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BAN TOM TAT

Nhu céu tinh toan trong cac linh vuc khoa hoc va cong ngh¢ da thuc déy viéc xay dung cac hé
thdng tinh toan hiéu ning cao. Bén canh do, sy phat trién cua cong nghé mang tdc do cao két hop véi
viéc sir dung cac may tram tinh toan ré tién cho phép xay dung cac hé may tinh manh v6i gia thanh ha.
Supernode II la mot hé thdng tinh toan dang nhu véy. Bao céo trinh bay tong quan vé phan mém hé
thong xay dung trén Supernode II. Cac phan co ban trong phin mém hé thong nay la quan ly tai
nguyén, dinh thoi, thuc thi cong viée, quan 1y nguoi dung va giam sat hé thong. Phan mém hé thong
cho phép st dung tai nguyén trén Supernode II mét cach hi€u qua.

ABSTRACT

High Performance Computing (HPC) is a key solution to provide computational power to solve
grand and challenging problems. There has been a dramatic shift within the HPC field from
supercomputers to clusters for lowering the ratio between cost and performance. This trend was set in
motion by improvements of the two commodity components: CPUs designed for PCs and high-speed
local networks. Supernode II is a system built on PC-based cluster technology that provides cost-
effective computing power for scientific applications. This paper will give an overview of the
Supernode II’s system software. Consisting of five main modules: resource management, job
scheduling, job execution, user management and monitoring, this software enables effective resource
utilization.

1. GIOI THIEU cung cap mot kha ning tinh todn manh dé giai

Su phat trién cua cong nghé cho phép toc
do tinh toan cta b xir Iy ngay cang ting. Tuy
vy, ¢6 nhiéu Gmg dung trong linh vuc khoa
hoc va cong nghé doi hoi thoi gian tinh toan tir
vai ngay dén vai thang hay nhiéu hon nita, cho
du tan dung hét kha nang cia mot bo xur ly. Do
thoi gian tinh todn qua 16n, nén c6 thé xay ra
tinh trang két qua tinh toan khong sir dung
duoc, vi du nhu bai toan du bao thoi tiét. X ly
song song la mot giai phap nham giai quyét
van dé trén. St dung nhidu bd vi xur 1y cung
lac dé giai quyét mot bai toan c6 thé rat ngin
thoi gian tinh toan, dap tmg duoc nhu cdu
trong thuc t&. Mot moi trudng tinh toan co thé

quyét mot bai toan 16n trong mot thoi gian
ngian dugc goi 1a méi truong tinh toan hiéu
nang cao (High Performance Computing).

Nhiéu md hinh médy tinh di dugc nghién
clru va phat trién nham phuc vu cho viée xir ly
song song. Trong do, hai m6 hinh phé bién,
dugc st dung nhiéu trong thuc té 1a md hinh
may tinh da xtr Iy va mo hinh cluster. Cac may
tinh da xtr Iy 1 cac may tinh c6 nhiéu bd vi xir
ly trén cung bo mach va chia sé¢ by nhd. Mo
hinh cluster 13 su két ni cac may tinh don lai
v6i nhau, khong chia s€ bo nhé.

Ngay nay, khi may tinh c4 nhan tré nén
phé bién va téc do truyén thong mang duoc
tang 1én rat nhiéu lan thi mo hinh cluster to ra
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c6 nhiéu uu diém. C6 thé ké ra mot s6 vu diém
cua mo hinh cluster nhu: kha nang tin dung
ngudn tai nguyén sin c6, tinh linh dong, kha
nang mo rong cao, dé xay dung... Mot uu
diém ndi bac ciia md hinh cluster 1a tinh kinh
té; ti sd gilta gia thanh va hiéu suit cua hé
thdng cluster thip hon nhiu so v6i mot may
tinh da xir ly c6 khd nang tinh todn tuong
duong.

Tt nhu ciu thue t& cua truong Pai hoc
Bach Khoa TP. HCM, mot hé théng tinh toan
hi€u nang cao dang PC-based cluster co tén
Supernode II dang dugc xdy dung. Thlet ké
ctia Supernode II nhim dap mg nhu cau tinh
toan da dang tir cac (mg dung tudn tu dén cac
ung dung song song st dyng MPI va PVM.
Van dé khé khin trong viéc phat trién cac hé
thong PC-based clusters n6i chung va
Supernode II n6i riéng chinh 1a phan mém hé
thong. Phan nay s& quyét dinh hé théng
Supernode II chay hi¢u qua hay khong.

Céc phan mém hé théng cho cac hé théng
cluster hién c6 hodc 1a & dang thuong mai véi
chi phi rat cao, hodc dugc thiét ké, hién thuc
theo timg hé théng cu thé va khéng open-
source hoan toan. Chinh vi vay dé dap img nhu
cdu tinh toan thi cin x4y dung moét phdn mém
phil hop vai hé théng Supernode II. Viéc xay
dung duoc mot hé théng phan mém nhu viy
gitp khai thac tbi da hi¢u sudt cia phan cimg
va co thé phat trién theo nhiéu hudng khac
nhau trong tuong lai ma khong bi nhitng han
ché nhu khi sir dung phan mém c6 sén.

M6t phin mém hé théng dung cho hé
thong tinh toan hiéu ning cao can phai thuc
hién dugc nhitng nhi€m vu sau [8]:

= Quan ly tai nguyén va dinh thoi: quan ly
toan bd tai nguyén trén hé thdng va phan bd
c4c tai nguyén hop 1y nham phuc vu cong viéc
cta nguoi st dung.

« Giam sat hé thong: cung cép cho ngudi
sir dung hé thong kha niang giam sat cong viéc
cua minh dang dugc thyc thi trong hé théng.
Cung cép nhitng thong tin vé trang thai cia cac
cong viéc va tai nguyén cho nguoi quan tri.

