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CHUONG |

GIOI THIEU VE E-SCIENCE

1.1 Ngudn gbc ciia e-Science

Thuat ngit e-Science xudt hién dau tién & Anh tr nim 2000, qua qua trinh trao
d6i, giao luu tai nhiéu Hoi thao qudc té dén nay da tré thanh mot khai niém kha phd
bién dugc mot s6 nude chinh thire st dung tir ndm 2004, trong d6 c6 nhiéu qudc gia
khu vyc Péng nam A nhu Singapore, Thailand .... Theo GS. Tony Hey, giam doc du
an, thi e-Science chinh 1a mot ha ting co so cho cac nganh khoa hoc phét trién (e-
Infrastructure), nho vao kha ning cung cip két ndi va cac dich vu tinh toan, truy cap
thong tin, ing dung ngay cang rong 16n ma CNTT dang dem lai cho cac nha khoa hoc.
Theo mét nghia nao d6, ha ting e-Science c6 thé dong nghia voi mang ludi (Grid), d6
1a tdp hop cua cac dich vu trung gian, van hanh trén nén tang cua hé théng mang toan
cau, bang thong rong, hiéu ning cao, c6 kha ning hd trg cong dong nghién ciru va cac
phat minh, sang tao.

Tir khi may tinh xuat hién 1an dau tién, con nguoi luén ludn cb gang cai tién,
nang cap, bién né thanh cac cd may ngay cang manh mé. Pay 13 mong mudn cia moi
nguoi sit dung may tinh c4 nhan, va ciing 1a mong mudén cua cic td chlrc voi nhiing
chiéc may duogc tao ra chi dé dung cho nghién ctru khoa hoc. Mot chiéc may tinh, mot
minh no, khong thé dam duong viéc thu thap, luu trir, va phan tich dir liéu dugc thu
thap boi mot nghién ctru khoa hoc. Do d6, sy phat trién cua e-Science la rat quan
trong.

M&i lién hé cua céac thong tin khoa hoc doi hoi mét luwgng 16n dit li¢u, day la diéu
chi ¢6 e-Science mai c6 kha nang dap tng. Khi loai ngudi ¢b gang kham phé nhiing tri
thirc méi, hay hiéu rd vé nhiing gi ho dang nghién ctru, yéu cau vé cong nghé ciing
ngay cang cao.

May tinh gio day khong chi 1a mdt cong cu phuc vu khoa hoc. N6 da tré thanh
mot phan ciia khoa hoc. Khoa hoc mdy tinh hién khong chi néi vé phan cing hay
phan mém ma con vé cac dai dwong, ngdi sao, t& bao ung thu, protein va mang ludi
ban bé. Ken Birman, Gido su khoa hoc may tinh Pai hoc Cornell (M¥), néi nganh hoc
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ctia dng dang trén dudng tré thanh “mot nganh khoa hoc cta vii tru”, mot co cau lam
nén tang cho moi nganh khac, bao gém cac nganh khoa hoc xa hoi.

Ban chét cua van dé ong Birman khing dinh 1a may tinh dd bién d6i tir mot cong
cu phuc vu khoa hoc thanh mét phan cua khoa hoc. Va nhitng dién tién gan day trong
gi6i khoa hoc phan nao da cho thay diéu nay.

“Cac nha sinh vat hoc hé théng” tai truong Y Harvard da phat trién mot
“ngdn ngir may tinh” goi 1a “Little b” ding d¢ 1ap mo hinh céc tién trinh sinh hoc.
Ngbn ngir ndy biét suy luin vé dit liéu sinh hoc, hoc héi tir n6 va tich hop nhitng gi da
hoc vao trong nhitng mé hinh méi va nhitng dy bao vé hanh vi cua té bao. Cac tac gia
goi loai ngdn ngir nay 1la mét “ngudi cong tac khoa hoc”.

Trong khi d6, bo phan nghién ctru cua Microsoft — Microsoft Research (MSR) —
dang hd trg mot nhom truong dai hoc My va Canada xdy duyng mot tram quan sat
khong 16 duéi bién ¢ ngoai khoi gan bo bién bang Washington (M¥). Dy 4n Neptune
nay seé két nbi hang ngan by cam bién hoa hoc, dia 1y va sinh vat hoc trén hon 1.600
km soi cap quang va sé lién tuc truyén dir liéu dén cac nha khoa hoc trong khoang thoi
gian dén 10 nam.

Céac nha khoa hoc sé& ¢ thé kiém chimg nhiing hoc thuyét cia minh bang cach
xem xét dit liéu thu thap duogc, bén canh d6, nhiing cong cu phan mém ma MSR dang
phat trién s& tim kiém nhirng khuon mau va su kién ma cac nha khoa hoc khong tién
liéu duoc, va giri cho ho nhiing phat hién nay.

Céc nha nghién ctru tai truong Y Harvard va Pai hoc California, trong mot cudc
nghién ctru, da dung phuong phap phan tich thong ké dé tim kiém dir liéu vé bénh tim
ctia 12.000 nguoi va biét ring ching béo phi co vé “lay lan” thong qua cac mdi quan
hé xa hdi. Trong khi do, cac nha khoa hoc may tinh va sinh vat hoc cay tréng tai Dai
hoc Cornell phét trién mot thuat toan dé lap va phan tich ban d6 ba chiéu ctia protein
khoai tay.

Nhirng tmg dung néi trén hau nhu khong c6 diém chung nao, nhung ching dai
dién cho mot loai van dé khoa hoc lién quan dén mot khdi luwong 16n dir liéu thuc
nghiém phtc tap. Trong thyc té, nhiing loai thong tin thd nay qua nhiéu dén ndi cac
nha khoa hoc thuong khong biét bat dau tim hiéu tir ddu. Khoa hoc may tinh dang chi
cho ho duong di.
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1.2 e-Science la gi?

C6 nhiéu dinh nghia khac nhau vé e-Science nén nhém sé& trinh bay quan diém
ctiia nhidu chuyén gia vé e-Science dé c6 dugc cai nhin rong hon vé thuit ngit ma
nhém dang trinh bay.

Theo wikipedia: “e-Science la khoa hoc doi hoi sy tinh toan véi cuong dd cao,
duoc thyuc thi thong qua moi trudng mang phan tan hay la khoa hoc sir dung cac tap dix
lidu khong 16, doi hoi tinh todn ludi. e-Science bao gdm cac cong nghé cho phép sy
cong tac phan tan”.

Thuat ngit e-Science duoc John Taylor, tong giam ddc ctua Phong khoa hoc va
céng nghé cua Lién Hiép Anh dua ra vao nam 1999 va dugc dung dé mé ta mot du an
v6i s6 von 16n tai Lién Hiép Anh, bat dau tir thang 11-2000. Theo Taylor: “e-Science
la sy cOng tac toan cau trong cac linh vuc chinh cua khoa hoc, va co s¢ ha téng tinh
toan thé hé ké tiép cho phép hién thyc diéu d6.”

Theo gido su Malcolm Atkinson, giam déc NeSC tai Edinburgh va trung tam e-
Science qubc gia cua Lién Hiép Anh: “e-Science 1a sy phat trién c6 hé théng cia cac
phuong phap nghién ciru doi hoi nhiéu sy tinh toan” . Theo 6ng, e-science s& thay doi
cach con nguoi 1am viée, gitp giai quyét cac van dé nhanh hon. Con ngudi s& tap
trung nhitng nd luc cua cac cong d@)ng khoa hoc, huy dong nhitng dir li¢u dugc chia sé
va strc manh tinh toan dé d6i mit v6i nhitng thach thire cip bach. Mot khi cac trang
web cho phép chung ta chia sé thong tin, khoa hoc dién tir s€ cho phép cac nhom
nghién ctru cong tac dé bién dir liéu thanh thong tin va kién thirc.

Gido su Jon Kleinberg, Dai hoc Cornell, noi : “Mdt xu hudng dang ngay cang trd
nén rd rang 1a khoa hoc may tinh khong con 1a nganh cung cap cong cu may tinh cho
cac nha khoa hoc. N6 thuc su tré thanh mot phﬁn cua cach thirc cac nha khoa hoc xay
dung hoc thuyét va suy nghi vé nhitng van dé cta ho.” Theo 6ng Kleinberg, vai tro clia
thuat toan may tinh d6i voi khoa hoc trong thé ky 21 ciing s& twong ty nhu vai tro cua
toan hoc (d6i v6i khoa hoc) trong thé ky 20. Gido su Kleinberg ndi thém rang kho di
lidu khéng 16 trén Internet s& thay d6i thuc tién cua nhitng nganh khoa hoc lién quan
dén hanh vi con nguoi. Theo 1y giai ciia 6ng, s6 lwong dit liéu khong 16 va cac phuong

phap phén tich méi hién nay dong nghia véi viée cac nha khoa hoc s& khong con phai
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1ap cong thirc chi tiét vé nhimg hoc thuyét va mé hinh réi kiém chimg chung trén di
liéu thuc nghiém.

