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1. LOI MO’ PAU

Tinh toan hiéu nang cao va tinh toan Ilwéi 1a mét trong nhirng linh vwc nghién
ctru dang dwoc quan tdm hién nay trén thé gi¢i. Hiéu moét cach don gian, tinh
toan lwdi va tinh toan hiéu nang cao cho phép tan dung tdi da tai nguyén tinh
toan va lwu trir dé tao ra mét hé théng dap &ng yéu cau (rng dung trong thdi gian
nhanh hon, v&i chi phi thdp hon. Trong vai ndm trd lai day, tinh toan luwéi ndi lén
nhw mét linh vwe nghién ctru, trién khai ng dung néng hdi, thu hat sy quan tam
va chu y khéng chi cldia cac vién nghién clru, ma ca clua cac doanh nghiép léon,
v&i hi vong vé mét méi trwong lwdi toan cau nhw Internet hién nay.

Tinh toan hiéu nang cao va tinh toan lwdi gép phan gitp cac nganh khoa hoc
nhw Vat ly, Hoa hoc, Sinh hoc, Thién van hoc, Khi twgng thuy van trong viéc
trién khai cac nghién ctru, thwc nghiém ddi hoi nang lwc tinh toan manh va da
dat dwoc nhivng két qua ban diu, ca vé nghién clru ciing nhw (*ng dung kha
thuyét phuc. “Dich vu theo yéu ciu cla doanh nghiép” (“service on business
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demand”) dang la mét xu thé dwoc nhiéu doanh nghiép, céng ty chip nhan, do
sw hap dan vé giai phap ky thuat, khdng phai dau tw I6n.

O Viét Nam, nhirng nghién clru va (*ng dung tinh toan hiéu ndng cao va tinh
toan lwdi da bat ddu dwoc quan tdm & mét sd co quan nghién clru, trvdng dai
hoc, tham chi mot sbé cong ty tin hoc. Trong khudn khd dé tai nghién ctru theo
Nghi dinh thw vé&i Trung tam Nghién ctu Phét trién cac Cong nghé tinh toan tién
tién ctia An d6,Trung tdm Tinh toan Hiéu nang cao, Pai hoc Bach Khoa Ha Noi
da thwc hién dé tai “Nghién cru cac Hé théng Tinh toan lwdi, Tinh toan hiéu
ndng cao va (rng dung md phdéng vat liéu vi mé”, nham muc tiéu hwdng téi lam
chi cac coéng cu tinh toan hiéu ndng cao, tinh toan lwdi va cung cip cac ing
dung tinh toan hiéu ndng cao cho cac don vj nghién clru, trién khai rng dung khi
c6 nhu cau. Pé tai hwdng téi cac ndi dung chinh la:

e Lam chu coéng nghé tinh toan hiéu nang cao, tinh toan lwéi nham nang
cao chéat lwong dich vu tinh toan: Chia sé tai nguyén tinh toan va théng

____________________________________________________________________________________________________________________________|]
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tin; Chdng 16i va khdi phuc hé théng xt ly khi cé sw cb; Hb tro' ngudi phat

trién (rng dung khéng chuyén CNTT.

e Tao lap mbé hinh hgp tac chuyén mén trong nhom chuyén gia da nganh:
CNTT -Toan &rng dung- Coéng nghé st dung tinh toan hiéu nang cao va

tinh toan lwéi gidi quyét bai toan (rng dung.

e Gop phan nang cao chét lwong dao tao trinh dd cao trong linh vwc tinh

toan hiéu nang cao va tinh toan ludi.

Xuét phat tr cac muc tiéu cu thé & trén, ndi dung nghién clru cia dé tai sé tap
trung vao nhirng néi dung sau day:

1. Thiét ké kién truc, xay dwng Phan mém May chu tinh toan dap &ng yéu cau :

e Nhiéu nguoi str dung cung mét luc
e H6 tro nguodi sir dung khodng biét sau vé 1ap trinh song song

e Cung cép dich vu tinh toan t xa.
|
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2. Cau hinh co s& ha tAng (ciu hinh hé théng va phan mém nén) tinh toan lui
thir nghiém:

Céu hinh ha tang thiét bi: nut tinh toan va mang

Cai d&t phdn mém hé diéu hanh cho nut tinh toan va cluster
Cai d&t phdn mém nén tinh toan luwoi

Thr nghiém két ndi

3. Thiét ké va xay dwng mdédun chdng 16i dap rng yéu cau:

e Trong sudt v&i cac chwong trinh tng dung ,
e itanh hwdng dén hiéu ndng hoat ddng téng thé ctia hé théng
e Thai gian khéi phuc 16i nhanh.

4. Chuwong trinh mé phéng vat liéu vi md

____________________________________________________________________________________________________________________________|]
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2. NOI DUNG CHINH CUA BAO CAO
2.1. Téng quan tinh hinh nghién ctru trong va ngoai nwéc
2.1.1. Téng quan tinh hinh nghién ctpu vé tinh toan hiéu ning cao

2.1.1.1.Nhu cau x4y dung hé thong tinh toan hiéu niing cao

Nhu cau &ng dung Céng nghé théng tin trong cac hoat déng nghién ctru khoa
hoc va céng nghé, quan ly kinh t& xa hodi ngay cang cao, doi héi phai gidi quyét
nhidu cac bai toan xr ly I6n véi khdi lwong tinh toan khdng 16 dén mirc cac
may tinh tuadn tw (sequential computer) khéng di manh dé cé thé dwa ra mot
phwong an I&i gidi trong gidi han thdi gian cho phép. Y twéng xay dwng céac
may tinh song song tuy da xuét hién tlr l1au trong cac nghién cteu, nhuwng maéi chi

Lidoaoh bian ¢ | \ sl . A0 ga
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Dé giai quyét cac rng dung doi hdi lwong tinh toan I&n, moét gidi phap duoc dua
ra la s&r dung nhirng may tinh song song c6 nhiéu bd x& Iy hoat déng dong thoi.
Tuy vay gidi phap nay nhiéu khi khéng khr thi do han ché vé tai chinh.

Céc nghién ctru vé kién tric may tinh va mang cho thdy co ché song song duoc
str dung khong chi trong cac siéu may tinh ma ngay ca trong mang v&i cac tram
lam viéc la may tinh ca nhan. Khi do, cac chwong trinh rng dung tan dung duoc
khéng nhirng cac bd xt ly trén cung mét may tinh, ma con ca cac bdé xt ly khac
nhau trén cac tram khac nhau trén mang. B&i vay, kha ndng chay déng thoi cac
tién trinh céng viéc va ddng bod chang tré thanh mét trong nhivng doi héi co ban
trong cac giadi phap nang cao hiéu nang cla hé théng. Mot wu diém co ban cla
tiép can nay la kha nang mé réng (scalability) do kha nang cho phép cac phan
mém &ng dung tan dung tbi da cac bd x ly trén cac nat mang, mét nhan té quan
trong nham chuyén déi va thu héi chi phi dau tw cho cac (rng dung.

Trung t&m Tinh Toan Hiéu Nang Cao - HUT 14
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2.1.1.2.Cac Kién triic may tinh song song pho bién

Nguyén tic phan loai kién tric mdy tinh song song

May tinh song song la mét tap cac phén ti tinh toan cé kha néng truyén théng va
két hop véi nhau dé gidi quyét cac bai toén I6m trong khodng thoi gian chdp nhan
dwoc (Almasi and Gottlieb — 1989).

Mé&c du déu dwa trén nguyén ly phdi hop nhiéu tai nguyén tinh toan dé giai quyét
bai toan, cac may tinh song song c6 thé cé nhiéu kién tric khac nhau. Nguyén
tac phan loai kién tric may tinh song song theo Flynn (1996) dwa trén hai yéu t6
co ban: I1énh va di¥ liéu: Pon Iénh don d¥ liéu (SISD - Single Instruction Single
Data), don I1énh da di¥ liéu (SIMD - Single Instruction Multiple Data), da 1énh don
dir liéu (MISD- Multiple Instruction Single Data) va da I1énh da d@ liéu (MIMD-

Trung t&m Tinh Toan Hiéu Nang Cao - HUT 15
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___________________________________________________________________________________________________________________________________________|
Multiple Instruction Multiple Data). Trong céac kién trac trén, kién tric SISD twong
(rng v&i may tinh tuan tw. Cho téi thoi diém nay, kién trac MISD van chwa cé mot
phién ban chinh thirc nao dwoc xay dwng hay nghién ctru phat trién. Cac may
tinh song song chi yéu thuéc mét trong hai kién trac SIMD hodc MIMD.

Kién trac SIMD: Cac may tinh SIMD cha nhiéu bd vi x& ly (cac may tinh
SIMD tién tién cé sd CPU thay dbi tr 1024 dén 16384). Tai mot thdi diém xac
dinh, cac bd vi xt ly thwe hién mét Iénh gidng nhau tac dong Ién cac don vi diy
liéu khac nhau. San pham tiéu biéu cla dong may tinh SIMD la CPP DAP
Gamma hay Quadrics Apemille. Vi du khac vé kién trac SIMD la cac bd xi ly
kiéu vector (vectorproccesor). Cac bd vi x ly kiéu nay duoc thiét ké dac biét
dé xr ly div liéu kiéu mang (tap cac phan tl di¥ liéu cung kiéu). Trong ché do
vector, di¥ liéu dwoc xi ly song song vé&i tbc dd nhanh hon nhiéu 1an so véi xt
ly div liéu kiéu vd huwéng. Vi du dién hinh vé may tinh véi vi xt ly kiéu vector 1a
cac san pham thudc dong NEC SX-6i.

Kién trdc MIMD: Cac may tinh song song kién trac MIMD c6 kha nang thuc

hién cac 1énh khac nhau dbi véi cac div liéu khac nhau tai mot thoi diém. Do dé,
|
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cac may tinh MIMD c¢6 kha nang rat ngén thoi gian thwe hién mét cong viéc

bang cach chia céng viéc dé ra thanh nhivng phan viéc nhé hon va thyc hién

dong thei cac phan viéc d6. MIMD c¢6 thé xem la kién tric may tinh song song

phd bién nhat va dwoc phat trién manh nhét, tr nhitng may tinh 4 bd vi x& ly

nhw NEC SX-6 dén nhirng may tinh v&i hang ngan bd vi x ly nhw IBM p690.

Nhin tir khia canh nguoi phat trién cac trng dung song song, cac may tinh song
song c6 thé chia thanh hai loai chinh: May véi kién tric boé nhé chia sé (shared
memory) va May v&i kién tric bd nhé phan tan (distributed memory)

Kién triac bé nhé chia sé: Trong may tinh v&i bd nhé chia sé cé6 mét ving
nhé chung dé moi bd vi x& ly co thé truy nhap dén. Nguoi 1ap trinh khéng phai
quan tam dén viéc phan chia di liéu.

Céac may tinh SIMD, MIMD v&i bd nhé chia sé dworc viét tét twong rng 1a SM-
SIMD, SM-MIMD.

Kién trac bd nh& phan tan: Trong kién trdc bd nhé phan tan, méi bd vi xi ly ¢o
mot vung nhé riéng, bd vi xt ly nay khéng thé truy cap vao ving nhé clia cac bd
___________________________________________________________________________________________________________________________________________|
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vi x ly khac. Céac bd vi xt ly két ndi va truyén dir liéu cho nhau. Nguwdi 1ap trinh
phai xac dinh rd vj tri cla di liéu, truyén va nhan dir liéu mot cach twdng minh
khi viét chwong trinh. Twong tw, ta dung céac ky hiéu viét t&t DM-SIMD va DM-
MIMD.

Trong mét sb cai tién gan day, nguoi ta tao ra bé nhé dung chung do & murc
phan cliing (hé thdng nghién cteu cla Kendall Square) hodc mé phéng chwong
trinh (cac dinh hwdong — directive trong ngdn nglr 1ap trinh High Performance
Fortran). Cac nha cung cép hé théng may tinh da chip (Massively Parallel
Processing — MPP) nhw HP, SGI ciing phat trién cac md hinh 1ap trinh véi bd
nhé dung chung do (ccNUMA). Géi phan mém TreadMarks cho phép thiét 1ap bd
nh& dung chung ao cho cac may tinh trong mét mang LAN.

V6&i cac hé théng DM-MIMD, mé hinh 1ap trinh truyén théng diép (Message
Passing) v&i hai thw vién tiéu biéu: PVM (Parallel Virtual Machine) va MPI
(Message Passing Interface) thwong dwoc st dung dé phat trién cac tng dung
song song. Mé hinh 1ap trinh truyén théng diép con dwoc nghién ciru ap dung

cho céac hé théng c6 bd nhé dung chung (vi du nhw cac hé théng Nec SX-6, Cray
____________________________________________________________________________________________________________________________|]
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SV1ex). Hién nay, PVM da khoéng con dwoc tap trung phat trién. Trong khi dé,
MPI ngay cang nhan dwoc sw chi y clia cac nha cung cép véi cac phién ban
LAM/MPI, MPICH. Trong twong lai khéng xa, phién ban théng nhat OpenMPI
clia cdng ddng ma ngudn mé (MPI Forum) dwoc xem |a cé nhéu trién vong.

Vi cac hé théng SM-MIMD, chuédn dang dwoc st dung rong rai nhat dé phat
trién cac chwong trinh song song la OpenMP. Qua trinh song song héa chwong
trinh v&i OpenMP duoc thwe hién bang cach chén vao trong ma nguén cac dinh
hwéng bién dich (directive hodc pragmas). OpenMP c6 thé hé tro cac ngdn ngl
thuéc dong Fortran (Fortran 77/90/95) va C, C++.

May tinh song song don Iénh, da di liéu véi bé nhé chia sé (SM-SIMD)

DPa sb may SM-SIMD la cac may tinh chi cé mét vi x& ly kiéu vector. Hinh vé
dwdi day mé ta kién tric co ban clia mét may tinh vector:

____________________________________________________________________________________________________________________________|]
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Hinh 2-1 So* dd khéi cua vi xtv ly kiéu vector

M6t trong nhirtng ddc diém cta da sd may tinh vector v&i bd xtr ly vector (vector
rocessing unit — VPU) 1a khéng c6 bd nhé cache. Mét thwe té a dung lwon
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ctia bé nhé cache khong di dé nap cac dir liéu kiéu vector, do d6 dan dén
thuwéng xuyén bij tran bd nhé. Mét sé may tinh vector con tich hop thém bd xi ly
di¥ liéu sb thwe kiéu vé hwéng (Scalar floating point unit — FPU), cho phép may
tinh hoat déng & hai ché dé (hé théng Cray). Pa s6 may tinh vector thé hé trwdc
cho phép cac toan hang va két qua dwoc doc va ghi truc tiép trén bd nhé (CDC
Cyber 205, ETA-10). Tuy nhién, cac may tinh vector hién nay déu st dung thanh
ghi vector (vector register).

May tinh song song don Iénh, da di liéu véi b6 nhé phan tan (DM-SIMD)

Cac may tinh DM-SIMD con dwgc goi la may tinh s dung mang vi x& ly
(processor-array). Cac bo vi x& ly trong may tinh déu hoat ddng chung mét nhip
ddng hé, thwe hién chung mot phép toan tai mot thdi diém. Do vay, khéng can
ddng bd hda, lam cho viéc thiét ké cac may tinh kiéu nay don gidn hon. Vé cu
tric, may tinh bao gébm mét vi xt ly diéu khién (control processor) va tap cac bod
vi xt ly dwoc ghép lai thanh mang. Vi xt ly diéu khién cé nhiém vu chuyén cac
cau lénh cho cac vi xt ly trong mang. Cac may tinh DM-SIMD hién nay thwong
str dung thém mét vi xr ly niva, déng vai trd diéu khién cac truy nhap dau — cudi
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(front-end processor), nham két ndi gitra cac dwdng di liéu va vi xi ly diéu

khién. Cac Iénh khong thé thwc hién bi vi xtr ly diéu khién hay mang cac vi xi ly

sé& dwoc chuyén cho vi x( ly diéu khién truy nhap.
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Cac bd vi x ly trong mang co6 thé ghép véi nhau theo kiéu lwéi hai chiéu (2-D
grid), ndi vong, nbi chéo, lwdi 3 chiéu hodc phirc tap hon.