= Quan ly nguoi sir dung va tinh phi (user
management & billing): Do cluster thuong la
mot hé thdng gém nhiéu nguoi ding nén can
¢6 co ché dé quan 1y nguoi sir dung, giam sat
thong tin vé sir dung tai nguyén ciia nguoi
dung.

» Moi truong dé bién dich, kiém tra
chuong trinh.

Céc phan tiép theo cta bai bao dwoc trinh
bay nhu sau: Phan 2 gi6i thiéu, danh gid so
lugc mot so phan mém quan ly cluster. Phan 3
trinh bay tong quan kién trac va nhiing thanh
phan cia phian mém hé thong cho Supernode
II. Nhitng hudng phat trién cua dé tai duoc
trinh bay trong Phan 4. Cudi cing 1a phan két
luén.

2. CAC CONG VIEC LIEN QUAN
2.1. H¢ théng CONDOR

Condor [11] dugc phat trién tai dai hoc
Wisconsin-Madison. Condor dugc xdy dung
v6i muc tiéu tan dung nhirng tai nguyén san c6
dé xay dyng mot hé thdéng tinh toan 16n.
Condor ¢6 kha nang két hop giita cac nut tinh
toan chuyén biét (dedicated nodes), nhu cac
nut tinh toan cua mot cluster, voi cdc may tinh
cda nhan c6 thoi gian ranh (optional
workstation). Chinh kién trac linh dong nay
cho phép Condor ¢ kha ning m& rong rat 16n
va hudng t6i xay dung mo hinh tinh toan ludi
(Grid computing).

Chuc nang chinh cua Condor 1a quan 1y tai
nguyén, phan bd cong viéc 1én cac tai nguyén
mot cach hop 1y nhat. Khi nguoi dung dua ra
mot cong viée, Condor sé& tim mot may san
sang dé thyc thi cong viéc d6. Khi phat hién
mot may khong thé tiép tuc thyc hién cong
viéc, Condor c6 thé ngung, luu anh cong viée
va di doi sang mot may tinh dang sin sang
khac. Viéc luu anh cong viée con cung cip kha
nang chiu 16i cho ung dung.

Ngoai ra, Condor con c6 co ché phan b tai
nguyén dua trén d§ uu tién ngudi dung (user
priorities) va do uu tién cong viéc (job
priorities). Co ché dua trén cac do uu tién nay
s&¢ dam bao qua trinh phan phdi tai nguyén
cong bang gitra nhitng ngudi ding ciing nhu
gitta cac cong viéc. St dung Condor, nguoi
quan tri d& dang gidm sat qua trinh thyc thi cac
cong viéc va dua ra nhiing thay ddi vé chién
lugc hay nhitng bién phap xu 1y cong viéc.

Condor khéng yéu ciu bét ki sy thay dbi
nao vé source code cua chuong trinh khi thue
thi trén Condor. Nguoi sir dung co thé truy cap
va thuc thi cong viéc trén Condor tur xa.
Condor linh dong sir dung nhiéu co ché khac
nhau dé cc cong viéc co thé truy xuat cac file
dir liéu. Céc co ché nay bao gdm: goi ham hé
thong tir xa (remote system call), hé thong file
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chung (shared file system) hay co ché chuyén
file (file transfer).

Condor hd trg nhiéu mé hinh cong vigc
khac nhau nhu cac cong viée tuan tu, PVM va
MPI. Bén canh Linux, Condor ¢ thé hd trg
nhiéu hé diéu hanh khac trong dong Unix ciing
nhu hé diéu hanh Windows NT. Trong mot
nhém may (pool) c6 thé cé nhidu hé didu hanh
khac nhau va mét cong viéc thyc thi trong mot
hé diéu hanh nay c6 thé dugc dang ky (submit)
tir mot may v6i hé diéu hanh khac. Co ché két
nhom (flocking) cho phép nhidu nhom cé thé
duoc két ndi lai voi nhau. Mdi nhém c6 thé co
nhitng chién lugc quan 1y tai nguyén khac
nhau va céng viéc co thé duoc thuc thi trén
nhiéu nhém khac nhau. Théng qua Globus
Toolkit, Condor c6 thé goi cong viéc dén mot
hé thong dugc quan 1y boi mot hé théng quan
ly tai nguyén khac ciing nhu nhan céng viéc tu
hé théng khac goi téi. Piéu nay gitip Condor
dé dang thich nghi v6i mé hinh tinh toan ludi.

2.2. Computing Center Software

Computing Center Software (CCS) [10] 1a
mot hé théng quan 1y tai nguyén cho cic may
tinh song song hi¢u nang cao, dugc nghién ciru
bdi trung tdm Paderborn va dugc dua vao hoat
dong tir nim 1992 trén nhiéu hé thong clusters
cling nhu céc hé thong tinh toan song song 16n.
CCS cung cép kha niang dinh thoi cac cong
viéc bo (batch jobs) va tuong tac doc lap voi
phéan cing. Viée dinh thoi cua CCS dya trén
cac yéu to nhu sy dat chd (reservation), han
chot (deadline), cac han ché vé thoi gian nhu
phan biét giita ngay va dém, cac han ché vé sb
luong nut. Ngoai ra CCS con cung cap kha
nang phan chia cac tai nguyén doc quyén va
khong doc quyen cac giao dién mé dé giao
tiép voi cac hé thdng quan 1y tai nguyén khéc.
CCS 6 do tin cdy cao nhu ty dong khoi tao lai
khi cac qua trinh chay ngam (daemon) bi chét,
kha ning d& khang 16i trong truong hop dut
mang.

