limits:
name: user@example.com . - default:
memory: 10Gi
resourceQuataSpec: Cpu: 6000m
hard: defaultRequest:
cpu: "1° cpu: 5000m
memory: 2Gi memory: 6Gi
requests.nvidia.com/gpu: "@" type: Container
persistentvolumeclaims: "2"
requests.storage: "15Gi"

Hinh 2. 37. Nhitng file can thiét dé tao profile cho ngieoi ding

Giai phap duoc dé ra & day 1a xay dung mot API Server nhan request voi dau
vao la email cia nguoi dung mai. Tu do, may chu s€ tu dong sinh ra ndi dung cia hai
tép profile.yaml va quota.yaml trong irng véi email va tén namespace cho nguoi dung
dé va cling s ty dong ap dung chung 1én cum Kubernetes vi t€p config ma ching
ta chi dinh.

Pé don gian hoa qua trinh xiy dung server, chung ta s& sit dung mot
Framework quen thudc 1a Flask dé giup viéc xay dung API Server dugc nhanh va bao

mat hon.

DAu tién, ta tao mot tép tén la main.py, sau do thiét 1ap nhiing thu vién can
thiét va tai vé tép config cia cum Kubernetes trén FPTCloud.
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import subprocess

from flask import Flask, request, jsonify
from jinja2 import Template

import re

app = Flask(__name__)

Hinh 2. 38. Tép main.py va nhitng thiw vién can khai bdo cho Flask

Tiép d6, ta can tao mot ham chuyén email cta nguoi ding sang dang chudi
phu hop dé 1am tén cho Namespace trong Kubernetes.

def email_to_k8s_namespace(email):
cdlean_string = re.sub(r'[*a-zA-Z0-97, -, email.lower())
dean_string = re.sub(r'[*a-z0-9]+, '-', clean_string)
cdean_string = dean_string[:63]
cdean_string = dean_string.strip('-')

return clean_string

Hinh 2. 39. Ham chudn héa cdc ky tw cia chudi email dau vio
Sau d6, ta tao ham generate profile yaml dé tao ndi dung cho tép
profile.yaml tir email cua ngudi dung va thuc hién tuong tu vdéi ham
generate_limit_range yaml

Ham tao néi dung cho tép profile.yaml Ham tao néi dung cho tép quota.yaml
def generate_profile_yaml(username, user_email): def generate_limit_range_yaml(username):
profile_template = """ limit_range_template = """
apiVersion: kubeflow.org/vlbetal apiVersion: vl
kind: Profile kind: LimitRange
metadata: metadata:
name: {{ username }} name: cpu-limit-range
spec: namespace: {{ username }}
owner: spec:
kind: User limits:
name: {{ user_email }} - default:
memory: 10Gi
resourceQuotaSpec: cpu: 6000m
hard: defaultRequest:
requests.nvidia.com/gpu: "0" cpu: 5000m
persistentvolumeclaims: "2" memory: 6Gi
requests.storage: "15Gi" type: Container
template = Template(profile_template) template = Template(limit_range_template)
rendered_yaml = template.render( rendered_yaml = template.render(
username=username, username=username
user_email=user_email, )
)
return rendered_yaml
return rendered_yaml

Hinh 2. 40. Ham tao néi dung cho tép profile va quota
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Sau d6 ta viét ham apply yaml dé ap dung noi dung cta hai tép ma ta da

render ¢ trén vao cum Kubernetes vdi tép config tuong ing trong thu muc.

def apply_yaml(yaml_content, resource_type):
try:
process = subprocess.run(
['kubectl', '--kubeconfig=./config','apply', '-f', '-'l,
input=yaml_content,
encoding="'utf-8', # Specify encoding
check=True
)
print(f"Successfully applied {resource_type} YAML.")
except subprocess.CalledProcessError as e:
print(f"Error applying {resource_type} YAML: {e}")

Hinh 2. 41. Ham apply _yaml aé ap dung vao tép config cua cum Kubernetes

Khi di c6 ddy dt ham can thiét dé 1ay ndi dung tao profile, ta s& viét ham API
dé Server c6 thé nghe duogc cac yéu ciu tao Profile tir internet va viét ham main dé

chay app Flask.

@app.route('/generate-and-apply-yaml', methods=['POST"))
def generate_and_apply_yaml():

data = request.json

user_email = data.get('user_email')

username = email_to_k8s_namespace(user_email)

profile_yaml = generate_profile_yaml(
username, user_email

)

limit_range_yaml = generate_limit_range_yaml(
username

)

apply_yaml(profile_yaml, "Profile")

apply_yaml(limit_range_yaml, "LimitRange")

response_data = {
'status': 'success',
'message’; "'YAML files generated and applied successfully.'

}

return jsonify(response_data)

if_name__=='_main__"
app.run(host="0.0.0.0", port=5000, debug=True)

Hinh 2. 42. Ham API dé Server nghe dwoc cdc yéu cau tao Profile tir Internet
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2.4.2.4. Dong goi API Server vdi Docker
DAu tién, ta tao mot tép voi1 tén requirements.txt liét ké tat ca cac thu vién,

ung dung Python ma api server cua ta can.

requirements.txt X

kubeflow-custom-api > fpt-kca-flask-app requirements.txt
Flask
gunicorn
3 gevent

Hinh 2. 43. Ngi dung file requirements

Tiép dén ta tao tép gunicorn_config.py dé cdu hinh céc thiét 1ap cac worker
xir Iy dong thoi va ting kha nang xur Iy dong thoi thong qua gevant. Worker nay rat
hi€u qua cho cac tng dung co nhiéu tac vu /O, nhu truy van co s¢ dit liéu hodc giao
tiép qua mang, nho thong qua non-blocking 1/0 (nhap/xuat khéng chin) va khong
yéu cau xur Iy CPU ning.

% gunicorn_config.py X

kubeflow-custom-api > fpt-kca-flask-app > ® gunicorn_config.py
workers = 4
worker_class = “gevent"
bind = "0.0.0.0:5000"

Hinh 2. 44. Ni dung file cdu hinh gunicorn
Ttr hai file d4 tao ra bén trén, ta tién hanh tao mot Dockerfile dé xay dung mat
image docker (thong qua 1énh build) va dong géi lai (thong qua Iénh push) dé st dung

trén Kubernetes ¢ phan sau.

=]

& Dockerfile X

kubeflow-custom-apl » fpt-kca-flask-app » & Dockerfile
FROM python:3.9.17-slim-buster

RUN apt-get update
RUN apt=-get install =y curl
RUN curl -LO “https://dl.kBs.iofreleases/S(curl -L -5 https://dl.k

RUN install -0 root -g_rnut -m 8755 kubectl fu'sl'.-"LDCi:lL.-"DJIU'KLIDEC_t

COPY reguirements.txt .
AUN pip3 install =—no=cache=dir =r reguirements.txt

coPyY . fapp
WORKDIR fapp

EXPOSE 5800

CMD ["gunicorn™, "-—config™, "gunicorn_config.py", "main:app”]
# ENTRYPOINT [ "python3”, “main.py” |
18|

Hinh 2. 45. File cdu hinh docker dé tao image
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2.4.2.5. Trién khai API Server trén Kubernetes

Dé trién khai API Server ta d3 dong gobi ¢ trén cum Kubernetes ta can tao 3 tép
(vo1 ndi dung nhu ¢ Hinh 2.45, Hinh 2.46 va Hinh 2.47) v6i muyc dich lan luot nhu

sau:

e namespace.yaml: Diing dé tao mot khong gian 1am viéc (namespace) riéng biét
cho API server chay trén Kubernetes.

e deployment.yaml: Dung dé dinh nghia va quan 1y viéc trién khai céc container
(chay tir API Server c6 dang Docker image ma ta da dong go1 & budc trén).

e nodeport.yaml: Dung dé tao mot Service loai NodePort, cho phép API Server
c6 thé duoc truy cap tir bén ngoai cluster thong qua mot cong cu thé trén cac

node cua Kubernetes cluster.