May tinh DM-SIMD thuwdng duwoc ché tao va st dung cho cac muc dich dac biét,
khi bai toan dwoc song song hoéa tbi da, khong can trao ddi théng tin gitra cac vi
x ly, thwéng phu hop véi cac chwong trinh xr ly tin hiéu sb, x& ly &nh, mé
phéng Monte-Carlo.

May tinh song song da lénh, da di liéu véi b6 nhé chia sé (SM-SIMD)

Mét trong nhitng khé khan chinh khi thiét ké may tinh cé bd nhé dung chung la
gidi quyét van dé két ndi gitra cac vi xr ly va gitva cac vi xi ly véi bd nhé. Bang
théng tdng cong truy cap dén bd nhé tang ty 1é thuan véi sé lwong vi xir ly. Céac
vi x&r ly dwoc thiét ké twong tac truc tiép véi nhau nhu: kiéu crossbar, kiéu Q
network, két ndi sir dung bus dung chung (central bus). Méi giai phap déu cé wu
diém va nhwoc diém riéng.
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Hinh 2-3 Mét s6 cach két ndi trong cac may tinh SM-MIMD

V6&i cac may MIMD, c6 thé cung mét luc nhiéu tién trinh khac nhau dwoc thuc

N ~ . > A > A ~ ~ . > A
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thanh ghi riéng déng vai tro truyén théng va trao ddi trwc tiép véi nhau théng qua
cac thanh ghi nay. Viéc déng bd hoa cé thé théng qua ving nhé dung chung, tuy
rang cham hon trao ddi tryc tiép. Viéc truyén thdng gitra cac vi xi ly va trao dbi
dir lieu dwoc thue hién trén cac dwdng bus khac nhau nhdm dam bao téc do cho
qua trinh déng bd hoa.

Mét sé loai mdy tinh song song SM-MIMD phé bién:

Cac may SMP (Symetric Multi Processor): Day la nhivtng may tinh cé nhiéu bo
vi xtr ly. Cac vi xt ly truy cap vao vung nhé chung véi thoi gian nhw nhau.

Cac may tinh song song ccNUMA: ccNUMA (Cache Coherent Non-Uniform
Memory Access) la tén goi loai may tinh song song dwogc tao thanh tir mét mang
céac nat tinh toan véi bd nhé phan tan vé mat vat ly, nhung theo mé hinh chia sé
vé mat légic (trong hau hét cac may tinh ccNUMA, cac nut tinh toan 1a nhirng
may tinh SMP). Trong hé théng ccNUMA, cac phan t&r di¥ liéu dwoc xem nhw
thudc vé bd nhé dung chung, do d6 ccNUMA duoc phan loai thudc kién tric SM-
MIMD. Céac may tinh song song véi kién tric ccNUMA dwoc ban trén thij truéng

bao g Bl Novaccale HP Sioerd  SGI Altia00c
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Vé mat vat ly, cac phan tir di liéu nam trong ving nhé clia cac nuat tinh toan
khac nhau, do d6 théi gian dé& cac vi x ly truy cap cung mét phan t&r div liéu sé
khac nhau (Non-Uniform Memory Access). Mot yéu ciu quan trong khac do 1a
gia tri clia cac bién nam trong bd nhé cache cla céac vi xi ly phai ddng nhat voi
nhau (Cache Coherent). Giadi phap déng bo cache dwoc st dung phd bién la
dung giao thirc snoopy bus, trong dé cac bd nhd cache sé theo ddi viéc truyén
céac bién gitra cac vi xt ly va cap nhat gia tri, néu trong cache cha bién twong
&ng hodc st dung viing nh& dé theo d&i va cap nhat cac ban sao cda bién, goi
la directory memory.

May tinh song song da Iénh, da di liéu véi b6 nhé phan tan (DM-SIMD)

DM-MIMD 14 kién trac may tinh chiém da phan trong cac may tinh song song,
mac du cAu truc va van hanh cla chung phtrc tap hon so véi cac may tinh song
song co6 bd nhé chia sé hay cac may DM-SIMD. Cac may tinh DM-SIMD hién dai
nhat déu co céac vi x&r ly dwoc ghép thanh mang. DI liéu dau vao cé dang vector
ho&c mang nhiéu chiéu, dwoc phan chia cho tirng bd vi x& ly dwa vao phan

mém. Sw phat trién cla cac phan mém hé tro 1ap trinh, bién dich, quan Iy hé
|
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thdng gitp cho qua trinh phat trién (rng dung, ciing nhw van hanh cac hé thdng
DM-MIMD tr& 18n dé& dang hon nhiéu.

Céac may tinh DM-MIMD gidi quyét dwoc nhwoc diém cb hiru vé bang théng khi
truy cap bd nhé ctia cac bd vi xi ly. Mot trong nhirng van dé dang quan tadm khi
cai thién hiéu nang cla céac kién tric chia sé bd nhé 1a tbc do clia bd nhé. Dé dat
dwoc tbe dé tinh toan twong dwong vdi cac may tinh DM-MIMD, céc vi x ly
trong cac may tinh bdé nhé chia sé phai c6 tbc do rat cao va do vay, doi héi tbc
dé truy cap bd nhé cling phai cao twong trng.

Nhwoc diém cta cac may tinh DM-MIMD so véi cac may SM-MIMD la téc dé
truyén thong gitra cac bd vi x& ly va trao déi dir liéu gitra cac vi xi ly rat cham.
V&i cac bai toan can nhiéu thao tac truyén thdng, hiéu nang thwc sy cua cac
may DM-MIMD rét nhd so v&i hiéu ndng cwe dai.

Topo két ndi gitra cac vi xt ly va téc d6 dwérng truyén div liéu dnh huéng rat 16n
dén hiéu nang hé thdng. Giai phap phd bién nhat la khéi da dién (hypercube).
Diém ndi bat ctia cAu trac khdi da dién vai 29 nat 1a sbé bwdc cwe dai két ndi hai

z z
X ~ ~ X X 7 ~ o ~
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sb nut. V& ly thuyét, cac topo khac nhu: cay, vong, mang 2-D, mang 3-D déu c6

thé mod phéng dwoc véi cau trac khdi da dién. Tuy muc dich cu thé sé chon topo

két ndi tbi wu. Vi du, v&i bai toan mé phdng vat ly, thich hop nhat la kiéu mang 2-

D hodc mang 3-D. Trong cac may tinh cé sé bd vi x& ly nhé (it hon 64), kiéu két

ndi thich hop nhat |14 crossbars.
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Hinh 2-4 Mot s6 cach két néi str dung trong cac may DM-MIMD
Hé théng tinh todn song song ghép cum (cluster)

Hé théng tinh toan song song ghép cum (Cluster) la cac hé théng may tinh song
song dwoc xay dwng tlr cac nuat tinh toan va thiét bi mang théng dung. Méi nut
tinh toan déng vai tro diéu khién vao/ra 1a mét hé théng hoan chinh, cé kha nang
lam viéc doc lap. Hé thdng tinh toan song song ghép cum la cling mét may tinh
song song, trong do:

e CA4c tai nguyén tinh toan bao gébm bo vi xr ly va bd nhé trong tai méi may
tinh,

e Cac tai nguyén tinh toan nay c6 kha nadng truyén théng va két hop voi
nhau théng qua cap mang. Théng thuwéng, quy md ctia hé théng chi gidi
han trong mét mang cuc bd (LAN), trong dé cé mét may tinh dong vai tro
may cha (server), cac may tinh con lai déng vai trd nat tinh toan
(computing node)

____________________________________________________________________________________________________________________________|]
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Viéc thiét 1ap hé thdng tinh toan song song ghép cum tir nhitng may tinh c6 ciu
trdc don gidn st dung cac céng nghé mang phd bién da dwoc bat dau tr nam
1994 vé&i mé hinh Beowulf Cluster cia Thomas Sterling va Donal Becker. Hé
thdng tinh toan song song phan cum ré hon nhiéu so véi mét siéu may tinh cung
strc manh. Diéu nay lam cho cac hé thdng tinh toan song song phan cum ngay
cang phd bién va dac biét phu hop cho cac nuwéc dang phat trién, cac truwéng dai
hoc. Tuy nhién, cac hé théng tinh toan song song phan cum ciing cé nhirng han
ché nhw: qué trinh trién khai, ciu hinh hé théng twong dbi phirc tap, hé théng
hoat dong khéng 6n dinh béng céac siéu may tinh. Nhwoc diém Ién nhat la van dé
truyén théng gitra cac nut tinh toan. Viéc nghién ctru nham nang cao kha nang
truyén théng la moét trong nhivtng van dé quan trong hang dau trong qua trinh
phat trién cac cAu tric, mé hinh hé thédng phan cum. Cac hé théng tinh toan song
song hién dai déu dung cac kién tric mang tién tién nhw: Myrinet, Gigabit
Ethernet,... nhdm nang cao téc do truyén théng gira cac nut tinh toan.

Trén thuc té, co s& ha tang phan cirng maéi chi la mét phan trong toan thé mé
hinh chung cla tinh toan phan cum. Cung véi sw phat trién cla linh viec Cong
nghé théng tin trén thé gi¢i, phan mém dang ngay cang chirng minh dwoc vai trd

cot xéu clia_minh trong céc hé thc‘)ng may tinh. Dbi v&i cac hé théng tinh toan
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phan cum, phan mém cang c6 vai trd quan trong hon. Chinh cac phan mém dam
bdo cho hé théng gdm nhiéu may tinh riéng 1& c6 thé hoat ddng 6n dinh va céng
tac hiéu qua. Mot hé théng tinh toan song song ghép cum (dwa trén mang LAN)
hoat ddng nhw mét hé théng don dwdi cai nhin cla ngudi ding va tng dung.

____________________________________________________________________________________________________________________________|]
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Hinh 2-5 Kién tric mé hinh cluster

Mét sé théng ké cua Top500
____________________________________________________________________________________________________________________________|]
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Téc dd tinh toan ctia cac hé théng siéu may tinh ngay cang tang nhanh. Theo
thdng ké trong website top500.0org, c& sau khoang thoi gian 6 thang, tbng ndng
lwe tinh toan cGa 500 may tinh manh nhat Thé Gi¢i tang trung binh 50%, Ién hon

sy tang tdc do cla vi x&r ly don theo dinh luat Moore (2 1an sau mdi 18 thang)
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Hinh 2-6 Théng ké vé hiéu nang cua 500 siéu may tinh manh nhat Thé Gi¢i thang 6 — 2005
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Tai thdi diém thang 6 nam 2005, siéu may tinh manh nhéat Thé Gi&i c6 hiéu ndng
tinh toan la 137 TFlops (TeraFlops), trong khi may tinh dng th 500 c6 hiéu
nang tinh toan la 1.16 Tflops. Nam 2004, nang lwc tinh toan cdia may tinh manh
nhat Thé Giéi la 36 TFlops (NEC Earth Simulator). Chi con 5 trong s6 10 may
tinh manh nhat Thé Gigi & thdi diém thang 11 ndm 2004 con ton tai trong Top 10
cua thang 5 nam 2005.

Top500 phan loai cac siéu may tinh trén Thé Gidi theo 3 loai chinh:

Cluster: Trong danh sach thc‘)r)g ké thang 6/2005, c6 304/500 siéu may tinh la
cluster v&i hai cluster manh nhat dng tht 5 va th 7.

Constellation (hay federal): Day la mét dang cluster dac biét v&i cac nut tinh
toan la cac may tinh song song SMP va sb lwong vi x& ly trong mét nat tinh toan
nhiéu hon téng sé nut tinh toan cla toan hé théng. Trong danh sach cta top500
vao thang 6/2005 c6 79/500 siéu may tinh la constellation, constellation manh
nhat dirng thir 41.

Massively Parallel Processors (MPP): MPP |la cac may tinh song song dwoc

thiét ké va xéx dung mot cach chuxén dung, bao gém cac méx tinh vector, DM-
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MIMD, SM-MIMD. Cac may tinh nay duoc thiét ké, phat trién bdi cac nha cung
cap hang dau trong linh vic tinh toan hiéu nang cao nhw: IBM, Cray, SGI, NEC.
C6 117 may tinh MPP trong top500 thang 6/2005 véi 8 may tinh trong top10.

Architectures / Systems ( June 2005 )

MPP {23, 4%)

| Z206/2005

http://wharw_tops00_org/
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Hinh 2-7 Ty lé cac kién truc may tinh trong top500 (06/2005)

2.1.1.3.Cac trng dung tinh toan song song trong khoa hoc, cong ngh¢ va

moi truong
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Hinh 2-8 Cac linh viec trng dung chinh ctia 500 siéu may tinh manh nhat Thé Giéi (06/2005)
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2.1.2. Chéng 16i trong cac hé théng tinh toan hiéu nang cao

Mét trong nhitng dac diém cla cac hé thdng tinh toan song song 1a c6 thé xay
ra |6i trén cac nat hay trén mang. Pay dwoc coi la tinh chat khéng én dinh cua hé
thdng (volatility). M6i khi xay ra 16i, hé thdng phai chay lai va mat hét két qua
cbng viéc da thuc hién trwdc d6. Van dé dat ra la can phai téi thiéu hoa céac tinh
toan bj mat nho xay dwng mot méi trwerng chuyén giao cac thong diép c6 kha

nang chdng 16i.

Hién nay, da s6 cac hé théng tinh toan song song théng dung déu s dung thw
vién truyén théng MPI dé thwc hién cac ng dung song song. MPI [a mot hé
théng truyén théng diép chuén, tuy nhién né khéng cho phép xac dinh duwoc nén
thwe hién viéc chdng 16i nhw thé nao va & mirc nao. Do d6, cac chwong trinh st
dung MPI déu thiét ké khdng c6 phan chéng 16i, ma chi cung cip hai trang thai

cong viéc: OK hodc FAILED. Thuc té, cac 16i co thé xay ra &@ mot s6 mre cla
___________________________________________________________________________________________________________________________________________|
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chwong trinh va thuwéng lam cho chwong trinh budc phai huy bd. Pi véi cac
chwong trinh 1&n, thei gian chay twong dbi dai. Viéc nay doi hdi nhiéu phi tén, vi
cac cong viéc thue hién dwoc trwdc khi 16i xay ra déu bj mat. Cong viéc can lam
la 14y lai dwoc trang thai ctia hé thdng ngay truwdc khi 16i xay ra va khdi phuc
duoc 16i. B6i voi cac hé thdng I16n ¢6 nhiéu nat tram, can phai thwe hién sao cho
chi cac tram lién quan mé&i phai thwe hién lai cong viéc, khédng anh huéng dén

cac nut tram khac.

Phwong phap khac phuc 16i tw dong trong MPI, trong subt v&i ngudi dung, hay
duwoc sir dung 1a st dung mét bd diéu phdi trong viéc tao checkpoint hodc
phwong phap ghi lai théng diép két hop véi viéc tao checkpoint khéng cé diéu
phéi. D3 co rat nhidu nghién ctru vé giao thirc, viéc thwe hién va phwong phap

nham ti wu hai cach tiép can nay.

Phwong phap diéu phéi cac checkpoint c6 wu diém la cé chi phi rat thap trong
___________________________________________________________________________________________________________________________________________|
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qua trinh khoi phuc 16i, trong khi viéc ghi lai thong diép doi héi mat thém mot sb
dang k& cac théng diép khi phuc héi.Tuy nhién, phwong phap s dung
checkpoint cé chi phi bd nhé cao, vi mbi khi checkpoint, toan bd trang thai cta

tién trinh lai dwoc ghi vao bd nhé.

Viéc sir dung giao thirc nao phu thudc vao tan suat xuét hién cua I16i. Néu hé
thdng cé tan suédt xuét hién 16i cang cao, khoang th&i gian gitra hai 1an
checkpoint gidm, thi nén st dung phuwong phap checkpoint két hop véi ghi lai
théng diép. Nguwoc lai, néu tan suat 16i gidam, phwong phap checkpoint c6 sw

diéu phéi co thé hiéu qua hon.