2.3. Portable Batch System

Portable Batch System (PBS) [12] 1a mdt
hé thdng bé linh hoat quan 1y tai va hang doi
tudn theo chuan POSIX, dugc phat trién va
duy tri béi Veridian Systems. PBS hoat dong

trén cac moi truong mang UNIX, bao gdm cic
cluster bat déng nhat, cac siéu may tinh va cic
hé thdng song song 16n. Dy 4n nay dugc khoi
dong dé tao ra mot hé théng xt 1y bo linh hoat
va c6 kha nang mo rong dé dap ung nhing yéu
cdu ciia cac mang tinh toan bat ddng nhat. Muc
dich cia PBS 1a dé cung cip cac didu khién
cho viéc khoi tao hay dinh thoi cac cong viéc
b6. Bo dinh thoi mac dinh trong PBS 1a FIFO
ding dé t6i wu hiéu sudt cua CPU. Bo dinh
thoi nay s€ duyét qua danh sach hang dgi cong
viéc va khoi dong bat ky cong viéc nao phu
hop Véi céc tai nguyén da san sang. Tuy nhién,
dinh thoi theo phuong phap nay sé khién cac
cong viéc 16n khong cé co hdi duge thuc thi.
Dé khic phuc, bo dinh thoi nay su dung co ché
“starving jobs”. Vi co ché nay, cong viéc khi
¢ trong hang doi qua mot ngudng thoi gian xéac
dinh s& dugc ting d6 uu tién Ién, dé n6 duge
dua vao thuc thi ngay khi c6 du tai nguyén.
Phuong phap nay c6 thé thyuc hién tot trong vai
truong hop, nhung trong nhiéu tinh hudng
khong mang lai két qua mong muén [1]. Tuy
nhién, PBS cho phép thay thé bo dinh thoi mac
dinh cua nd. Mot s6 bo dinh thdi ¢6 lwa chon,
c6 thé sir dung v6i PBS di ra doi. Maui [13] va
Libra [3] 1a nhitng bo dinh thoi nhu vay, thich
hop cho cac moi trudong tinh toan hiéu nang
cao.

Maui st dung cac chinh sach dinh thoi
tong hop dé tdi uu viéc tan dung tai nguyén va
thot gian hoan thanh cong viéc. Maui cung cip
kha nang quan tri v€ tai nguyén va tai cong
viéc, cho phép ciu hinh trong viéc sdp x¢&p do
vu tién, dinh thoi, cip phat, su cong bang, va
cac chinh sach dit chd trudc cho cong viéc.
Maui ciing cho phép viée dat chd trude dé diéu
khién chinh xac khi nao tai nguyén dugc sir
dung.

Muc tiéu ciia bd dinh thoi Libra 14 ¢6 ging
thoa man t6i da yéu ciu ciia ngudi sir dung. Vi
vay cac chi tiét cong viéc dugc trinh 1én boi
ngudi sit dung bao gém: ngan sach duge cap
va han chét hoan thanh cong viéc. Bo dinh thoi
Libra cho phép t6i wu do lgi cia CPU trong khi
van dam bao nhitng yéu ciu rang budc vé chét
luong dich vu cta nguoi st dung.

Nho vao tinh 6n dinh, linh hoat, kha nang
cho phép thay thé cac bd dinh thoi khac nhau
dé thoa man cac chinh sach cua ting don vi,
ddc biét 1a tinh chat md ngudn md giup cho
PBS tr¢ thanh mot hé thong phd bién va duoc
st dung rong rai.
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Tuy nhién, vi PBS 1a mot hé théng phi
thuong mai nén viéc tinh phi sir dung cling nhu
quan 1y ngudi ding khong duoc phat trién trén
hé thdng nay.

3. PHAN MEM QUAN Li CHO HE
THONG SUPERNODE II

H¢ thong Supernode II duge xay dung gdm
¢6 64 nat, moi nit ¢6 cau hinh gom:

= 2 CPU Xeon 2,4GHz, 512KB cache

= 2 GB ECC DDRam

= HDD 40GB (7200rpm)

Cac nit duoc két ndi voi nhau theo kiéu
bus chung (shared-bus) thong qua 2 Ethernet
Switch 1Gigabit va 100Mb.

Supemaode I Computing-system

Hinh 1. Sy phén chia cac thanh phan cua
hé thong.

Cac nut tinh toan dugc phan chia lam hai
phin Front-end va Computing system nhu
trong Hinh 1. Phan Front-end (gém 16 nut)
cung cap ngd vao dé nguoi dung ding nhap va
thuc thi img dung trén hé thong. Nguoi ding
¢6 thé bién dich va chay thir chuong trinh trén
cic may tinh cua Front-end dé kiém tra tinh
chinh xac va kha nang tuong thich ctia ung
dung v6i hé thong Cac may tinh that su thuc
thi cong viéc nam & phan Computing system
(gom 48 nut). Phan nay hoan toan trong sudt
d6i voi nguoi dung va duoc quan 1y boi phan
mém quéan 1y Supernode II.

Lip ting dung
Lép phin mém hé thing quan 1f cluster
Hé difu hanh
Phén cimg may tinh

Hinh 2. So d6 phén 16p.

Phan mern hé thong quan ly Supernode II
1a 16p phan mém nam giita 16p img dung cua
ngudi dung va hé didu hanh trén mdi may don.

Lép phan mem ndy s€ cung cép mot cai nhin
trong sudt vé hé thdng cho ngudi dung ¢ 16p
mg dung. Ngudi dung thyc thi, phat trién cac
ung dung dua trén 16p phén mém hé théng ma
khong can quan tdm dén cdu tric cac may tinh
bén dudi.

Céu trac chung cua phan mém quan 1y hé
thdng Supernode II gdm c6 nhing thanh phan
nhu trong Hinh 3. Proxy déng vai trd trung
gian trong viéc giao tiép giita cac module vé6i
nhau. Proxy ciing dong vai tro 1a trung gian
giita ngudi sir dung va hé théng. Chi tiét timg
churc nang cua cia cac by phan khac dugc trinh
bay tiép trong cac phan ké tiép.

User Management o - Resource
& Billing Management
1
‘ Proxy I Scheduling
‘_ _-

Hinh 3. Ciu trtc ciia phin mém hé théng.

