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Chuyén déi s6 trong gido duc l1a mét chu dé dang thu hdt dugc nhiéu
sy quan tdm cuia cac nha khoa hoc, nha nghién ciiu trong thai gian gén
day. Cong viéc nay gilp cho viéc tin hoc hda toan bé qua trinh quan ly
gido duc, danh gia chat lugng dich vu dao tao trg 1én thuan Igi. Mat
khéac, nham nang cao hiéu qua trong giang day va hoc tap, dac biét 13
viéc giang day truc tuyén. Pay cling la tién dé hudng dén maot hé sinh
thai thong minh két hgp gitta cdng nghé véi cac dich vy dao tao dua
trén nén tang s, trong dé bai toan xay dung dai hoc thong minh la
mot gidi phap kha thi dugc cac cg s& dao tao dinh hudng xay dung.
D€ thuyc hién dugc cac cdng viéc dé can c6 mét ha tang cdng nghé
théng tin du manh, da théng minh va da dé tin cdy nham giai quyét
cac bai toan, trong do co viéc xdy dung hé théng tinh toan hiéu nang
cao HPC (High Performance Computing) nham tao ra nén moéng dé
trién khai cac bai toan c6 nhu cau xt ly tinh toan I1&n. Tuy nhién, tai mét
s6 cd sd dao tao & Viét Nam, viéc dau tu kinh phi xay dung va duy tri
mot hé thdng nhu vay gdp nhiéu khé khan vé kinh phi, con ngudi, ha
tang... D€ gidi quyét van dé dé, bai bao nay trinh bay giai phap xay
dung mét hé thdng tinh toén hiéu nang cao dua trén cac tai nguyén
san c6 st dung cdng nghé do hoa Docker nhdm huy déng siic manh
tinh toan tUr cac nén tang phan clng chua st dung hét goi tat 13 hé
théng VHPC. Dé xuat nay lam ca s& khi trién khai cac bai toan trong dai
hoc thong minh.
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Cogm - Digital transformations in education is a topic attracting a lot of
puting: attention from many scientists and researchers in recent times. This

Cluster Computing; . o .

Docker transformation helps the computerization of the entire process of

Lo education management and assessment of the quality of training
Smart University; . o . .
VHPC services become more favorable. Additionally, digital transformations

also improve effectiveness in teaching and learning, especially in
E-learning. This is also a premise towards an intelligent ecosystem
combining technology with digital-based training services, in which the
problem of building smart university is a possible solution. To perform
these tasks, it is necessary to have an information technology
infrastructure that is strong enough, intelligent enough, and reliable
enough to solve problems in the overall framework, in which the
construction of a computational system. High Performance Computing
will aim to create a foundation for deploying problems with large
computational processing needs. However, in some universities in
Vietnam, investment in construction and maintenance of such a system
faces many difficulties in terms of funding, people... This paper presents
a solution to build a high-performance computing system based on
available resources using Docker virtualization technology to mobilize
computing power from underutilized hardware platforms, defined as a
VHPC system. Therefore, this paper proposes an overall perspective
when implementing problems smart university.

1. Patvan de

Ngay nay, viéc str dung may tinh hi¢u ning cao trong khoa hoc va ky thuat di va dang thay doi
co ban hoat dong nghién ctru khoa hoc. Nhiéu nganh khoa hoc stir dung tinh toan nhu: Sinh hoc tinh
toan, hoa hoc tinh toan, vat 1y tinh toan, vat li¢u tinh toan, co hoc tinh toan, dia vt 1y tinh toan, théng
ké tinh toan, cong nghé tai chinh ngan hang... d4 hinh thanh va phat trién nhanh chéng. Diém chung
noi bat 1a cac xir Iy thong tin, phan tich va du bao két qua bang tinh toan, mé phong sir dung hé thong
tinh toan hi¢u ning cao. Hé théng nay dugc xem la giai phap quan trong dap ng nhu cau ngay cang
cao vé tinh toan. Khong chi trong nghién ciru khoa hoc, rat nhiéu img dung thyc tién trong nhiéu linh
vue, dic biét 1 cac linh vyc kinh té - x3 hoi, da va dang phat trién voi quy mo 16n va cdng nghé phirc
tap hon ma viéc thyc thi ching trén cac may tinh thong thuong 1a khong kha thi boi khéi lugng tinh
toan 16n va rang budc vé thoi gian.