! 3-fpt-namespace.yaml X
kubeflow-custom-api > k8s-manifest ! 3-fpt-namespace.yaml

apiVersion: vl
kind: Namespace
metadata:
5 name: kubeflow-custom-api

Hinh 2. 46. N¢i dung file namespace

! 4-fpt-deploymentyaml X

oyment.yaml > {) spec > {) template > {} spec > [ ] containers > {} 0 > {) resources

apiversion: apps/vl
kind: Deployment
metadata:

flask-app

name: Kca
namespace: kubeflow-custom—-api
spec:
replicas: 3
selector:
matchLabels:
app: kca-flask-app
template:
metadata:
labels:

app: kca-flask-app

spec:
containers:
- name: kca-flask-app
image: tiennguyen/fpt-kca-flask-ag
ports:

- name: http
containerPort: 5000
resources:
limits:
cpus "1*
memory: “1Gi"

Hinh 2. 47. Ngi dung file deployment
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! 5-fpt-nodeport.yaml X

kubeflow-custom-api > k8s-manifest > ! 5-fpt-nodeport.yaml

1 —
apiVersion: vl
kind: Service
metadata:
name: kca-flask-app-node-port
namespace: kubeflow-custom-api
spec:
type: NodePort
selector:
app: kca-flask-app
ports:
- port: 5000
targetPort: http
nodePort: 32525 # range 30000-32767

Hinh 2. 48. N¢i dung file nodeport

Khi d3 tao xong 3 tép namespace, deployment va nodeport, thi ta ¢ thé trién
khai API server trén cum Kubernetes voi cdc dong Iénh sau day. Tur d6 API Server s€
c6 thé nghe dugc cic yéu cau tr may chi thuc hién chic ning xac thuc tir

Openscience.vn.

kubectl —--kubeconfig=./config apply 3-fpt-namespace.yaml
kubectl --kubeconfig=./config apply 4-fpt-deployment.yaml

kubectl --kubeconfig=./config apply 5-fpt-nodeport.yaml

Hinh 2. 49. Cdc 1énh dé trién khai API server 1én Kubernetes
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CHUONG 3. THU NGHIEM VA PANH GIA CAC GIAI PHAP
3.1. THU NGHIEM, PANH GIA GIAI PHAP TICH HOQP NIFI

3.1.1. Thir nghiém giti va nhan dir liéu trén Nifi

3.1.1.1. Thu thap dir liéu tir tép

Dé c6 thé thir nghiém duogc giai phap thu thap dit liéu Nifi, ta s& cdn chuén bi
san mot thu muyc dir liéu trén may tinh c6 chira nhiéu dinh dang dir li¢u khac nhau
nhu txt, json, word, xIsx co tén la “data”

root@vm-23091422540-h71s5e27:~/nampq2/data# ls

dulieu.json dulieu.txt dulieu.word dulieu.xlsx

Hinh 3. 1. Thu muc data chira dir liéu thir nghiém
Tiép theo, tién hanh truy cap vao hé thong Nifi thong qua “Diang nhiap SSO”.
Trén giao dién chinh cta Nifi ta nhéan chon nut tao mot bo xur ly GetFile mai va nhan

dap vao dé nhap cac thong tin thudc tinh cho khdi nay.

e Input Directory: duong dan dén thu myc chira dit liéu. Trong trudng hop thuc
nghiém, dit liéu dugc luu tai duong dan “/root/nampq/dataS3”
e File Filter: Trong thu myc can gtri di c6 rat nhiéu dinh dang tép nhu json, txt,

word, v.v nén ta s& cai dat theo ct phap [*\.].* dé chuyén tat ca dir liéu.

Khi dd hoan tit qué trinh thém va cau hinh khéi Getfile, ta tiép tuc thao tac
thém va ciu hinh véi khdi PutS30bject, trong d6 ta s& can phai thiét 1ap nhiing thong

sO quan trong sau:

e Object Key: Trong trudng hop thir nghiém, duong dan dugc cai dat nhu sau:
000.00.00.G31_VAST/FILE/20012024/$ {filename}

e Bucket: Bucket dit liéu duoc dit ¢ dinh la: openscience-test-bucket

e Access Key ID: khoa truy cép vao kho dit lidu cb dinh:
UJPZHZ350JDLWGV11FK1

e Secret Access Key: mat khau truy cip kho lwu trit ¢ dinh:
KrD6hbs9COGiON6Y SRXSjdkOnlJbSogLwIBUPVIK

e Endpoint Override URL: dia chi truy cap dén kho luu trit dit liéu ¢ dinh:
https://s3-hfx03.fptcloud.com
Sau khi da tao dugc hai khéi truyén dir liéu va khoi nhan di liéu, ta di chuyén

con tro chudt dén khoi GetFile, kéo mili tén hudng téi khdi PutS30bject, dé tao lién
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két gitra hai khéi nay. Tai kh6i Operate trén giao dién chinh ciia Apache Nifi, ta s&

chon nut Start dé thuc hién viéc giri va nhan dir liéu tir server luu trit vao kho dir liéu.

{) Operate =
NiFi Flow
1ba63e4d-018a-1000-4523-e8e284d4f482

& F X >R =

Hinh 3. 2. Khéi operate dé thuc hién thao tac

3.1.1.2. Thu thdp dit lidu luong tiv hé thong IoT

V61 nhiing dir li¢u luéng can duoc thu thap tuor hé théng [oT, ta s& can tao ra
mdt may chu 4o gui tin hi¢u 10T di, dé thuc hién diéu nay, ta cé thé truy cap vao
trang WEB mo6 phong theo dia chi “https://www.hivemq.com/demos/websocket-
client/”. Pau tién can két ndi téi may chu bang cach nhin chudt vao nat Connect
(mau xanh nudc bién), sau khi két n6i xong, tai myuc Connection s& dugc hién thj 1a
“Connected”. Tiép theo can tao m&i mot chu dé bﬁng cach nhan vao nit “Add New
Topic Subscription”, mot cua s6 nho hién 1én va nguodi dung thuc hién khai bao tén

chu dé va nhan “Subscribe” d¢ ghi nhan.

Topic
testtopic/1

Hinh 3. 3. Giao dién khai bdo chii @ cho div liéu 1oT thir nghiém
Tai khu vuc Message, ngudi ding c6 thé nhap bat cir ndi dung gi (vi du déy 1a
thong tin tir thiét bi IOT guri di).
Ta tiép tuc truy cép vao hé thong thu thap dir liéu Nifi, sau d6 tao méi khéi
chirc niang “ConsumeMQTT” va thiét 1ap nhiing thong tin quan trong theo nhu trén
trang gui thir nghiém thong tin loT nhu sau:
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e Broker URI: Trong truong hop thu nghiém, gid tri nay dugc cai dat la
tep://mqtt-dashboard.com: 1883

e Topic Filter: Trong trudong hgp thu nghiém, gid tri nay dugc cai dat Ia
testtopic/1

e ClientID: Ta sé& lay ClientID nay trén trang gia lap thong tin IoT HiveMQ khi
da két n6i thanh cong. O day 1a “clientId-pgunBCksg1”

Publish A Subscriptions A
Topic QoS Retain
Message X
Xin chao, day la thong tin loT thir nghiém testtopic/1
3
Messages A

Xin chao, day la théng tin loT th&r nghiém

hello

Hinh 3. 4. Thong tin duoc sir dung dé thir nghiém dit liéu IoT

Khi da tao thanh cong khéi “ConsumeMQTT”, ta tiép tuc tao méi khoi
“PutS30bject” v4i thong tin thudc tinh nhu & phan trudc va ndi hai khéi lai véi
nhau. Sau khi céc khdi trong Apache Nifi 3 duoc Start va hoat dong, ta thyuc hién gui
“Messages” thong qua trang WEB gia lap bang cach nhap noi dung mudn giri va nhan
“Publish” dé bat dau truyén thong tin.

Ta ciing c6 thé xem trang thai hoat dong ctia cac khéi chirc ning bang cach
nhan chudt phai vao khéi trung gian nam giita cic khdi ConsumeMQTT va
PutS30bject.
3.1.1.3. Thu thdp dit liéu tiv hé thong CSDL quan hé

Trong truong hop thir nghiém, ta c6 mot bang co s¢ dir liéu tén 1a Persons c6
dang nhu Hinh 3.5.
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mysql> select * from Persons;
e R +

| PersonID | LastName
e R +

| 1 | PHAM VAN A

2 | NGUYEN VAN B |
e e +
2 rows in set (0.00 sec)

Hinh 3. 5. Co so dir ligu thir nghiém dang quan hé

V6i khéi truyén dir lieu thi 1an nay ta s& st dung khdi chirc ning

“ExecuteSQL” v6i cac thong tin thudc tinh can luu tim nhu sau:

e Database Connection Pooling Service: Trong truong hop thir nghiém nay st
dung DBCPConnectionPool
e SQL select query: Cau 1énh truy van co so dir liéu. Va dé lay duoc dir liéu

trong bang, can thuc hién cau 1énh “select * from Persons”

Ta tiép tuc chuan hoa dit liéu thu duge tir co s& dit liéu can bién doi vé dang
JSON. Dé thyc hién diéu ndy can st dung khdi chic ning co tén la
“ConvertAvroToJSON”. Ngoai ra, dé c6 thé tiy chinh thong tin (vi du nhu tén dit
liéu) nguoi dung c6 thé khi bao thém mot khdi chic ning “UpdateAttibute” bang
cac thao tac tuong tu nhu trén.

Con d6i voi khéi nhan dir lidu, thi ta ciing s& tiép tuc sir dung khdi
“PutS30bject” v4i nhitng thong tin dugc sir dung dé thir nghiém di dugc néu ¢ phan
trén.