3.1. Quan ly tai nguyén (Resource
Management)

3.1.1. Chirc nang

B quan ly tai nguyén c6 nhiém vu quan ly
tat ca tai nguyén tinh toan, bao gdm CPU, b
nho, dia cing, xac dinh vi tri va cép phat tai
nguyén cho hé thdng, cho phép tai nguyén méi
gia nhdp, tai nguyén hién hanh roi khdi hé
thong, phat hién nhiing sy c¢6 hu hong tai
nguyén va cung cdp thong tin tai nguyén cho
bd dinh thoi. Ngoai ra, bd quan ly tai nguyén
con c6 cac nhiém vu nhu ching thuc, tao va di
tri cac qua trinh.

3.1.2. Két qua dat dugc

Cac chuc nang da duoc hién thyc cia bd
quan ly tai nguyén:

» Resource Controller: cung cap cho ngudi
quan tri chic nang thém vao va xda b cac tai
nguyén, nhin yéu cau ding ky tir cac nut tinh
toan khi chung dugc khadi dong.

= Resource Info Controller: quan ly thong
tin tai nguyén cua tit ca cac nat tinh toan.
Nhan yéu ciu ldy thong tin tai nguyén tir bo
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dinh thoi va tra vé thong tin tai nguyén hién tai
ctia hé thong.

= Resource Allocation Controller: nhan
yéu cau thuc thi cong viéc tir b dinh thoi,
phan cong viée xudng cac nat tinh toan dé thuc
thi, cap nhat lai thdng tin tai nguyén.

= Job Execution Controller: quan ly qua
trinh thyuc thi cia cong viéc, cap nhat thong tin
thuc thi coa cong viéc vé cho bo dinh thoi.
Nhén yéu clu x6a va tam dung cong viée tir bd
dinh thoi, dung su thuc thi cia cong viée, tra
lai cac tai nguyén cong viéc chiém giit, cap
nht lai tai nguyén hé thong, tra két qua vé cho
bd dinh thoi.

= Resource Maintainance Controller: guri
tin hiéu dén cac nut tinh toan mot cach dinh ky
dé kiém tra xem cac niit c6 hoat dong khong.
Cap nhat lai cac tai nguyén néu c6 nut chét
(khong hoat dong, bi dut mang... ). Néu nit
chét khi dang thuc thi cong viéc thi phai thong
béo vé cho b¢ dinh thoi dé c6 thé dinh thoi lai
cong viéc.

3.2. Pinh thoi (Scheduling)
3.2.1. Chirc ning

Bo dinh thoi c6 nhiém vu chinh 1a quyét
dinh thoi diém va tht tu xo ly cac cong viéc
cua nguoi dung chira trong hang dgi. Bo dinh
thoi cling xac dinh tai nguyén nao dugc dung
dé thuc thi mdi cong viéc. Trong qué trinh
dinh thoi, bd dinh thoi lay thong tin tai nguyén
tr bd quan ly tai nguyén.

3.2.2. Cac phuong phap dinh thoi

Hau hét nhitng phuong phap dinh thoi roi
vao mét trong hai loai la time-sharing va
space-sharing [9]. Time-sharing t6 ra c6 uu thé
hon khi ¢6 sy khac biét nhiéu vé thoi gian thuc
thi gitta nhiing qua trinh ctia cuing mdt cong
vi€c, hodc khi thoi gian thyc thi cua cac cong
viéc khac biét 16n; vi du trong nhiing hé théng
hd trg ca cong viéc dang bd va cong viec
tuong tac (interactive job). Nguogc lai, space-
sharing khong bi phi tén do chuyen do6i ngir
canh. Déi véi nhitng hé théng hd tro cong viée
han cudi, space-sharing gitp cho viéc udc tinh
thoi gian thyc thi cua cac cong viée chinh xac
hon. Hybrid 1a mot phuong phap khac két hop
vu diém cta time-sharing va space-sharing va

da dat dugc nhitng két qua kha quan trén thuc
té [4].

Space-sharing dugc hién thyc bing cach
chia nhiing tai nguyén tinh toan thanh nhiing
phén ving (partition) va mdi cong viéc s& dugc
thuc hién trén mot partition riéng biét [9].
Space-sharing giam thiéu tbi da phi ton do viéc
chuyén d6i ngir canh (context switching) giita
céc cong viéc. Ngoai ra trong nhitng hé thong
ma bd nhd bi gidi han thi viéc space-sharing
danh toan b bd nhd cua ca mdt partition cho
riéng mot cong viéc s& giam thiéu chi phi
page-fault, giup hé thong hoat dong hiéu qua
hon.

Time-sharing sir dung preemption dé xoay
vong su dung cac nut cho cac cong viéc. Hai
cach co ban khi sir dung preemption dé dinh
thoi cac cong viéc song song la coordinated va
uncoordinated. Trong cach dinh  thoi
coordinated, cac qua trinh cta cing mot cong
viéc song song dugc thuc thi tai cung mot thoi
diém trong mot quantum va cing duoc dwa
vao trang thai tam dirng tai cing mot thoi diém
dé nhuong cac nit tinh toan cho cong viée
khéc. Trong cach dinh thoi uncoordinated thi
nguoc lai, mdi qua trinh ciia mot cong viec
trén mdi nut duoc dinh thoi mot cach doc lap
ma khong phu thudc vao cac qua trinh khac
cua cung cong viéc d6. Nhu vay tai mot thoi
diém, c6 mot sd qua trinh cta cong viéc dang
thyc thi, trong khi mot sb qua trinh khac cua
chinh céng viéc nay & trang thai tam dung.
Céch dinh thoi coordinated chi hoat dong tdt
dbi voi nhimg tmg dung c6 mirc d6 déng bo
gitra cdc qua trinh cao, nguoc lai thi n6 hoat
dong khong hiéu qua. Mot nhuge diém khac
cua cach dinh thoi coordinated 1a viéc hién
thuc kho khan, dac biét trén nhiing hé théng
16m c6 bd nhod phan tan (distributed memory).