Hé thdng tinh toan hiéu ning cao HPC ra doi nham dép tng tinh hinh trén, & d6 cho phép thuc thi
céc giai phap dir liéu 16n (Big Data) dwa trén hé thong tich hgp nhiéu nit tinh toan trang bi chip xur 1y
CPU (Central Processing Unit) két hop véi chip xtr Iy d6 hoa GPU (Graphics Processing Unit). Mot
khia canh khéc, khai thac t6i da ngudn tai nguyén trén cac hé thong tinh toan 1én, HPC van 1a bai toan
théc ti da kha nang tinh toan cua hé thong HPC dang thu hiit sy quan tdm ctia cac nha khoa hoc, cac
vién nghién ctru, cac truong dai hoc trong va ngoai nude. Tuy nhién, dé trang bi mot hé thong HPC
cho mot truong dai hoc hay mot don vi nghién ctru cong 1ap doi hoi phai dau tu mot ngudn kinh phi
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16n dé mua sim, duy tri hé théng hoat dong va dac biét can c6 doi ngii k¥ thuat co6 trinh d6 quan tri
van hanh khi dua vao st dung. Mit khac, trén hé théng van ton tai cac thé hé may chu dang hoat dong
don 1€, cai dat cac ing dung chay ddc lap. Do véy, dé xay dung duoc hé théng tinh toan hi€u nang
cao HPC thi mot cong nghé 4o héa cac tai nguyén phan cimg san ¢ vHPC (Virtual High Performance
Computing) dugc dé xuat.

Trong bai béo nay, nhém tac gia trinh bay chi tiét cong nghé 4o héa phan cimg san c6 ctia cac may
chu don 1é nhdm tao ra mot hé théng tinh todn hi¢u nang cao st dung cong ngh¢ Docker xtt 1y dir li€u
theo tinh toan cum may tinh goi tat 1a hé théng vHPC.

2. Téng quan nghién ciru trong va ngoai nudc

Tai Viét Nam, trong mét vai nam gﬁn day, mot sb nghién ctru trong linh vyc tinh toan 16n hi¢u
ning cao di dugc thuc hién nhu: DE tai “Nghién citu thiét ké hé thong tinh todn hiéu ndng cao 50-
100 TFLOPS” (Thoai Nam, 2016) v6i muc tiéu xay dung céc giai phap, cac ky thuat dugc dung trong
linh vuc tinh toan hi¢u ndng cao va tim cach xay dung mét cong cu cd thé danh gia dugc hi€u nang
cia mot hé thong may tinh manh, huéng toi hiéu suat dat khoang 30% - 90% két qua duoc cong bd
trén 500 may tinh manh nhat thé gioi. D& tai “Nghién citu cdc hé thong tinh todn hiéu ning cao va
1tng dung mé phong vit liéu vi mé” (Nguyén Thanh Thity, 2006) tai trung tAm tinh toan hiéu ning
cao tryc thudc Truong Pai hoc Bach khoa Ha Noi nim trong khuon khd hop tac khoa hoc cong ngh¢
theo d¢é tai Nghi dinh Thu v6i An d6 giai doan 2004-2005 d dé xuét xay dung hé thong tinh toan cao
gom chirc nang Bkluster c6 nhiém vy tinh todn song song ghép cum dua trén kién triic Beowulf' va
md hinh l4p trinh truyén thong diép cing voi bo phan mém BKlusware 1a mot tap cac phan mém hd
tro toi da nhiéu nguoi ding ¢ nhiéu mirc d¢ khac nhau.