____________________________________________________________________________________________________________________________|]
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2.1.3. Tong quan tinh hinh nghién ctru vé tinh toan lwoi

2.1.3.1. Su ra doi cua tinh toan lwéi

Ngay nay, trong cac mén khoa hoc ciing nhu trong thwc té cudc séng dang dat
ra nhirng bai toan kho can t&i kha nang tinh toan nhanh va chinh xac trén co s&
tan dung nhirng tai nguyén phan cirng ciing nhw phan mém phan tan & nhiéu
noi. Khai niém td chirc do (Virtual Organization — VO) ra d&i nham chi mét tap
cac ca nhan va/hodc cac t6 chirc cé cac ngudn tai nguyén duoc chia sé hay
dung chung (sharing) theo céac luat dé duoc ra [1].Trong khai niém nay, ta can
chu y hai khia canh:

e Ccéc tai nguyén duoc chia sé: khdng don thuan la chia sé file theo quan
niém c, tai nguyén ma cac té chirc 4o chia sé con 14 sw truy cap truc tiép
dén may tinh, phdn mém, dich vu, dir liéu, cac trang thiét bi phan cirng va
cac thiét bj dic biét khac;

____________________________________________________________________________________________________________________________|]
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e viéc chia sé tai nguyén ciing khéng thé tién hanh tuy tién ma phai tuan
theo cac luat dwoc cd nguwdi cung clp cling nhw ngudi st dung tai
nguyén nhét tri. Can phai dinh nghia rd rang va can than vé: cai gi dwoc
dem chia s&, nhirng ai dwoc quyén sir dung va diéu kién cho sw chia sé la
gi?
Sw xuét hién clia cac td chirc do cung véi nhu ciu chia sé tai nguyén gitra ching
chinh 1a co s& dé céng nghé tinh toan lwéi ra doi. Ta cé thé hiéu mot cach don
gian: tinh toan Iudi chinh la budc phét trién tiép theo cua tinh toan phén tén, véi
muc dich cung cédp nhing dich vu tinh toédn don gidn cho nguoi dung, nhung
mang lai stcc manh tinh toéan rét Ién béi tinh trong subt va kha ndng két nbi cac
hé théng khéng déng nhat nham chia sé cac nguén tai nguyén da dang [4].
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Hinh 2-9. M6t quan sat vé tinh toan lwéi

DPé khéc phuc nhitng nhwoc diém cla cac cong nghé hién tai, ngudi ta huéng

dén cong nghé tinh toan lwéi. Trong vong 6 nam gan day, nhixng né lwc nghién

clru va phat trién trong cdng déng tinh toan lwéi da dwa ra nhirng giao thirc, dich

vy, va cdng cu gidi quyét mot cach kha triét d& nhirng thach thirc nay sinh khi

xay dung cac td chirc do. Nhirng cdng nghé nay bao gbm:

e Nhirng gidi phap an ninh hd tro' viéc quan ly gidy Gy nhiém va cac chinh
sach khi ma sw tinh toan dwoc mé réng ra nhiéu té chirc;

e Cac giao thire va dich vu quan ly tai nguyén co6 hd trg cac truy nhap tr xa
an toan cho trinh tinh toan, cac tai nguyén di¥ liéu va sy dinh vi cla cac
tai nguyén phure tap;

e Céc giao thirc va dich vu truy van théng tin 6 cung cép théng tin ciu hinh
va trang thai vé cac tai nguyén, td chirc va dich vu;
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e Cac dich vu quan ly di¥ liéu cé nhiém vu dinh vi va chuyén tai cac tap di
liéu gitra cac hé thdng lwu trir va cac ing dung;

Céng nghé tinh toan lwéi cé thé coi 1a phan bd sung cho cac cdng nghé tinh toan
phan tan dang ton tai, chiv khéng pht nhan cac céng nghé da co. Vi du nhu:

e Cac hé thdng tinh toan phan tan enterprise c6 thé sir dung cdng nghé tinh
toan lwdi dé chia sé tai nguyén gitra cac tb chirc;

e Céac ASP, SSP c6 thé s dung cong nghé tinh toan lwéi dé thiét lap thi
trwdng tiéu thy ddng cac tai nguyén tinh toan va lwu triy, tir d6 sé vuwot
qua nhirng gidi han cla cac cau hinh tinh hién tai;

Nhw vay tinh toan lwdi hwéng dén viéc chia sé va st dung hiéu qua cac nguén
tai nguyén thudc vé nhiéu td chirc trén moét quy mé rong Ién (tham chi 1a quy mé
toan cau). Chinh cac cdng nghé mang va truyén théng phat trién manh mé trong

nhirng ndm qua da bién nhirtng kha nang nay dan tré thanh hién thwc. Cac

Py z 3
N ’ A ’ 3 7. ~ By X By by N ~
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s& ha tang lwéi cho phép dé dang chia sé va quan ly cac tai nguyén da dang va
phéan tan trong mai trvdng lwéi.

2.1.3.2. Nhirng hoat dong lién quan dén tinh toan lwéi

Céc trwdng dai hoc, vién nghién ctvu I&n trén thé gidi thay vi thanh lap cac trung
tdm tinh toan hiéu nang cao, ngudi ta c6 xu hwédng thanh 1ap cac trung tadm tinh
toan lwdi (Center for Grid Computing). Nhirng trung tdm nay khéng gi¢i han
trong pham vi mét trwérng, moét vién nghién ciru ma nbi két cac trung tam & nhiéu
dia diém lai v&i nhau. Chang han, thang 8/2001 Uy ban Khoa hoc Quéc gia My
da xay dwng mét lwdi tinh toan ndi cac siéu may tinh trén toan qudc thanh mét
ngudn x& ly tinh todn cé tén goi Distributed Terascale Facility do Trung tam Siéu
may tinh Quéc gia (NCSA) quan ly. V&i cac trung tdm nay cé thé trién khai cac
tinh toan ciing nhw xay dwng cbng théng tin (Information Portal) phuc vu cho nhu

cau truy cap vao hé thdng tinh toan lwéi.
|
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____________________________________________________________________________________________________________________________|]
Céac Cong ty I&n nhw IBM tlr nam 2001 ho da dwa vao ké hoach xay dwng 50
trung tam tinh toan lwdi trén toan thé gi¢i vai chi phi tdng cong trén 4 ty dollar.
Hang Sun Microsystems c6 dw 4n ma nguén mé& Grid Engine sau khi mua lai
Cobng ty GridWare vao thang 7/2001.

Céac nha vat ly phan t&r & Anh da van hanh mét hé thdng grid khdng 16 vao
12/2004 & Nottingham, goi la GridPP. Mang may c6 tén Large Hadron Collider
Computing Grid (LCG) duoc thiét 1ap t» hon 6.000 may tinh & nhiéu diém trén
toan thé gidi, trong do riéng dw an tinh toan lwdi cia cac nha vat ly Anh (GridPP)
dong gop 1.000 chiéc tlr 12 dia chi khac nhau. Bd phan Large Hadron Collider
(LHC) dwoc xay dwng tai trung tdm nghién cru CERN cta Thuy Si. Cac thi
nghiém vat ly hat nhan ma né thuc hién sé tao ra nhirng lwong div liéu khdng 16:
khoang 15 petabyte méi nam (1 petabyte = 1.024 terabyte, tirc 1a hon 1.000.000
gygabyte). LCG dwoc coi 1a mét cach x&r ly di¥ liéu ch khdng phai 1a mét cb
may cu thé. D6 la mot hudng tiép can thay thé cho siéu may tinh tén kém. Theo
Hoi ddng nghién ctru thién van va vat ly hat nhan Anh (PPARC), dén nam 2007,
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LCG sé c6 strc manh twong dwong 100.000 may tinh nhanh nhét hién nay két
hop lai va tao ra mét siéu may tinh do. Thiét bj nay c6 thé dwoc mé réng va phat
trién thém néu can thiét.

Céc ky su tham gia dw an GridPP con phat trién mot ban dé mé ta nhirng nhiém
vu tinh toan luan chuyén nhw thé nao quanh LCG. Ban dd nay ciing biéu thi cac
tac vu dwoc phan bd téi nhirng diém thich hop nhét trong lwdi, van hanh céac
chwong trinh va gtri trd két qua bang thoi gian thuc.

2.1.3.3. Cac du 4n 16m trén thé gii vé tinh toan luoi

ASTROGRID http://www.astrogrid.org/
BIOGRID http://www.biogrid.jp/
BIRN http://www.nbirn.net/
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CONDOR http://www.cs.wisc.edu/condor/

CROSSGRID http://www.crossgrid.org/

DAMIEN http://www.hlirs.de/organization/pds/projects/da
mien/

DATATAG http://datatag.web.cern.ch/datatag/

DOE SciDAC http://www.osti.gov/scidac/

DOE SCIENCE GRID http://doesciencegrid.org/

Earth System Grid Il http://www.earthsystemgrid.org/

ECOGRID http://www.buyya.com/ecogrid
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EGEE http://public.eu-egee.org/

Esnet http://www.es.net/

EUROGRID http://www.eurogrid.org/

FUSIONGRID http://www.fusiongrid.org/

GEANT http://www.dante.net/geant/

GLOBUS http://www.globus.org/

GRACE http://www.grace-ist.org/

GRIDBUS http://www.gridbus.org/

GriDis http://web.datagrid.cnr.it/GriDis/jsp/index.jsp
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GRIDPP http://www.gridpp.ac.uk/

GRIP http://www.grid-interoperability.org/
GriPhyN http://www.griphyn.org/index.php
Inca http://inca.sdsc.edu/

IPG http://www.ipg.nasa.gov/

jvDdgl http://www.ivdgl.org/

LEAD http://lead.ou.edu/

LEGION http://www.cs.virginia.edu/~legion/
MCNC http://www.mcnc.org/gcns2/
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myGrid http://www.mygrid.org.uk/
NAREGI http://www.naregi.org/

National Grid Service (UK) http://www.ngs.ac.uk/

NEES grid http://www.neesgrid.org/
NextGrid http://www.nextgrid.org/
NORDUGRID http://www.nordugrid.org/

NSF MIDDLEWARE http://www.nsf-middleware.org/
INITIATIVE

Open Science Grid Consortium  http://www.opensciencegrid.org/
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PPDG http://www.ppdg.net/

RealityGrid http://www.realitygrid.org/

SimDat http://www.simdat.org/

TERAGRID http://www.teragrid.org/

UNICORE Plus http://www.fz-juelich.de/unicoreplus/index.html
WestGrid http://www.westgrid.ca/home.html

Mot s6 dw an ndi bat:

Dw an BIOGRID
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Pay la dw an dwoc chad tri thuc hién béi trwdng Pai hoc Osaka, nam trong
chwong trinh céng nghé théng tin ctia chinh pha Nhat Ban, véi sy phdi hop gitra
cac bo gido duc, van hoa, thé thao, khoa hoc va cong nghé. Dy an nhw [& mét
budc khéi dau dé xay dwng mang siéu may tinh dé giai quyét nhirng van dé cda
sinh hoc va y khoa dat ra. Dy 4n bao gdm 3 muc tiéu chinh:

- Phan tich dé trién khai mét mang siéu may tinh.

- Nghién ctu vé& céng nghé lwéi div lieu (data grid technology) cho phép giai
quyét cac bai toan véi nhirng kiéu dir liéu khac nhau cla cac co s& dir liéu lon.

- Nghién ctru vé& cong nghé tinh toan lwéi (computing grid technology) qua dé
tham gia gidi quyét nhirng bai toan xr ly div liéu doi hdi ngudn tai nguyén tinh
tinh toan rat manh (ultra high-speed computing).
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Hinh 2-10. Dw an BioGrid (http://www.biogrid.jp/)

Dw an DOE Science Grid cia B6 Nang lwong, Hoa Ky

Pay 1a dw an dwoc xay dung quy mé I&n nham phdi hop gitra nhiéu co quan
khoa hoc cia My. Nham tao co s& ha tdng cdbng nghé théng tin
(cyberinfrastructure) phuc vu cho viéc phat trién va truén khai cac linh vuec tinh
toan phan tan (distributed computing) xt ly di liéu va khai thac nguén tai nguyén
c6ng cu (instrument resources). Muc tiéu dy an bao goém:

- Cung cép kha nang x |i tinh toan ctia cac bai toan khoa hoc doi hdi thoi gian.

- Cung cap kha nang xt ly dir liéu doc 1ap véi vi tri dia ly cGa noi yéu cau, tao ra
mot sw quan tri trong sudt tr ngudi yéu cau dén hé thdng.

- Tao méi truwdng truyén théng trén co' s& nhirng nén tang da cé dé tao sw trong
subt gitra hé théng va nguoi st dung.
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- Tao moi trudng dé khai thac va chia sé phan mém, céng cu dé tinh toan va xt
ly div liéu.
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Hinh 2-11. Dw an DOE Science Grid (http://doesciencegrid.org/)

Dw an GridPP
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Hinh 2-12. Dw an GridPP (http://www.qgridpp.ac.uk/)

S phéat trién nhanh chéng cta Grid con dwa dén mét linh vwe nghién clru maoi
do 1a thwong mai hda tai nguyén trén Grid, cu thé 1a tai nguyén tinh toan, tai
nguyén lwu tri¥, va cac dang tai nguyén khac nhw phan mém, thiét bi chuyén
dung. Trong hwdng nghién ciru ndy, nguwdi ta can tim ra cac co ché dé cho
nguwoi s& hiru tai nguyén va ngudi st dung tai nguyén cé dién ta cac yéu cau vé
chéat lwong, khdi lwong tai nguyén (ngwdi dung) cling nhw gid ca, chinh sach
quan ly (ngudi s& hiru) trong diéu kién tach biét vé thdi gian (mai gi®) va khéng
gian. D& c6 thé thwong mai héa tai nguyén Grid can phai cé cac yéu té: thi
trwdng dé quang ba théng tin vé tai nguyén, md hinh dé dinh gia tai nguyén, giao
thirc dé thwong lwong, cac co ché ké toan, chi trd. Dy an Economy Grid —
ECOGRID (http://www.buyya.com/ecogrid) nam trong s& cac (rng dung thudc
dang do.
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2.1.3.4. Cac trung tam khai thac tinh toan lwéi

Trung tam London e-Science
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Hinh 2-13. Trung tdm London e-Science (http://www.lesc.ic.ac.uk/)

Trung tdm London e-Science (LeSC), khoa CNTT, Dai hoc Imperial ra doi va
hoat ddng tlr 9/2001 1a mét thanh phan cla chwong trinh UK e-Science cla
Vuwong Quéc Anh. Nhiém vy cla trung tdm nay 1a nghién ciru phat trién mét sé
céng nghé hé tro trién khai e-Science cho cac truéng dai hoc va vién nghién cru
& Lodon va ving Béng Nam nwéc Anh. Trung tAm nay con dadm trach hé théng
Access Grid dé td chirc hoi thao truyén hinh st dung Grid lam nén tang cho viéc
chirng thyc. Hé thdng Access Grid nay két ndi 15 trung tdm nghién clrukhoa hoc
ctia Anh va cac nwéc & Chau Au, Bac My, Chau A — Thai Binh Duong.

Trung tam PRGAMA Grid Operation Center, Trung tam San Diego Super
Computer, Dai hoc California, San Diego (http://pragma-
goc.rocksclusters.org/) la moét td chire hé tror déc Iwe cho chwong trinh phat trién
cac phan mém trung gian cho tinh toan lwéi cla khu vwc Chau A — Thai Binh

C Pacific Rin Aooicar | Grid Mgl i Oy . PRACNA
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Chuwong trinh nay dwoc sy tai tro ciia quy nghién ciru khoa hoc quéc gia Lién
bang My (NSF), va cung v&i sy tham gia ctia 20 trung tdm nghién ctru khoa hoc
tinh toan thudc 13 nwéc trong khu vire nhw: My, Nhat Ban, Han Quéc, Uc, Trung
Quéc, Pai Loan, Singapore, Malaysia, Thai Lan, An Do, Chi L&, Switzerland,
Mexico. Trung tdm NGO nhuw la mét t& chic hat nhan cua chuwong trinh
PGRAMA. Mot sé két qua ndi bat da dwoc thwe hién nhw sau:

- Ninf-G (http://ninf.apgrid.org): day la dw an dwoc thwc hién béi cac chuyén gia
Nhat Ban, nham tao ra céng cu v&i giao dién tric quan cho phép nguwdi st dung
dé dang truy cap dén ngudn tai ngyén mang lwdi, s dung cac phan mém va div
liéu khoa hoc trén grid. Hién nay da cé phién ban 4.1 cia hé théng nay duoc
hién thwc nhv moét phan mém ngudn mé. Nguwdi Nhat (va chi nguwoi Nhat) t6
chirc mét hoi thao vé Ninf-G vao 18/01/2006. Day la mét déng gép cla Nhat vao
viéc tao ra cac wng dung trung gian cho tinh toan lwéi.