Hybrid 12 phuong phap dinh thoi két hop
gilta space-sharing va time-sharing. Y tudng
co ban cia hybrid 13 chia hé théng thanh
nhiing partition gidéng nhu space-sharing. Tuy
nhién, thay vi trén mdi partition tai mot thoi
diém chi cho phép mot cong viéc thuc thi thi
hybrid cho phép nhiéu cong viéc cing thyc thi.
Céc cong viéc duoc phin bd trén cung mot
partition s& thuc thi theo kiéu xoay vong nhu
trong time-sharing. Mgt vai hién thuc theo
phuong phap hybrid nhu hierarchical
scheduling cho thay hiéu qua dat dwoc tét hon
s0 vdi space-sharing va time-sharing [7, 9].
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3.3.3. Phan loai gidi thuat dinh thoi

Céc giai thuat dinh thoi dugce chia 1am hai
loai: ¢6 han cudi va khong cé han cudi.

Dbi véi cong viée khong han cudi, thong
thuong bd dinh thoi s€ co it nhét mot hang doi
dé tiép nhan. Néu tai nguyén ranh, cic cong
viéc khong han cudi c¢6 thé thuc thi ngay khi
vira dugc dang ky; nguoc lai, khi tai nguyén
ban, nhitng cong viéc nay phai chd cho dén khi
6 cong viée két thic tra lai tai nguyén hodc c6
thém tai nguyén méi gia nhap vao hé thong.
Nhu viy, bai toan dinh thoi cho cong viéce
khong han cudi 1a xac dinh mot tdp cong viéc
s€ dugc thuc thi khi xay ra sy kién co tai
nguyén ranh va nhiing cong viéc nay thuc thi
trén tai nguyén nao.

D6i voi cac cong viéc han cudi, thong
thuong b dinh thoi phai danh riéng tai nguyén
tinh toan cho timg cong viéc. Sb lugng nut tinh
toan cap cho mdi cong viéc phai bang véi yéu
cdu cua ngudi dung. Khong thé thu nho kich
thudc partition ctia cac cong viéc han cudi, boi
vi néu lam nhu vy thi khong thé dy doan
duogc khoang thoi gian thuc thi cua cong viéc.
Diéu nay dan dén sd nut tinh toan ctia hé thong
chi du dé dap g duoc cho mot sb it cac cong
viéc. Van dé dat ra 1a 1am sao dé dap tng duogc
nhiéu cong viéc han cudi trong sy gidi han cia
tai nguyén hé thong.

3.2.4. Giai thuit dinh thoi cho hé théng

Giai thuat dinh thoi coa hé théng
Supernode II cho cac cong viéc khong han
cudi ding phuong phép space-sharing voi cach
phan ving “adaptive partitioning”, gdm hai
phén: tinh kich thudc partition va lga chon
cong viéc thuc thi [6]. Gidi thuat md rdng
phuong phap tinh kich thude partition dwgc dé
nghi boi Sivarama P. Dandamudi va Hai Yu
[5] béng cach xem xét thém mot sd dic thu cua
viéc thuc thi cong viéc space-sharing. Bing
cach ¢b ging tao ra nhing partition co kich
thudc bang nhau va thich ing véi tinh trang tai
hién hanh cua hé théng, phwong phap nay
giam thiéu tdi da sy phan manh tai nguyén.

Tinh kich thudc partition.
Kich thudc partition cho mot cong viéc
dugc tinh theo cong thure sau:

total _ processors
queue _length+1+ f*S )

parsize= pmf * Max (1, ceil (

Cong thuc 1: Tinh kich thudc partition.

Trong do:

- total_processors 1a s lugng nut tinh
toan.

- queue_length 1a sé luong cong viée dang
cho.

= S 14 s lugng cong viéc dang thuc thi.

- f 12 hé s6 anh hudng cua cac cong viée
dang thyc thi, 0 < f< 1.

Céch tinh nay cb gang phén chia nhiing
partition bang nhau cho tit ca cac cong viéc
dang chd trong hé théng. Viéc dung
queue_length + 1 (thay vi queue_length) nhim
muc dich chira mot partition trong cho cong
viéc dén trong tuwong lai. Su thich tmg véi tinh
trang hé thng ciia cong thic nay thé hién &
chd kich thuéc partition bi anh huong béi khoi
lwong tai cua hé théng. Khi hé thdng tai cao
(queue length va S 16n) thi cong viéc dugc
phan it tai nguyén (kich thudc partition nho) va
ngugc lai. Muc do anh hudng ctia nhiing cong
viéc dang thyc thi dén kich thudc partition ti 1¢
v6i hé s6 f. Khi £= 0, sy anh hudng nay bi loai
bo va kich thude partition chi phu thudc vao
nhitng cong viéc dang cho. Khi f = 1, nhitng
cong viéc dang thuc thi c6 anh hudng ngang
bang v6i nhiing cong viée dang cho, va do d6
muc ti€u tao nhitng partition c6 kich thudc
béng nhau dat duge tot hon. Bao céo ky thuat
cia Sivarama P. Dandamudi va Hai Yu [5]
cho thdy gi4 tri tot nhat cta f phu thudc vao
mic do st dung hé théng, kién trac cong
viéc... va f tot nhat trong khoang tir 0.5 dén
0.75.