Trong linh vure 40 hoa hé thong tinh toan di c6 mot sd dé tai/ dy an duge dé xuét thuc hién nhu:
Du an “Ung dung cong nghé do héa va dién todn dam mdy dé xdy dung hé thong heu trit va truyén
hinh anh (PACS-Cloud) phuc vu két néi lién thong di liéu giita cdc bénh vién” (Nguyén Chi Ngoc,
2020) dugc Bo Cong Thuong phé duyét trong khudn khd Chuong trinh qubc gia phét trién mot s6
nganh cong nghiép cong nghé cao. Trong nhiém vu khoa hoc ma s6 TNMT.2012.08.09, “Nghién ciru
hé thong ha tang do héa va cong nghé dién todn ddm mady riéng, cung cdp ha tang céng nghé théng
tin trong nganh tai nguyén va méi truong” cua Tran Van Poai (2012) thudc Bo Tai Nguyén Moi
truong da duogc dé xuit thyc hién cac nhi€ém vy trong tdm gém: (1) C6 dugc co sé khoa hoc cua giai
phap dién toan ddm may va img dung ao hoa ha ting k¥ thuat thong tin do Cuc Cong nghé thong tin
dang quan 1y; (2) tng dung duoc a0 hoa ddi véi server, thiét bi mang va luu trix, thu vién dién tur
nganh tai nguyén moi truong 1én dam may cong cong; (3) dé xuat dinh huéng dau tu ha ting ky thuat,
thong tin nganh tai nguyén va moi truong dén nam 2015 va dinh hudng dén nim 2020 véi cac san
pham nhu: Gidi phap a0 héa va dién toan ddm may cac hé thong may chu, mang, thiét bi luu trit tai
Cuc Cong nghé thong tin; Phin mém g dung giai phap dién toan ddm may dé dua hé théng thu vién
dién tir nganh Tai nguyén va Moi truong dén doc gia trén ddm may cong cong; DE xuat dinh huéng
dau tu ha ting 40 hoa va tmg dung dién toan ddm may trong nganh Tai nguyén va Moi truong. Ngoai

! Beowulf la mét cum may tinh trong dé cac may tinh phé théng thudng nhu nhau, ndi mang thanh mét mang cuc bd nho véi cac
thu vién va cac chuang trinh cai dat cho phép chia sé qua trinh xtt ly gitta ching. Két qua cé dugc la mot cum may tinh song song
hiéu suat cao tir nhitng may tinh ca nhan phd théng.

55



Truong Viét Phuong & cong sy (2020) JABES 31(11) 53-65

ra, cong nghé 4o hoa dugc tong hop trong nghién ciru “Ung dung cong nghé do héa trong viéc toi iku
héa co s ha tang cong nghé théng tin” ciia HO6 Van Ngoc (2017) di trinh bay mot s6 tng dung vé
cong ngh¢ a0 hda nhu 4o hoa Server, 4o héa ha t?mg mang, a0 hda desktop, a0 hda cac ting dung, do
hoéa hé théng luu trit, cong nghé 4o hoa dién toan dam may... Tlr d6 dwa ra gidi phap va md hinh (mg
dung phi hop co s¢ ha tang cong nghé thong tin dwa trén cong nghé do hoa (Vmwave Vsphere)...