- Nimrod/G (http://www.csse.monash.edu.au/~davida/nimrod/nimrodg.htm): cling

la mot san Ehém trong tu Ninf-G, duoc phat trién béi Pai hoc Monash, Uc nham
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hé tr cho Globus Toolkit & kham pha mét cach tw déng ngudn tai nguyén cho
phép cla Grid.

- Dw &n BioGrid: nham phat trién nén tang tinh toan mang lwéi hd tro phan tich
gen, nhixng van dé vé bénh. Pay 1a dy an dang duoec trién khai.

- Dy an Telescience: nhdm st dung mang toan ciu va hé théng tinh toan luoi
dé gitp céac thanh viéen PRAGMA truy cap va st dung cac thiét bi chan doan y
khoa tr xa (may do dién tdm d6 n&o, kinh hi&n vi dién tlr, may gia tbc, v.v...) cla
cac dai hoc Ién nhw San Diego, Osaka, Tokyo, v.v... Qua d6 hd tro cac nghién
clru vé té bao ndo, vé than kinh, vé cac dich bénh SARS, Bird Flu, v.v...

2.1.3.5. Cac dién dan, hoi thio
Trén thé gi6i cling da cé nhiéu dién dan, hoi thao vé tinh toan luéi cling nhw
céng nghé tinh toan lwéi. Chang han, dién dan vé Iluéi toan cau (Global Grid
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Forum - GGF) méi ndm t6 chirc 3 Ian. Dién dan lan thé 1 t6 chirc vao thang
3/2001, dién dan lan thr 16 dwoc td chirc tai Athens, Hy Lap, tv ngay 13 —
16/01/2006 (http://www.ggf.org/index.php).
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Barcelona, 28 29 September
The Grid Conference

The Grid conference series is an anmual international meeting that brings together a commumity of
researchers, developers, practitioners, and users involved with Grid technology. The objective of
the meeting is to serve as both the premier conference presenting best Grid research and a forum
where new concepts can be introduced and explored.

The previous events in this series were: Grid 2000, Bangalore, India; Grid 2001, Denver; Grid
2002, Baltimore; Grid 2003, Phoenix; Grid 2004, Pittsburgh; and the sixth event. Grid 2005 in
Seattle. All of these events have been successful in attracting high quality papers and a wide
international participation. Last year's event attracted about 400 registered participants. From the
second event through the sixth, we have been known as the Grid Workshop affiliated with the
Supercomputing SC conference series. For this, our seventh event, we will convene our first
meeting as a conference and this year we will be co-located with the 2006 cluster conference.

(A

The proceedings of the first three workshops were published by Springer-Verlag, and the
proceedings of the three most recent workshops were published by the IEEE Computer Society
Press. We expect this year's proceedings will join those of the last three vears in the IEEE
Computer Society's Digital Library.
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Hinh 2-14. Hoi thao qudc té 1an thr 7 vé tinh toan lwéi
Hoi thao Quédc té vé Tinh toan lwdi (International Workshop on Grid Computing -
http://personals.ac.upc.edu/rosab/grid2006/) dwoc té6 chirc hang ndm. Hoi thao
lan thir 7 t6 chirc vao ngay 28-19/9/2006 & Barcelona, Tay Ban Nha, (Hinh
2-14). Chu dé cua hoi thado bao gdbm cac van dé sau day:

e MO hinh tinh toan Internet (Internet-based Computing Models)

e Ung dung e-Scienece va e-Business (eScience and eBusiness
Applications)

e Truy cap va quan tri di* liéu phan tan va trong pham vi réng I&n
(Distributed and Large-Scale Data Access and Management)

e Phan mém trung gian va cac cong cu hd tro (Middleware and Toolkits)

e Cac cong cu kiém tra do dac, quan tri va td chirc hé théng (Monitoring,
Management and Organization Tools)
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e Quan tri va lap lich st dung tai nguyén (Resource Management and
Scheduling)

e Mang (Networking)

e Virtual Instrumentation

e Metadata, Ontologies, and Provenance

e Creation and Management of Virtual Enterprises and Organizations
e Architectures and Fabrics

e Dich vu théng tin (Information Services

e VAan dé an ninh (Security Issues)

e MO6 hinh, cong cu va mdi trwong lap trinh (Programming Models, Tools,
and Environments)

e Tiém lyc lwdi (Grid Economy)
___________________________________________________________________________________________________________________________________________|
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e Tinh toan tw tri va tién ich trén lwéi toan cau (Autonomic and Utility
Computing on Global Grids)

e Danh gia va mdé hinh hdéa hiéu nang (Performance Evaluation and
Modeling)

e Cluster and Grid Integration Issues
e Scientific, Industrial and Social Implications

Khu vwc Chau A — Thai Binh Duwong c6 hoi thdo xuat phat tlr chwong trinh
PRAGMA nhu da dé cap & trén. Hoi thdo lan dau tién dién ra vao thang 3/2002
tai San Diego, My. Lan 2 vao thang 7/2002 tai Seoul, Han Quédc. Lan 3 vao thang
01/2003 tai Fukuoka, Nhat Ban. Lan 4 tai Melbourne, Uc vao thang 6/2003.
Thang 10/2003 hoi thdo lan thir 5 td chirc tai Hsinchu, Dai Loan. Lan tht 6 vao
thang 5/2004 t6 chirc tai Bac Kinh, Trung Quéc va lan thir 7 vao 15 — 17/9/2004
& San Diego, My. Lan tht 8 tai Singapore vao ngay 02-04/5/2005; lan thir 9 t6
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chure tai Hyderabad, An Do vao 20 — 23/10/2005. Hoi thao lan ther 10 dworc td
chirc & Townsville, Queensland, Australia vao 26 — 28/3/2006.

2.1.3.6. Tinh hinh nghién ctru vé tinh toan luéi & Viét Nam

Nghién ctru tinh toan lwdi & Viét Nam hién dang trong giai doan kh&i dau va
dang dwoc xuc tién khan treong.

S& Bwu chinh — Vién théng, s& Khoa hoc — Céng nghé thanh phé H6 Chi
Minh

S& Buu chinh — Vién thdng va S& Khoa hoc — Céng nghé thanh phd H6 Chi
Minh khuyén khich cac t6 ctrc nghién ctru khoa hoc tham gia vao td chirc
PRAGMA, tir d6 c6 thé tiép can, chuyén giao va lam chi cac cdng nghé mai

trong Iinh vc tinh toan lwdi. Bac biét |a viéc tiép nhan thong tin, dw an nghién
ctvu, khd nang sl dung tai nguyén tinh toan cla cac nuwéc trong td chirc
PRAGMA. Bén canh dé, thanh phé H6 Chi Minh ciing dang xuc tién thanh lap

~ S
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cac san pham va lam dau mdi dé tham gia vao t6 chi'c PRAGMA nay. Thang
01/2004, S& Khoa hoc — Céng nghé dwoc sw hd tre clia Bé Khoa hoc — Céng
nghé da phdi hop véi tredng Pai hoc Khoa hoc tw nhién td chirc hdi thdo “Tinh
toan hiéu nang cao va tinh toan mang lwéi”.

Trwéong Dai hoc Bach Khoa TPHCM

Trwdong Pai hoc Bach khoa, BPai hoc quéc gia TPHCM thwc hién Dy an vwon
wom tao codng nghé “Cac giai phap tan dung ky thuat tinh toan hiéu nang cao va
tinh toan lwéi dé gidi cac bai toan ky thuat thwe t&”. Muc tiéu chinh ctia dw an 1a
tim cac gidi phap cdng nghé c6 tinh lién thong da nganh dé giadi quyét nhirng bai
toan &ng dung I&n xuét hién trong ky thuat. Trong ndm dau tién, Dy an tap trung
tim hiéu vé cac chuan grid; bd céng cu Globus Toolkit 4.0; nghién clru cac hé
thdng grid trén thé giéi; nghién clru phan mém dé lién két hé thbng may tinh da
c6 v&i lwdi tinh toan; nghién clu cac van dé vé quan ly lwdi; nghién clru quyén
st dung trén lwdi; hién thwe phan mém tham gia lwdi. Trong linh vwc (’ng dung,
nam dau tién dé tai tap trung khao sat bai toan thuc té; nghién ciru céc phuong
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phap phan bd bai toan va dir liéu; nghién clru bao mat di¥ liéu; nghién cu bao
vé thong tin ca nhan trong di liéu; nghién clru ddng bd cac két qua cda bai toan
con. Déi véi bai toan tinh toan Ién, nhém nghién ctru dé thwc hién bai toan thiét
ké vi mach.

Trwéong Dai hoc Khoa hoc tw nhién

0] trwdng Pai hoc Khoa hoc tw nhién, Dai hoc Qudc gia TPHCM, nhém chuyén
mén thuéc khoa Toan — Tin, Céng nghé sinh hoc da phdi hop thwe hién mot sb
cong viéc lién quan dén viéc cai dat géi phan mém BLAST cla Trung tam théng
tin cong nghé sinh hoc Hoa ky (NCBI — National Center for Biotechology
Information) dé tim kiém cac trinh tw sinh hoc va th&r nghiém trién khai hé théng
grid trén mang cuc bd cla khoa.

Phan vién Céng nghé théng tin tai TPHCM
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Phan vién Cong nghé théng tin tai TPHCM thwc hién hai dé tai lién quan dén tinh
toan lwdi. Dé tai “Nghién ctru va trién khai ng dung Grid cé tinh bao mat cao”
thwe hién ttr 11/2004 dén 6/2006. Muc tiéu dé tai la ngoai nghién ctru gidi phap
xay dwng hé théng tinh toan mang lwéi cé tinh bado mat cao, con quan tam dén
khai thac ndng lwc cla tinh toan mang lwéi dé giadi quyét mot sé bai toan Ién nhw
bai toan phan tai hoat déng trong mang may tinh, bai toan tim mdc d6 tuwong
ddng cutia cac trinh tw sinh hoc. Nhém thye hién dé tai da trién khai hé thdng tinh
toan lwdi trén mang toan cau két ndi véi vién KISTI — Korea Institute of Science
and Technology Information, Han Quéc; xay dwng cdng théng tin sinh tin hoc —
http://biogrid.ioit-hcm.ac.vn - (Hinh 2-15); th&r nghiém bai toan tim mdc d6 tuwong
ddng cuia céac trinh tw sinh hoc; xay dwng hé théng Iwu trir va truy van dir liéu
sinh hoc.

Trong nam 2005 va 2006, Phan vién Céng nghé thdng tin tai TPHCM thwc hién

dé tai “Tinh toan mang lwéi trong viéc gidi quyét moét sd van dé cua tin sinh hoc”.

N6i dung nghién ciru cla dé tai la:
____________________________________________________________________________________________________________________________|]
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- Xay dwng moi treong tinh toan mang lwdi véi cac may tinh hién cé cia Phan
vién Coéng nghé thong tin tai TPHCM. Sau d6 két ndi véi may tinh ciia mot sb
don vi khac trong toa nha 1 Mac Binh Chi dé tao ra mét hé thdng IntraGrid (hay
ClusterGrid).

- Th&r nghiém thiét ké mang lwdi tinh toan dang quy mé cta nhiéu td chirc
(ExtraGrid, CampusGrid) cho Vién Khoa hoc va Céng nghé Viét Nam, tr dé tao
tién dé dé két ndi véi cac mang lwéi cla khu vee Chau A (InterGrid, GlobalGrid).
- Méi trweérng chuyén théng diép MPICH-G2 cho viéc hién thwc giai thuat song
song trén hé théng Grid.

- Cac nguyén ly thiét k& phan mém GridPortal, ap dung tao ra GridPortal cho tinh
toan Sinh hoc phan t

- Nghién ctru cac phwong phap x& ly théng tin cho viéc chan doan ciu tric va
chirc nang cla protein; so sanh m&c dd twong déng cua nhiéu trinh tw
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Nucleotid, Amino Acid dé tim ra lich st tién hoa. Tt dé tao ra moét sé san pham

phan mém phuc vu cho nhu cau tinh toan Tin sinh hoc.
- Céach thirc xay dwng phdn mém Tin sinh hoat déng trén grid.

- Cach thire trién khai thwe hién bai toan Tin sinh hoc trén méi trwdng tinh toan

mang lwdi.
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Hinh 2-15. Bioinformatics Grid Portal ciia Phan vién Céng nghé thoéng tin tai TPHCM

Nang lwc cac may trong hé théng cluster hién cé ctia Phan vién Coéng nghé
théng tin tai TPHCM nhw Hinh 2-16.
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Hinh 2-16. So» d6 hé thong Grid cia Phan vién CNTT tai TPHCM
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Phia KISTI c6 16 nat tham gia hé théng, véi 16 may PC (Pentium IV 1.7GHz,
1024MB, 500GB HDD). Hé théng két ndi gitra Phan vién Céng nghé théng tin véi
KISTI nhw Hinh 2-17.
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Hinh 2-17. So’ d6 két néi hé théng grid v&i hé thong grid KIST
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Trung tam tinh toan hiéu nang cao, Pai hoc Bach khoa Ha Noi

Tai Ha N&i, Trung tdm tinh toan hiéu nang cao, Trwdng Pai Hoc Bach khoa da
c6 4 nam kinh nghiém nghién ctu trién khai tinh toan song song phan cum. Cac
nghién clru trién khai vé tinh toan song song phan cum dwa trén bd coéng cu
quan ly tai nguyén va phan tai Open PBS. Trung tam da va dang trién khai mot
bd céng cu phan mém hé thdng tro giup ngudi dung thwc hién cac tac vu : quan
tri cluster, theo d6i va do hiéu nang cluster, thwc hién cong viéc tr xa. Bac biét,
coéng cu g& rdi hé tro 1ap trinh song song do trung tdm nghién ctru va phat trién
thu hat dwoc sy quan tam ca nhiéu déng nghiép tai cac hdi thdo. Bd cong cu
nay hién tai dang dwgc hoan thién va mé rong thém cac chirc nang bién dich,
soan thao, chay chwong trinh song song.

Trung tam ciing da trién khai nghién ctru va thir nghiém tinh toan lwéi tr 2 nam
qua va da thu dwoc mot sd két qué budc dau: (i) lam chi dwoc cac bd céng cu
ma ngudn mé - Globus Toolkit, GridSphere, My Proxy - xay dwng tinh toan lwei;
i) tich hop thanh céng cac cdng cu nay dé trién khai lwdi thtr nghiém BK Grid;

Trung t&m Tinh Toan Hiéu Nang Cao - HUT 85



Bao céo tdng két dy an

____________________________________________________________________________________________________________________________|]
(iii) bwdc dau thir nghiém thanh cdng quy trinh lwéi hoa &ng dung; (iv) dac biét,
trung tam da tich hop thanh céng céng nghé tac ti trong méi trudng lwdi, diéu
nay mé& ra nhiéu trién vong nghién clru cac gidi phap quan ly tai nguyén lwéi tinh
toan, quan ly di liéu trén lwdi di liéu, van dé an toan bdo mat dwa trén tac tor.
Trung tdm ciing da bat dau quan tdm dén cdng nghé lwéi div liéu, van dé hiéu
nang trong tinh toan lwéi. Hién tai, trung tdm dang trién khai th&r nghiém BKGrid
trén 3 cluster theo mé hinh Beowulf, mdi cluster bao gém 1 server 2 CPU va 6
dén 8 may PC Pentium 1l 800/500 MHz.

Céc huwdng nghién ctru chinh cla trung tdm khéng chi ding lai & phan hé théng
ma da bat ddu mé réng sang &ng dung. Trung tdm hién dang quan tam dén : (i)
&ng dung céng nghé tinh toan song song gidi quyét bai toan lwong tt, (ii) ng
dung céng nghé lwdi dir liéu cho bai toan dy bao thoi tiét theo mé hinh sb tri
MM5.

Trung tdm cé quan hé véi C-DAC, Pai hoc San-Jose va nhiéu don vj cé tiém

néng L’Png dung céng nghé tinh toan hiéu néng cao trong nuwdc: Hoc vién Mat
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ma, Trung tdm quédc gia Dy bdo thoi tiét, Vién Khi twong Thuy van, khoa Toan-
Tin (rng dung va vién Vat ly ky thuat (PHBK HN).

Muc 2.2.3 sé trinh bay tdng quan vé cac ndi dung nghién ctru vé tinh toan lwdi
da dwoc thwc hién tai trung tdm Tinh toan hiéu nang cao — Pai hoc Bach Khoa
Ha N&i trong khubn khd dé tai theo nghi dinh thuw.