Ngoai ra, kich thudc partition con phu
thudc vao mdt vai yéu td khac nhu dic tinh
cong viée va dic tinh tai nguyén cua hé thong.
Khong thé phan mot sé luong it tai nguyén
tinh toan cho mdt cong viéc song song cod
nhiéu qua trinh dé dam bao dugc chit luong
phuc vu. Va ciing khong thé phan mot sb
lwong nhiéu tai nguyén cho mot cong viée ¢ it
qué trinh vi s€ lam giam d6 su dung cia hé
thong. Cach tinh kich thudc partition chi phu
thudc vao tinh trang tai hé théng nhu trén sé€
khong giai quyét dugc nhitng van dé nay. Mot
cach don gian dé giai quyét 1a dung cac thong
s6 gidi han sau day:
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= MAX PARTITION SIZE Ia kich thudc
partition 16n nhit cho phép, nham dam bao
cong viéc khong chiém qua nhiéu tai nguyén,
lam anh hudng dén nhimng cong viée khac.

» MIN_PROCESS_PER_NODE la 56
luong qua trinh t6i thiéu trén mot nit, nhim
dam bao nut tinh toan khéng bi lang phi kha
nang tinh toan do sé qué trinh dugc phan qua
it.

» MAX_PROCESS PER NODE 1la sb
luong quéa trinh t6i da trén mot nat, tranh
truong hop cong viée co nhidu process nhung
lai duoc cap qua it tai nguyén tinh toan.

Luwa chon cong viéc thuc thi.

Tép cac cong viéc véi kich thude partition
duoc tinh nhu trén s& dugc lya chon dé thuc
thi khi hé théng co tai nguyén ranh. Cong | Vlec
nao dugc lya chon phy thudce vao nhiéu yéu tb
nhu d0 uwu tién (priority), thoi gian cho
(waiting time) cling nhu kich thuéc partition
cua cong viéc do. Nhitng cong viéc c6 do uu
tién cao, thoi gian cho lau s€ dugc xem xét
truge. Bén canh do, cac cong viéc duge lya
chon sao cho téng tai nguyén tinh toan gan
bang v6i s6 lugng nit ranh nhat dé giam thiéu
t6i da tinh trang phan manh. Tuy nhién viéc
lua chon déi khi dan dén tinh trang tri hoan vo
han dinh cua mot vai cong viéc. Pay la van dé
can duoc phat hién va giai quyét triét &é. Duéi
day trinh bay ba chién thuét lya chon cong viéc
nhim myc tiéu giam thiéu tinh trang phéan
méanh va mot co ché don gian dé giai quyét
triét dé tinh trang tri hoan vo han dinh.

1.Lap bestfit: Pau tién, chon cong viéc cod
kich thudc partition 16n nhat nhé hon s6 lugng
nut ranh. Ké tiép, trong tap con lai, chon cong
viéc c6 kich thudc partition 16n nhit nho hon
s6 lwong nit ranh sau khi da trir di kich thudc
partition ctia cong viéc da chon ban dau. Lap
lai nhu trén cho dén khi khong con cong viée
hodc sb lugng tai nguyén ranh khong du dé
thuc thi cong viéc nao nita.

2.Lap worstfit: Chon cac cong viéc theo
thir ty kich thude partition tir nhd dén 16n cho
dén khi tong kich thudc partition vuot qué sb
luwgng nut ranh.

3.Vét can: Khi tap cong viéc co sb lugng
nho thi viée xét tat ca nhimng tap con dé tim ra
161 giai t6i wu 1 chién thuat hop 1y nhét. So
luong tap con phai xét tbi da 1a 2" véi n 1a sb
luong cong viéc can xét. Néu n khong qué 20

thi thoi gian tim tap cong viée toi wu 1a chép
nhan duoc.

4.Co ché giai quyét tinh trang tri hodn vo
han dinh nhu sau:

- Khi thoi gian cho cia mot cong viéce
vuot qua ngudng cho phép, cong viéc do
duoc xem xét trudc tién khi co tai
nguyén ranh. Goi cong viéc do la J va
kich thudc partition 1a p.

- Néu du lugng tai nguyén ranh thi J s&
dugc thuc thi ngay.

- Nguoc lai, c6 hai truong hop:
4.Tdn tai mot cong viéc K dang thuc thi

¢6 kich thudc partition 16n hon cua J, J
s& cho cho dén khi co du tai nguyén
ranh dé thyuc thi. Piéu nay luon luon
xay ra vi trong trudng hop xau nhat,
khi K két thac, J s& duogc thuc thi.

4 Ngugc lai, kich thudce partition cta J
16n hon moi cong viéc dang thuc thi
thi phai chira lai mot s6 lugng nut it
nhit 14 bang (p — pmax) v6i pmax 1a
kich thudc partition 16n nhét cia cac
cong viéc dang thyc thi. Piéu nay dam
bao khi cong viéc 16n nhét két thuc thi
J s€ duogc thuc thi.

Pé tranh tinh trang mot cong viéc 1ap vo
tan, MAX_EXECTUTION TIME quy dinh
thoi gian thyc thi 16n nhit ma mot cong viéc
c¢6 thé thuc thi. Moi cong viéc khi thoi gian
thuc thi vugt qua ngudng nay s€ budc phai
dung.

3.3. Thuec thi cong viéc (Job Execution)

B dinh thoi sau khi chon dugc cong viée
can thuc thi va cic tai nguyén dé thuc thi cong
viéc s& gui thong tin nay dén bd quan ly tai
nguyén dé chuyén cho bo thyuc thi cong viéc.
Trach nhiém cua bd thuc thi cong viéc 1a phan
cong dén cac nit twong tng, thanh phan thyuc
thi cong viéc trén cac nut nay s€ ddm nhiém
vi€c thyc thi cong vi€c trén cac nut do va giam
sat qua trinh thyuc thi. Trong qua trinh thyc thi,
néu nguoi ding cé nhimg thay doi gi trén cong
viéc thi thanh phan nay phai c6 nhiém vu cp
nhat. Khi qua trinh thyc thi két thic thi phai tra
lai tai nguyén cho hé thdng, dam bao khong co
tlen trinh nao cua coéng viéc vira két thuc con
tiép tuc chiém giir tai nguyén cua hé thong.
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3.4. Giam sat (Monitoring)
3.4.1. Chirc nang