Tony Hey, Pho chu tich bd phan nghién ciru bén ngoai ctia Microsoft, di néi vé
e-Science nhu mot tap hop nhitng cong nghé dung dé hd tro nhirg du 4n khoa hoc co
luong dir liéu khong 16 (thuong dugc phan phdi), cé dir liéu va nhiéu ngudi cong tac
két ndi voi nhau, hay c6 sy tham gia cua nhiéu nganh khoa hoc, bao gdbm nganh khoa
hoc may tinh. Nhitng dy an nay, theo ong, thuong rat phtc tap, va cac cong cuy, thuat
toan, hoc thuyét ctia khoa hoc mdy tinh c6 thé gitip sdp xép va lam rd ching. Ong Hey
cho rang ching ta hién dang tién vao ky nguyén “khoa hoc tip trung vao dir lidu”
(data-centric science). Ban chat ciia nganh khoa hoc nay 1a tap hop dit liéu, thudng voi
s6 luong 16n va tir nhiéu ngudn khac nhau, rdi khai thac chung dé biét duoc nhimng noi
dung von s& khong bao gio xut hién néu cong viéc ndy dugc 1am thi cong hodc tir
viéc phan tich bat ky mot nguon dit liéu don 1¢ nao.

Tony Blair, thu tuéng nudc Anh nim 2002 di néi vé eScience nhu sau:
“eScience dugc dinh huéng lam cho viéc tan dung nguén luc to 16n cta nganh khoa
hoc mdy tinh, hé thong tai nguyén dit liéu khoa hoc va nhitng thiét bi thuc nghiém tbi
tan dé dang nhu Web dé truy cap thong tin”.

Téng két lai, e-Science 1a mot khai niém dya trén nhiing gi khoa hoc dang Iam dé
phat minh ra nhitng cai mdi, cai tién, phat trién nhirng van dé hién tai trong moi nganh,
linh vuc. Khi cong nghé ma cac nha khoa hoc sur trong nghién clru ngay cang quy mo,
phtc tap, yéu cau vé kha ning luu trit dir liéu ciing phét trién twong tng. e-Science 1a
mot cong cu cho phép cac nha khoa hoc Iuu trit, biéu dién, phan tich va chia sé dit liéu
cua ho v61 cac nhom nghién ctru khéc. e-Science gitr mdt vai tro qua trong trong moi
mat cua nghién ctru khoa hoc, bat dau véi cac nghién ctru dua trén cac gia thiét tiém
nang, thir nghiém thong qua md phong, thir nghiém c6 diéu khién mot cach hé thong,
thu thap dit li¢u tir cac bo phéan cAu thanh va giai thich cac dir liéu khac biét, khong
mong mudn.

1.3 Dung thuit ngir eScience, CyberInfrastructure hay eResearch

Thuat ngit e-Science gan nhu, nhung khong hoan toan, dong nghia véi thuat ngir

CyberInfrastucture. Trong khi e-Science xuit xt¢ tr UK va chau Au,

CyberInfrastucture bat ngudn tir US. Ca hai thuat ngit déu dé cap dén viéc sir dung céc
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cong nghé tinh toan dua trén mdi trudong mang dé hd tro su cong tac va cai tién céc
phuong phép trong nghién ctru khoa hoc. Trong khi e-Science chu trong hon dén
nghién ctru khoa hoc, thi CyberInfrastructure bao gdm ca cac linh vuc ngoai khoa hoc,
nhan manh dén su két hop giira cac ngudn tai nguyén siéu tinh toan va su cach tan.
Mot s6 nha nghién ciru khac lai thich sir dung mot thuat ngir khac: e-Research. e-
Research 13 sy mé rong cia e-Science va Cyberlnfrastructure, bao gém cac linh vuc
khac nhu khoa hoc xa hdi va con nguoi. e-Research nhén manh dén viéc sir dung cong
nghé thong tin dé hd trg cac phuong thirc nghién ctru hién tai va twong lai.
Céc dic diém chinh cua e-Research bao gdm:
e Su coOng tac.
e St dung cong nghé tinh toan ludi.

e Tap trung vao dir liu.
1.4 Nhirng dic diém, tinh chat cia e-Science

- Luu trir: Mot hé théng can phai c6 kha nang luu trit va xi Iy mot luong dit lidu
khéng 16 mot cach hiéu qua véi thoi gian hop 1y.

- Quyén s& hiru: Cac bén lién quan can dugc bao luu quyén sé hitu vé nhitng noi
dung va kha ning xt Iy cta ho. Tuy nhién ciing can phai cho phép ngudi khac truy cip
dudi cac diéu kién va hoan canh thich hop.

- Ngudn goc: Viéc luu trir cac thong tin déng tin cdy cho phép sir dung lai cac két
qua, thir nghiém, hay cung cip bang chimg vé viéc c6 dugc cac thong tin do.

- Trong sudt: Nguoi ding can c6 kha ning tim ra, truy cip va xu 1y cac ndi dung
lién quan bat ctr khi ndo ching xut hién trén Grid ma khong can biét n6 nam ¢ dau.

- Cong ddng: Phai cho phép hinh thanh, hoat dong, va giai tan cac cong dong o
v6i nhitng tiéu chudn giéi han thanh vién va diéu khoan hoat dong.

- Két hgp: Thong tin can phai duoc két hop tir nhidu ngudn, bang nhiéu cach
khac nhau theo nhu ciu cta ngudi ding. Cac mé ta vé ngudn gbc, ndi dung s& duoc
dung dé két hop nén cac thong tin day du nghia.

- Hoi nghi: Doi khi viéc nhin théiy cac thanh vién khac ctia mot hdi nghi, cdc mo
hinh,sy hién thi cta nhitng gi dang duoc thao luan s& rat hitu dung.

- Chu giai: TUr viéc ghi nhan thong tin cho dén xuat ban cac phén tich, can thiét
phai c6 cac chu giai dé lam giau thém mo ta vé cac ndi dung sd. Cac siéu ndi dung nay
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c6 thé ap dung cho dit liéu, théng tin, hay tri thirc va phu thudc vao cach dién giai quy
udc.

- Quy trinh: Dé hd trg qua trinh ban hanh va ty dong héa cac xir 1y, hé thdng can
mo ta vé cac xir Iy do.

- Thong béo: 16i nhic vé viéc co cac thong tin mdi ti cho phép thong bao cho
ngudi dung va bit dau qua trinh xir 1y tw dong.

- Hb trg quyét dinh: Cac ky thuat vién, nha khoa hoc can duge cung cip cac
thong tin va goi ¥ xac dang vé van dé cua ho.

- Bo hru tai nguyén: Can lam cho qua trinh bao luu tai nguyén tré nén dé dang.
Diéu nay ap dung cho cac dung cu thi nghiém, su cong tac (hdi nghi...), va sip xép tai
nguyén cho qué trinh mé phong.

- An ninh: C6 nhiing yéu cau vé xac thuc, mi hoa, va tinh riéng tu voi sy tham
gia cta nhiéu t6 chirc. Va cac yéu cau nay can dugc xur 1y voi su can thiép thap nhat
clia con nguoi.

- Tin cdy: Hé thong trong c6 vé dang tin cay nhung that ra c6 can xir 1y nhiing 16
va ngoai 1€ ¢ nhiéu muc khac nhau, bao gém ca quy trinh thyc hién.

- Video: Ca video truc tiép va duoc luu trit déu c6 vai trd nhat dinh, nhat 1 khi
cac video nay dugc lam giau thém boi cac siéu ndi dung lién quan tam thoi.

- Phong thi nghi¢ém théng minh: Mot vi du: khi cic dung cu do ra cic mau (nhu
thé barcode hay thé RFID), nha khoa hoc dung cac thiét bi di dong dé ghi lai, va su
hién hinh héa c6 thé duoc thuc thi trong phong thi nghiém. Céc cong cu tir xa co thé
cho biét sy ton tai ciia chung, két hop v6i nhau, va thong bao vé ndi dung ma chung
nhan duoc.

- Tri thirc: Tri thirc hoat dong nhu mdt bo phan quan trong cua e-Science. Vi du
nhu: tim kiém tai liéu, con ngudi, va cac thiét ké thuc nghiém trudc do, chi thich cho
cac phan tich dugc ding tai, va thiét 1ap phong thi nghiém cho con ngudi.

- Sy phat trién: Hé thong phai hd trg sy phét trién mang tinh cach mang khi cac
ndi dung va k¥ thudt xir madi hién hiru.