Sau khi da tao dugc hai khéi truyén dit liéu va khéi nhan di liéu, ta di chuyén
con tré chudt dén khéi “ExecuteSQL”, ta kéo mii tén hudng téi khéi
“ConvertAvroToJSON” va “UpdateAttibute”, sau d6 kéo tiép miii tén dén khoi
“PutS30bject”, lac nay mot lién két s& dugc hinh thanh.

3.1.1.4. Thu thdp dii liéu qua API
O trudng hop nay, ta tiép tuc sir dung mot ngudn dir lidu API chira nhitng thong
tin nguoi dung thir nghiém tai dia chi “https://reqres.in/api/users”. Va trén thanh
cong cu cua Apache Nifi, ta nhan chon nut tao mot bo xir Iy méi véi tén khoi chire
nang 14 InvokeHTTP. Ta can c4u hinh nhiing thong tin quan trong sau cho khéi chirc
ning nay:
e HTTP Method: Trong truong hop thir nghiém nay, phuwong thirc dugce sir dung
1a GET d¢é lay dir liéu.
e HTTP URL: Dia chi API dugc sir dung s€ 1a “https://reqres.in/api/users”



55

Ngoai ra, dé co thé tiy chinh théng tin (vi du nhu tén dir liéu) ngudi ding co
thé khi bao thém mot khdi chirc ning co tén “UpdateAttribute” bang cac thao tac
tuong tu nhu trén va nhén nat “+” dé khai bao thém thudc tinh tén 1a filename va dién
gia tri cua thudc tinh do6 theo dang json.

Pbi v6i khéi nhan dir liéu, ta tiép tuc st dung téi khdi “PutS30bject”, ta co
thé tao lai khdi ndy bang cach thém méi hodc sao chép tir nhitng ludng dir lidu trudc
d6 ra va chi can thay doi dudng dan chua tép dit liéu.

Sau khi dd co day du cac khdi dé tao thanh mot ludng nhan va gii dir liéu
thong qua API nhu ¢ Hinh 3.6.

— InvokeHTTP

~ InvokeHTTP 1.22.0
s org.apache.nifi - nifi-standard-nar ff; 1
In 0 (0 bytes) 5 min
Read/Write 0 bytes/980.44 KB 5t
Out 1,008 (980.44 KB) 5

Tasks/Time 1,008/ 00:04:17.507

Name Failure, No Retry, Original,...
Queued 0 (0 bytes)

v

{a— UpdateAttribute

w

JpdateAttribute 1.22.0

org.apache.nifi - nifi-:update-attribute-nar

In 1,008 (980.44 KB) 5 min
Read/Write 0 bytes /0 bytes 5 min
Out 1,008 (980.44 KB) 5 min
Tasks/Time 1,008/ 00:00:00.567 5 min
Name success
Queued 0 (0 bytes)
- PutS30bject
-~ PutS30bject 1.22.0
org.apache.nifi - nifi-aws-nar
In 1,008 (980.44 KB) S5m
Read/Write 980.44 KB/ 0 bytes 5 min
Out 0 (0 bytes) 5 min

N

Tasks/Time 1,008/ 00:00:13.828
Hinh 3. 6. Luong giri va nhdn dit liéu thong qua API

3.1.2. Panh gia hoat dong
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Pé xem trang thai hoat dong va luu lugng dir li€u cua cac khdi chuc nang ta
c6 thé nhan chudt phai vao khéi trung gian nam gitra khoi gui dit liéu va PutS30bject.

Sau d6 chon View status history va List queue dé xem thong tin chi tiét.

Status History =
Bytes In (5 mins) v

Source Name GetFile

o =

Destination Name PutS30bject

1

1d,872e942a-C05{-38a7-Bb2b-50e987{06341
2

Group Id,1ba63e4d-018a-1000-4523-E8e284d4f482
3

Biytes In (5 mins)

20.00 bytes

Name,Success

4

Start

0B/12/2024 14:43:37.383

End

08/13/2024 14:42:42.050 T T T T 1
8:00 06:00 200

NiFi
Min / Max / Mean &
20.00 bytes / 20.00 bytes / 20.00 bytes

MiFi 20.00 byles

& Lastupdated: 14:42:52 ICT

Hinh 3. 7. Lich sir trang thdi truyén nhan file

Trong d6 ta c6 Status History s& thé hién téng quan vé sb lugng FlowFiles d
duoge xur 1y, the d6 xir 1y, va cac 101 co thé xay ra khi tai dir liéu 1én S3. Con List Queue
s€ dugc su dung dé xem nhiing FlowFiles nao dang cho dé duoc tai 1én S3, kiém tra
thudc tinh cua ching dé xac dinh xem c6 van dé gi vai dir liéu hodc qua trinh truyén
tai hay khong. Trong qua trinh nhan dir liéu tir API, ta can dép ung duoc mot sd noi
dung nhu: API ¢6 do on dinh cao va it xdy ra 16i, downtime va luu y téi chinh sach
gi6i han tan sut ciia API hay con goi 1a rate limit. Néu qua trinh truyén dit liéu khong
phat sinh van dé va hoat dong on dinh nhu trén hinh 3.3, thi ta c6 thé tién hanh cap
nhat bd sung cac truong dir lidu trén hé théng Openscience. Tai trang chil, ta nhan
chon muc “Dir li€u cua t6i”, lac nay man hinh quéan Iy danh sach cac bo dir lidu sé&
hién ra, tiép tuc nhin chon “Cép nhat bd dit liéu”, thong tin caa bo dir lidu vira gui

1én s& duogc hién thi tai day.
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« C %5 betaopensciencevn/xac-thuc-bo-du-lie Br GOm0 % 00 @

: . 2 1
&P, | HE THONG QUAN LY VA CHIA SE 'y 2 QuangNam v . |

=) DULIEU NGHIEN CUU KHOA HOC VA CONG NGHE DUNG CHUNG

N Trang chi Dir lidu Tin tire & Sy kién Huéng dén sir dung Ung dung nén tang

Dir ligu / Tao méi

THONG TIN CANHAN Th Wi heo Van tus m

QUAN LY DU’ LIEU

THONG BAO - STT  Teén folder/file dir ligu Logi file Dung lugng Thao thc
1 [57000.00.00.631_VAST 3KB
11 B APl 2.988KB
12 B FILE 0.012KB
121 B 12012024 0.004 KB Chon
122 B 13012024 0.004 KB Chon
123 B 20012024 0.004 KB Chon
1231 1301json json 0.004 KB

CUC THONG TIN KHOA HOC VA CONG NGHE QUGC GIA

huong Kiét, 0. Hoan Kiém, Tp. Ha Noi

49923

Hinh 3. 8. Dit liéu duoc hién thi trong muc quan ly dir liéu

Ta ciing co thé nhin nat Chon dé xem b dit liéu, cap nhat thong tin bo dir licu
va glri yéu cau xac thuc bd dit liéu. Mot khi da khai béo xong, ta s& nhan Luu va Gui

duyét dé cho quan tri vién phé duyét bo dir lidu.

3.2. THU NGHIEM, PANH GIA GIAI PHAP TiCH HQP SPARK
3.2.1. Thir nghiém xi ly dir li€u theo 16

Dé thuc hién cac tac vu xir ly dir liéu theo 16 trén Apache Spark voi dir licu
quy md 16n, can thiét ké hodc tim kiém tap dit liéu 16n c6 san. Vi du sau day sir dung
tap dir liéu mo ta chi tiét vé cac chuyén di taxi va dich vu thué xe tai New York, duoc
cung cip boi Uy ban taxi va xe limousine cta thanh phd. Tap dit liéu nay c6 thé duoc
tai xudng tir ngudn dir liéu cong cong trén trang GitHub.

Dau tién ta can chuan bi dit liéu béng viéc tai dit liéu vé va gidi nén, véi bo dir
liéu ¢ day 1a bo dit liéu chi tiét vé nhitng chuyén di cho thué xe s luong 16n trong
thang 1 nam 2021 tai New York.
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lwget https://github.com/DataTalksClub/nyc-tlc-
data/releases/download/thvhv/fhvhv_tripdata_2021-01.csv.gz

lgzip -d 'fhvhv_tripdata_2021-1.csv.gz

Hinh 3. 9. Cau lénh su dung dé tai va gidi nén bo div liéu
Sau khi bo dir liéu da duoc chuan bi vé may, ta tiép tuc tién hanh day bo di

lidu 1én kho dit liéu bang 1énh put va tao Sparksession két ndi t6i S3 Storage.

thdfs dfs -put thvhv_tripdata 2021-01.csv /user/tranductho1309

Hinh 3. 10. Pdy dit liéu lén kho dit liéu

spark = SparkSession.builder \
.appName('demo") \
.getOrCreate()

Hinh 3. 11. Khai tao SparkSession

Pé phan tich DataSet vira tai vé, ta can dung Spark va ham read() dé doc dir

liu trong file csv vira giai nén thanh cong.

df.show()