2.1.4. Téng quan vé mé phéng trong khoa hoc vat liéu

M6 phéng may tinh ra d&i va phat trién cung véi sy xuét hién ngay cang hoan
hdo clia may tinh va ngay cang dwoc khang dinh nhu mét mén khoa hoc. M6
phéng may tinh, md hinh héa bang may tinh ngay cang duwoc ap dung réng rai
va thu duwoc rat nhiéu thanh twu trong cac linh vire nghién ciu.

C6 thé chia cac phwong phap mé phdéng trong vat liéu thanh: mé hinh héa cac
méi trweng lién tuc, md hinh héa quy md nguyén t& va mé hinh héa két hop ca
hai phwong phap trén. Trong mé hinh hdéa cac méi tredng lién tuc, vat liéu duoc

coi nhw mot mo hinh lién tuc va thuc‘)’ng gué trinh mo Ehc’)ng Ia giéi Qhu’o’ng trinh
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dao ham riéng bang phwong phap phan tr hiru han hodc sai phan hiru han.
Trong khi d6, & mdé phdng quy mdé nguyén tr, vat liéu dwgc xem nhw tap hop
cla cac nguyén ti riéng biét cd quy luat van dong riéng. Ky thuat mé phéng quy
moé nguyén t&r doi hdi phai c6 may tinh cang manh cang tét, va tuy theo ting
trwdng hop cu thé ma co rat nhiéu phwong phap, ky thuat dwoc nghién ciu,
phat trién.

Cac nha héa ly lwvong t&r chia cac phwong phap mé phdéng quy md nguyén to
thanh hai linh viec chinh: Co hoc lwong tir va phwong phap ciu tric dién ti.

Céu truc dién tl (con goi la phwong phap ab initio) dwa trén nén tang la co hoc
lwong tlr, xuat phat tir viéc gidi phwong trinh Schrédinger véi chi phép gan dung
doan nhiét va gan dung moét dién tlr, cho phép tinh toan chinh xac tinh chat cla
vat liéu. Tuy nhién, cling vi vy ma khdi lwong tinh toan cta né rat dd so, tham
chi chi v&i hé mét vai nguyén t&r, phan tir da thwong dwoc giai trén cac siéu may
tinh, hon nira, hién nay ciing chi gi¢i han & nghién ctru cac tinh chét tinh.

____________________________________________________________________________________________________________________________|]
Trung t&m Tinh Toan Hiéu Nang Cao - HUT 88



Bao céo tdng két dy an
|

Bén canh ly thuyét ab initio truyén théng & trén, véi sw ra doi cla ly thuyét ham
mat d6, cac ky thuat tinh toan cAu tric dién t& ngay cang dwoc nghién clru, hoan
thién, nhat la v&i sy xuét hién ctia hwéng tiép can hop nhat déng lwc hoc phan
t&r va ham mat doé da phan nao cé thé cho phép nghién ctru hé thdng I1&n hon, c&
vai chuc nguyén t& va thwong dwgc sir dung lam tiéu chuén so sanh v&i cac
phwong phap khac, déc biét la trong nhiéu trweng hop khéng cé div liéu thuc
nghiém twong wng.

Mat khac, mac du thwdng kém chinh xac hon phwong phap ab inito, co hoc
phan t& (phwong phap trwdng lwc) lai cé thé ap dung cho hé I&n hon va cho
phép nghién cru ca tinh chat tinh va déng. Trung tdm cla phwong phap nay la
mé trad twong tac cla cac hat trong hé b&i mét thé nang hiéu dung 1a ham cda
toa do cac hat nhan nguyén tw:

U(rs, ra, ..., rn) = UMD () + 2UD (1, 1) + 299 (1, 1, ) + 2™ (5, L )

Trong do:
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e U(1): thé 1 thanh phan (twong &ng véi thé ndng trong truéng ngoai)
e U(2): thé twong tac cap
e U(3): thé 3 thanh phan

Viéc tim biéu thire chinh xac cho thé U la céng viéc hét strc kho khan, co thé néi
la khé c6 thé dat dwoc. Vi vay, hién nay nguoi ta van phai st dung cac md hinh
twong tac gan dung nhw: Gia thé, Thé ban thwc nghiém va Thé thwc nghiém.
Ciing can phai nhadn manh 1a cac thé ban thwc nghiém va thwc nghiém thwong
duoc xay dung tor két qua so sanh va lam khép véi co sé dir liéu thwe nghiém,
c6 thé mot phan tinh toan béng ab initio, thAm chi bang tay va quan trong nhat Ia
tuy thudc vao dac diém cla trng hé vat liéu ma cdé md hinh thé twong tac hop ly
dwoc phat trién (rng dung.

Hién nay, mét s phwong phap mé phéng quy md nguyén t&r dwoc st dung réng
rai dé xay dwng md hinh va nghién ctru tinh chét cua vat liéu la: boéng lyc hoc
phan t&, Monte-Carlo va Cwc tiéu hoa (con goi la hdi phuc hod). Riéng voi vat
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liéu vé dinh hinh con cé phuwong phap Random Network. Mot diém dang chu y |a
khi xay dwng mé hinh vat liéu vé dinh hinh cé thé coi phwong phap héi phuc hoa
(théng ké hdi phuc) nhw mét gi¢i han ctia dong lwc hoc phan tir khi T—>0K.

2.2. Nhirng néi dung da thuwc hién
2.2.1. Két qua nghién ctru trién khai tinh toan hiéu nang cao

2.2.1.1.Két qua nghién ciru, thiét 1ap hé thong tinh toan song song ghép
cum Bkluster

Nhu ciu vé cac hé théng tinh toan I&n da thac day cac hwéng nghién cliru trén
nhiéu linh ve kién tric may tinh, phan clirng va phan mém. Trong thap nién cubi
cung cla thé ky trwéc, cach tiép can ghép cac hé théng nhé thanh mét hé théng
I&n hon dwoc xem la kha thi, d&c biét phu hop véi diéu kién kinh té, cong nghé
cla cac nwédc dang phat trién. Hé thdng tinh toén song song ghép cum dwa trén

kién truc Beowulf va mé hinh I4p trinh truyén thdng diép duoc trién khai tai Trung
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tdm Tinh Toan Hiéu Nang Cao (DHBKHN) co tén goi BKluster.

Trén thwe té, véi mot tap cac may tinh dwoc nbi mang va cai dat mét méi trudng
truyén théng gitra cac tién trinh nhw LAM/MPI, ta da cé thé trién khai céac
chwong trinh tinh toan song song dwa trén mé hinh truyén théng diép. Tuy
nhién, d& hé théng dé thuc sy tré thanh mét dich vu tinh toan, né con phai cho
phép nhiéu ngwdi dung cung khai thac mét luc ciing nhw phuc vu cho nhiéu
nguwdi I&p ngudi dung. Thuwc té cho thdy, dé khai thac dwoc cac hé théng phan
cum & muirc thd so (chi dwoc trang bi mdi trwdng truyén théng gitra cac tién
trinh), ngwdi dung phai cé nhirng kién thirc vé hé thdng, hé diéu hanh & mirc dd
nhat dinh. N6i cach khac, nhirtng ngu®i cé nhu cau tinh toan thwe sw lai gan nhw
khéng cé kha nang s dung hé théng. Hon niva, hau hét viéc trién khai cta hé
théng khang thwe sw khai thac hét hiéu nang cia hé théng, gay lang phi.

Xuét phat tlr quan sat d4, nhém phat trién mong muén xay dwng hé thdng tinh
toan phan cum BKluster thanh mét dich vu tinh toan, tham chi la mét hé thdng
tinh toan thwe sw hé tro téi da nhiéu Iép ngwdi dung khai thac hé théng mét cach
hiéu qua:
|
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e Xét tlr phwong dién mét hé théng tinh toan, truéc hét BKluster cho phép
nguwoi dung thwe hién mét tac vu tinh toan trén hé théng BKluster. Hon
thé, BKluster con phai 1a mot hé da nhiém, da phién lam viéc, nghia la cho
phép nhiéu ngudi cing khai thac hé thdng cung mét lic mét cach doc 1ap.

e T goc dd ngudi phat trién (rng dung, Bkluster bao gébm cac cong cu hd
tro' viéc phat trién mot chwong trinh tinh toan dwoc thuc thi. Cac céng cu
nay khéng chi hiru ich v&i nhirng nguwoi chua thwe sy quen véi viéc phat
trién chuong trinh song song, ma sé tré thanh mét céng cu chuén trong
viéc xay dung cac chwong trinh tinh toan theo chuan MPI.

e Tw goéc dd quan tri, Bkluster bao gdm cac céng cu giup nhitng nguwdi quan
tri hé théng c6 kha nang ndm béat toan bd théng tin hé thdéng ciing nhw
thiét lap cac tham sb giup hé thdng hoat ddng mét cach hiéu qua nhét.

2.2.1.2.G6i phan mém BKlusware

Tap hop cac mé dun phdn mém giup BKluster tré thanh mot hé théng tinh toan

Lo gt ter 3 K
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Nhém phat trién xay dung BKlusware dwa trén nguyén tdc phan mém ma ngudn
m&, theo hai hwéng chinh sau day:

e Tan dung go6i phan mém ma nguén mé phu hop véi yéu cau. Dya trén do,
phat trién tinh chinh va bd sung cac module can thiét dé co thé tich hop
vao hé théng. Di theo hwéng nay, c6 thé ké dén géi phan mém PBS trong
viéc xay dwng moét bé quan ly tac vu cia BKluster, GDB trong b céng cu
hé tro tim 16i chwong trinh BKPD hay Ganglia trong phan viéc giam sat hé
thong.

e Ngoai viéc tinh chinh va b sung cho nhirtng phan mém sén cé, dé dwoc
mot phan mém hoan thién phu hop véi yéu cau cu thé, phai xay dung cac
g6i phan mém khac nhu: céng cu quan ly cac géi phan mém trén mot
cluster, b dich ngdén ngir PCS (ngdn ngir mé ta don gian cho phép mé ta
cac thao tac co ban cla dai sb tuyén tinh).

Cdc chirc nang chinh cua BKlusware

Go6i phan mém BKlusware bao gém 3 thanh phan chinh:
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o Heé théng phat trién chwong trinh
o He théng thuec thi
o B6 céng cu quan tri va giam sat hé théng

BKlusware hé tro hai dang két ndi gitra cac dich vu hé théng va dich vu nguoi
dung: Két ndi cuc bo va Két néi tir xa:
e Duwdi hinh thirc két ndi cuc bd, tang dich vu ngudi dung dong vai trd la
shell ciia hé théng.

e Dudi hinh thirc két ndi tv xa theo mé hinh client- server, tdng dich vu
nguwoi dung thwe chat Ia cac client clia nhiéu dich vu tich hop.

____________________________________________________________________________________________________________________________|]
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Hé thong phat trién Hé thdéng thuec thi B6 coéng cu quan
tich hop tri & giam sat
Moi trie'ng phat Moi trro'ng tinh Cac céng cu quan
trién tnaAn tri R nidm cat
Cac dich vu phat Dich vu quan ly Dich vu quan trj va
trién tién trinh giam sat
T6 chirc lwu triv Thwec thi trén cac Dich vu théng tin
trén cac nat nut trén tirng nut

Hinh 2-18 - Cac thanh phan chinh ctia BKlusware

____________________________________________________________________________________________________________________________|]
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Hé théng phat trién chwong trinh

Hé théng phat trién chwong trinh bao gdm mét tap cac cong cu hd tro ngudi st
dung trong tét ca cac pha cta qua trinh viét ma cho mét chwong trinh bao gém:
soan thdo va quan ly ma ngudn, bién dich tdp ma nguén thanh chwong trinh
thwe thi va tim 16i chwong trinh.

Hé théng phat trién chwong trinh cling giup ngudi dung cé hai hwéng tiép can dé
xay dwng chwong trinh tinh toan:

e Xay dwng chwong trinh tinh toan dwa theo mé hinh 1ap truyén théng diép .

e Xay dwng chwong trinh théng qua dac ta cac thao tac tinh toan dwa trén
cac phép toan dai sé bang ngén ngi¥ PCS.

Theo hwéng tiép can thé nhat ngudi dung phai cé kién thirc nhat dinh vé 1ap

trinh song song dac biét 1a mé hinh |ap trinh truyén théng diép. V&i nhirtng nguoi

lap trinh chuyén nghiép nhw vay, cac céng cu ctia hé thdng tro gitp ho trong viéc
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dich chwong trinh bang mét Iénh duy nhat. Huwéng tiép can th&r 2 danh cho
nhirng nguwdi khdng cé nhiéu kién thirc vé Iap trinh song song néi riéng va tin
hoc noi chung. Ho sé mo ta bai toan clia minh théng qua cac ma tran va cac
phép toan trén dé. Thir tw clia cac phép toan ciing dwoc mé ta théng qua mét sb
lénh 13p va diéu kién don gian. Viéc bién dich hé théng gan lién véi viéc “song
song hda bai toan”.
Hién tai, module g& roi chwong trinh mé&i chi hé tro nhirng ngwoi lap trinh
chuyén nghiép. Noi cach khac, module nay mé&i chi ap dung cho cac chwong
trinh dwoc xay dwng theo hwéng tiép can dau tién. Vi module nay, ngudi dung
co thé:
e Xac dinh trang thai hién tai cia méi tién trinh
e Xem ndi dung cac théng diép da trao ddi
e Diéu khién lubng chwong trinh

Viéc xac dinh trang thai hién tai cta ting tién trinh cuc bd dwoc thwe hién bang

cach xem gia tri cla cac bién trong_cac_chwong trinh_d¢ tai thoi diém mong
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mudn. Thoi diém dwoc xac dinh sé dwoc dét cac break point théng qua giao dién
cla clra s6 soan thdo ma ngudn. Nguoi dung ciing cé thé xem xét ndi dung
thédng diép théng qua cac bién vang dém dwoc tao ra trwdc va sau méi khi givi

va nhan théng diép trén cac tién trinh. Cudi cung, ngwdi dung cé theo ddi ludng
chwong trinh bang cach sir dung cac break point hop Iy va co ché chay, ding
chuwong trinh tai cac break point da dinh.

____________________________________________________________________________________________________________________________|]
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Hinh 2-19 - Ctra s6 theo doi truyén thong diép gitra cac tién trinh

Trong hé théng phat trién chwong trinh, nhém nghién ctru ciing dé xuit moi
trwdng kiém thtr cho phép kiém thir cac chwong trinh trong qua trinh xay dwng.
O mtrc d6 don gidn nhat, méi trwérng ndy cho phép thuce thi trén hé théng va cho
phép thu thap két qua trd lai cho ngwdi dung. V& mat chirc nang, méi trwdng
kiém th(r chwong trinh gan giébng méi truéng thue thi tinh toan. Tuy nhién, viéc
thu thap két qua dwoc thue hién & mirc thap va thé hon. Nghia 1a két qua chay
trén trng nat dwoc glri vé ma khéng co suw tbng hop.

Hé théng thuec thi

Hé théng thue thi gdm céac céng cu va (rng dung gilp ngudi dung khai thac kha
nang tinh toan cla hé théng. Ngudi dung khai thac hé théng dwéi hai hinh thic:

e Dé trinh yéu ciu tinh toan bang céng cu dé trinh céng viéc

e SU dung cac (rng dung da cai dat san

V&i mét sd ring dung c6 s&n, ngudi dung co thé tan dung kha nang tinh toan dé

X X
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tuyén, phan tich di li&u va mé hinh héa. Pay la nhirng (ng dung dwoc xay dwng
chuyén biét cho hé théng va phuc vu cho cac muc dich tinh toan chung trong
mot pham vi rédng. Cac linh vwc dwgec chon mang tinh phé bién nhwng khéng
dam bao phu hop cho tat ca cac bai toan cia ngudi dung. Diéu nay doi héi phai

c6 nhirng budc tién x&r ly dau vao ciing nhw x&r ly két qua cho phu hop véi cac
rang budc ma &ng dung yéu cau.