- Quy md: Quy md ctia su cong tac khoa hoc ting 1én cing véi sy phat trién cua
tinh toan, bang théng, kha ning luu trit, va do phic tap trong mdi quan hé gitta cac

thong tin.
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1.5 Nhirng yéu cau cip bach vé co sé ha ting phuc vu cic phwong phap nghién

curu khoa hoc méi

C6 mdt sy thay dbi 16n trong cach nghién ctru khoa hoc so v6i trude ddy ma can
phai c6 nhiéu chuyén gia trong nhiéu linh vuc khac nhau cing hop tac ca vé con ngudi
va co so vat chat. Cac nghién ctru khoa hoc ngay nay thudng dua trén viéc mo phong
(simulation base), phan tich di liéu (data analysis) va sy hop tac ciia nhirg ngudi tién
hanh thi nghiém cling nhu cac nha khoa hoc. Chung ta s€ so lugc qua cac phuong phap
nghién ctru maéi nay.

1.5.1 Khoa hoc tap trung vao dir li€u (data-intensive)

Su phat trién cta khoa hoc k¥ thuat din dén céc thiét bi nghién ciru ngay
cang c6 do chinh xac cao hon diéu nay ciing lam cho khdi lwong dir liéu ma né sinh ra
ngay cang nhiéu theo udc tinh thi dén vai petabyte dit liéu s& duoc tao ra trong cac thi
nghiém cua thién van hoc, y hoc, vat ly nguyén tir, ndng lugng, moi truong.

Large Hadron Collider (LHC) 1la mot du an ctia CERN dat tai Geneve khi
van hanh tré lai vao cubi nam 2009 c6 thé sinh ra mot luong dir liéu lén dén vai
petabyte hang niam. LHC 13 dy 4n 16n nhat tir trudc dén nay trong linh vuc vat Iy. Mdi
thi nghiém mudn tién hanh can phai c6 dén sy cong tac ctia hon 5000 nha vat 1y trén
toan thé gidi. Qua trinh phan tich dir liéu thu thap duogc ciing can phai co su cong tac
clia cac nhiéu t6 chic tham gia muc ti€u, 1a tim ra d4u hiéu cua Higgs boson.

Céc thiét bi theo ddi va tién doan su c¢d trong cong nghiép ciing ¢ thé tao ra
mot luong 16n dit liéu. Céac thiét bi cam tmg dung dé theo ddi nhiét do, ap suat, chin
dong trong cac mdi dong co cua hang ngan dong co do Rolls-Royce san xuat cho céac

phi co cua trans-Alantic c6 thé sinh ra hang petabyte dir liéu hang nim.
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LHC(Large Hadron Collider) 60TB/day

Large Synoptic Survey Telescope 30TB/day lllumina Genome Analyzer 1TB/day

1.5.2 Nghién ciru khoa hoc dua trén viéc gia 1ap va moé phéng

Mo phoéng (numerical simulation) 1a mot hudng giai quyét cac van dé khoa
hoc ma dua chil yéu vao viée str dung céc siéu may tinh dé thuc hién mo phong cac
hién twong tu nhién nhu su bién ddi cua khi hau hay su két hop cia cac 16 den trong
thién van hoc, dong dat, 14, ...

Nam 2003, Japanese Earth Simulator da thyc hién m6 phong khi hau cua
trai dat voi mot siéu may tinh c6 tbe do xir 1y 1én dén 40 teraflop/sec dé c6 thé mod
phong hon10km theo chiéu rong va khéi lwong dir liéu sinh ra cho mdi 1an mo phong
1én dén vai chuc terabyte.

Trong linh vuc héa thi cac thi nghiém c6 thé thuc hién thong qua cic may
tinh v6i cac tap dit liéu sin c6 vé cac hoa chat va nhitng dic tinh ciia chung thi viéc
tién hanh céc thi nghiém c6 thé thuc hién mot cach nhanh chéng. Cac phén tir méi co
thé dugc tao ra tir cic thao tic trén mdy tinh thay vi tién hanh & phong thi nghiém.
Comb-e-Chem mot trong nhitng du an (pilot project) thudc e-Science da hién thuc y
tudng nay, muc tiéu cta du 4n 13 tao ra cac két hgp méi sau d6 s& xac dinh cau tric va
thudc tinh cua cac hop chit m&i duoc tao ra dé tim kiém cac cong thic hoa hoc moi.
Viéc téng hop s€ duoc thuc hién song song va cé thé tao ra hang tram nghin to hop

cung ldc.
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M6 phong mét trin dong dat
1.5.3 Truy xuit tir xa dén cac cong cu va dir liéu

M6 phéng va phan tich dir liéu dong vai tro ngay cang quan trong trong cac
linh vuc khoa hoc ngay nay, tuy nhién, viéc tién hanh céc thi nghi¢m thyc té cling
khong thé thiéu dugc. Ngay cang c6 nhiéu thiét bi thi hd trg nghién ctiru méi duge phat
trién, bén canh d6 thi ha ting mang bang thong ciing ngay cang mo rong, cho phép cac
nha nghién ciru c6 thé két hop cac thiét bi nay lai voi nhau dé tién hanh céac thi nghiém
phtrc tap doi hoi sy tham gia ciia cac chuyén gia trong nhiéu linh vuc. Viéc thiét ké,
tién hanh va giam sat cac thi nghiém co thé duoc thyc hién thong qua mang internet
bang cach truy xuat tir xa vao thiét bi.

Network for Earthquake Engineering Simulation (NEES) la chuong trinh
do NSF phat trién dudi sy chi dao ctia George E. Brown Jr nham tim cach giam thiét
hai cua céc tran dong dat thong qua viéc st dung cac cong cu dé gid lap céc tran dong
dat va tir d6 co thé tim ra dugc cac cu tric cling nhu vat li¢u mdi co thé chiu duoc cac
con chin dong. NEESgrid dugc trién khai nham lién két cac nha khoa hoc & US c6 thé
chia sé ciing nhu két hop cac thiét bi thi nghiém, ngudn dit liéu va ca ngudn tai nguyén
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tinh toan. NEESgrid middleware cho phép cac nhom cong tic v6i nhau (bao gdbm ca
cac thanh vién ding nhap tir xa) 1én ké hoach, thiét ké, va tién hanh cac thuc nghiém
sau d6 ngudn dir liéu thu duoc chia sé dé xt 1y. NEESgrid cho phép cac cong tac vién
c6 thé diang nhap tir xa dé theo ddi ciing nhu van hanh cac thi nghiém di duoc chuin
bi san, bén canh d6 ho ciing duoc cho phép sir dung cic tai nguyén tinh toan va céc
cong cu phan tich ma ngudn méd dé xu Iy ngudn dit liéu thu dwge. NEESgrid hd tro
viéc chi sé dir lieu thong qua cung cép noi luu trit, chuan cho dinh dang dir li¢u va

metadata.

MEES Equipment Site Equipment
Site
— I I=er
Local computers -
— | _Gigahit Ethermet | = = Shistan ™, Site |
5 storane — — Wide Area :l
== Metwork I_I:
| Edge ~ Resource
Route Site 1
NEES
POP ———
MNEESgrid
Cperations
Certificate Authority
MyProxy
. Account Mgmt Tools
Shake table with -
Index 5
instrurmentation ,_:D:i’:ﬂrfnr;'-l?{fnlg_

NEE Sgrid Website
Bugzilla
Mailing Lists

M6 hinh NEESgrid
1.5.4 Tb chirc (Virtual Organization) hay cdng dong a0 (Virtual Community)

Phén 16n cac nghién ctru khoa hoc ngay nay phai can c6 sy tham gia cua
céc nha khoa hoc trong cac linh vuc khac nhau va cac trung tam nghién ciru dit ¢ khip
noi trén thé gioi, nén lam thé nao dé viéc cong tac nay trd nén hiéu qua va it chiu anh
huong boi yéu t6 dia Iy 1a van dé cap bach can giai quyét. Tir d0, cac cong dong khoa
hoc 4o hinh thanh (VO) dya trén nén tang cia internet tc d6 cao. Cac thanh vién trong
VO & cic vi tri dia Iy khac nhau trén thé giéi s& dong gop tai nguyén tinh toan va cho
phép truy xuat tir xa cac cac thiét bi thi nghiém. Cac tai nguyén cia VO s& duoc két

dinh lai v6i nhau nhu mot thé thdng nhét cho céac thanh vién trong VO sir dung.
1.5.5 Phat trién mdt co sé ha ting méi

T nhitng nhu cau vé tai nguyén tinh toan, noi luu tritr va lam thé nao dé
nang cao hi€u qua su cong tadc cua cdc nhoém nghién ctru. Cac td6 chuc chinh phu da
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nhan thiy su quan trong va can thiét dé phat trién co s¢ ha ting méi dé hd trg qué trinh
nghién ctru. Co s& ha ting mdi nay phai dap tng va giai quyét duoc cac yéu cau duoc
dua ra, phai mang tinh toan cau, hd tro nhiéu linh vuc khoa hoc khac nhau, xay dung
Grid middleware va cac tién ich cho no6 theo dinh hudng phuc vu cho cac nganh khoa

hoc.
1.6 Co so ha ting hién thuc cho eScience

Pé hién thuc mot hé théng eScience v6i nhitng tinh chat trén doi hoi phai dau tu
xay dung mot co sé ha tﬁng vat Iy hién dai va mot co so ha téng ph?m mém duoc thiét
ké voi quan niém méi hudng t6i khoa hoc mo va sy hop tac toan cau.