R e e e e e L e L L T Fommmm e e e e o +
|hvfhs_license_num|dispatching_base_num| pickup_datetime]| dropoff_datetime|PULocationID|DOLocationID|SR_Flag|
Prccccccccccccccca L A e R L L Prrccccccccccccccccea drccccccccccccccccca ferccccccccce- Prcccccccccaa frccccae +
| HVeeo3 | B02682|2021-01-01 00:33:44|2021-01-01 00:49:07| 230 166|  null|
| HVeeo3 | B02682|2021-01-01 00:55:19|2021-01-01 01:18:21| 152 167|  null|
| HVeee3 | B0O2764|2021-01-01 00:23:56|2021-01-01 00:38:05] 233 142|  null|
| HVeee3 | B02764|2021-01-01 00:42:51|2021-01-01 00:45:50| 142| 143|  null|
| HVeee3 | B02764|2021-01-01 00:48:14|2021-01-01 01:08:42] 143| 78]  null|
| HVeoos | B02510|2021-01-01 00:06:59|2021-01-01 00:43:01] 88| 42|  null|
| HVeeos | B02510|2021-01-01 00:50:00|2021-01-01 01:04:57| 42| 151|  null|
| HVeeo3 | B0O2764|2021-01-01 00:14:30|2021-01-01 00:50:27| 71| 226|  null|
| HVeeo3 | B02875|2021-01-01 00:22:54|2021-01-01 00:30:20] 112| 255|  null|
| HVeoeo3 | B02875|2021-01-01 00:40:12|2021-01-01 00:53:31| 255] 232|  null|
| HVeee3| B02875|2021-01-01 00:56:45|2021-01-01 01:17:42] 232| 198|  null|
| HVeeo3 | B02835|2021-01-01 00:29:04|2021-01-01 00:36:27] 113| 48|  null|
| HVeee3 | B02835|2021-01-01 00:48:56|2021-01-01 00:59:12] 239| 75| null]
| HVeoe4 | B02800|2021-01-01 00:15:24|2021-01-01 00:38:31] 181] 237]  null|
| HVeee4 | B02800|2021-01-01 00:45:00|2021-01-01 01:06:45] 236| 68| null|
| Hveeo3 | B02682|2021-01-01 00:11:53|2021-01-01 00:18:06] 256| 148|  null|
| HVeeo3 | B02682|2021-01-01 00:28:31]|2021-01-01 00:41:40| 79| 80| null]

Hinh 3. 12. Hién thi diF liéu sau khi doc file csv xong

Pé t6i wu hiéu ning xtr 1y cia Spark, ta phan ving lai dit liéu thanh cac
partition nho hon. Déi véi tap dit liéu nay, chung ta s& x4o tron dit liéu va phan ving
lai thanh 24 partition, sau dé ghi dit li¢u da dugc phan vung thanh cong dudi dang
Apache Parquet dé tang toc do truy vén.
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df = df repartition(24)
df.write. mode(‘overwrite').parquet("hdfs:///user/tranductho1309/thvhv/2021/01")

Hinh 3. 13. Phan vung va ghi dit liéu da dwoc phan vimg dwoi dang Parquet

Véi dir liéu dau ra (24 file Apache Parquet), chung ta can goi ham read() cua
Spark doc file Parquet tor bucket dir liu. Sau d6é dung ham
“createOrReplaceTempView()” cua Spark dé tao mot bang dit liéu quan hé dé c6

thé thao tac tir DataFrame doc dit liéu dang Apache Parquet ¢ trén.

df = spark read parquet('hdfs:///user/tranductho1309/thvhv/2021/01")
df createOrReplaceTempView('hvthw_data')

Hinh 3. 14. Ham doc va thao tdc dit liéu dang Parquet
3.2.2. Danh gia xir ly dir li€u theo 16

Sau khi ta xir 1y dir liéu xong, ta s& co thé thao tac voi dit liéu da xir 1y bang

cac Query nhu trén co s¢ dir liéu dang quan h¢ thong thuong.

# Question 1: taxi trips on Jan 15 = 406887
spark.sql("""
SELECT
count (*)
FROM
hvfhw_data
WHERE
pickup_datetime LIKE '2021-01-01%'

"nn)  show()

Hinh 3. 15. Twong tac véi div liéu bang truy van SOL sau khi xit Iy xong
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3.3. THU NGHIEM, PANH GIA GIAI PHAP TiCH HQP KUBEFLOW

3.3.1. Mo t4 bai toan

e Bai toan: phan loai bénh ung thu da cho anh chup céc loai ung thu da pho bién.
e Daiu vio: duong dan dén file anh dé du doan bénh ung thu da
e Dau ra: mot file json trong thu muyc output dir. Thong tin trong file két qua

bao gom céc thong tin: du doan va xéac suat du doan cua loai ung thu do.

3.3.2. Cac buéc thue hién

Trong bai todn nay ta can xay dung cac ham da co6 thanh cac component trong
Kubeflow do d6 chiing ta s& can st dung t6i nhitng doan code c6 san dé lam dau vao.

O day 1a ma ngudn xay dung md hinh xac dinh ung thu.

git clone https://github.com/weedharm/deploy_openscience.git

cd deploy_openscience/skin_cancer

Hinh 3. 16. Clone md nguon tir Github

Trong file code dd chta san 3 ham: load data(), build and model () va
model_serving(). Sau d6 ta st dung kubeflow pipeline(kfp) dé c6 thé dong cac ham
nay thanh cac component. Va khi di c6 cic component can thiét cho mét pipeline, ta

s& tién hanh tao mot pipeline hoan chinh.
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import kfp
from kfp import dsl
import kfp.components as components

comp_get data=
components.create_component from func(load data,base image=
0q0g6/notebooks/notebook-servers/jupyter-tensorflow-full:v1.5.0")

public.ecr.aws/j1r

comp model building =
components.create_component from func(build and train model.base_image="publ
ic.ecr.aws/j 1r0q0g6/notebooks/notebook-servers/jupyter-tensorflow-full:v1.5.0",

packages to_install=["opencv-python-headless','tqdm'])

comp model serving =
components.create_component from func(model serving,base image="public.ecr.aw
s/ 1r0q0g6/notebooks/notebook-servers/jupyter-tensorflow-full:v1.5.0",

packages to_install=['kserve==0.11.2"])

@dsl.pipeline(

name="skin-cancer’,

description='Detect skin'
)
def output_test(n_loops,methods):

stepl =comp get data()

step2 = comp _model building()

step2.after(stepl)

step3 = comp model serving()

step3.after(step2)

Hinh 3. 17. Bong goi cac ham thanh cac component cho Kubeflow




62

" "n.

if _name =="_main
client = kfp Client()
arguments = {
"n_loops" : 10,
"methods": "SVM"
h

run_directly =0

if (run_directly == 1):

client.create_run_from_pipeline_func(output_test,arguments=arguments experiment_name="test")
else:

kfp.compiler.Compiler().compile(pipeline_func=output_test,package_path="output_test_1.yaml')

client.upload_pipeline(pipeline_package path='output_test_1.yaml'pipeline name="skin_cancer_10")

Hinh 3. 18. Tao m¢t kubeflow pipeline

Sau khi tao pipeline xong, ta truy cap vao trang giao dién cua Kubeflow sé& c6
mot flow o tén tuong tu véi tén ta dat trong budce tao pipeline & Hinh 3.18. Tiép d6
ta s& cO thé 4n vao “Create run” dé chay néu d3 c6 moi truong tur trudce, con néu mai
chay xay dung mé hinh lan dau tién thi ta s& nhan vao “Create experiment” d¢é tao

moi truong chay pipeline.

{;; Kubeflow @ kubeflow-user-examplec.. ~ (23
p—
< skin_cancer_10 (skin_cancer_10) ¥ Ueioed varsion b
Graph YAML
Load data
Buid and train model
Model serving

Hinh 3. 19. Pipeline moi duoc tao ra trong Kubeflow
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3.3.3. Panh gia két qua thuwc hién bai toan

Sau khi pipeline dugc huin luyén xong, phan endpoint s& chira mo hinh ma ta
da huéan luyén duoc va tién hanh luu lai URL dé thir nghiém mo hinh bang cach dua
mot anh (dwong tinh) vao dé mé hinh dy doan, va ta thdy két qua du doan (predict)
chinh xac véi két qua thyc & 1a “17.