Ngoai viéc st dung cac trng dung cu thé, ngwdi ding cé thé dé dat mot yéu cau
tinh toan cla riéng minh théng qua céng cu dé trinh cdng viéc. Mot yéu cau tinh
toan dwoc mo ta bdi 2 phan chinh:

e Tap cac chwong trinh thyc thi
e File d&c ta cac tham sé cAu hinh tinh toan

Tap cac chwong trinh mé t& qué trinh tinh toan, trong dé, méi tién trinh cu thé
dwoc tao ra la mot thé hién cda mot chuwong trinh trong tap nay. Cac chwong
trinh dwoc bién dich & dang nhj phan cé kha nang thuc thi trén hé théng. Trong
trwdng hop, nguwdi dung c6 chwong trinh ma nguédn, ho cé thé sir dung Hé thdng
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phat trién chwong trinh dé tao ra cac chwong trinh thwc thi. Hwéng tiép can
dwoc khuyén cdo vi né dam bao chuwong trinh cé thé chay tét trén hé théng.

File dac t& tham sé cAu hinh tinh toan chra cac théng tin dé& thwc thi chuong
trinh trong dé quan trong Ia s thé hién cu thé ctia mdi chwong trinh va cac thé
hién nay dwoc thuc thi trén bao nhiéu nuat tinh toan. Bé cac tham sbé dwoc dé
xuét dwa trén cac tham sé yéu cau cho mét cong viéc cia PBS (mot sé tham sb
ctia PBS da duoc cu thé hoa theo cu hinh clia hé théng).

Céc yéu cau tinh toan dwoc dé xuat théng qua moét giao dién, trong doé tap céac
chuwong trinh thye thi co thé dwoc Iwa chon trén thw muc lam viéc hién hanh cla
nguwoi dung trén BKluster hodc dwoc upload tir hé théng cuc bd. Cac tham sb sé
duoc dién vao bdi nguwdi dung hodc do hé thdng tw xac dinh néu ngudi dung
chon c4u hinh méc dinh

____________________________________________________________________________________________________________________________|]
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Submit Job
File ma nguon Thuoc tinh lua chon
|Ten file ma nguc Sonuttinhtoan |1 [T Soluong Cpus 20 4
1 |thu
2 |thul Ten hang doi #workqg@may22 «
Dung luong bo nho can su dung |_1[]|m_b_,:

walltime
Phut [D ': Giay 0 o

-

Gio o [J

Ten file kich ban

De trinh cong viec

Hinh 2-20 - Giao dién c6ng cu dé trinh céng viéc

Bé céng cu quan tri va giam sat hé théng
___________________________________________________________________________________________________________________________________________|
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B& cong cu quan tri va giam sat hé thdng gidp ngwdi quan tri ndm bat toan bd
cac thong tin bén trong hé théng. Pay la cdng cu gianh cho ngu®i quan tri, né
dwa lai mot cai nhin vé hé thdng khac han hai hé théng thyc thi va phat trién
chwong trinh. Hai hé thdng trén cb gang che 1ap sw phirc tap phia dwdi cla hé
thdng sao cho tinh phan tan va céac yéu té cu thanh hé thdng phan cum Ia trong
subt v&i ngudi dung. Nguwdi dung nhin nhan hé thdng nhu mét “may tinh” théng
thwong. Nguoc lai, d& cé thé khai thac hiéu qua bd cong cu hiéu rd cac théng tin
dwoc cung cap, ngwdi quan tri phai co nhirng hiéu biét vé hé thdng phan cum.
Bo cong cu dugc dé xuat dé don gidn hoa cac thao tac clia ngudi quan tri va
hién thj thong tin mot cach tric quan.

Céc théng tin vé hé théng dwoc chia lam hai lop
e Cac théng tin tinh
e Cac thong tin dong

Céc théng tin tinh chi yéu mé ta ciu hinh hé théng bao gdm sb lwong nat, ciu

hinh tirng nut, cac tham sd hé théng va nguoi dung hé thdng. Cac théng tin nay
___________________________________________________________________________________________________________________________________________|
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c6 tinh &n dinh cao Cung véi kha nang thu thap cac thdng tin mang tinh quan ly,
théng tin vé hiéu nang hé thdng cling dwoc cung cap théng qua mét bd danh gia
hiéu nang cta hé théng.

Céc théng tin ddng phuc vu viéc giam sat hé théng, cac thong tin nay bién thién
lién tuc trong khodng thdi gian nhd. Cac théng tin nay bao gém, sb coéng viéc
dang dwoc thuc thi, sb tién trinh trén méi nut va tai nguyén hién tai dwoc sy
dung. Tai nguyén & day dé cap chd yéu téi phan trdam st dung CPU, bd nhé
trong va thdong lwgong mang.

Ngoai viéc cung cap mét cach twong déi day di va toan dién cac théng tin lién
quan t&i hé théng, bd céng cu ciing cho phép ngwdi quan tri thao tac trén céac
thédng tin nay, dac biét 1a cac thdng tin quan ly. Cac thao tac chd yéu la thém,
bat, tim kiém mét nat tinh toan, xac 1ap cac tham sé hé théng.
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Hinh 2-21 Giao dién quan tri thong tin vé nut tinh toan cta hé théng

Nhirng dic diém méi, sang tao ctia BKlusware

BKlusware 1a g6i phan mém mang day du tinh nang, hé tro’ nhiéu mirc nguwoi
str dung khac nhau trong viéc xay dwng, van hanh, quan tri hé théng tinh toan
song song phan cum va phu hop vé&i diéu kién van hanh thyc té trong nwéc.

e Hién nay, & Viét Nam chwa cé nhirtng géi phdn mém chuyén dung, phuc vu
cho viéc ciu hinh, van hanh, theo déi va sir dung cac hé théng tinh toan song
song ghép cum. BKlusware dwoc phan tich, thiét ké va xay dwng dwa trén
nhirng kinh nghiém thwc té ctia qua trinh nghién ctru, trién khai va van hanh
hé théng tinh toan song song theo mé hinh ghép cum tai Trung tdam Tinh
Toan Hiéu Nang Cao. V&i phuwong cham phat trién dwa trén nhixng géi phan
mém ma nguén mé& c6 sdn va bd sung, xay dwng thém cac tinh ndng con
thiéu, BKlusware ké thra nhirng két qua nghién clru, phat trién da co trén
Thé Gidi, ddng thdi thé hién dwoc nhirtng dong gop clia tap thé nhom nghién

___________________________________________________________________________________________________________________________________________|
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cru tai trwong Pai Hoc Bach Khoa Ha Néi trong linh vire tinh toan hiéu nang

cao.

e BKlusware la mét géi phan mém tron ven, day dd cac tinh ndng phuc vu cho
viéc xay dwng, van hanh va quan tri mét hé théng tinh toan song song phan
cum. Birng trén phwong dién ngwdi dung, géi phan mém BKlusware hé tro
st dung nhiéu mirc: ngwdi dung thuan tuy, ngudi phat trién chuyén nghiép
va nguwdi quan tri hé théng:

o Nguwoi dung thuan tuy khai thac hé théng dwa trén cac phan mém tinh
toan c6 san hoac dwa ra yéu cau tinh toan dya trén mot ngén nglr dac ta
cta hé théng dé ra. Bbi véi nhom ngwdi dung nay, khai niém song song la
trong subt.

o Nguoi phat trién chuyén nghiép cé thé dung cac chirc nang cla
BKlusware dé viét cac phan mém, cac chwong trinh tinh toan nham téi wu
hoa dwa trén dac trwng cla tirng bai toan cu thé. Cac chwong trinh dwoc
phat trién theo mé hinh lap trinh truyén théng diép. Tuy nhién, & mic dd

~ A A
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tinh todan song song nhw viéc phan tai, sdp dat cac chwong trinh song
song trén cac nat tinh toan. Néi cach khac, véi nhitng ngwdi phat trién
chuyén nghiép, BKlusware da che lap sw phirc tap trong t6 chirc va cac
thanh phan hé thdng, giup nguwdi dung nhin BKluster nhw mot may tinh
nhiéu bo vi x( ly.

o L&p nguoi dung cudi ciing — ngwdi quan tri mang budc phai nhin hé théng
mot cach chan thwe — mot tdp cac may tinh dwoc “lién két” dwa trén moi
trwdng truyén thédng. Cac céng cu quan tri va theo déi dwoc xay dwng
khoéng phai dé che day sy phirc tap ctia hé thdng. N6 chi giup ngudi dung
gidm baét khdi lwong céng viéc phai lam cla ngwdi quan tri cling nhw hién
thi mét cach trwc quan vé hé théng, gilp ngudi quan tri c6 nhitng quyét
dinh dang dan.

e BKlusware phu hop véi diéu kién van hanh va thuyc té san xuét tai Viét Nam:
ngay nay céng tac nghién ctru, mé phdng thworng doi héi phai dwa ra két qua
xt li mét khdi lwong di liéu rat Ién trong khodng thdi gian chip nhan dwoc.

Viéc xay dwng cac hé thdng tinh toan song song ghép cum (cluster) tir nhirng
____________________________________________________________________________________________________________________________|]

Trung t&m Tinh Toan Hiéu Nang Cao - HUT 110



Bao céo tdng két dy an
___________________________________________________________________________________________________________________________________________|
may tinh c6 cau hinh don gian (vi du: cac PC) té ra phu hop va hiéu quéa voi
nhirng trung tdm, vién nghién ctu khéng co da diéu kién trang bi cac siéu
may tinh. Géi phan mém BKlusware sé la mét gidi phap cho viéc céu hinh,
cai dat, van hanh mét tap cac may tinh c¢6 cau hinh don gidn nhw mét siéu

may tinh duy nhét.

Cdc két qua dat dwoc va kha ndng teng dung

Viéc phat trién BKlusware vé co ban da hoan thanh. BKlusware dang duoc trién
khai, danh gia, kiém thcr trén hé théng BKluster tai Trung tdm Tinh Toan Hiéu
Nang Cao trwdng Bai Hoc Bach Khoa Ha Nai.

Linh vwc (rng dung ctia san pham: BKlusware cé thé dwoc s& dung nhuw mot
gidi phap hoan chinh trong viéc cai d&t, cdu hinh, van hanh, quan tri cac hé
thdng tinh toan song song ghép cum tlr cac may tinh c6 cau trac don gian (PC)
tai cac trung tam, vién nghién cutru.

Dw kién quy mé rng dung: BKlusware c6 thé trién khai trén cac hé thdng tinh
toan song song theo md hinh ghép cum, khéng phu thudc vao sb nut tinh toan.
____________________________________________________________________________________________________________________________|]
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M6t hé théng tinh toan st dung BKlusware hoan toan cé thé tham gia vao Ludi
Tinh Toan (Grid Computing) — mét cdng nghé mdi trong linh vwe tinh toan phan
tan nham tan dung nang lwc tinh toan cac déi tac.

____________________________________________________________________________________________________________________________|]
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Hinh 2-22 -Trién khai BKlusware trén hé thong BKluster

2.2.2. Két qua nghién ctru trién khai chéng 16i

Kha ndng chéng 16i trong hé thdng BKluster dwoc tao thanh tir sw két hop hoat
dong cua 3 géi phdn mém ma nguén mé& LAM/MPI, PBS va BLCR v&i mddun
chéng 16i do nhém nghién clru phat trién BKFT (Bach Khoa Fault Tolerance). V&i
méi trwdng tinh toan song song duoc thiét lap béi LAM/MPI, khi mét tién trinh
con clia mdt chwong trinh song song gap 16i sé& khién cho toan bé chuwong trinh
phai thwc hién lai tv dau, diéu nay gay ra s lang phi rat I&n vé thdi gian ciing
nhw tai nguyén tinh toan vi d&c diém clia cac (rng dung song song la can thoi
gian chay lau va sb lwong tai nguyén tinh toan rat Ién. Phan mém BLCR 14 két
qua nghién ctru cua trwong Dai hoc Berkerley, Hoa Ky cho phép tao ra kha nang
chdéng 16i bang phuwong phap checkpoint cho LAM/MPI. BLCR cung cip cho
ngudi st dung cac cau lénh dé cé thé ghi lai checkpoint clia mét chuong trinh
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song song bat ky cling nhw kh&i ddng lai chwong trinh song song tlr nhirng
checkpoint dé. Khi hoat déng két hop véi LAM/MPI, BLCR da thiét lap dwoc mot
mdi tridng tinh toan song song c6 kha nang checkpoint/restart cac trng dung.

Tuy nhién, khi trién khai trong mé hinh chung ctia hé théng BKluster, méi trudng

song song chéng 16i LAM/MPI — BLCR da c6 nhitng han ché sau:

e Khéng twong tac dwoc voi hé théng quan Iy tai nguyén va phan tai PBS
dé c6 thé l1ay dwoc danh sach cac ing dung song song dang chay trén hé
thdng.

e Khi mét chwong trinh song song dwgc khéi dong lai béng BLCR, PBS
khéng biét va khéng quan ly duwoc cdng viéc nay
DPé khac phuc nhitng nhwoc diém trén, nhém nghién ciu da phat trién médun
chéng 16i BKFT v&i nhirng chivc nang sau:

e Tuwong tac véi PBS dé lay dwoc danh sach cac codng viéc dang thuwc hién

7
| |A||A
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e Goi cac lénh ctia BLCR nham lay checkpoint cia mot hodc mot sb cong
viéc bat ky do PBS quéan ly

e Quan ly cac checkpoint trong 1 co s& di liéu
e Dé trinh lai cbng viéc song song tr cac checkpoint véi PBS

Kich ban thwc hién cdng viéc cia hé thdng BKluster vé&i kha ndng chdng 16i nhw
sau:

e Cbng viéc song song dwoc dé trinh dén PBS server qua Hé théng thuc thi
e BKFT dinh ky truy vin dén PBS server dé& cap nhat danh sach céng viéc

e BKFT dinh ky Iy checkpoint cac céng viéc dang thwc hién trén hé théng.
BKFT cling cho phép ngu®i quan tri 1ay checkpoint cia mét cdng viéc vao
mot thoi diém béat ky

e Cac checkpoint duwoc cap nhat vao co sé dir liéu trén hé thdng file mang
NFS
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Hinh 2-23 Hoat ddng cta BKluster v&i méi trworng tinh toan song song chéng 16i

Khi mét hodc mét sb tién trinh gép 16i, n6 sé dwoc BKFT khéi dong lai nhw sau:
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e Doc lai checkpoint tir co s& dir liéu

e Tuw doéng sinh ra script, kh&i dong lai cong viéc tir thoi diém Iy checkpoint

dwdi dang mot cong viéc dwoc quan ly béi PBS

L2
job ft{
B %g;:%’-

PES | erver k
compuiing
submit nodes
(restart)

? context file NFS
g log file

BKFT —_
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Hinh 2-24 Khé&i dong lai cong viéc véi BKFT

Médun BKFT da dwoc hoan thanh va tich hop hoat dong tét cung véi géi phan
mém BKlusware. V&i kha nang chdng 16i, BKluster cé thé phuc hdi lai toan bd
cong viéc tir thoi diém gan nhét trwde khi xay ra 16i hé thdng.

____________________________________________________________________________________________________________________________|]
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v |
Connect View Help

@ [2]o @

Back Khoa Checkpoint/Restart Server - Checkpoint

All PBS batch jobs on this Cluster:

| Jobs | Name | owner | state |Exechost  [starton |
1 |77.mayl5 hello.job thanhtn R may15 Sat Sep 17 at 09:53
2 |84.mayl5 benchmark.job kiennt2 Q

Change Checkpoint Timer

Hours : Minutes : Seconds _ou:oo:oo_ﬁ-- [ Start Checkpoint ‘ ‘ Refresh ‘

Hinh 2-25 Giao dién chwong trinh BKFT - chirc ndng lay checkpoint
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Back Khoa Checkpoint/Restart Server - Restart

Connect View Help
@ &9 @

All checkpointed jobs:

[Jolts I Name Owner State Exec host lsmt on
77.may15 hello.job thanhtn R may15 Sat Sep 17 at 09:53

Hinh 2-26 Giao dién chwong trinh BKFT - chirc nang restart
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2.2.3. Két qua nghién ctru trién khai tinh toan lwoi

2.2.3.1. Tiép can dich vu trong trién khai lwéi

Két qua nghién ctru ciing chi ra cac thanh phan ctia mét hé thdng tinh toan lwoi
bao gbm: thanh phan quan ly, phan mém donor, phan mém dé trinh, thanh phan
quan ly phan tan, bo lap lich, cac thanh phan truyén théng, cac thanh phan quan
ly, theo dbi va do lwdng.