Chinh phu cac nudc tién tién hién nay déu nhan théy duoc tim quan trong cua
viéc xdy dung mot hé thong quy md 16n nhu eScience dé nang cao vi thé cua qudc gia
minh. Trong bdi canh thé gi61 hién tai, eScience dugc tap trung phat trién dya trén nén

tang hé thong ludi hién co.
Layer 4:

Application
Layer 3:
Application
Toolkit

Layer 2:
: Resource Resource .Sec . l Data F lat
Coreﬁlrld anagemeni® Monitoring Lot anagemen
Engine

Globus

Layer 1:
Infrastructure

A eScience Grid based framework
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M&6 hinh phan mém trong suét sy phikc tap ciia ha tang vat Iy doi véi nhitng nguwoi lam
khoa hoc
Kién trac méi phai hudng téi viée don gian hoa hoat dong nghién ctru khoa hoc
v6i su hd tro clia hé thdng may tinh tinh toan ludi. Phat trién co s ha ting phan mém
phai huéng dén viéc trong sudt hoa sy phic tap cta hé théng vat Iy dbi voi cac chuyén

gia, cac nha khoa hoc dé ho c6 thé tap trung vao chuyén mon khoa hoc cua minh.

12



Grid Computing & eScience

CHUONG II

E-SCIENCE TREN THE GIOI

2.1 e-Science tai UK

C6 rat nhiéu nhém va to chirc trén toan thé gidi hinh thanh nén chwong trinh e-
Science. Cac thanh vién chinh bao gém cac truong dai hoc, nhém nghién ctru va cac
cong tac vién khac dugc tai tro boi chinh phi. Muc ti€u ctia cac nhém nhu vay la dé
phat trién chuong trinh e-Science noi riéng, va qua d6 ciing thic day sy phat trién cua
khoa hoc néi chung. Nghién cuu vé céc linh vuc nhu vat 1y hat doi hoi mét co s¢ ha
tang & mirc ma chi co e-Science méi co thé dap tmg. Dy 4n e-Science ¢ UK 1a mot
trong nhirng dy an duoc danh gia 1a khé thanh cong, duoc nhiéu noi trén thé gii tim
hiéu va hoc tap. Du an e-Science & UK bao gém rat nhiéu nhom s& duoc dé cap dén
dudi day.

2.1.1 Cé&c nhdém e-Science tai UK

¥

N_EHESC e wcastle)
i

Microsoft Institute fog

Cac thanh vién cua dw an e-Science tai UK
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Céc nhom trong du 4n e-Science & UK bao gom:

Science & Technology Facilities Council — STFC - Hoi dong Co s¢ Khoa hoc
va Cong nghé cua Anh. Cung cip cac dich vu hd trg nghién ctru khoa hoc & UK va ca
chiu Au. Bao gém cac nha nghién ctru (trong cac linh vyc nhu vii tru hoc, kinh doanh)
va cac phong thi nghiém.Muc tiéu ctia STFC 1a dap tmg dugc yéu cau cua cac nha
nghién ctru trén toan thé giGi, v6i cac yéu cau rat 16n vé tinh toan.

Oxford e-Research Centre — OeRC dap tng cic nhu cau vé tinh toan va k¥
thuat cho cac nhém nghién ctru ¢ dai hoc Oxford va ca cac nhom cdng tac khac khi
tham gia vao du an e-Science & UK. Tam nhin ctia OeRC 1a hudng to1 su ddi mai, cai
tién qua trinh nghién ctru khoa hoc.

National e-Science Centre - Cac nha nghién ctru thudc Trung tdm Khoa hoc
dién tir qudc gia (NeSC) tai thanh phdé Edinburgh (Scotland) c6 ké hoach phat trién
cong nghé may tinh méi c¢6 tén goi 1a hé théng mang Grid. Pugc xem nhu 13 Internet
thé hé 2, NeSC hy vong Grid s& gitip cho cic tai nguyén may tinh khéng 16 trén khip
thé gidi co thé dugc tan dung va chia sé dé gitp giai quyét nhitng thach thirc 16n nhat
trong céc linh vuc nhu y té, vat 1y, thién van hoc va ché tao may. Ngoai ra, cac nha
nghién ctru ciing hy vong Grid s& dén dugc véi cac ca nhan sitr dung may tinh tai nha
hay trong cac linh vuc thuong mai. Piéu nay cho phép hinh thanh mot phién ban
Internet mé&i cho phép thuc hién cac phép tinh phirc tap thay vi chi tai dir liéu. Ké
hoach trén dugc dua ra vao thoi diém hon 1.000 chuyén gia may tinh trén khip thé
gidi tap trung tai Edinburgh dé tham du Dién dan Toan ciu vé Grid lan thi 5.

e-Science North West Centre - ESNW 1a mot bo phan nghién ctru phan 16n tir
dai hoc Manchester, c¢6 1ién hé véi cac ddi tac tai chinh. Muc tiéu cta ho la cung cép
co s& han tan cho Grid, qua d6 cac nhom nghién ctru da nganh co thé dat dugc muc
dich cua hg. ESNW duogc thanh 14p ndm 2001, bao g@)m cac thanh vién cua School of
Computer Science va Research Computing Services.

Cambridge e-Science Centre - CeSC dugc thanh 1ap nam 2001, dya trén Centre
for Mathematical Sciences. Muc tiéu ciua CeSC 1a cung cap mang ludi tinh toan cho
cac cong tac vién nghién ctru, hd trg cac nha khoa hoc tai Cambridge, dat duoc cac cai
tién khoa hoc théng qua cac khai niém tinh toan truyén thdng dé thu duoc k¥ thuat luu
trit manh hon, t6t hon. Ho cong tac v&i nhiéu nhom e-Science khac, bao gom dai hoc

Lancaster va IBM.
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London e-Science Centre - Trung tdm e-Science London (LeSC) bat dau hoat
dong tir thang 9/2001, nhu mot thanh phan cua Chuong trinh khung UK e-Science.
Nhiém vu ctia Trung tdm LeSC 1a nghién ctru phat trién mot sé cong nghé hd tro trién
khai e-Science cho cac truong dai hoc, vién nghién ctru & London va viung Pong Nam
nuéc Anh. Co so thanh lap LeSC dya trén Trung tdm nghién ctru vé tinh toan song
song, mdt du an hop tac gitra Pai hoc Imperial College va Cong ty Fujitsu (1994-
2000) va cac nhoém nghién ciu lién quan dén Tinh toan Hiéu ning cao cua Trung tim
Tinh toan song song cua Imperial College (thanh Iap tor ndm 1996). Hién nay Trung
tam LeSC truc thudc Khoa CNTT (Computing Department) cua DH Imperial College.
Trung tdm LeSC con c6 trach nhiém quan 1y toan bo ha tang mang e-Science cua Pai
hoc Imperial College, bao gom cac may chu tinh toan mang ludi, cong thong tin e-
Science Portal, hé thong truy cip mang ludi (AccessGrid) c6 kha ning to chirc Hoi
nghi truyén hinh trén mang Internet v&i v4i tham gia dong thoi ciia 15 Trung tdm
nghién ctru khoa hoc khac nhau thudc Anh, cac quéc gia tir Chau Au, Bic My, Chau A
— Théi Binh Duong da trién khai ha ting AccessGrid dua trén nén Grid (mang ludi).

Welsh e-Science Centre - WeSC dua trén Cardiff School of Computer Science
tai dai hoc Cardiff. Muc ti€u cia WeSC la xay dung va phat trién co s ha tﬁng cho e-
Science qua d6 cac nhom nghién ctru va cong tac vién c6 thé dat duoc cac yéu can tinh
todn ctia minh. Muc ti€u cua hg con la phat trién e-Science tai xr Wales va tdy nam
UK, va hop tac vdi cac nha kinh doanh va nghién ctru.