Phan mém gidm sat hé théng cho phép
ngudi quan tri hé théng theo ddi hoat dong
hién thoi cua hé thdng. Cac thong tin chinh can
duogc cung cap 1a: cac nit tinh toan nao & trang
thai sn sang, khdi lugng cong viéc ma mdi nit
dang dam nhan,... Tt cac thong tin nay, nguoi
quan tri hé théng s& danh gia dwoc hoat dong
cua hé théng. Néu phat hién h¢ théng bi mét
cén bang tai thi ¢ thé can thiép vao giai thuat
dinh thoi dé phan bd tai nguyén hop 1y hon.
Ngoai ra dua trén thong tin & phan giam sat, co
thé biét duoc 1a hé théng hoat dong voi bao
nhiéu phan trdm cong suét tir d6 c6 dinh hudng
vé viéc nang cip hé thong.

Vé phia nguoi str dung thi phin mém gidm
sat cho phép nguoi sir dung theo doi tién trinh
thuc thi cac trng dung minh da dang ky.

3.4.2. Hién thwc trén Supernode I1

= &

Hinh 4. Giam sat thong tin phan cimg cta
cac nit trong h¢ thong.

= &

Hinh 5. Theo doi su thuc thi cia cong viéc.

Module giam sat trén Supernode I1 da dugc
hién thyc va la cong cu hitu ich cho nguoi
quén tri hé thong. Hinh 4 va 5 cho thay két qua
giam sat thong tin phin cimg cua hé thong va
cac cong viéc dang thuc thi.

Mot hudng phat trién module giam sat trén
hé théng Supernode II 1a xdy dung, tich hop
mot module trg gitp ngudi quan tri phan tich
thong tin giam sat. Khi c6 nhitng biéu hién bét
thuong cua hé thdng, module trg gitup s& phan
tich va dua ra nhimng chi dan thich hgp cho
ngudi quan tri xi 1y sy cd.

3.5. Quéan ly ngudi dung va tinh phi (User
Management & Billing)

3.5.1. Chirc nang cia quén ly nguwdoi dung va
tinh phi

Quan 1y nguoi dung trén hé thong tinh toan
hiéu nang cao so véi quan ly nguoi dung trén
mang may tinh phtrc tap hon va & cip do cao
hon. Tai khoan sir dung trén hé thdng tinh toan
s& gidi han quyén cua ngudi st dung. Ngudi st
dung chi dugc phép déng ky chay ung dung
thay vi thyc thi tryc tiép ung dung. Viéc thuc
thi s€ do phﬁn mém hé théng dam nhiém. Mac
khac do can phai tinh phi st dung nén s& c6
cac loai tai khodn ngudi dung khac nhau tuy
theo muc phi str dung. Pting ¢ phia hé thong,
s& c6 rat nhiéu loai tai khoan nguoi ding véi
quyén st dung tai nguyén khac nhau vé sd nit
tinh toan, thoi diém thyc thi img dung, dung
lugng dia cing... Nhitng gidi han nay s€ dugc
xac dinh khi nguoi st dung dang ky tai khoan
trén hé théng.

3.5.2. Thiét ké trén Supernode II

Module quan ly nguoi dung trén
Supernode II cho phép nguoi sir dung dang ky
tai khoan vdi hé thong Va voi quyén da dang
ky, nguoi ding c6 thé truy xuat vao hé thong
tir xa thong qua giao dién web hodc két ndi tir
xa bang SSH (secure shell).

Do cach tinh phi ¢ thé thay d6i, chinh vi
vay hé thong tinh phi khong dua ra mot cich
tinh cu thé. Thay vao d6 cho phép nguoi quan
trj ddc ta phuong thuc tinh phi. Hé thong s&
Iuu lai cac thong tin phuc vu cho tinh phi,
nhiing thong tin nay chu yéu lién quan dén qua
trinh thyc thi cidc ung dung dugc dang ky boi
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nguoi sit dung. Tur ddc ta va thong tin da duoc
luu c6 thé cho ra dugc thong tin vé phi st dung
cua nguoi dung.

4. NHUNG HUONG NGHIEN CUU
PHAT TRIEN

4.1. Ting cwong kha ning chiu 16i (Fault-
tolerant)

Céc bai toan thyc thi trén hé thdng tinh
toan hiéu nang cao thuong 1a nhimg bai todn
¢6 thoi gian thyc thi rat 16n. Khi xay ra 16i trén
hé thong nhu 15i ciia phan ctng, mang, su cb
vé dién... thi phai thyc thi lai chuong trinh tu
dau. Trong khi d6 dic diém cua cac hé thong
PC-based cluster dugc két ndi tr nhirng may
PC thong qua mang nén xac suat xdy ra sy cb
s& cao hon so véi hé thdng may tinh da xu 1y.
Diéu nay dit ra yéu cau phai ting cuong kha
nang chiu 18i cho hé théng. M6t giai phap cho
van dé do 1a sir dung k¥ thuat luu anh va khoi
phuc (checkpoint & recovery). Trong qua trinh
thuc thi cua ing dung, hé théng s& dinh ky luu
lai trang thai ctia chuong trinh, dé khi c¢é su ¢b
xay ra chuong trinh c6 thé thyc thi tir vi tri da
duoc luu thay vi thuc thi lai tir ddu. Hai loai
mg dung dugc tap trung nghién ctru dé ting
cuong kha ning chiu 16i 1a chuong trinh chi ¢6
mdt qué trinh va chuong trinh song song dang
truyén thong diép theo chuan MPI, PVM. Day
1a nhitng dang tng dung pho bién hién nay va
chinh 14 hai loai chuong trinh dugc hd tro trén
Supernode I1.