Trén thé gidi, mot sb cong nghé ao héa hé thong tinh toan dugc ap dung & nhiéu noi trén thé gisi
nhu nghién ctru cia Bhanage va cong su (2011) vé viéc danh gia thir nghiém cong nghé ao hoa
OpenVZ (Open Virtuozzo) tir goc do trién khai nhan xét rang OpenVZ 1a mot hé thong cong nghé ao
hoéa hoat dong dua trén nhan Linux. OpenVZ cho phép mot may chu vat 1y dé chay nhiéu truong hop
hé diéu hanh riéng biét, dwoc goi 1a container, may chu riéng a0 (VPSS), hodc mdi trudng 4o (VES).
OpenVZ khong thuc sy a0 héa, né st dung chung 1 nhan Linux d& duoc sira d6i va do d6 chi co thé
chay duy nhat hé diéu hanh Linux. Nhu vay tat ca cac may chi ao VPS ciing chi c6 thé chay duoc
Linux v6i chung mot cong nghé va phién ban Kenel. Tuy nhién, do khong c6 nhan riéng nén né rat
nhanh va hiéu qué, nhung d6 ciing chinh 1a nhugc diém ciia n6 khi tat ca cac may chu phai sir dung
chung 1 nhan duy nhat. Cong ngh¢ a0 hoa Hyper-V cta hing Microsoft (Finn, 2010) gdm 3 thanh
phan chinh: Hypervisor, ngan 40 hoa va mé hinh I/O (nhap/xuét) a0 héa méi. Hypervisor 14 16p phan
mém rat nho hién dién ngay trén bo xir Iy (BXL) theo cong nghé Intel-V hay AMD-V, ¢6 vai tro tao
céc phan ving (Partition) ma thyc thé ao s& chay trong d6. Nghién ciru cia Habib (2008) trinh bay
tong quan vé cong nghé ao héa KVM (viét tat ciia Kernel Virtualization Machine) dé xuat cong nghé
40 hoa mai cho phép ao héa thyc sy trén nén tang phan ctig. N6 hoat dong tuong ty nhur mot ngudi
quan 1y chia sé cong bang cac tai nguyén nhu 6 dia (Disk), network IO va CPU. May chu cai dat
Linux, nhung KVM hd tro tao may chi 40 ¢ thé chay ca Linux, Windows. N6 ciing hd tro ca hé
thong x86 va x86-64. Trong nghién ciru ctia David (2007) d trinh bay cong nghé a0 hoa XEN 1a cong
nghé 4o hoa thyc su cho phép chay ciing lic nhiéu may chu ao (VPS) trén 1 may chu vat 1y. Mdi VPS
¢6 hé thong File System riéng va hoat dong nhu 1 may chii vat 1y doc lap. Tiép do6 1a cong nghé ao
héa tbi uu va duge sir dung nhiéu nhat trong thoi gian gan day, cong nghé a0 hda VMWare (Jin, 2009)
do cong ty VM Ware phat trién, n6 hd tro a0 hoa tir mirc phﬁn cung. Giao dién than thi¢n, cach cai dat
va st dung don gian, nhiéu tinh nang cao cép, hd tro nhiéu hé diéu hanh, cac phién ban da dang. Cong
ngh¢ nay thuong ap dung cho céc don vi 16n nhu ngan hang va it dugc str dung cho cac VPS thuong
mai ban trén thi truong. CAu trac cua no 1a mdt chuong trinh ng dung o hoa, chay trén nén hé diéu
hanh Linux hay Windows. Trong nghién ctru ctia Yu va Huang (2015) da dé xuat giai phap tu dong
xay dung cau két ndi cac nit tinh toan (Computer Node) thanh cac cum c6 kha niang xir 1y song song
(Message Passing Interface — MPI) trong hé théng HPC sir dung Docker Cluster, cong viéc ndy ciing
dugc trién khai boi De Bayser va Cerqueira (2017) nham tich hop tinh toan song song MPI v&i hé
thong HPC sir dung Docker. Viéc danh gia higu qua khi dé xuét ao hoa hé thong tinh toan 1am cin ctr
xay dung HPC 1a van dé quan trong, Abdullah va cong sur (2019) da tién hanh nghién ctru dénh gia
tinh hiéu qué khi sir dung may 4o (Virtual Machines — VMs)? va Docker trén nén dich vu dién toan
dam may OpenNebula. Két qua cho thay khi trién khai 40 hoa bang Docker hi¢u ning dat 70,23% so
v6i VMs 1a 46,48%, tir d6 chiing minh dugc hi¢u qua khi a0 hoa dung Docker.

2 May &o (Virtual Machine — VMs) 1a mét chuang trinh gia 1ap mét hé théng may tinh, dugc chay trén hé diéu hanh chu va hoat
déng nhu mét may tinh vat ly. Mét may do cung cdp phan cling do (bao gém bd xU ly trung tdm CPU, bd nhd RAM, & dia cling
HDD) dé chay hé diéu hanh va cac phan mém riéng trén dé. Cac phan cling do nay dugc anh xa t&i phan ciing thuc trén may tinh
vat ly va chia sé tai nguyén phan cing véi may vat ly.
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3. Hé thong tinh toan hiéu nang cao va cong nghé ao héa

3.1.  Gioi thiéu hé théng tinh toan hiéu nang cao

HPC 1a m6t hé thong tinh toan hidu ning cao dugc tich hgp nhiéu may tinh lai véi nhau nham giai
quyét cac bai toan 16n cé dg phuc tap tinh toan cao, minh hoa nhu hinh duéi day:

Client i
using ssh. Public Network

Head Node

Private Network

|
PH

=) =l BN = H
= — =
= = __ =

Compute Node Compute Node Cohpute Node
Hinh 1. Mo hinh tong thé ciia hé thong HPC
Nguon: Nwogbaga v cong su (2016)

Trong Hinh 1 cic méy tinh duoc két ndi v6i nhau qua mang ndi bo (Private Network) va két ndi
v6i mot may tinh diéu khién (Head Node) hay goi la nat diéu khién, nut nay két ndi ra ngoai bang
mang cong khai (Public Network) qua giao thirc bao mat SSH. M&i may tinh tham gia trong hé thong
HPC duoc dinh nghia 13 mot nut tinh toan, mot hé thng HPC gém nhiéu nut tinh toan va ¢ thé bd
sung thém nhiéu nut tinh toan néu can thiét nhim nang cao hiéu ning hé thong.