C4&c nhom e-Science khac — Co rat nhiéu cac nhom nghién ctru e-Science khéc
tai UK, va tat ca ho dong mot vai tro trong su phat trién va cai tién k¥ thuat ctia du an
e-Science tai UK. Ching ta c6 thé ké dén cac nhom nhu Belfast e-Science Centre,
National Grid Service, Lancaster University Centre for e-Science va Southampton e-
Science Centre. Cong viéc cua hg c6 vai tro quan cho tuong lai cia e-Science va

nhitng nd lyc nghién ctru ma cac nha nghién ctru dang thyc hién.
2.1.2 Céc du an vé e-Science cia UK

- AstroGrid. http://www.astrogrid.org/. H6 trg boi UK.e-Science

Program. XAy dung ha ting mang ludi cho Dai thién vin 4o, tich hop giao tiép véi

CSDL thién van va cho phép truy cép tir xa cling nhu mé phong dir lidu.
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- Comb-e-chem. http://www.combechem.org/. HS tro béi UK. e-Science

Program. Ho tro tong hop ctia cac mau phat 4m bang cach két hop cu tric va ngudn
dir liéu bén trong hé thdng chia sé thong tin mang ludi va mé truong chia sé kién thuec.
- Discovery Net. Ho tro béi UK. e-Science Program. Thur nghiém e-
Science dé xur 1y dir liéu voi khéi lugng 16n trong cac linh vyc hoa sinh, nghién ciu
moi trudng, v.v...
- Distributed Aircraft Maintenance Environment.

http://www.cs.york.ac.uk/dame/. H trg boi UK. e-Science Program. Xay dung hé

thdng hd tro quyét dinh duya trén nén Grid dé bao tri dong co may bay.
- Grid Enabled Optimisation & Deslgn Search for Engineering
(GEODISE). http://www.geodise.org/. Hd tro bdi UK. e-Science Program. Ho trg truy

cap dua trén grid td1 cac kho tri thic, t61 vu hod cac cong cu tim kiém, phan tich do
bén vitng cua cac mau thiét ké.

- GridPP. www.gridpp.ac.uk . Hd trg bdi UK. e-Science Program. Tao

1ap va ung dung mo hinh tinh toan mang ludi trong nghién ctru vat 1y hat tir (Particle
Physics) cua UK.
- MyGrid. www.mygrid.org.uk. Hd tro boi UK. e-Science Program. Phat

trién va ung dung khoa hoc dién tir e-Science trong cac ing dung sinh tin hoc.

- Reality Grid. http://www.realitygrid.org/. Hd tro boi UK. e-Science

Program. H trg mé hinh hoa va mé phong thuc cta cac khdi vat chat dic & muic phan
tu va hat tu.

- UK Grid Center. www.grid-support.ac.uk. H6 tro bai UK. e-Science

Program. Trung tdm hd tro cac cac du an Grid trén lanh thé UK.
2.2 e-Science tai US
2.2.1 Cyberstructure

Cyberinfrastructure 1a thuat nglt dugc United States National Science
Foundation (NSF) sir dung tai hoi nghi nim 2003 dé tra 10i cho cdu hoi: NSF, véi tu
cach la co quan chinh cta chinh phu tai trg cho cac nghién ctru co ban, vuot qua cac
rao can hién tai dé dat dugc su dot pha trong tinh toan hi€u nang cao, khién cho n6 that

su hiru dung cho cac nha khoa hoc, k¥ su, nghién ctru sinh va cac cong dan cua US?
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Theo NSF: “Cyberinfrastructure la moi truong nghién citu trong do cac
dich vu: tinh todn cao cdp, cong tdc, truy xudt dit liéu, quan 1y théng tin dwoc cung
cdp cho nguwoi nghién ciru thong qua hé thong mang toc do cao. Gom phan mém, phan
citng, CAC c¢ong nghé khdc Va con nguoi can thiét dé ho tro cho sw kham phd tri thirc
trong cdc linh vuc khoa hoc va cong nghé hién tai va twong lai.”

Mot ky nguyén méi cho nghién ctru khoa hoc va cong nghé da 16 dang nho
su hd tro ctia qué trinh phat trién khong ngimg trong k¥ thuat tinh toan, thong tin,
truyén thong va nhu ciu ning cao d6 phirc tap 1an qui mé trong cic van dé can giai
quyét ngay nay. Ky thuat nay di dat dén mac c6 thé hién thyc héa khai niém
cyberinfrastructure: nhiing thé loai méi ctia méi truong tri thitrc khoa hoc, cong nghé,
cach thirc t6 chirc va thuc hién nghién ctru theo phuong phap méi véi hiéu qua cao. Co
thé noi: “Néu co sé ha tang dan dung (civil infrastructure) can thiét cho sw phdt trién
ciia kinh té cong nghiép thi co sé ha tang cong nghé théng tin (CyberInfrastructure)

can cho sw phdt trién kinh té tri thirc trong twong lai.”

2.2.2 Ciac du an vé e-Science ciia US

- Access Grid. www.accessgrid.org. Hd trg bdi DOE, NSF. Tao lap hé
thong cong tac trén mang, sir dung cac cong cy hién thi truyén thng.

- DISCOM. www.cs.sandia.gov/discom. DOE Defense Programs. Kién

tao hé thong tac nghiép Grid voi kha ning truy xuat toi cac phong thi nghiém ché tao
vii khi cua B¢ nang lugng MJ.

- DOE Science Grid. www.sciencegrid.org . DOE Office of Science.

Kién tao hé thong tac nghiép Grid véi kha ning truy cap téi cic tai nguyén va ung
dung tai cac phong thi nghi¢ém ctia By nang lugong Hoa ky va cac truong dai hoc tham

gia.

- Earth System Grid (ESG). www.earthsystemgrid.org . DOE Office of
Science.Cung cép va phan tich céac tap hgp mo hinh khi hau 16n phuc vu cong dff)ng du
bao thoi tiét.

- Fusion Collaboratory.www.fusiongrid.org . DOE Office of Science.

Kién tao phong thi nghiém hop tac tinh toan qudc gia cho nghién ciru khuéch xa.
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- Globus. www.globus.org . DARPA, DOE, NASA, NSF. Nghién ctru xay

dung ha t?mg va cong cu cho Grid dua trén cong déng, ma nguén mé, kién triic mé cla
Grid

- Grid Research Integration Development & Support (GRIDS)
Center. www.grids-center.org . NSF. Tich hop, trién khai, hd trg ciia ha tang 16p trung

cho nghién ctru — gido duc cua NSF.

- Grid Application Development Software.

www.hipersoft.rice.edu/grads . NSF. Nghién ctru phuong phap luan, mé hinh khung
phat trién mg dung mang ludi.

- Grid Physics Network (GriPhyN). www.griphyn.org. NSF. Nghién

clru — Phat trién cong nghé trong linh vuc phan tich dir liéu cua vat 1y thyc nghiém:
ATLAS, CMS, LIGO, ...

- Information Power Grid. www.ipg.nasa.gov. NASA. Kién tao va tng

dung Grid cho khoa hoc hang khong vii try.

- Network for Earthquake Eng. Simulation Grid. www.neesgrid.org.

NSF. Kién tao va tng dung Grid trong nghién ctru dong dat cho ky nghé.
- National Virtual Observatory (NVO). www.srl.caltech.edu/nvo. NSF.

Kién tao va tng dung Grid dé phan tich xu 1y di liéu trong thién vin

- Particle Physics Data Grid (PPDG). www.ppdg.net. DOE Office of

Science. Kién tao va ung dung mang luéi nham phan tich dit liéu trong vat Iy ning
lugng cao va cac thi nghiém vat ly hat nhan.

- Southern California Earthquake Center 2. www.scec.org. NSF. H¢

théng mé hinh hoa dia chat déy du, str dung Grid va hé¢ théng dua trén tri thire.

- TeraGrid. www.teragrid.org. NSF. Ha ting mang két n6i bon vi tri tai

nguyén khoa hoc 16n ctia My vi bang thong 40 Gb/s.
2.3 Chi tiét mét so duw an tiéu biéu
2.3.1 RealityGrid
Dy an nay duoc thuc hién dudi su 1anh dao cua gido su Peter Coveney véi
su tham gia cta cac trirong Pai hoc Edinburgh, Loughborough, Manchester va Oxford.
Muc tiéu cua du 4n ndy 1a mé hinh hoa cdu trac phan tir clia vat rdn va cung cip mot

moi trudng hd trg viée tao ra cac vat chat mgi. Cac may tinh hiéu ning cao s& duoc sir
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dung dé xay dung mot moi trudng truc quan biéu dién cac mo hinh ndy va cung cap
cac tién ich. DPay s€ 1a moi truong cho nhirng nguoi lam khoa hoc truc quan hoa cau

triic cia vat thé, so sanh voi thuc té va tich hop vao dir liéu thyc nghiém.
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RealityGrid

2.3.2 Comb-e-Chem

Comb-e-Chem dugc thyc hién dudi sy cong tac cua cac truong Pai hoc
Southampton va Bristol, do Dr. Jeremy Frey lanh dao. Comb-e-Chem chu yéu dung dé
tao ra cac hop chat méi thong qua viée ap dung cac phuong phéap két hop giita cac hoa
chét voi nhau. Phuong phéap két hop dé tim ra cac hop chat méi tir mot ngudn dir liéu
vé cac tinh chat hoa hoc, dit liéu dugc tich lly ngay cang lén. bé dat duoc hiéu qua
cao thi mot platform sir dung ha ting Grid duoc st dung két hop cac ciu trac duoc
sinh ra va nguon dit liéu tri thitc duge da duoc luu trit. Platform dugc xdy dung phai
hd tro viée chon loc dir liéu, bao gém viéc tao ra dir li¢u cling nhu kha nang xu ly dir
liéu. Ngoai ra, Comb-e-Chem con cung cip giao dién dé twong tic v6i ngudi str dung
cho phép thuc hién cac budc mo hinh hoa, thiét ké va thyc hién cac thi nghiém tir xa