Viéc st dung lwéi cling dwoc dé cap dwdi géc nhin cla nguwdi phat trién hé
thdng, v&i cac thao tac: 1ap ké hoach, cai dat, quan tri ngwdi dung va tai nguyén
va chia sé dir lieu. Déi v&i ngudi st dung, cac thao tac dwoc quan tam la: déng
ky va cai dat phdn mém Iwéi, dang nhap hé thdng, truy van va dé trinh cac céng
viéc, ciu hinh d liéu, dat trwde tai nguyén.

Kién trac chung cla lwéi:

____________________________________________________________________________________________________________________________|]
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Kién truc giao thirc lwdi dwoc nghién clu trong sy so sanh véi kién tric giao
thire Internet. V@i ban chét bao gém kha nang lién tac, cac giao thirc va céac dich
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gdm: tang Fabric, tang Connectivity, tang Resource, tang Collective va tang
Application. Cac thanh phan trong mét tAng cé mét sé déc diém chung va dwoc
xay dung trén kha nang cla cac tang thap hon.

Phwong phap luan veé viéc lwéi héa (rng dung

M6t trong nhitng d&c diém ndi bat cua tinh toan lwéi so véi nhitng cdng nghé
trwdc day la tinh hwéng dich vu clia né. B&i vay, phwong phap luan vé viéc lui
héa &ng dung ciing nhw cac kj thuat lién quan dén Iap trinh dich vu lwéi da
dwoc dau tw nghién ctru kha ki cang.
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Hinh 2-27. Téng quan phwong phap luan vé lwéi héa (rng dung

Farallel Batch

Batch Anywhers

Independent Parallel
Concurrent Batch Services

Tightly Coupled
Parallel
Programs

Service

Hinh 2-28. Sau bw&c Iwéi héa trng dung

Hinh 2-27 va Hinh 2-28 mé ta tdng quan phwong phap luan vé luéi hda rng

3
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qua trinh Iwdi hoa la khao sat qua trinh thyc hién don gian cia mét (rng dung
trong mot lwdi. Sau d6 1a tim hiéu cach cac ng dung can lwéi hoa sir dung hai
bwéc dau tien dé cod thé thuc thi nhw la cac cong viéc theo 16 don 1& hoac song
song. Tiép theo, cac bwédc ba va bdn chi ra cach chia nhé mét ing dung theo 16
va dich vu hoa (rng dung dé dé phuc vu ngudi st dung thong qua phan dém. Hai
bwédc cudi cung sé dwa ra mot sb dang thire (paradigm) kha thi dé trién khai mot
&ng dung st dung dich vu lwéi theo cach song song. Mac du cac buéc dwoc dé
cap dwdi day 1a can thiét trong qua trinh lwdi hoa wng dung nhwng khéng bat
budc phai thwe hién di cd nam buwdc. Rat nhiéu (rng dung chi dat dwoc budc
thir ndm va rat it cé thé dat dwoc budc sau. Budc thir sau dwoc chuyén biét hoa
cho mét sé rng dung va dwoc thiét ké tir ban dau dé hd tro cho mé hinh xt ly
song song két ndi chat (tightly coupled) cho cac chwong trinh ma cac chwong
trinh nay tao nén (rng dung hoan chinh.

Van dé bao mat trong méi trwdng lwoi
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Do d&c diém hén tap va khéng déng nhét ctia cac td chirc va tai nguyén trong
lwdi, van dé bao mat trong lwdi 1a mét trong nhivng van dé dwoc quan tdm hang
dau. Co6 nhirng van dé bdo mat méi chuwa tirng gap trong cac céng nghé bao mat
hién tai cho hé théng tinh toan phan tan truyén théng. Vi du, cac tinh toan song
song doi hdi nhiéu tai nguyén tinh toan, dan t&i nhu ciu phai thiét lap cac mbi
quan hé bao mat, khdng don gian chi la v&i client va server, ma gilra hang tram
tién trinh thwc hién trong khéng gian tap hop nhiéu mién quan tri. Ngoai ra, can
phai c6 cac chinh sach bao mat lién mién cho lwdi, cac cong nghé diéu khién
truy nhap gitra cac mién khac nhau ciing phai dwoc hé tro.

Céc &ng dung va hé théng ludi cé thé doi hdi bat cir chirc ndng nao trong cac
chirc ndng co ban cta bdo mat nhw la: chirng thue, diéu khién truy nhap, toan
ven, bi mat. Khi phat trién kién trac bdo mat lwéi, cling can phai lwa chon giai
phap dé dap rng dwoc doi hdi clia cac dac tinh rat riéng clia lwéi:
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Dang nhap mét Ian: Khi bat ddu mét tinh toan doi héi st dung tai nguyén, cho
thué tai nguyén hay truyén théng néi bd, ngudi dung cé thé dwoc chirng thuwe, va
sé khéng phai chirng thuwec trong cac tinh toan tiép theo.

Gidy 4y nhiém nguwdi dung (mat khdu, khéa bi mat, ...): phai dwoc bao vé
bang cac chinh sach nhw ma héa, hé théng file bao mat, phan quyén, ...

Tich hop cédc giai phdp bdo mat dja phwrong: cac giai phap bado mat lién mién
phai tich hop v&i cac gidi phap bado mat dia phwong d& dam bao doc 1ap clia cac
thanh vién luwoi.

Co s& ha tang giay uy nhiém, gidy chirng nhan théng nhat: Truy nhap lién
mién doi héi phai cé mot quy wéc thdng nhat dé biéu dién dinh danh cua cac
thwe thé lwéi nhw 1a ngwdi dung, tai nguyén,... Vi thé, can cé mot chuan dé ma
hoa cac gidy chirng nhan cho muc dich bao mat. Hién tai, X509 la chuén cho
cac giay chirng nhan phd bién trong méi truedng lui.

____________________________________________________________________________________________________________________________|]
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Hé tro bdo mat nhém truyén théng: Mot tinh toan co thé doi hdi mot sb cac
tién trinh, cung cong tac cac hoat ddng clia ching véi nhau nhw 1a mét nhém. T6
hop cac nhém tién trinh sé thay dbi trong vong ddi ctia mét tinh toan. Vi thé, can
cung cap bdo mat truyén théng nhém ddng. Khéng co gidi phap bao mat nao
hién tai hd tro' tinh nang nay, tham chi la thw vién Iap trinh bdo mat GSS-API con
khéng cung cap bao mat nhém.

D6c 1ap céng nghé: cac chinh sach bao mat khéng phuc vu cho mét cong nghé
phat trién &ng dung cu thé nao. Hon nira, cé thé cai dat cac chinh sach bao mat
trong mot pham vi cac cong nghé bao mat, dwa trén ca ki thuat ma héa cong
khai va phan phéi khéa cong khai.

Png dung cong nghé Agent trong mdi treorng lwéi

Do tinh hén tap ctia méi truéng lwdi, cé thé ap dung céng nghé Agent vao ludi.
Agent v&i cac dac diém nhuw tinh tw tri, khd nang cong tac, kha nang phan tng,
kha ndng di ddng va tinh ca nhan té ra rat phu hop cho viéc quan ly tai nguyén

o L) i
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Céc nghién cliru trong dé tai tap trung vao van dé tich hop cdng nghé Agent vao
cac dich vu trong maéi trwedng Iwdi, theo nghia xay dwng mét dich vu lai gitra lwoi
va Agent. Dich vu nay cé kha nang tén tai trong ca 2 container: globus container
&ng vé&i mdi trvdng lwdi va jade container (rng véi méi trwdng agent. Céach tiép
can dwoc dé xuat don gidn hon so voi tiép can ciia mét sé nhom nghién ciru
cung muc tiéu trén thé gi¢i nhw nhém SoFAR clia dai hoc Southamptom (Anh).
Trong khuén khé dé tai da xay dwng dwoc dich vu lai gitka Agent va lwéi, goi la
HAGS (Hybrid Agent Grid Service), st dung ky thuat thira ké trong lap trinh
hwéong dbi twong va ky thuat “xwdng ché tac” (Factory) - mét trong cac ky thuat
co ban cua lap trinh dich vy lwéi [5].

2.2.3.2. Nghién ciru xay dung hé thong BKGrid 2005

BKGrid 2005 la phién ban hé théng lwéi thir nghiém trién khai tai trung tdm Tinh
toan Hiéu nang cao - Pai hoc Bach Khoa Ha Noi. Tat cd cac thanh phan cla
BKGrid 2005 déu dwoc phat trién trén co s& cac bo céng cu ma nguén m& manh
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trén thé gidi hién nay. Cac cdng cu nay dwoc (rng dung rong rai tai nhiéu trung
tam tinh toan hiéu nang cao, nhiéu trung tdm nghién ctru vé tinh toan lwdi trén
thé gidi, dang tiép tuc dwoc hoan thién bdi cong ddng ma ngudn mé. Cac bod
céng cu ma ngudn mé da lam chi dwoc va (rng dung trong trién khai BKGrid
2005 bao gom:

GlobusToolkit (GT)

GT la bd céng cu ma nguén mé hang dau hién nay dwoc dung dé xay dwng moi
trudng lwdi. N6 dwoc phat trién béi Globus Alliance, mét té chirc Ién bao gém
nhiéu vién nghién ctu va coéng ty tai My. GT cho phép nguwdi dung trong lui
chia sé nang lwc tinh toan clia cac tai nguyén, dir liéu va cac cong cu khac mot
cach an toan ma khéng phai quan tdm dén cac han ché vé khoang céach dia ly
cling nhw cac chinh sach tw tri tai méi nut lwédi. GT bao gdbm cac dich vu phan
mém, cac thw vién phuc vu cho cac muc dich nhw: theo dbi, khdm pha va quan
ly tai nguyén; quan ly di¥ liéu; truyén thdng va an toan bdo mat. N6 dwoc déng

goi thanh moét tap cac thanh Ehén cé thé duoc dung doc lap hodc két hop voi
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nhau dé phat trién ng dung. Muc tiéu cia GT la loai bd moi tr& ngai do tinh
khéng déng nhét gitra cac thanh vién luéi ¢ thé ngan tré khd ndng hop tac, tao
nén tinh trong suét déi véi ngwdi st dung, khién cho nguwdi st dung khi ngbi
trwdc may tinh ca nhan cia minh, khi tham gia vao lwéi cé6 cam twdng nhw dang
dwoc str dung mot may tinh do véi nang lwc khong 16.

Trong hé thdng BKGrid 2005 st dung phién ban GT3.2.1. Diém mdi tai phién
ban nay la cac thanh phan dwoc dwa trén cac chuidn OGSI va OGSA, véi y
twdng co ban: moi thir déu 1a dich vu lwdi - mét buwde phat trién mé rong hon so
v&i dich vu Web. Trong dé tai da nghién cru 1am chi dwoc cac quy trinh: Cai dat
GT3.2.1, xin gidy chirng nhan, thiét 1ap cac cau hinh nguwoi dung lwdi, va dac
biét trién khai céng cu cai d&t giup ngwdi st dung tién loi hon trong viéc cai dat.
Hién tai GT4, phién ban nang cao so v&i GT3.2.1, dang trong qua trinh nghién
ctru va thir nghiém.

Java Cog Kit
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Java Cog Kit 1a bd cung cu phat trién lwdi, anh xa gitra cong nghé Java va
Globus Toolkit, cho phép cac nha phat trién xay dung cac ng dung lwdi bang
ngdn ng Java. Java Cog Kit dwoc lwa chon dé phat trién lwéi bdi mot sé ly do
sau day:

e Tbi da héa sw nang dong, kha ndng mé rong va tai s dung phan mém.

e Ngbn ngir Java |1a ddc 1ap vé hé diéu hanh va cac nén tang phat trién, do
vay no twong thich véi méi trwerng khéng ddng nhat nhw lwéi. Ngoai ra nd
cung cap nhiéu thw vién cho phép phat trién cac ing dung mang, cac ky
thuat lién tac JAAS, JINI, CORBA, IIOP, ...

e Sir dung co s& ha tdng bao mat luwéi GSI tir Java.

Dwéi day la kién trac cha Java Cog Kit
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Application Level Utilities and GUI components

Low-Level GUI Components

Gird Deskiop MDS browses MDS searchiable

Low-Level Utility Components

Job & JobSels MDS CoordinateServer

Low-Level Grid Interface Components

R5L CGRAM GARA GASS GSI-FTP

Grid Middleware & Fabric

R5L GRAM GARA CiARS GSI-FTP

Hinh 2-29. Kién tric cta Java Cog Kit
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Grid Middleware & Fabric: Day |a tang thap nhat trong kién trac, chiva tat ca
cac gbi dé giao tiép véi cac dich vu va cac tai nguyén. Hién tai Java Cog Kit cung
cap mét s6 dich vu co ban sau day:

An toan va bao mat (GSlI).

Dbé trinh va theo déi cac cong viéc thwc thi tr xa (GRAM).
Panh gia chat lwong dich vu (GARA).

Dich vu truyén file bdo mat (GSIFTP)

Dich vu tra ctru théng tin (MDS)

Dich vu lwu trir gidy Gy nhiém (MyProxy)

Cdc thanh phan giao dién Iwéi mdarc thap (Low-Level Grid Interface
Components): anh xa t¢i cac dich vu lwdi hay st dung, dwgc xay dwng béng
cbng nghé Java Bean va Enterprise Java Bean.
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Cdc thanh phan tién ich mdrc thap (Low-Level Utility Components): cung cap
céc tién ich mdc thap cho phép tang hiéu qua trong viéc lién két cac thanh phan
Globus Toolkit dwoc cai dat bang ngén ngiv C.

Cdc thanh phan giao dién mirc thap (Low-Level GUI Components): cung cap
tap céac thanh phan giao dién mirc thap cé kha nang tai si¢ dung nhw: bd soan
thao LDAP, RSL, trinh duyét LDAP, ...

Cdc thanh phan giao dién va tién ich mirc trng dung (Application Level Utility
& GUI components): la cau néi gitra Java Cog véi cac (rng dung thuc té.

V&i kién truc trén, Java Cog Kit cho phép
e Cac nha phat trién tao ra cac thanh phan trung gian (middleware), lién két
gitra nha cung cép dich vu va cac nha phat trién (rng dung phia trén.
e Cac nha phat trién (rng dung GridPortal dé dang truy cap tai nguyén lwdi
va phat trién dich vu lwédi nhw mot dich vu cia Portal.

00—
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GridPortal la sw két hop gitra cdng nghé lwéi va Portal, cung cap mét giao dién
thdng nhét cho céac dich vu lwdi, méi tredng bado mat va kha nang truy nhap céac
tai nguyén lwéi théng qua trinh duyét Web.

Hién nay trén thé gioi phat trién rat nhiéu Grid Portal phuc vu cho nhiéu muc dich
khac nhau, co thé tam chia ra hai loai Grid Portal chinh. Loai th&r nhat 1a Science
Portal, cung cdp chirc nang tinh toan lwdi cho ngudi dung hoan toan théng qua
cac khai niém khoa hoc. Do d6, ngwdi dung hoan toan khéng can phai quan tdm
nhiéu dén céac giao thirc tinh toan phan tan phic tap ma chi tap trung vao céc
van dé chuy&n mén clia minh. Vi du cac hé thdng tinh toan lwdi phuc vu trong
cac linh vyc Y té, Vat ly hat nhan, nguyén t... Loai th( hai la User Portal, cung
cap cho nguwdi dung cac tai nguyén lwdi (Grid Resource) va cac dich vu lwoi
(Grid Services). Nguwoi dung co6 thé st dung dé tao ra cac céng cu ing dung
riéng biét. Kiéu Portal nay yéu cau ngwdi dung phai co hiéu biét sau hon vé cac
khai niém va nén tang tinh toan ludi.
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Hinh 2-30. Céng dién tir Grid Portal

Hé théng BKGrid 2005 str dung phdn mém Gridsphere Portal, dwoc phat trién
b&i cac tac gia Jason Novotny, Michael Russell va Oliver Wehrens tai hoc vién
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Albert Einstein, BDlrc. Gridsphere hoat dong nhw mét rng dung Web, doi héi moi
trwong trinh chd nhw Jakatar Tomcat

Puoc xay dwng dé hé tro phat trién cac trng dung chay trén Web, dic biét 1a cac
&ng dung lwéi, Gridsphere cé cac dac diém sau day:

e S dung phan mém trung gian Hibernate, hd tro hau hét cac hé CSDL
chinh bao gdbm MySQL, Postgres, DB2, HsqIDB, ...

e H6 tro céac chuan Portlet m&i nhét hién nay: JSR 168 Portlet API, Portlet
API| IBM's WebSphere 4.2, déng thoi d& dang phat trién va twong tac véi
"third-party portlets®.

e S dung cac visual beans va thw vién thé giao dién nguwdi dung cua
Gridsphere (Ul) dé phat trién cac portlet phirc tap, dic ta cac xép dat hién
thi thdong qua XML mét cach linh hoat

e Co ché diéu khién truy nhap dwa trén phan quyén (RBAC) véi céac loai

S dono. - |
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e M& hinh dich vu portlet (portlet service) cung cap cac chirc nang co thé tai
st dung cho nhiéu portlet.

e GridSphere core portlets bao gdm céac tinh ndng nhuw: login, logout, ngudi
dung va diéu khién truy nhap

Cac cong nghé portal ma Gridsphere Portal st dung la portlet va dich vu portlet,
xin dwoc gi¢i thiéu dwdi day:
Portlet & Grid Porlet

Portlet la mot chudn m& dwoc dwa ra cho cac bo cong cu dé phat trién Web
Portal va Grid Portal, véi muc dich d& déng goi, trién khai va chuyén nghiép héa
cac thanh phan nghiép vu web. Portlets dwa ra API cho viéc xay dwng cac thanh
phan giao dién do trong ndi dung trang Web va cac nha cung cép dich vu. Mbi
portlet cung cAp mét clra sd nhé trong mot trang portal, va cé thé cé nhiéu portlet
trong mét trang portal.
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Grid Portlet hoan toan gibng nhuw cac Portlet, nhung thé hién giao dién cho cac
dich vu lwéi théng qua Portal. Chinh vi d&c trwung nay, khi phat trién cac Grid
Portlet, ddi héi phai c6 mét sd cau hinh & may chi Web dé hiéu dwoc cac dac ta
giao dién dich vu theo chudn GWSDL khi triéu goi cac dich vu luéi tir xa.