{7 Kubeflow @ kubeflowusereamplec.. ~ &

« Endpoint details W DELETE

@& skin-cancer

OVERVIEW DETAILS L0GS YAML
Status @ Ready
URL external http://skin-cancer kubeflow-user-example-com.example.com 0]
Endpoints
URL internal http://skin-cancer.kubeflow-user-example-com.sve.clusterlocal (]
Component predictor
Storage URI mipipel

Predictor

InferenceService Conditions

= Filter )

Status Type Last Transition Time Reason

(] IngressReady 16 hours ago
(] LatestDeploymentReady 16 hours ago
[V] PredictorConfigurationReady 16 hours ago
(] PredictorReady 16 hours ago

Hinh 3. 20. M6 hinh sau khi dwoc hudn luyén xong

import requests
import base64
# import Librosa
import io
import numpy as np
import cv2
from cv2 import imread, resize
import numpy as np
import pandas as pd
import requests
import json
def send_sample_for_prediction(image, url):
x=[1
output_shape = (128, 128)
img = imread(image)
img2 = resize(img, output_shape)
# print(img2)
x.append(img2)
x = np.array(x)

inference_input = {
‘instances’: x.tolist()

}

response = requests.post(url, json=inference_input)

if response.status_code == 200:
return np.argmax(response.json()[“predictions”])
else:
print(response. json())
print(“Error:", response.status_code)
print(response)
return None

x= 'ISIC_0026266.jpg’
url ="http://skin-cancer.kubeflow-user-example-com.svc.cluster.local/vl/models/skin-cancer:predict”
predict = send_sample_for_prediction(x, url)

print(predict)

1

Hinh 3. 21. Thir nghiém mé hinh chudn dodn ung thw théng qua dnh
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3.4. THU NGHIEM SSO TREN OPENSCIENCE.VN

Trong phan nay, chung ta s& sir dung 2 tai khoan di duoc cép quyén dé truy

cap vao kubeflow.
Thong tin tai khoan nhu sau:

e Tai khoan thir nhat: nampq.689@gmail.com | Phamquangnam123@

e Tai khoan thur hai: nampq.aime@gmail.com | Phamquangnam123@

3.4.1. Kiém tra SSO véi Apache Nifi

Dau tién, ngudi dung truy cip vao trang chu hé thong theo dudng din
“https://openscience.vn/”, sau do dé dang nhap vao hé théng, ta chon muc “Dang
nhap SSO”, mot man hinh dang nhap s€ hién ra. Ta sir dung tai khoan thr nhét da
duoc cung cip dé dang nhap vao hé thong. Sau khi khai bao xong Username va
Password, ta nhan Sign In dé dang nhap. D¢ truy cap vao Apache Nifi, ngudi ding
nhan chon Ung dung nén tang, sau d6 di chuyén man hinh xudng phia dudi dén muc
“THU THAP DU LIEU” va truy cip vao muyc ndy. Sau khi dugc chuyén sang cira s6
cua Nifi, tai goc trén cing bén phai man hinh chinh, néu ta thiy tai khoan ding nhap
trong Apache Nifi gidng véi tai khoan da ding nhép trude d6 bén trang openscience

thi hé théng da thyc hién qua trinh dang nhap mat lan thanh cong.

THU THAP DU LIEU

Ngudi dung c6 thé nap (upload) truc tiép cac bd dit liéu qua hé théng giao dién opensicence.vn hodc nap di liéu qua céng cu “Thu
thap dir ligu”

Cong cu thu thap dir liéu cho phép ngudi dung thu thap dir liéu tir nhiéu ngudn khac nhau dé luu trir vao nén tang quan tri di liéu,
bao gom:

-

,,‘ ' o

Dirligu tir cde hé quan tri e'o Dir liéu tif cac hé thong loT Dir liéu tir cac hé thong phan
s6.dir 1igl (RDBMS) 5 mem dang dich vu(SaaS
G (ROBMS) ! ang dich vu(SaaS)

Dir liéu'tép hé thong (files
systém)

Hinh 3. 22. Giao dién phan Thu thdp dit liéu trén trang chii

Sau d6 ta quay tré lai véi man hinh chinh cua trang chu openscience, ta tién
hanh xut tai khoan cii va dang nhap bang tai khoan thtr 2 dugc cung cép va tiép tuc
truy cap vao muc “Thu thap dit liéu” trong phan “Ung dung nén tang”. Néu ta tiép
tuc thay hé thong Nifi dd duoc dang nhap bang tai khoan thir 2, thi hé thong ding
nhap mot lan SSO da hoat dong thanh cong.
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Hinh 3. 23. Pang nhdp SSO thanh céng tai khodn thir hai

3.4.2. Kiém tra SSO véi Kubeflow

Khi kiém tra thanh cong véi Apache Nifi, ta tiép tuc tién hanh v6i Kubeflow
bang cach dang nhap vao hé théng Openscience thong qua tai khoan thir nghiém dau
tién, sau d6 chuyén hudng truy cap vao “kubeflow.openscience.vn” hodc truy cap vao

phan Phan tich Di liéu trén giao dién chinh cuia trang web openscience.

PHAN TICH DU LIEU

o®  Ngudi ding str dung phan hé phan tich dir liéu dé thyuc hién huan luyén va thuc thi cac mé hinh hoc may, tri tué nhan tao trén Nén
tang Openscience.vn.

ce  Cc budc thuc hién phan tich dit liéu bao gom:

LUU TRU, QUAN LY MO
HINH

THUT THI (CHAY) MO
HINH

i HUAN LUYEN MO HINH
DOC DU LIEU TO NEN
TANG QUAN TRI DU LIEU

Vi PHAN TiCH DU LIEU
(Phit trién md hinh hoc mdy)

Hinh 3. 24. Giao dién phan Phén tich Di liéu trén trang chii
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Luc nay, néu ta truy cap dugc vao giao dién chinh ciia Kubeflow va quan sat
thdy mot workspace da duoc tao tuong Gng véi thong tin tai khoan da duoc st dung

dé dang nhép thi hé thong di duoc cAu hinh thanh cong.

Tiép theo chung ta s& sir dung tai khoan thi hai dé dang nhap vao hé thong.
Trudce tién can thuc hién thoat khoi tai khoan thir nhit bang cac budc sau. Pau tién ta
trd lai trang chu clia openscience, tai khu vuc goc phai phia trén man hinh c6 hién thi
tén nguoi dung, thuc hi¢n nhin nit mii tén xuéng phia dudi va chon “Pang Xuat”,
sau do tiép tuc ding nhap lai bang tai khoan thir nghiém thir hai thong qua hé thong
“Pang nhap SSO” va chuyén hudng truy cap sang hé thong Kubeflow. Néu ta truy
cap dugc vao giao dién chinh cua Kubeflow véi mdt namespace da tao twong ung voi
tai khoan thir nghiém thir hai ma ta méi dang nhap thi hé théng da hoat dong on dinh.

{7 Kubeflow @ nampa 89 ouner v B

A Home Dashboard Activity

a

Quick shortcuts Recent Notebooks Documentation

Getting Started with Kubeflow
4 u;?l‘oadaplpelwne B yn(‘tled,'pynb ! @
4 Ylew fﬂl pipeline runs B teslsparkor\ljipyvb MinikF @
4 ?realeé nyew Notebook server B teslspaﬂ(.ipylnb‘v MGG Kibefiow @
4 ViewKatib Experiments gy ostfound Kubeflow on GCP.
Kubeflow on AWS o
Recent Pipelines 9 e %]
D Recurring Runs pmazen e -
off  [Tutorial] DSL - Cz?nlrol structures R?ql‘merm?ms h" Kubeflow) ]

o [Tutorial] Data passing in python components

ot [Demo] TFX - Taxi tip prediction model trainer

Hinh 3. 25. Giao dién chinh voi namespace maoi duogc tao tw dong trén Kubeflow
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KET LUAN VA KIEN NGHI
1. KET LUAN

Lu4n vin d nghién ciru va xay dung giai phéap tich hop cac nén tang ma ngudn
mo phuc vu thu thap, lvu triy, xr 1y dir liéu 16n va phat trién mo hinh hoc may trong
mot hé thong thong nhat. Bang viée tich hop cac nén tang nhu NiFi, CEPH, Apache
Spark, Kubeflow, va Kubernetes, dé tai da tao ra mot quy trinh (pipeline) hoan chinh
tur thu thap di liéu dén trién khai mo hinh hoc may.

Hé théng Openscience.vn dugc nang cAp khong chi dé hd trg nghién ciru khoa
hoc va cong ngh¢ ma con cung cép mot modi trrong manh mé, linh hoat va hiéu qua
cho céac nha khoa hoc dit liéu c6 thé dé dang thyc hi¢n céc tdc vu phan tich dir li¢u
16n va hoc may.

Luan van da dat dugc nhitng két qua nhu:

e Heé thdng d3 duoc cdu hinh, thir nghiém va cho thay hiéu qua trong viéc
thu thap va xir 1y dit liéu tir nhiéu ngudn khac nhau (co s& dit liéu quan
hé, tép, APL, dir liéu ludng tir IoT).

e Di c6 thé thyc hién xir Iy dir lidu 16n, ca trong mdi trudng xir 1y theo 16
(batch processing) va xir 1y theo ludng (stream processing) thong qua
Apache Spark.

e CAu hinh Kubeflow va hoan thién quy trinh viéc quan 1y va trién khai
cac mo hinh hoc may, tir giai doan huén luyén, kiém thtr dén trién khai.

e Tich hop thanh cong tinh ning ding nhip mot lan (SSO) giup hé thdng
tang cuong kha nang quan ly, bao mat va thuan tién

e Tir nhirng nén tang di duoc cai dit sin va ndi dung dé ra trong giai
phap, hé théng dd hoan thién dugc mot pipeline hoan chinh tir bude thu
thap dir li¢u, luu trir dit li¢u, va xi 1y, phan tich dir li¢u.