(online accessable).
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2.3.3 Distributed aircraft maintenance environment (DAME)

Pay 13 du 4n theo ddi d6 an toan ciia cac chuyén bay thong bang cach lap
dit cac thiét bi cam ung & dong co may bay. Céc thiét bi nay sé& lién tuc giri dit liéu vé
cho cac tram (Grid node) & mat dat dé tién hanh xu 1y va cho biét thong tin hién tai
(real-time) ctia may bay. Pay 1a du 4n c6 sy tai trg ciia Rolls-Royce. Chi tiét hon cua

du 4n nay s€ dugc trinh bai ¢ phan sau cta bao céo.
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2.3.4 myGrid

Dy 4n nay c6 sy tham gia cia nhidu thanh vién nhét bao gdm cac truong
bai hoc Manchester, Southampton, Nottingham, Newcastle, va Sheffield hgp tac véi
vién cong nghé sinh hoc Chau Au. Muc tiéu cta myGrid 1a phat trién mot ha téng
(infrastructure) phia bén ha ting cta Grid (Grid infrastructure) nham gitip cho cac nha
khoa hoc c6 thé d& dang sir dung cac hé thdng tai nguyén duoc phan bd trén Grid. Mot
workbench riéng cho cac nha khoa hoc (e-Scientist’s workbench) s& dugc phat trién,
workbench s& thay doi tuy theo nhu ciu cta thuc nghién ctru. Vi myGrid duoc thiét ké
va phaét trién nham cho cac ing dung vé cong nghé sinh hoc nén phai cung cap hai méi
truong ung dung, mot dung dé hd tro qué trinh phén tich dit lidu gen, hai 1a dung dé
giai thich cho cac mau dit liéu. GSK, AstraZeneca, IBM and SUN Ia cac doanh nghiép

cong tac phat trién dy an myGrid.
2.3.5 GridPP

GridPP dugc hinh thanh dya trén sy hgp tac cua cac nha vat 1y hoc va cac
chuyén gia trong linh vuc khoa hoc may tinh ciia UK va CERN. GridPP phat trién tir
nam 2001 huéng theo 3 muc tiéu chinh, thir nhat 1a phat trién mét tng dung cho phép
cac nha vat 1y nguyén tir co thé chay (run) cac jobs trén Grid, hai 13 viét mot
middleware ding dé quan 1y va phan phdi cac cong viéc tinh toan (computing tasks)
trén Grid bén canh do cling phai chua trong dén van dé bao mat, muc tiéu con lai cua
GridPP 1a trién khai mot ha ting tinh toan (computing infrastructure) véi cac sites dat

& UK nhu 1a mot prototype vé Grid cho LHC cua CERN.
2.3.6 AstroGrid

AstroGrid duoc xay dung véi sy tham gia ctia cac nha thién van hoc va cac
nha khoa hoc may tinh ¢ cac truong Pai hoc Edinburgh, Leicester, Cambridge, Queens
Belfast, UCL va Manchester. Muc tiéu ciia AstroGrid 1 xay dung mot co s ha tang
cho Grid hd trg “Virtual Observatory” (VO). VO cung cdp mot giao dién giéng nhu
tmg dung trén desktop gitp cho cic nha thién vin co thé khao sat va danh dau tai

nguyén trén toan thé gidi, tim ki€ém, luu trir va chia sé dir licu.
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2.3.7 eDiamond

Pai hoc Tong hop Oxford cing IBM va chinh phii Anh hop tac xdy dung
mot mang tinh toan hién dai, dugc goi la eDiamond, gitip som kiém tra va chan doan
bénh ung thu vi ciing nhu cung cip nhiéu thong tin hon cho cac chuyén gia y té dé
diéu tri cin bénh ndy. V&i khoan dau tu gan 6 triéu USD tir IBM va chinh phu Anh, du
an eDiamond 13 mét phan trong phat kién Khoa hoc dién tir (e-Science) tri gia 118
triéu euro ciia nudc ndy. Pay s& 1a mang dau tién duoc xay dung toan bd bang cong
nghé hién c6 da duoc thuong mai hoa ma khéng can phai chinh stra hay thay doi gi
thém, sir dung phdn mém do hang Mirada Solutions phat trién c6 thé chuan hoa cac
hinh anh s6 hod méi va c6 san vé bénh ung thu va.

Bén canh viéc cho phép cac bénh vién luu trit va chia sé hinh anh dién tu vé
bénh ung thu vi, eDiamond s& cung cp cho cic bac si nhitng céng cu cung kha ning
phan tich tién tién nham chuan doan bénh t6t hon. Hinh anh vé ung thu v sé duoc luu
trit va khai thac, cho phép bac si phat trién nhimg phuong phap diéu tri méi thong qua
thuc hién nhitng nghién cru chuyén sau nham xac dinh anh huong ciia méi truong va

phong cach sdng tdi sy phat trién cta can bénh nay.
2.4 e-Science Core Programme

e-Science Core Programme duoc phat trién nhu 1a mot co sé ha ting Grid chung
cho cdc du an dugc micu ta & trén (pilot projects). Vi su cong tac cua cac nha khoa
hoc, khoa hoc may tinh, va cac doanh nghiép nham xay dung va phd bién mot
framework c6 thé dap tng duoc cac ung dung trong nhiéu linh vuc khoa hoc khac
nhau ciling , thich hop véi cac ing dung trong cong nghiép.

Céu tric ciia e-Science Core Programme bao gém sau thanh phan:
2.4.1 Hién thue ha tAng mang két néi cac e-Science Centres

Céc e-Science Centres duoc phan bd trén khap UK nhu hinh bén duéi:
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£

4 0L & Newcastle

6l
2 ®

Southampton

C4c trung tdm e-Science nay rat quan trong cho toan dir 4n e-Science vi no giir
céc vai tro:
- Phan bd tai nguyén tinh toan, dir liéu va cai dat cac dich vu chuan
(standard) va co ban dé phuc vu cho UK e-Science Grid.
- Thu hat ngudn dau tu tir cong tic cua cong nghiép dé xay dung Grid
middleware.

- Pho bién céc kién thic vé Grid ra cong dong.
2.4.2 Pinh huéng cho sy phat trién Grid Middleware

Nham thuyét phuc cac cong ty va t6 chirc tai trg cho su phat trién ctia Grid
middleware bang cach dinh huéng xdy dung cdc middleware méi s& c6 nhiéu chiic
nang hay dich vu ma cac doanh nghiép c6 thé dir dung.

Irving Wladawsky-Berger: “all of our systems will be enabled to work with
the Grid, and all of our middleware will integrate with the software”.

Tuy nhién, cng viéc quan trong nhat ctia middleware nay 1 hd trg cac yéu
cau ndy sinh tir cic dy an pilot nhu kha nang tinh toan, khong gian luu trit va phai dap
tmg duoc cac chirc ning ciia mot middleware can c6. Middleware nay s& duoc phat
trien dudi dang m3 ngudon mé vSi sy cdng tic cua cong dong Globus
(www.globus.org) va c¢6 su thao luan voi IBM, Oracle, Microsoft vé cac van dé dic

biét 1a vé DBMS.
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2.4.3 Interdisciplinary Research Collaboration (IRC)

IRC dugc tai trg b1 EPSRC, BBSRC, MRC and the MoD dudi sy cong tac
cua cac truong Pai hoc Cambridge, London va Bristol. Nguén tai tro cua IRC duoc
chia ra cho nhiéu du 4n trong nhiéu linh vuc nhu: méi trudng, vat 1y, y té, ...

- Advanced Grid Interfaces for Environmental e-science in the Lab and in
the Field

- COAKTInG: Collaborative Advanced Knowledge Technologies in the
grid.

- Grid enabled knowledge services: méi truong giai quyét cac van dé cong
tac trong thong tin y té.