Dich vu Portlet (Portlet Service)

Dich vu portlet Ia kién tric mé&i do Gridsphere dwa ra, muc dich 1a déng géi cac
thao tac nghiép vu logic dé& co6 thé tai s dung qua nhiéu portlet. Hién tai, cac
dich vu Portlet khéi tao va hay bdéi PortletServiceFactory, cé cac phuwong thirc
khéi tao, hlly va quan ly vong ddi trong dich vu. Ngoai ra, con c6 thém mét sb
tinh nang bd xung nhu céac dich vu huwéng nguoi dung (User services) cung cap
cac mrc diéu khién truy nhap duwa trén thong tin diéu khién truy nhap cta nguoi
dung.

JADE (Java Agent DEvelopment Framework)

____________________________________________________________________________________________________________________________|]
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JADE 13 mét framework dwoc phat trién hoan toan trén ngén ngiv Java. N6 cho
phép trién khai hé da agent mét cach dé dang théng qua mét middle-ware tuan
theo chuén cda FIPA, tén ban dau la Midleware thuoc dw an FACTS do
nhom cac nha khoa hoc trong bd phan nghién cru cong nghé Obj va
Agent thudc khoa cdng nghé théng tin trweng BH Parma, Italia va té chirc
CSELT phat trién. Hién nay, Jade |a phan mém mién phi dwoc cung cép
bdi TILAB (gittr badn quyén). Phién badn mdi nhat la JADE 3.3 (ngay
2/3/2005), trong hé théng BKGrid 2005, chung tdi st dung phién ban
JADE 3.1.

Nhw da dé cap trong phan truéc vé viéc xay dwng dich vu lai gitra Agent
va lwdi va kha nang ng dung agent vao viéc quan ly tai nguyén trong
lwdi, v&i cac thw vién va tinh m& cta JADE, dé tai chon JADE lam moi
trwdng phat trién Agent va da tim ra co ché lai gitra 2 méi trwén JADE va
GT.

____________________________________________________________________________________________________________________________|]
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2.2.3.3. San pham phin mém

Vé mét san pham, két qua nghién clru dwoc trinh bay & day la hé théng BKGrid
2005, hé théng lwdi thir nghiém. San phadm da dwoc trién khai thtr nghiém tai
Trung tdm Tinh toan Hiéu nang cao, B6 mén Hé théng Thong tin (khoa Céng
nghé Théng tin), Dai hoc Bach Khoa Ha Néi, dwoc thlr nghiém cai dat tai mot sé
don vi khac. Viéc trién khai hé théng ngay cang tré nén dé dang hon véi bd dia
cai da va dang dwoc déng goi d& ngay cang than thién hon véi nguwdi st dung.

Phan nay xin gidi thiéu chung vé hé thdng va kich ban s dung. Chi tiét cac
thanh phan sé dwoc gidi thiéu trong bao céo ctia dé tai nhanh.

Hé thdng BKGrid 2005 duwoc xay dwng dwa trén kién trdc phan tang, cac thanh
phan déu hwéng dich vu, phuc vu nhitng yéu cau cu thé, riéng biét cia nguoi
dung. Mét trong nhirng diém manh cta hé théng la cé tinh kha mé, cé giao dién
tiéng Viét than thién nguwdi dung, va cung cdp mét sb tinh nang co ban, dac
trng cua tinh toan lwdi, nhw moét moi trwdng bao mat an toan cho nguwdi dung
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lwéi thdng qua cdng dién td& portal, kha ndng dé trinh cac cong viéc tir xa dé tan
dung hiéu nang tinh toan cua hé cluster trong lw®i, kha nang quan tri tri thirc va
di lidu, cu thé 13 giai quyét mot Iudi cac bai toan vé khai pha do liéu, va dic bit
la kién truc agent da cAp lai v&i dich vu lwdi cho phép mé rong cac tai nguyén
lwéi trong moi trwedng phan tan.

BKGrid 2005 dwoc xay dwng nhw mdt phan mém trung gian (middleware), bao
gdm mét tap céac dich vu co s& & tang trén clia bd cong cu phat trién lwéi Globus
Toolkit 3.2.
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Hinh 2-31. BKGrid 2005 va nén tang phat trién

Dwéi day 1a kién truc clia BKGrid 2005 dwoc thé hién theo sy phan bd cua cac
ludng théng tin di liéu:
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Hinh 2-32. Kién tric BKGrid 2005 va cac luéng théng tin
Dwa trén quan diém ngudi dung, cac ludng di liéu trong hé théng dwoc phan
tang, thé hién sy chuyén nghiép héa vé chirc nang cla tirng thanh phan nghiép
vu. Cu thé la:

- Tang dwéi cung: 1a cac hé cluster cuc bd, véi hiéu ndng tinh toan cao, chinh
la cac tai nguyén tinh toan cla lwdi. Ngay phia trén 1a bd cdng cu phat trién luoi
Globus Toolkit.

- Tang théng tin va khai pha di¥ liéu: cung cip cac kha nang théng tin va khai
pha di¥ liéu trong cac tai nguyén cuc bd, cé thé cung clp truc tiép cho nguoi
dung qua portal hodc mét sb théng tin co ban vé dich vu va hé théng cho céac
tang phia trén.

- Tang méi gi&i tai nguyén: st dung cong nghé agent véi kién tric cla cac hé
da agent, thwong lwong véi cac tai nguyén trong lwdi dé lay cac théng tin vé hé
thdng, dich vu ma phia dwéi cung cép
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- Tang lap lich miec cao: tiép nhan yéu cau nguwdi dung, st dung cac théng tin
cong viéc. Cong viéc thwe hién cé thé 1a vé yéu cau khai pha di liéu (weka job),
hay dé trinh cac cong viéc tlr xa (Gram job), tAng lap lich phai d&m nhan theo dbi
cong viéc, phuc hdi chdng 16i trwde khi thdng bao két qua cho ngudi dung.

- Tang bao mét: tryc tiép hd tro bao mat cho tang 1ap lich, truy xuét cac gidy Oy
nhiém ngwdi dung qua may chi MyProxy, kiém tra tinh hop 1& ciia nguwdi dung
trwdc khi cho phép nguoi dung dé trinh cdng viéc xubéng dui tang 1ap lich.

- BKGrid Portal: phia trén cung la cbéng dich vu lwéi BKGrid Portal, cung cép
giao dién d6 hoa cho ngwdi dung s dung cac dich vu ma hé théng cung cap.

Dé hiéu rd hon vé twong tac gitra cac thanh phan trong hé théng, sau day 1a mot
kich ban hoat ddng trong chirc nang chay (rng dung Weka:
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Hinh 2-33. Kich ban twong tac trong chirc nang chay trng dung Weka
Pay 1a mét trong nhitng chirc nang chinh cta hé thdéng, cung cp cho nguoi
dung lwdi mét tng dung vé DataMining. Chinh vi thé ma kich ban hoat déng cla
thanh phan nay la kha phirc tap, lién quan dén hau hét cac thanh phan khac
trong hé théng. Trén hinh vé&, hoat ddng cltia chirc nang nay nhw sau:

- Khi ngwei dung cé nhu cau chay ng dung Weka, théng qua mét trinh duyét
Web, ho sé& dang nhap vao portal, cung cap cac tham sbé can thiét dé thwc hién
rng dung .

- Portal s& kiém tra tinh hop 1& clia nguoi dung trong lwéi, sau d6 chuyén yéu
cau dén bo 1ap lich.

tin tai nguyén dwoc bd mai gidi tap hop tr rat nhidu tai nguyén khac nhau, théng
qua dich vu théng tin.
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- Sau khi da c6 du théng tin can thiét, bd 1ap lich tién hanh 1ap lich, lwa chon mét
tai nguyén phu hop nhét dé thwe hién ng dung Weka théng qua dich vu Weka
trong tai nguyén.

- Cubi cung, dich vu Weka tra vé két qua thuc hién cho portal, rdi trd cho nguoi
dung qua trinh duyét Web.
2.2.4. Két qua nghién ctru trién khai mé phéng vat liéu

T cudi ndm 2003, B& mdn Vat Ly Tin Hoc, trwong Dai Hoc Bach Khoa Ha Noi
da tién hanh nghién ctru va song song hda cac chwong trinh mé phdng vat liéu
nano v&i hai ndi dung sau:

e Xay dwng chwong trinh mé phéng song song cho hé xi 5 nguyén
e Mb phéng chdm Iwong ttr, day lwong tir va giéng lwong tir

Chwong trinh dong lwc hoc phan t&r song song PMD (Parallel Molecular

N N >
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Nam) dwoc phat trién trong méi trudng MPI. Két qua thwe hién chuong
trinh trén mang LAN gdm 8 may cho thdy thi gian tinh toan gidm xubng 4
lan so v&i mé phéng trén mét may don. PMD cho phép xay dwng mé hinh
Al,O3 16ng gébm 3000 nguyén t&r md phdng, két qua cho thay ham phan bb
xuyén tam phu hop tbt véi thwe nghiém nhiéu xa tia X. PMD ciing da khao
sat cau truc, Topology cua cac cum AlO3, AlQ,, AlOs, AlLO, AlO, Al,O, lién
két Al — O — Al, phan bé cac 16 héng trong mé hinh.
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Hinh 2-34 C4u trac dia phwong ciia mau AL,0; Iéng
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Hinh 2-35 Phan bé 16 tréong trong hé xi Al,O;
Nhém nghién clru cling da s&r dung phwong phap mé phdng Semi-empirical
Peseudopotential (SEPM) tinh toan cu truc dién tlr cta cac vat liéu In,GaxN.
Nhirng két qua thu dwoc cho phép khao sat giéng lwong tr, day lwong t&r va
cham lwong tir dbi véi cac hop kim thudc ho InGaN.

Danh sach cac luan van bao vé theo hwéng mé phong:

1 M6 phdéng tinh chat khuéch tan va clu trac | Luan van tién si
ctia vat liéu vo dinh hinh.

2 M6 phdéng déng Iwc hoc phan tlr song song | Luan van thac si
cho vat liéu Quart.

3 M6 phdéng hé Silica vé dinh hinh. Luan van thac si

4 Xay dwng chwong trinh song song mé phéng | Luan van tbt nghiép dai hoc
|
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dong lwc hoc phan tl, rng dung cho mau
A|203 Ic’;ng

2.3. Téng két va danh gia két qua thu duwoc

Dé tai “Nghién ctu cac hé thdng tinh toan lwdi, tinh toan hiéu nang cao va (rng
dung md phdng vat liéu vi mé” |a mét trong nhivng dé tai nghién cru dau tién vé
tinh toan hiéu nang cao va tinh toan lwéi & Viét Nam, dong vai trd quan trong
cho viéc xay dwng nén tdng bwdc dau doéi ngl chuyén mén va hoc tap kinh
nghiém clia cac chuyén gia thuéc Trung tdm Phat trién cac Céng nghé tinh toan
tién tién ctia An d6 (C-DAC).

Tap thé can bd tham gia dé tai da thwc hién day dd cac nhiém vu dat ra trong
thuyét minh dé cwong ban dau ciing nhw trong hop ddng. Trong hai ndm D8 tai
da tap trung nghién clru vao nhirng van dé co ban nhat trong cac néi dung
nghién ctru da dang ky la:
___________________________________________________________________________________________________________________________________________|
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e Nghién ctru, thiét ké kién trac, xay dwng Phdn mém May cha tinh toan

e Nghién ctru ciu hinh ha tang hé théng va xay dwng Phan mém nén tinh
toan lwdi

e Nghién ctru, thiét ké xay dwng Médun chdng 16i
e Nghién ctru thiét ké va xay dwng Chwong trinh mé phéng vat liéu vi mé

Dé tai da tao ra mdt s6 san phdm phan mém c¢6 tiém nang (rng dung, sau khi cai
d&t thir nghiém, da s&n sang chuyén giao cho cac co quan nghién ctru, trién khai
&ng dung. Do th&i gian thwc hién trong vong hai ndm, viéc trién khai cac san
phdm nay con can thdi gian d& xem xét va thlr nghiém dé dat dd én dinh cao.
Cung v&i két qua do, dé tai da hoan thanh 14 bai bao, bao céo khoa hoc. Céc
két qua nay la nén tang cho viéc tiép tuc trién khai cac nghién ctru tiép theo, nhat
la déi véi tinh toan lwdi, mot linh vwe con méi mé ddi voi Vit Nam clng nhw
trén thé gioi.

~ ~
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cu ¢6 nang lwe, co kinh nghiém, nhiét tinh, va di dang huwéng. Dé tai ciing da
gop phan tao ra sy hop tac cé hiéu véi mot sb tap thé nghién clru trong nwdc va
mot s trung tAm nghién clru & nwdc ngoai, dac biét Trung tdm Phat trién céac
Céng nghé tinh todan tién tién cta An do.

2.4. Két luan va kién nghj

2.4.1. Két luan
Dé tai thwe hién day da nhirng ndi dung va két qua da dang ky, ddm bao ding
tién do.
Mot sb két qua dwdi hinh thire phan mém sén sang cé thé chuyén giao:
e Thiét ké va phat trién Phan mém May cha tinh toan BKlusware
e Céu hinh ha tAng hé thdng va xay dwng Phan mém tinh toan luwéi BKGrid
o Thiét ké va phat trién mddun chdng I16i BKFT

____________________________________________________________________________________________________________________________|]
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e Chuwong trinh mé phoéng vat liéu vi mé MD

2.4.2. Kién nghi

Nhirng nghién ciru va tim hiéu cGa dé tai méi chi la nhivng két qua bwéc dau,
d&t nén mong cho cac nghién ctu tiép theo. Hién nay trén thé gidi, mac dau cac
hwéng nghién clru nay dwoc dau tw tap trung va kéo dai trong cac dw an kha db
s6, nhung van con rat nhiéu van dé mé, cé kha nang phat trién tiép tuc.

Sau day la mot sb hwdng phat trién cia dé tai:

a. Trién khai va xay dwng lwdi cho toan Viét nam trén co s thiét k& mot kién
tric ha tang tinh toan lwéi chuan cho Viét nam nham tich hop cac Trung
tam tinh toan hiéu nang cao trén pham vi toan québc

b. Péng géi phdn mém thanh sa&n phdm hoan thién véi cac chirc ndng day
dt sdn sang cho viéc cai dat trong cac méi trudng hé théng cé ciu hinh
khéng thuan nhét.
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c. Nghién ctru va phat trién mot so dich vu trong hé thdng tinh toan lui:
- Dich vu luéi du liéu

- Cong nghé tac tir trong viéc xay dwng dich vu

d. Phat trién cac rng dung lwdi trong cac linh vuc:

- Sinh tin hoc

- Dw bao khi twgng thuy van
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