4.1.1. Luu anh va khéi phuc trén mét qua
trinh

Hién nay da co6 kha nhidu cong cu cho
phép luu anh va khéi phuc chuong trinh chi
gdm mot qua trinh. Tuy nhién mot trong nhiing
han ché cua cac thu vién nay l1a chwa thuc hién
t6t luu anh file. Trong khi do file thuong duoc
sir dung dé cung cép thong tin nhap/xut cua
chuong trinh (mg dung. Khong thuc hién tdt
luu anh file s€ 1am cho 16p bai toan cé kha
nang chiu 16i nho di rat nhidu. Chinh vi vay
phat trién co ché dam bao luu va khoi phuc lai
noi dung file 14 mét huéng uvu tién dé phat
trién cong cu luu anh va khoi phuc trén mot
qué trinh, tich hop vao phin mém hé thong.

4.1.2. Luu anh va khéi phuc chwong trinh
MPI va PVM

Pic diém cua chuong trinh MPI va PVM
1a trang thai ciia chwong trinh bao gdm cé trang
thai cua kénh tmyén. Chinh vi vay thuc hién
checkpoint chuong trinh MPI va PVM bén
canh viéc luu lai trang thai cua cdc qua trinh
(c6 thé _dung cong cu luu anh trén mét qua
trinh) can xdy dung mot phuong phap lay duoc
trang thai ctia kénh truyén mot cach nhét quan
[2].

Xay dung cong cu dé luu anh chuong trinh
song song MPI va PVM di c6 nhimng két qua
budc dau. Pé hudng téi xdy dung duoc mot
cong cu luu anh va khoi phuc véi phi tén thap,
khong giy anh hudéng dén sy thuc thi binh
thuong cia Gng dung, giam thiéu sy can thiét
phai can thiép cia ngudi st dung... s& can
nhiéu sy dau tu nghién ctru hon nira.

4.2. Ci tién giai thut dinh thoi

Giai thuat dinh thoi hién tai chi danh riéng
cho cac cong viéc khong han cudi. Tuy nhién,
trong thuc té, cic mg dung thuong doi hoi
phéai dugc hoan thanh trong mot khoang thoi
gian xac dinh. Vi vdy, trong tuong lai gidi
thut dinh thoi s& dugc cai tién dé hd tro cac
cong viéc c6 han cudi. Ngoai ra, giai thudt hién
tai chua quan tam dén céac chinh sach dinh thoi
nhu phdn biét thoi diém dinh thoi, wu tién
ngudi st dung... Do d6, sip téi nhom s& tim
hiéu va dinh ra cac chinh sach dinh thei hop i
dé ap dung trong viéc cai tién giai thuat dinh
thoi.

4.3. Tich hop vao hé théng Grid

Tinh toan ludi (Grid computing) dang dan
dugc phat trién va duoc xem nhu la giai doan
phat trién tiép theo cua hé théng phan bd
(distributed computing). Grid cho phép chia sé
tai nguyén tinh toan (kha nang tinh toan),
thong tin gitra cic to chirc v6i nhau mot cach
hi€u qua, an toan theo mét giao thic chuén
Kha nang chia sé nay cho phép giai quyet
nhimg bai toan tuéng chung nhu khong thé
giai quyét duoc do han ché vé kha ning tinh
toan va do lugng dir liéu qua 16n. Grid cling
tan dung nhiing tai nguyén tinh todn ma hién
nay ching ta chua khai thac trié¢t dé. Da bat
d4u hinh thanh khai niém ha tang tinh toan
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ludi (Grid infrastructure), ma trong do6 viéc su
dung tai nguyén tinh toan, thong tin... tién lgi
nhu hién nay chiing ta st dung mang ludi dién.

Diém méu chdt ciia Grid 1a 1am sao c6 thé
lién két nhirng tai nguyén khac nhau vao trong
hé théng qua mot chuén nhat dinh. Phin mém
hé théng cho hé théng tinh toan hiéu ning cao
Supernode II cling can c6 nhimg thay d6i, bd
sung pht hop dé co thé gia nhdp vao trong
cong ddng Grid.

5. KET LUAN

Xay dung mot hé thong cluster khong chi
don thuan 1a két ndi phan cting cac mdy tinh
v6i nhau thong qua mang c6 tbe d6 cao. Khac
biét gitta m§t mang may tinh cuc bd va mot h¢
thdng cluster 1 véi cluster ngudi sir dung chi
thdy toan bo hé théng nhu mot may tinh co sirc
manh 16n hon nhiéu 1an mdt may tinh don.
Phin mém hé théng cho Supernode II véi
nhitng chirc niang dwoc thiét ké da cung cap
cho ngudi sir dung mot cai nhin nhit quan ddi
voi h¢ thong. Ngudi st dung chi dang ky, gui
yéu cau thyc thi céng viéc cho hé thong, phan
mém hé thong chiu trach nhiém dinh thoi, thuc
thi, gidm sat cong vi€c ciia nguoi sir dung.

Céac module nhu quan ly tai nguyén, dinh
thoi va phan bd qua trinh, giam sat hé théng va
hé quan 1y ngudi ding duge thiét ké hudng toi
muc tiéu cao nhat 1a d& giup su dung
Supernode II mot cach hiéu qua. Nhing thiét
ke ndy ciing ¢ tinh mo nham cho phép nang
cAp va tai cau hinh phu hop voi nhu cau thuc
té.

Bén canh viéc thiét ké xdy dung phan
mém, dé tai ciing hudng dén phat trién nhiing
nghién ciru hoc thuat vé scheduling, fault-
tolerant va grid computing.

Xin chdn thanh cam on sw déng gép ciia tdt ca
cac thanh vién khac trong nhom nghién cuu
xdy dung Supernode II: Lé Hoang Anh,
Trwong Nghia An , Tran Anh Diing, Tran Vii
Ngoc Tuwong, Tran Pinh Toan, Nguyén Anh
Diing va cdc thanh vién khac.
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