- Grid-Based Medical Devices For Everyday Health

- MIAS - Grid. A Medical Image and Signal Research Grid

2.4.4 HOb trg cac du an e-Science

Trung tdm hd trg Grid ra doi nham muc dich hd trg k¥ thuat cho cac tng
dung e-Science. Trung tAm ndy nay s& hd trg k¥ thuat cho cling nhu cac du 4n e-
Science va “Grid Stater Kit”, day 1a bd cong cu bao g6m Globus Toolkit, Condor va
Storage Resource Broker middleware. Nhom hd tro s& tra 101 va giai quyét cac van dé
lién quan dén Grid trong pham vi toan UK. Ngoai ra nhom hd trg con thyc hién cong

viéc danh gia, kiém thir va nang cap cac middleware cta “Grid Stater Kit”.
2.45 Sw hop tic toan ciu

e-Science phai hd trg cong ddng khoa hoc UK cong tac v6i cac nha khoa
hoc trén toan thé gidi, ddy 1a muc tiéu quan trong nhat ma ha tang ciing nhu cac ung
dung Grid phai dat dugc. Vao thoi diém hién tai thi e-Science d3 tham gia cong tac voi
Argonne National Laboratory, San Diego Supercomputing Center and NCSA in the
USA. Nhiing ngudi phét trién e-Science luon mong mudn c6 thém nhiéu sy cong tac

nhu thé trong twong lai.
2.4.6 Ha ting mang

Céc tmg dung e-Science s& dua vao SuperJANET4 dé truyén tai dir lidu.
SuperJANET4 hién tai c6 bang thong 1én dén 10Gbps. Grid Network Team (GNT) ra

doi nhdm dé thu thap thoéng tin vé& nhu cdu st dung bing thong cua cac du 4an e-
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Science, giam sat cac su cO veé mang c6 thé xdy ra (bottleneck,..) , ddm bdo chat lugng

dich vu cho céc du an e-Science. Ngoai ra viéc can bang tai hay phan phdi bang thong

mot cach hop 1y cling duoc e-Science két hop véi EU DataGrid project thuc hién.

The JANET Backbone

Showing topology and link capacity

Scofland via Scofland via
Glasgow Edinburgh

Glasgow Edinburgh

NorMAN

J YHMAN

North Wales
- 0\

Northern
Ireland

Warrington

MidMAN
EMMAN

London

EastNet

External

Bristol Portsmouth Q Links
LMN
Kentish MAN
South Wales
MAN
SWERN LeNSE
0 Core Point of Presence Router B Sockbone Link — 2.5Ghbit/s SOH
BN Tovbed Nehwork - 2.50bit/s DWDM
@ Bockbone Accoss Rovter
=== Fibro, run ot 2.5Gbir/s
Extornal Links S 2.506W/s SOH
e 622Mbir/s SOH

155Mbir/s SDH

Backbone network of e-Science

2.4.7 Demonstrator projects

Ngoai ra e-Science ciing thyc hién cic du an ngan (short-term project)

nham thé hién kha nang cua Grid trén nhi€u linh vyc khéc nhau. Céc du é4n nay co6 y

nghia trong viéc chimg minh kha ning cta Grid ciing nhu tiém ning cua e-Science

nham khuyén khich mé rong cac ing dung ctia e-Science.
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CHUONG III

VAI TRO CUA GRID COMPUTING DOI VOI TINH TOAN KHOA
HOC

3.1 Chia sé tai nguyén bén trong té chirc 40 (Virtual Organization)

Mot t6 chirc 40 1a mot tp hop cac tai nguyén dugc quan Iy mot cach doc lap,
nhimng dugc hop téc, tap hop lai dé cong dong dung né giai quyét mot muc tiéu chung.
Viéc to chirc va sir dung tai nguyén mot cach hiéu rat quan trong ddi v6i cong dong
nguodi st dung nay.

Kich ban str dung don gian va quan trong nhat trong tinh toan khoa hoc dya trén
Grid 1a kham pha tai nguyén (resource discovery) va nho hé théng luéi thuc thi mot
cong viéc nao do (job submission). M6t nha khoa hoc & Chau Au d3 chuan bi mot file
thuc thi va cac tham sd dau vao dé gia lap vi¢c tron 1an vao nhau gilta cac 16 den,viéc
gia lap st dung nhiéu tai nguyén phan bd & khip noi trén thé gidi, thong thuong viée
truy xuit tai nguyén & mdi noi can c6 mot tai khoan, password , hang doi, hé thong
file... khac nhau.Piéu nay gay khé khan rat 16n cho cho cic nha khoa hoc ¢6 thé tién
hanh céc thi nghiém, cac m6 phdng véi quy mo 16n. Ngay cd viée don gian la chon
mot noi nao d6 dé thuc thi qua trinh moé phong ciling da rat phuc tap.

Nhung véi cong nghé Grid qua trinh truy xudt nhitng tai nguyén nay s& trd nén
don gian. Viéc xac nhan dua trén certificate cho phép ngudi st dung truy xuét tat ca hé
thong trong t6 chitc 40 v&i chi mot 1an log-in, 1D va password khi log-in vao t6 chirc
4o s€ dugc anh xa vao tai khoan cta nguoi st dung do. Déng tho1 m6 hinh Grid cling
s€ loai bd di nhitng dac tinh riéng cta tirng tai nguyeén, tao ra interface chung cho hé
théng file, cach nén dir liéu... va do d6 cho phép ngudi st dung ding cac cau 1énh truy
xuat théng nhét cho tat ca cac tai nguyén. Hién tai Globus Tookit di phat trién tot va
vitng chic cac qua trinh trén.

Viéc xay dung nhitng cong thong tin dira trén web ( web-based portal) cho phép

ngudi ding truy xuat dé dang va than thién tat ca tai nguyén trong mot to chirc 40. Sau
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khi log-in vao, ngudi dung vé nguyén tic c6 thé nhin thiy duoc tit ca cac tai nguyén

san c6 va co thé submit mot cong viéc trén mot may nao.

VO-space VO-cycles
Multidisciplinary design Ray tracing using cycles
using programs and data provided by cycle sharing
at multiple locations consortium

“Participants in
VO-space can run
program A"

“Participants in
VO-cycles can use
if idle and budget
program B” not exceeded”

VO-space can run

{
“Participants in |
VO-space can

I — [ b read data D" \ — 1 i ——
\ @ S}\il/f.//' \\E_ii] f"ﬁ ﬁ_ﬂ)

J— o

\ AirCar // _CyclesRUs_—

Moi quan hé chia sé bén trong té chirc do
3.2 Giao tiép véi nhirng cong viéc dang dwoe thue thi trén hé thong ludi

Trudc day, mot nha khoa hoc khi mudn chay mot tmg dung moé phong 16n thi
truwdc tién phai thong bao va chuyén coéng viée vao mot hé thong trén mot may & xa va
sau d6 cr mot khoang thoi gian lai log in vao mdy tir xa d6 dé kiém tra trang thai cta
cong viée. Cong viée d6 co thé van con trong hang doi hodc c6 thé cong viée d6 dang
duogc thuc thi va ciing thudng xuyén xay ra truong hop cong viéc d6 di bi két thire vi
mot 1y do ndo d6. Co nhing trudng hop cong viée nam trong hang doi ca ngay, nhung
khi dugc thuce thi thi that bai chi vi mot 16i don gian trong qué trinh khoi dong hay co
nhimg cong viéc di chay ca 100.000 gio cia CPU nhitng cudi cung lai tra ra két qua
sai chi vi tham s6 dau vao sai. Nhirng truong hop nhu thé d3 lam ndy sinh nhu cu can
phai phat trién co ché giao tiép , quan 1y va chuyén huéng nhiing cong viéc tot hon,
do hoi do phuc tap hon.

Cactus la mgt ung dung Grid cho phép nguodi dung thong qua trinh duyét web co
thé gido tiép vdi cac cong viéc dang thyc thi. HTTPD Cactus thorn 13 mot web server

cho phép thé hién tit ca thong tin ciia mot cong viée dang thuc thi bao gdm chuong
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trinh con dang tich cuc, phién ban, thdi gian udc lwong hoan tat, file dir liéu nao duoc
ghi. Cac tham sé duoc khai bao steerable c6 thé duoc thay d6i théng qua giao dién
web , tan suat I/O, variable output, downsampling... ciing c6 thé duoc thay d6i néu
can, cho phép ngudi str dung sira lai chuwong trinh ma khong phai bat dau lai. Khi mot
cong viéc bat dau, URL cia nd duoc phat tin dén mot cong thong tin (portal), cong
thong tin nay s& thong bao dén mot nhom ngudi cung hop tac trong cong viée nay
thong qua email hodc tin nhdn SMS cung v6i nhitng thong tin dé ho c6 thé truy xuat
qua trinh mo phong tur trinh duyét. Nhitng su kién mo phdng quan trong, nhu viéc tron
14n hai 16 den c6 thé duogc 1ap trinh dé kich hoat thong bao dén mot nguoi st dung nao
d6 hodc 1a mdt nhom nguodi cung cong tac trong viée gia 1ap do.

Cong thong tin vi vay tro thanh cong cu to chic cho khoa hoc tinh toan hop tac.
Cong viée co thé duoc phan loai theo trang thai, theo chu dé hoac theo su cong tac.
Puong lién két (hyperlink) dén dit liéu sinh ra tir qua trinh gia lap. Khi nhung duong
lién két nay duogc click vao dir li€u bén trong moét file dugc download vé tir may ¢ xa
va mot chuong trinh client thich hop sé doc dir li€u nay va hién thi truc quan cho
ngudi dung. Néu dir liéu ndm trong bd nhé cap phat cho qua trinh mé phong thi théng

qua socket chuong trinh client c6 thé hién thi truc quan két qua cho nguoi dung.