?_

User Nede) Head Node

Management Note

Storage Node Disk Storage System

Switch | _ I-
| f

!
i _

Compute Node Compute Node Compute Node

\
NG

Remote User

Hinh 2. Kién tric cua hé thong HPC trién khai
Nguon: Li (2015)
Kién tric ciia hé thong HPC trong Hinh 2 duoc chia ra 1am 02 cach xu 1y:

- Xur 1y song song MPP (Massive Parallel Processing): Phan bd céc cong viéc xir 1y trén nhiéu b
vi xtr Iy trén mot Card d6 hoa GPU chuyén dung. Vi hang (trdim) ngan vi xir 1y két ndi qua duong
mang toc do cao.
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- Xir Iy cum may tinh CC (Cluster Computing): Gom nhiéu server riéng 1¢ duoc lién két va hoat
dong cung voi nhau trong mét hé théng, duya trén tinh toan cac cum may tinh chu yéu nhd vao bd xir
ly trung tam CPU.

3.2. Cong nghé ao hoa

Ao hoa 1a qua trinh tao ra mgt ban sao a0 ctia mét thuc thé nao do6, duoc thiét ké dé tao ra tﬁng
trung gian gitta h¢ théng ph?m cing va phﬁn mém; gitp quan ly, phan phéi tai nguyén phﬁn cung cho
16p tmg dung ma cong nghé 4o hda mang lai, gdm co cac loai a0 héa sau:

Ao hoa mang (Network) trong nghién ctru ctia Lee (2014) 1a mt tién trinh hop nhét tai nguyén,
thiét bi mang ca phan cimg 1an phin mém thanh mot hé thong mang ao. Sau d6, cac mang 4o nay s&
tao ra mot vung lam vi¢c doc 1ap ma chi co6 cac dia chi dugc dinh danh vao viung nay nhu minh hoa

trong hinh duéi day:
VMO vmMi VM2 VM3
| service |
O 0s 0s 05 console
( N\
Virtual Q g
Ethernet ~ . !. i
adapters
.
r
ESX Server 3 ¥ "4 ¥ 4 7
virtual = y Q &
switches Q2 &
. LA\
r S,
Physical L.// RS
Ethernet « !
adapters

's

Hinh 3. Ao héa md hinh mang (Network)

Nguon: Lee (2014)

Mot may 4o co thé c6 nhiéu Card mang o, vi¢c tao cac Card mang 4o khong gidi han, co thé ndi
cc may a0 nay lai véi nhau bang mot Switch do. Toc do truyén dir liéu giita cdc may 4o véi nhau
thong qua cac Switch do vdi tde do rat cao theo chudn GIGABITE, dan dén viée déng bo gitra cac
méy 4o voi nhau dién ra rat nhanh.

e Ao hoa luu trir (Storage) trong nghién ctru (Khattar va cong su, 1999) vé viéc 4o hoa luu trir
tir cac thiét bi vat Iy nhu bang tir, 6 cimg hay két hop ca 2 loai. Viéc lam nay mang lai cac ich lgi nhur
viéc tang toc kha ning truy xuat dir liéu, do viéc phéan chia cic tac vu doc, viét trong mang luu trit.
Ngoai ra, viéc mo phong cac thiét bi luu trit vat 1y cho phép tiét kiém thoi gian hon thay vi phai dinh
vi xem may chii nao hoat dong trén 6 cting nao dé truy xuat. Két qua cua nghién ctru nay da dua ra
nhiéu déng gop mang tinh chat ing dung trong 4o hoa luu trit ma cong nghé 4o héa SAN (Storage
Area Network) 12 mot san pham kha noi bat trong thoi gian qua va dugc minh hoa nhu hinh dudi day:
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]
== [
ﬁ

=N
l | Local Area Network (Messaging Protocol- TCP/IP, NET BIOS)
] ]
!

a3

DISK

Storage Area Network
Data Protocol - FCP, FICON, etc.