2. KIEN NGHI

Mic du hé théng da dugc thir nghiém va chirng minh hiéu qua, nhung quy mo
thir nghiém con han ché. Trong tuong lai, can tiép tuc mo rong va hoan thién hé théng,
dic biét 1a kha ning mé rong quy md dé xtr Iy khéi luong dit 1iéu 16n hon va mé hinh
hoc may phtrc tap hon.

Can tiép tuc nghién ctru, t6i wu hoa hiéu suit xtr 1y dit liéu trong cac nén tang
nhu Apache Spark va Kubeflow, dic biét 1a khi xir 1y cac khdi lwong dit liéu phirc tap
va 16n hon trong tuong lai. Ddng thoi, cAn nghién ctru cac bién phap bao mét ning
cao nhu xéac thuc da yéu t6 va ma hoa dir liéu, nhim ting cuong an toan thong tin cho
hé thong.
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CONG HOA XA HOI CHU NGHIA VIET NAM
Ddc 1ap — Tu do — Hanh phuc

BAN NHAN XET LUAN VAN THAC SI

Ho va tén ngudi nhan xét: Nguyén Viét Anh. Hoc ham, hoc vi: PGS.TS.

Chirc danh trong Hoi dong: Chu tich.

Co quan cdng tac: Vién Cong nghé thong tin, Vién Han [am KHCN VN.

Ho va tén hoc vién: Duong DPinh Thiéu.

Tén dé tai: Nghién ciru phat trién céc giai phap tich hgp cong cu thu thap, phén tich dir
liéu trong nén tang quéan ly va chia sé dir liéu nghién ciru khoa hoc va cong nghé quéc
gia.

Nganh: Hé thdng thong tin. M s6: 8480104.
NOI DUNG NHAN XET

1. Tinh cAp thiét, tinh thoi sy, ¥ nghia khoa hoc va thuc tién clia dé tai luén vén:
Mso A7 Lita, Q«\La&ékﬁ,\m ..... Vae,..e8 ‘Aj(ﬂé‘_?\,ﬁ;

.......... ¢ ;};45 iz ‘-/f.a.. O Vo o £y JAA

oo ek oy oot A M ALK

..... A,‘; V) S e '!’Qw’x}'vj

2. Su khong trung lap cua dé tai nghién ctru so véi cac cong trinh khoa hoc, ludn van
da cong bd & trong va ngoai nudc; tinh trung thue, 13 rang va day du trong trich dan tai
liéu tham khao:

S I i PRPY. : S0 = i 13 e~
R e e Al ey

...............................................................................................................................................

3. Su phu hop gitta tén dé tai véi ndi dung nghién cttu cling nhu véi chuyén nganh va
ma sd dao tao:

...............................................................................................................................................

...............................................................................................................................................

4. Do tin cdy va tinh hién dai cia phuong phap nghién ctru di st dung dé hoan thanh
lu@n van:



/ 5. Két qua nghién cttu cda luén van:
e v . s N EF
...... LR . AT V\M’\M\P

........ ‘d@;\m&:qa%:ﬂm e MY

, > :
frlxxaw‘@\... w‘:’«\w\ .........................................................................

...............................................................................................................................................

...............................................................................................................................................

6. Nhitng han ché, thi€u sot ctia luén van vé ndi dgng, hinh thirc va cédu hai:

. A 4:;/\4,.,/_\ ...... n{/cf“’:’é?/‘\ji?(g\ ......... . CAA{ ..... l}.-ccQ

7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung cia ludn van cé thé duoc viét

thanh céc bai bdo dé gui dang trén trén tap chi khoa hoc, sdch chuyén nganh hoac
tuyén tap cong trinh hdi nghi khoa hoc cap qudc gia, quoc té hay khong?

...............................................................................................................................................

- } Q ~r
L.v.o:)«\.\/(({/w ) ......... 5"(—\ ......... : P M.\’,\ @thg,/ L/D/ _________ QZL%A&\/

...............................................................................................................................................

...............................................................................................................................................

Nguwoi nhan xét
(Ky, ghi ré ho tén)

YT L
Ny Vit hde




CONG HOA XA HOI CHU NGHIA VIET NAM
Doc 14p — Ty do — Hanh phuc

Ho va tén ngudi nhin xét: Bui Thu Lam. Hoc ham, hoc vi: PGS.TS.

Churc danh trong Hoi déng: Phan bién 1.

Co quan cong tac: Hoc vién K¥ thuit Mat mé, Ban co yéu Chinh phu.

Ho va tén hoc vién: Duong DPinh Thiu.

Tén dé tai: Nghién ciru phat trién céc gii phap tich hop cong cu thu thap, phan tich dir
liéu trong nén tang quan ly va chia sé dir liéu nghién ciru khoa hoc va cong nghé quéc

gia.

Nganh: Hé théng thong tin. Ma sb: 8480104,
NOI DUNG NHAN XET

1. Tinh cap thiét, thoi sw va y nghia khoa hoc:

D& (ai phit hop v6i xu thé phét trién ciia dir ligu lon va tri tu¢ nhan tao. Viéc tich
hop céc cong cu thu thdp, xir 1y, va phén tich dir liéu 12 mot van d& quan trong
trong bdi canh nghién ctru khoa hoc hién nay, dic biét khi dir liéu tir nhiéu nguén
cin dugc quan ly hiéu qua.

Pé tai c6 y nghia khoa hoc trong vigc tich hop cac giai phap ma ngudn mé nhu
Apache Spark, Nifi, va Kubeflow vao hé théng quan ly dir liéu khoa hoc qudc gia,
nhim nang cao hiéu qua cta cic nghién ctru khoa hoc va cong nghé.

2. Tinh khong trung Iip, trung thwc va diy du trong trich dén:

Pé tai khong trung 1ap va thé hién su sang tao trong viéc tich hop cac nén tang
khéc nhau. Céc tai liéu tham khao dugc trich dan r0 rang, trung thure.

3. Phil hop giita tén dé tai, ndi dung va chuyén nganh:

Tén d@ tai phu hop v6i ndi dung nghién ciru va chuyén nganh H¢ théng thong tin,
ma $6 9.48.01.04.

4. Phwong phap nghién ciru va d§ tin ciy:

Phuong phap nghién ciru bao gbm viéc tich hgp cac nén ting ma ngudn mo voi hé
théng Openscience.vn dé thu thép va phan tich dir liéu 16n. Viéc sir dung céc nén tang
hién dai nhu Kubeflow, Spark va Nifi dam bao d6 tin ciy va tinh hi¢u qua trong xir ly
dir liéu 16n.

5. Két qua nghién ciu:




e |

N6i dung nghién ctru dugc trinh bay trong 3 chuong. K:‘%t qué nghién ciru cho thiy
h¢ théng d& dugc tich hop thanh cdng, cc thir nghiém ve xit ly dir liu va hoc méy déu
dat két qua kha quan. Diéu nay chimg t6 tinh kha thi cua hé thong trong viéc hd tre
nghién ciru khoa hoc va cong nghé.

6. Han ché, thiéu sot:

Lufn van dugc trinh bay qua ngén gon, cin bd sung dé day du hon.

Phin mé ti ndi dung nghién ciru cin chi tiét, chir khong phai copy muc luc vao day

Chuong 1 qué ngén (5 trang) cin bd sung mé ta cic nén tang

Chuong 2: chua 1 céc giai phap nhu thé nao? Chi thdy mé ta cach cai dat

Chuong 3: chua rd tiéu chi danh gia hé thong.

_ Cén thir nghiém thém dé dénh gia kha ning chiu ti va hiéu qua khi 4p dung thuc
tién.

7. Kha niing viét bai bao khoa hoc:
Khong.
8. Kétluan chung:

Luén vén co ban dap (g yéu cau ciia mdt ludn vin thac si. Ludn vin da diéu kién
dé dua ra bao vé

r@yé”ft(fﬁ., ngay G@ thang //.. ndm 204?

Nguwoi nhan xét
(Ky, ghiré ho tén)

ﬁf%la\

- Nhdn xét dueoc lam thanh 02 ban, co chit ky cua ngudi nhdn xét va giri vé phong Dao tao
02 ngay trudc budi bdo vé.

- Dia chi lién hé: CV. Pham Thi Nhu Quynh phong Dao tao, Hoc vién Khoa hoc va Cong
nghé, Vién Han ldm Khoa hoc va Céng nghé Viét Nam. 18 Hoang Quaoc Viét, Cau Gidy,
Ha Néi. DT02438689977- 0916467768
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CONG HOA XA HOI CHU NGHIA VIET NAM
Dboc 1dp — Ty do — Hanh phuc

BAN NHAN XET LUAN VAN THAC Si

Ho va tén ngudi nhéan xét: Nguyén Manh Hing. Hoc ham, hoc vi: TS.