Fibre Channel
Switch

Switch .
DISK ' DISK|

TAPE TAPE nisK

Hinh 4. Ao héa mé hinh luu trit (Storage)

Nguon: Khattar va cong su (1999)

Trong Hinh

4, h¢ thong 4o hoa luu trit SAN c6 hai dic diém co ban:

- Mang (Network) co tic dung truyén thong tin giita thiét bi luu trit va hé théng may tinh. Mot

SAN bao gom:

1 cau tric truyen tin — né cung cap ket ndi vat 1y, va quan ly cac 16p, to churc cac két

noi, cac thict bi luu trlr, va hé thong may tinh sao cho dir li¢u truyén trén do6 véi toc dd cao va bao

mat;

- Mot hé théng luu trir bao gdm cac thiét bi luu trix, hé thdng may tinh, hay cac tng dung chay

trén nd, va mot phan rat quan trong la cac phan mém diéu khién, qua trinh truyén thong tin qua mang.

e Ao hoa may chu (Server) trong nghién ctru cia Jin va cong sy (2012) 1a mot phuong phap

phan viing mét may chi vat Iy thanh nhiéu may chu a0, mdi may chi c6 kha ning ctia riéng ctia minh

chay trén may tinh danh riéng. M&i may chu 4o riéng ctia né c¢6 thé chay hé diéu hanh khac nhau, va
mdi may chu a0 ¢ thé duoc khoi dong lai doc 1ap nhu hinh minh hoa dudi day:
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Nguén: Jin va cong su (2012)
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Trong Hinh 5 mé ta hai méi truong may chu 4o héa: Ao héa toan phan (Full Virtualization), va
40 hoa mot nura (Paravirtualization).

- Ao hoa toan phan: Phan cimg dugc md phong dé mé rong chay nhitng hé diéu hanh khach trén
nén tang 4o hoa. Diéu nay co nghia rang cac thiét bi phan cimg khac nhau déu dugc moé phong. Thong
thuong, c¢6 nhiéu nén tang 4o hoa cb ging chay nhiéu sy y nhiém trén CPU chinh (chay nhanh hon
nhiéu so véi CPU md phong) nham nam bt va xir Iy cac su ty nhiém mot cach thich hop.

- Ao héa mét nira: La phuong phép 4o héa may chi khéc, thay vi mo phong mot méi truong phan
ctig hoan chinh, phdn mém 4o héa nay tao ra mot 16p Hypervisor3 nham muc dich don cac truy cap
céc hé diéu hanh may chi vao tai nguyén may vat 1y co so.

e Ao héa tmg dung (Application) trong nghién ctru ciia Kusnetzky (2011) da gi¢i thiéu vé
nguyén tic khi thyuc hién 4o hoa ting dung, trong d6 tach roi moi lién két giira tmg dung va hé diéu
hanh, cho phép phén phdi lai img dung phii hop v6i nhu ciu nguoi ding. Mot ng dung duoc 4o hoa
s€ khong dugc cai dat 1én may tinh mot cach thong thudng, mac du & géc d6 ngudi dung thi irng dung
van hoat dong mot cach binh thuong. Ung dung d6 dugce cai dit trén cac may chii nham quéan 1y viée
cap nhat phin mém tro nén dé dang hon, giai quyét sy dung do giira cac img dung va viéc thir nghiém
su tuong thich ctia chiing ciing tré nén dé dang hon:

Software Packs on the Server

|

—— Aplication Virtualized

';.Q—*E? —
Q. g

|
B B0 B O ,Fwg.

|— System Disk Virtualized

SXE

[x][=]
B B= B

O

X[=E 8

S

Q

System Disk Images on the Server

Hinh 6. M6 hinh 4o héa ung dung
Nguoén: Kusnetzky (2011)

Hinh 6 cho thdy wu diém cta 4o hoa tmg dung d6 1a tit ca cac may tinh déu co thé sir dung phan
mém 4o nhu dang cai trén méy tinh ctia minh ma khong phai lo vé cAu hinh; thong tin ludn luén duoc
Iuu trit an toan & may chii trung tAm thay vi c6 thé phan tan ra timg may tram; phan phdi phan mém
mdt cach linh dong dén mot s ca nhan hodc nhom co nhu cau sir dung thay vi cai vao tit ca moi may
nhu cach phd thong; phan phdi hodc g& bo phan mém cai dat 1én hé thdng mot cach nhanh chéng.

3 Hypervisor la phan mém giam sat may do (VMs): L& mét chuang trinh phan mém quan ly mét hodc nhiéu may do. Cac hypervisor
cho phép méi VM truy cip vao I8p tai nguyén phan ciing vat Iy nhu CPU, RAM va luu trit HDD. Né ciing c6 thé gidi han s6 lugng
tai nguyén hé théng ma méi may do c6 thé sir dung dé dam bao cho nhiéu may &o cling st dung déng thdi trén mot hé théng.
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4. Pé xuat ao hoa hé thong tinh toan hiéu nang cao

4.1.  Khung lam viéc tong qudat

Trong nghién ctru niy, nhom tac gia dé xuat 4o hoa phan cling cdc may chi vat Iy nham tao ra cac
méy chii a0 dong vai trd nhur mot cum may tinh xir y. Sau do, sir dung nén tang quan 1y Docker nham
tao ra hé thong tinh toan higu ning cao goi tit 1a vHPC (Virtual High-Performance Computing) duoc
md ta nhu hinh dudi day:

Bl i E- @NW

openslack
BE.
<o
BE. -n
i | | i ). ~8
| EHED bl |
R || . -

(@ (b)
Hinh 7. Khung lam viéc hé théng vHPC
Hinh 7 minh hoa kién trac hé thong vHPC gom c6 3 16p xir Iy:
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0
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~u
-~
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—~
o
N

Lép vat ly: Pugc tich hgp tir 8 server vat ly thuong hiéu IBM, HP, DELL dugc minh hoa trong
Hinh 7(a) va c6 cu hinh nhu Bang 1 dudi day:

Bang 1.
Céu hinh may chu vat ly
STT Haéng san xuat va thong s6 k§ thuat Kha nang luu trir

1 IBM X3560 M4, 12 Core 2.0GHz, E5 2620, 24G Ram 270GB/272GB
2 HP Proliant DL380 Gen9, 32 Core 2.10GHz, E5 2620, 64G Ram 600GB/830GB
3 HP Proliant DL380 Gen9, 24 Core 2.10GHz, E5 2620, 128G Ram 100GB/830GB
4 IBM X3560 M3, 16 Core 2.4GHz, E5620, 36G Ram 1.62TB/1.62TB
5  DELL PowerEdge R740, 24 Core 2.59GHz, 64G Ram 1.30TB/1.90TB
6  DELL PowerEdge R720, 24 Core 2.10GHz, 64G Ram 2TB/3.26TB
7  DELL PowerEdge R720, 24 Core 2.10GHz, 64G Ram 1TB/3.26TB
8  SAN (Storage Area Network) 7TB

Nguon: Khao st thuc té tai UEH

Tuy nhién, trong thuc té khi khao sat cho thdy cac may chu vat 1y (Server) van dang hoat dong va
duy tri mot s6 phan mém chuyén nganh, vin con mot lugng tai nguyén chua ding dén.
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Lop a0 hoa: Can ctr vao bdo cdo danh gia phan tich cia Taknet (Tan va cong su, 2013) vé viéc
xay dung mot hé théng HPC thi c4u hinh tdi thiéu bao gém: 1 may tinh diéu khién (Head Node) va it
nhét tir 3 dén 4 may tinh xir Iy (Compute Node), cac nut nay hoan toan c¢é thé bo sung néu can thiét
phai nang cao hi¢u nang tinh todn. Vi vay, nhom tac gia ap dung cong nghé 4o héa may chu tao ra 05
may chu 4o dugc minh hoa trong Hinh 7(b), trong do, 01 may dong vai tro 1a quan ly (Head Node) va
04 méay con lai dong vai tro 1a cum maéy tinh xir Iy (Compute Node). Tat ca cac may tinh dugc cai dat
hé diéu hanh CenOS v7.8 nhu hinh dudi day:

(] — -] x

Sessins A\

Stp A Macros & Tools

= Remote monitoring

[0 Follow terminal folder

M hoccuteos | #8 0%

Hinh 8. Ao héa cac cum may tinh xir 1y trong hé thong vHPC
Nguon: Két qua nghién ctru hé thong vHPC
Lép tinh toan: Nhom téc gia Iya chon cong nghé Docker dé tién hanh xay dung hé théng vHPC
nhu Hinh 7(c) bao gém hai thanh phan: (1) Phan h¢ diéu hanh CenOS v7.8 chay nén & phia dudi; (2)
Giao dién twong tic nham cung cép cho tai nguyén tinh toan bao gom cac géi dir lidu c6 san (Image)
va cac kho chira dit liéu (Containers) minh hoa nhu hinh dudi day:

<« C @ © £ hitps//172.16.248.170, - ¥y in@ ® =
ﬂ‘ clusternode v Cluster Nodes Storagev  Projects/Nomespaces Members  Tools v . -~
Nodes Edit Cluster
O state el Role ers
m] - Al V11810 04/12 Cores 0175 GiB 9/mo i
[m] Worker v118.10 03/12 Cores 0/75 GiB 4/mo
O [Active o Worker v118.10 0.4/12 Cores 01/75 GiB 5/Mo 3
O ) Worker V11810 03/12 Cores 0/75 GiB 4mo

Hinh 9. Hé thong VHPC xdy dung trén nén ting may ao st dung Docker

Nguon: Két qua nghién ctru hé thong vHPC
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4.2, Ddanh gid hiéu nang hé thong vHHPC

H¢ théng vHPC hoat dong trén nén tang Webform tai dia chi http://vHPC.ueh.edu.vn, két qua
danh gi4 vé hiéu nang dugc thong ké nhu hinh duéi day:

O e

2% 5% 5%
6% 9%
\ =) \

Hinh 10. Hiéu ning hé théng vHPC khi hoat dong
Nguon: Két qua nghién ctru hé thong vHPC
Trong Hinh 10 hiéu nang cta h¢ théng chiém 5% b6 nhd, tai nguyén bd nhd str dung 2% va nhu
cau tinh toan cuia nguoi st dung vHPC dat 5% khi & ché do tiéu chuan.
4.3, Twong tc giita ngueoi dimg va hé thong vlPC
Phan twong tac véi nguoi ding, hé théng VHPC cung cép céc tai khoan cho cac thanh vién duoc

nguoi quan tri thuc hién trén cing giao dién khai thac, twong tmg véi yéu cau phan cing tinh toan
duogc xac dinh quyén han cta trong goi dir liéu va cai dit vao hé théng, minh hoa nhu Hinh 11:

Cluster Nodes Storage v Projects/Namespaces mbers  Tools Try Dashboard -

Add Cluster Member

Cluster Permissions

O Owner

O Member

@ Custom
4 Create Projects
Ed  Manage Cluster Backups
Manage Cluster Catalogs
E4  Manage Cluster Members
4 Manage Nodes

M Manage Storage
Hinh 11. Cap tai khoan thanh vién st dung hé théng vHPC

Nguon: Két qua nghién ctru hé thong vHPC
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5. Két luan

Cong nghé 4o hoa dugc phat trién va str dung trong khoang thoi gian kha 1au véi nhiéu wu diém.
Ngoai su linh dong trong viéc trién khai, may ao con duoc biét dén voi nhitng dic diém nhu: DE dang
quén 1y, kha ning bao mat cao, hi¢u sudt vé sy co lap giita pham vi sir dung ciing nhu quyén kiém
soat. Hién nay, trong linh vuc tinh toan hiéu ning cao, ha tang trién khai may ao dong mét vi tri quan
trong dbi voi cac dich vu nhu dién toan dam may, luu trir ddm may...

Trong bai bao nay, nhém tac gia da dé xuat a0 hoa hé théng vHPC dya trén ngudn tai nguyén phan
cling sén c6 tai Truong Dai hoc Kinh té TP. H6 Chi Minh va tién hanh mét s thir nghiém cong nghé
40 hoa may chii tich hop cac bd nhé xir 1y tinh toan 16n nhu CPU va GPU nham hudng t6i mot hé
thong tinh toan hidu ning cao HPC véi nhiing tinh nang wu viét, kha ning mé rong, va d¢ tin cay cao
hon. Véi dé xuét ndy, nhom tac gia mong mudn gitp cho cac nha nghién ctru, nha quan 1y, nha khoa
hoc ¢6 dugc cac cong cu dé thir nghiém cac giai thuét hoc may trén nguén dir liéu 16n tinh toan trén
céc moi trudng khac nhau nham dap tng cac yéu to vé mat ki thut nhu tinh sin sang cao, tinh ning
chiu 15i wu viét cuia hé théng dé xuatm
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