Chirc danh trong Hoi dong: Phén bién 2.

Co quan cdng tac: Hoc vién K§ thuat Quén sy, B Qubc phong.

Ho va tén hoc vién: Duong Dinh Thiéu.

Tén de tai: Nghién ctru phat trién céc gidi phap tich hop cong cu thu thap, phén tich dir
liéu trong nén tang quan ly va chia sé dit liéu nghién ctru khoa hoc va cong ngh¢ qubc
gia.

Nganh: Hé thong thong tin. Mi sb: 8480104.

NOI DUNG NHAN XET

1. Tinh c4p thiét, tinh thoi s, y nghia khoa hoc va thyc tién cua de tai ludn vén

Luén vin phat trién giai phdp tich hop céc nén ting ma ngudn mé dé thu thap, Ivu
trir, x&r ly dir ligu 16n st dung céc cong nghé nhu NiFi, CEPH, Apache Spark,
Kubeflow, va Kubernetes. H¢ thong hd trg viéc thu thap, xir ly dir liéu tir nhiéu nguén
khac nhau, va hd trg phat trién cdc mé hinh hoc mdy, gitip cho cdc nha khoa hoc dit
lidu d& dang thuc hién cac nhiém vu phan tich phirc tap.

2. Su khong trung l13p clia d& tai nghién clru so véi cac cong trinh khoa hoc, luan vin
da cong bd & trong va ngoai nudc; tinh trung thuc, ro rang va day da trong trich din tai
liéu tham khao

P2 tai va ndi dung cla ludn van khong trung 1&p vGi cdc cdng trinh khoa hoc, luan
vin da cong bd & trong va ngoai nude; Trich dan trung thuc, 1 rang va diy di dén cac

tai liéu tham khao.

3. Su ph hop gitta tén & tai v6i ndi dung nghién ciru ciing nhu v6i chuyén nganh va
ma s dao tao
Tén dé tai phu hop voi ndi dung nghién ctru cling nhu véi chuyén nganh va ma )

dao tao.

4. Do tin cdy va tinh hién dai clia phuong phép nghién ciru da sir dung d& hoan thanh
ludn vin

Phuong phap nghién ctru ddm bao d9 tin cdy va tinh hién dai. Cy thé:

Luén vén ép dung Kubeflow @& trién khai md hinh hoc may va Kubernetes dé tur
dong hoa viéc trlen khai ha tAng d4m may 14 nhirng xu huéng cong nghé hién dai, phu
hop véi céc yéu clu cia nganh cong nghiép 4.0. HE théng da duge thir nghiém, cho
phép céc nha khoa hoc d& dang phén tich dir liéu 16n, dép (mg dugc yéu cau cua céc
bai to4n khoa hoc phitc tap trong céc linh vuc khac nhau.

5. Két qua nghién ctru clia luan van:
X4y dung va trién khai giai phap ding nh4p 1 1in (SSO) cho OPENSCIENCE.VN



Xéy dyng va trién khai giai phdp tich hop: NIFL SPARK va KUBEFLOW vy, ha
théng OPENSCIENCE.VN. ’ o

Céc gidi phap dé xuét gop phén hoan thi¢n hé thong OPENSCIENCE. VN gom day
du céc chire ning nhu: thu thap, lwu trit, xt ly dit liéu 16n va ho trg phat trien mo hinh
hoc may trong mot hé théng théng nhét.

6. Nhing han ché, thiéu s6t ciia luan vin vé ndi dung, hinh thirc va cau héi:

Céc ndi dung vé thir nghiém, d4nh gia lién quan dén xir 1y dit liéu 16n; phan tich dix
liu can trinh by ro rang, chi tiét hon. _
Luén vin con nhiéu 16i cdu chit, 13i soan théo.

A X : ’ 5% % S ‘A
7. Neu tac gia chwa viét bai béo khoa hoc thi ndi dung cia luén van c6 thé (‘iu'qc v1uet
thanh céc bai béo ¢é giri ding trén trén tap chi khoa hoc, séch chuyén nganh hoic
R

tuyen tap cong trinh hi nghi khoa hoc cip quéc gia, quéc té hay khong?

8. Két luan chung (khdng dinh mirc do dap Ung cac yéu ciu dbi véi mot luan vin Thac
si; luéin van c6 thé dua ra bao vé d& nhén hoc vi Thac st dugc hay khéng?):

NOi dung ctia ludn vin dép tng cac yeu cau do6i v6i mot ludn vin Thac st; Dé nghi

o s¢ dao tao cho phép hoc vién dugc bao vé luan van truée Hoi dong d€ nhén hoc vj
Thac si.

Ha Néi, ngay 8 thang 10 nim 2024
Nguwdi nhén xét
(Ky, ghi rd ho tén)

Nguyén Manh Hing



CONG HOA XA HOI CHU NGHIA VIET NAM
Dic 1ap — Ty do — Hanh phic

BAN NHAN XET LUAN VAN THAC Si

Ho va tén ngudi nhan xét: Nguyén Long Giang Hoc ham, hoc vi: PGS.TS.

Chuc danh trong Hoi ddng: Uy vién

Co quan cong tic: Vién Cong nghé thong tin, Vién Han 1dm KHCN VN

Ho va tén hoc vién: Duong Pinh Thi¢u

Tén dé tai: Nghlen ciru phat trién cAc gidi phép tich hgp cong cy thu thip, phén tich
dir hq.u trong nén tang quén Iy va chia sé dir li¢u nghién ciru khoa hoc va cong nghé
qubc gia

Nganh: Hé théng thong tin Ma sb: 8 48 01 04
NOI DUNG NHAN XET
L. Tinh cép thiét tinh thdi sy, y nghla khoa th va thyc tién cia dé tai luan vin:

}Smckj. eube

i

DY 40

/7% }g el )t (MG a&%@ Cw A/lF
%ﬁ..mm%ﬂfm%wo&m

2. Su khéng trung lap clia dé tai nghién ctru so véi cdc cong trinh khoa hoc, luin vin da

cong bd & trong va ngoai nudc; tinh trung thye, rd rang va diy du trong trich din tai liéu
tham khéo:

- soyllephiyli bt il
Mﬁévné/m%j/ﬂ%ﬁ%g .......................

3. Sy phu hop giita tén & tai v&i ndi dung nghién ctru ciing nhu véi chuyén nganh va

mdaom KM%JW, 3 dhang.. ool
%/&uy\m % mwg/%% .........

--------------------------------------------------------------------------------------------------------

4. D§ tin cdy va tinh hién dai ctia phuong phép nghién ctru d3 sir dung dé hoan thanh

g i i it
S sl W@Tm%@ |




e ‘(/)M . m/.);@%nﬁm& ﬁsz/oé 72 O

5.Kétquan jhlén ctru ctia luén van:

/Zdﬁ 7 (m?j;,# o /W%Wl fﬁy
97@,‘.(.}4.).. NN
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Wy

. M /)ﬁ/ﬂ LCak ama
7. Néu tac gia chua viét bai bao khoa hoc thi ndi dung cuia ludn vancé thé dugc v1et

thanh cac bai bao dé giri ding trén trén tap chi khoa hoc, séch chuyén nganh hogic tuyén
tap cong trinh hdi nghi khoa hoc c4p quéc gia, qubc té hay khong?

8. Két luan chung (khing dinh mirc d6 dap ung céc yéu ciu dbi véi mot luén van Thac
sT; ludn van c6 thé dua ra bao vé dé nhan hoc vi Thac st dugc hay khong?):

eeensfes Q@WC/ .U Bt . #&a (&a/n m%ﬁ
e @Uﬁ(&ﬁ/m 5 U%? W%}_;é%——— ..........

--------------------------------------------------------------------------------------------------------

Ha N¢i, ngay 07 thdang 10 ndm 2024

Nguwdi nhan xét
(Ky, ghi 5 ho tén)

PGS.TS. Nguyén Long Giang



CONG HOA XA HOI CHU NGHIA VIET NAM
Dbgc 1ap — Ty do — Hanh phic

BAN NHAN XET LUAN VAN THAC Si

Ho va tén ngudi nhan xét: TrAn Ptrc Nghia. Hoc ham, hoc vi: TS.

Churc danh trong Hoi ddng: Thu ky — Uy vién.

Co quan cdng téc: Vién Cong nghé thong tin, Vién Han 1dm KHCN VN.

Ho va tén hoc vién: Duong Dinh Thiéu.

Tén d& tai: Nghién ciru phat trién céc giai phap tich hgp cong cu thu thép, phén tich di
liéu trong nén tang quan ly va chia sé dit li¢u nghién ciru khoa hoc va céng nghé quéc
gia.

Nganh: Hé thdng thong tin. Ma s6: 8480104.
NOI DUNG NHAN XET
1. Tinh cép thiét, tinh thdi su, y nghia khoa hoc va thuc tién coa dé tai luan van:

..............................................................................................................................................

Yy -t > - <
...... C;M@q{\ L e

2. Su khong trung 13p cua dé tai nghién ciru so véi cac cong trinh khoa hoc, luin van

da cong bd & trong va ngoai nudc; tinh trung thuc, 16 rang va ddy du trong trich din tai
liéu tham khao:

—

...........................................................................................................................
.....................

................................................................................................................................................

3. Sy phu hop gitra tén dé tai voi ndi dung nghién ciru cling nhu v6i chuyén nganh va
ma so dao tao:

-----------------------------------------------------------------------------------------
------------------------------
-------------------------
................................................................................
.....................................
...........................

.......................................................................................................................
.........................

..................................
..............................
...................................................................
-------------

......................
.........................
....................................................................
.............................



oa hoc thi ndi dung cia luén véan co thé duoc viét
khoa hoc, sach chuyén nganh hoéc
qudc t€ hay khoéng?

7. Néu tac gia chua viét bai bao kh
thanh cac bai bdo dé gui dang trén trén tap chi
tuyén tap cong trinh hoi nghi khoa hoc cép quoc gia,

......................................................................................................................

................................................................................................................................................

8. Két luan chung (khing dinh mirc d6 dap img céc yéu ciu ddi voi mot luan vian Thac

si; ludn van co thé dua ra bao vé dé nhan hoc vi Thac si dugc hay khong?):

......................

......-....-......-....-...-.----.--------o----u--u---.--u.-----------u---nn-n-v------------------.-.-..-...................,...,.,.,_

.......................................
-------------------------------------------------------------------------
.........................
.....

Nguwoi nhan xét
(K, ghi rd ho tén)

S



VIEN HANLAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Djc lap - Ty do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha Ngi, ngay 31 thdang 10 nam 2024

BIEN BAN HQP HQI PONG PANH GIA LUAN VAN THAC SI

Thue hién Quyét dinh sé 1115/QD-HVKHCN ngay 30/09/2024 cta Gidm
dbc Hoc vién Khoa hoc va Céng nghé vé viée thanh 1ap Hoi ddng d4nh gid lusn
van thac st cia hoc vién Duong Dinh Thiéu.

Tén d& tai: Nghién ciru phat trién cAc giai phap tich hgp cong cu thu
thip, phén tich dit lidu trong nén ting quan Iy va chia sé dit li¢u nghién ciru
khoa hoc va cong nghé quoc gia )

Nganh: Hé thong thong tin _ Mai so: 8 48 01 04

Hoém nay, ngiy 31/10/2024 Hoi dong da hop tai Phong 1510, Hoc vién
Khoa hoc va Céng nghé vao lic 09h00, Hoi ddng gém 05 thanh vién:

1. PGS.TS. Nguyén Viét Anh Chu tich hoi dong

2. TS. Tran Ptrc Nghia Thu ky - Uy vién

3. PGS.TS. Bui Thu Lam Phan bién 1

4. TS. Nguyén Manh Hung Phan bién 2

5. PGS.TS. Nguyén Long Giang Uy vién

Thanh vién ving mit: fd» .................................. (Phan bién hoic

Uy vién, dd c6 ban nhan xét ddng y cho phép hoc vién dugc bio vé trude Hoi
ddng d4nh gia luan vin thac si).

NOI DUNG LAM VIEC

1. Pai dién co s& dao tao doc quyét dinh thanh 1ap H6i ddng danh gid luan vin
2. Chu tich Hbi ddng, diéu khién phién hop

3. Thu ky HP, doc i lich khoa hoc va bang diém ctia hoc vién

4. Hoc vién trinh bay luén van trudec Hoi déng

5. Phan bién 1: B
..... Cé; ’(I@ﬂﬂmﬁ “42/’1.’ o[/nfvj L/\/,i AV Wﬂgii /L‘V‘:ﬁ 52»1: g%"ﬂfd 7“““/”’3‘7;"

i S C%L%ofdwzabﬂﬁiw e f/éfﬁq'l/ ................
Cho o e ok el s Ao g &T.M.Wf«é.?ﬂ/&..@i?amak& |

6. Phan bién 2:




Q@mfv{fvm w/%f.»/? ..... V e m} il Lc %xlvf‘\;

szwl e, &f/ m—m Lu&. m Aw .........
Tt e T T /m .................... s

7. Hoc vién tra 101:
........ &NSM){’V:WLVG'*WVQWL% el i

aﬂ/hﬁ ..... Y Ve c,d/lhmv.&ofm(é Tﬁ%u Aﬂ/&m

WW/LMMC W o dovocd, f/r < A2, i s cﬁz\
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-----------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------
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10.Hoi ddng hop kin va cho diém
- Hoi ddng bau ban kiém phiéu gdm 3 thanh vién:

Trudng ban: . [ ?f&T.é o P L
Uy vién:.. 5. [\/ Quasylcv. o.. Mgy bl 5 ..........................
Uy vién:..75... Tocim. ﬁ?%...[‘./. 8 e
- Két qua kiém phiéu nhu sau:
S6 phiéu phat ra:.. S. ...........
Sé phleu thu vé:.... g ..........

Tong s6 diém:...........co....,




Diém trung binh: .................
Diém thudng cong trinh cong bd:........evvvvvnnnene
Tong diém danh gi4 ludn vin va thudng cong trinh cong bé:... 7 p? ........
- Két lun ctia Hbi ddng:
' +Lugn van ... dgf..yee..c ST (dat/khong dat yéu cdu)
‘ + Tinh khéng trung 1ap ndi dung va tén d& tai vé6i cdc cong trinh cong bb:
...... L.u...lum} gL w W} e SN SO e
ad. uﬁ:s{}. Macds... wf‘m} Y S P PR PR

11. Cha tich Hbi ddng, cong bb két qua, yéu cau hoc vién chinh sira luén vén véi
cac ndi dung sau:

------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

Budi hop d4 két thiic vao 11 git 00 phit ngay 31/10/2024.

Ha Ngi, ngay 31 thdng 10 ndm 2024 \z,
x
THU KY HQI PONG CHU TICH HOI PONG )g
&/
TS. Trin Pirc Nghia PGS.TS. Nguyén Viét Anh

XAC NHAN CUA HQC VIEN KHOA HOC VA CONG NGHE
KT.GIAM POC
PHO GIAM POC

Thi Trung




HOQC VIEN KHOA HQC VA CONG NGHE

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM |

KHOA HQC VA CONG NGHE VN Déc lap - Tu do - Hanh phic ‘
|

|

!

BAN GIAI TRINH CHINH SUA LUAN VAN _
THEO KET LUAN CUA HQI PONG PANH GIA LUAN VAN THAC SI

Ho tén hoc vién: Duong Dinh Thiéu Lép: ITT2022B

Tén d& tai luan van: Nghién ctru phat trién c4c giai phap tich hop cong cu thu thap,
phén tich dit lidu trong nén ting quan 1y va chia sé dit liéu nghién ctru khoa hoc va
cong nghé quéc gia.

Chuyén nganh: Hé thng thong tin

M s6: 9.48.01.04

Ngudi huéng dan khoa hoc: PGS.TS. Nguyén Long Giang
Ngay bao v€ luan vin: 31/10/2024

Can cu bién Ban hop Hdi dong danh gia ludn van thac si, hoc vién d3 chinh
stra luan van nhu sau: |

STT N9i dung dé nghi bo sung, | Ngi dung da bb sung, chinh sira |
chinh sira |
1 | Viétrd hon vé ndi dung luan van | D3 viét lai dé 1am r& hon phan noi ‘
¢ trang s6 3 dung nghién ctru trang sb 3
2 Chuong 1: Néi dung ngén (5 D3 bd sung ndi dung céc nén
trang), can bd sung miéu ta cac tang.
nén tang Céc trang chinh stra: 7, 8, 9, 10,
11,12
3 Chuong 2: Lam rd ndi dung D4 bo sung néi dung dé lam rd
dong gop hon néi dung déng gép.
Céc trang chinh sira: 14, 16, 67
4 Chuong 3: Chua 1 tiéu chi danh | P4 b6 sung tiéu chi danh gia.
gia hé théng Céc trang chinh sira: 56, 59, 63




( IEE——— W L P11 e L Lkl urEwN o e

S Stra 16i chinh ta, soan thao P4 sira 161 chinh ta, soan thao.
CAc trang chinh sira: 31, 44, 45,
51,58

I Luu y: Trong trwong hop Hoi déng yéu cdu xin y kién cia 02 phdn bién sau bao vé, hoc
vién can xin chit ky cua 02 phdn bién xdc nhdn.
Ha Néi, ngay 15 thang 11 nam 2025,

CHU TICH HQI PONG TAP THE HU()NG DAN HOC VIEN

XAC NHAN CUA CO SG PAO TAO
KT. GIAM bOC
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