Portal Submits\ &

Organizes Jobs Remote/streamed

Data to any Viz Client

Web Interface to to
Monitor/Steeer Code

€=a

Hs
Collide

la'r"SS'amA’r'gﬁ'i?,g Event Notification

A user can submit jobs from a portal, and jobs are registered with the portal
when they start, allowing access by all participating collaborators. Jobs can be
monitored, and steered or their output data visualized, either live or from data
archives. Important events in the life of a job trigger notification to various types
of devices.

Céng théong tin hé tro dich vu tinh todn luéi

Nhimng céng nghé nay dang dugc sir dung rat nhiéu trong cac dy an khoa hoc.

Tuy nhién van con mot so van dé can gidi quyéet doi voi nhirng cong nghé nay.
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Thir nhat van d& firewall, thuong mau thuin véi nhu cdu ngudi dung mubn giao
tiép truc tiép v6i dir liéu tir xa hodc mo phong tir bat ky vi tri ndo.

Thi hai nhitng Gng dung nhu trén can dugc cai tién dé khai thac co ché Web va
nhirng dich vu lu6i cho phép nhitng tmg dung c6 thé thong bao cho nhau, khong chi
thong bao cho cong thong tin dia Iy ma con co thé thong bao cho bat ky tmg dung hay
server thong tin nao theo ¥ mudn, trao d6i dit liéu, tiép xtic voi broker tai nguyén dé
tim mot tai nguyén médi , khéi dong nhitng tng dung khac , thong bao cho nguoi su

dung hodc nhitng rng dung khéc khi mdt sy kién nao do6 xay ra.
3.3 Tinh toan phan b

Chung ta s& md ta cac phuong thirc khac nhau cho mot g dung phan b thong
qua 4 khai niém lién quan dén viéc sir dung tai nguyén :

- task farming

- metacomputing

- migration

- spawning

Task farming 1a budc tiép can ma trong do nhiing task doc lap nhau hoac la két
nbi 1ong 1éo s& thuc thi trén nhiing tai nguyén rai rac trong to chirc 40. Nhiing tasks
nay doi hoi rat it hodc tham chi khong ¢ sy giao tiép dir liéu giita cac task va thuong
tra vé dir liéu rat it. Task farming c6 thé dugc dung cho viéc nghién ctru tim ra céc
tham s6 phi hop cho mot bai todn, cac tham sb nay thay doi v6i rat nhidu kha ning
khac nhau dé tim ra mot giai phap hira hen nhat trude khi di sdu vao nghién ciru. Vi du
viéc nghién ctru hién tugng luc hép dan hinh thanh nén 16 den, viéc nghién ctru nay doi
hoi phai biét mot cach chinh xac bién d6 cia séng luc ban ddu. Mot thay ddi nho trén
gia tri bién do nay sé& quyét dinh song bi hut boi 16 den hay bi phéan tan. Ngoai ra con
rat nhiéu vi du khac trong khoa hoc can tim nhiing gi4 tri c6 d6 chinh xéac twong ddi
cao. Grid task farming tan dung cong nghé ludi dé kham pha nhimng tai nguyén thich
hop trong mot t6 churc a0, thuc thi mot tap cac task, nhan két qua tra vé, tit ca dién ra
trong mot thoi gian ngan

Metacomputing 1a viéc phan b mot hodc nhiéu task két ndi chat dén mot sb
luong may rat 16n. Metacomputing c¢6 thé dugc str dung dé ting khong chi kha ning

tinh toan ctia hé théng ma con ting tinh sin c6 cua hé thong. Vi du qua trinh tinh toan
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can 1024 b xtr Iy nhung khéng c6 mot may nao c6 sin chirng dé bd xtr 1y, thi co thé
ding 4 may véi 256 bo xir Iy mdi may dé tinh toan. Su kha thi ctia metacomputing da
dugc chimg minh v6i nhitg tng dung thyc té. Vi du nim 2001, md phong su va cham
giira cac 16 den sir dung nhiéu mdy tir xa, chay trén nhitng hé diéu hanh khac nhau, st
dung nhimg k¥ thuat co kha ning thich nghi dé c6 thé tu dong diéu chinh nhiing
message goi thong qua moi trudng mang giita cac may, 1am ting hiéu suat tir 15% dén
trén 70% thoi gian thue thi viéc mo phong. Tang trao doi message dua trén Grid cho
phép nhitng tmg dung dua vao Calcus c6 thé duoc chay ma khong can su didu chinh
nao. Nhitng thi nghiém nhu thé cho thdy rang metacomputing dua trén Grid c6 thé
duogc chay véi do hiéu qua cao tham chi cho nhitng gia 1ap c6 tinh két ndi cao nhu
phuong trinh Einstein (doi héi nhiéu su giao tiép). Khi cong nghé Grid duoc trién khai
dén nhiéu phia khac nhau, nhitng kha ning nay c6 thé tré thanh ché do hoat dong binh
thuong cta hé thong.

Migration 1a viéc di chuyén qua trinh gia 1ap tir phia nay sang phia khac hoic c6
thé 1a di chuyén process md phong tir may nay sang may khac. Vi du do sy dung do
1am chdm qué trinh mé phong hay qué trinh mé phong can nhiéu bo nhd hon dé giai
quyét mot bai toan dang phat trién, nhitng nhu cau d6 dan dén qua trinh mé phong can
phai di chuyén dén mot mot tai nguyén khac thich hop hon. Viéc di chuyén nay can
su hd trg cua broker dich vu tai nguyén, néu mot tai nguyén méi dugc tim théiy phu
hop voi yéu cau, broker dich vu s& thong bao, dé qua trinh md phong duge chuyén
sang moi truong maoi.

Spawning 13 mot bién dang ciia Migration. Trong Spawning, chi mot phan tng
dung duoc di chuyén dén mét tai nguyén ¢ xa. Vi du khi mé phong su dung d6 cia cac
16 den, nhiém vu phan tich can xac dinh vi tri ctia 15 den va tinh toan luc hép dan phat
ra. Nhitng nhiém vy nay can rat nhiéu thoi gian va co thé khong can phai tra két qua vé
cho chuong trinh gia 1ap chinh hozc nhitng nhiém vu nay dé dang song song hoa va do
d6 c6 thé duoc di chuyén dén mot tai nguyén khac, cho phép tai nguyén chinh tap
trung trong viéc giai quyét van dé mé phong chinh, trong mé phong 16 den nam 2001,
viéc m6 phong duoc chay & Puc nhung nhiém vu phan tich duoc di chuyén dén tai

nguyén & Chau Au , Chau A va Bic My.

30



Grid Computing & eScience

3.4 Quadn ly dir li¢u

Mot vi du cho thdy van dé quan 1y dir liéu 13 can thiét va quan trong thé nao dbi
voi viée nghién ctiru khoa hoc 1a qua trinh mo phong 3D trong khoa hoc. Viéc mo
phong 3D sinh ra mot lugng 16n dir li¢u, dir li¢u nay phai dugc phan tich, hién thi truc
quan va luu trit cho nhiing 1an str dung sau. Mdi mot 1an gia 1ap c6 thé sinh ra hang
tram file vo1 nhitng dinh dang khac nhau, viéc kham pha va thao tac trén nhiing file
nay thi rt phirc tap boi vi ngudi sit dung chay trén nhitng mdy tinh khac nhau véi
nhirng hé théng file , kha ning luu trit khac nhau.

Doi véi ing dung ludi, vin d& quan 1y dir liéu con khé khin hon. Ngudi ding
tham chi con khong biét qua trinh moé phong dang chay trén may nao hay sy mé phong
6 thé dugc di chuyén giita cac tai nguyén khac nhau va dit liéu chira ¢ nhiéu noi khéc
nhau. Tham chi khi biét dugc vi tri cua file dit liéu thi ciing khong thé di chuyén dén
mot may local dé thuan tién cho viéc xur 1y vi kich thudc qué 16n cua n6. Mac du cong
ngh¢ Grid gitp ich rat nhiéu cho nhom céc nha khoa hoc trong viéc thuc thi, giam sat
va diéu chinh nhitng mé phong nay tir xa trong khi nhitng mé phong nay dang duoc
chay, nhirng mot khdi luong dit li¢u khéng 16 dugc sinh ra tr qua trinh m6 phong
khong thé guri toi timg thanh phan tham gia cho viéc phan tich, thay vi viy mot nhom
cac nha khoa hoc c6 thé phai bay tir Berlin sang My dé nhin thay va lay nhitng két qua
nay vé.

GridFTP server 1a mot cong cu cho viéc thao tac dir liéu tir xa da duoc st dung
bdi cac nha thién van hoc. GridFTP server 1a sy mo rong ctua du an Ptirc GriKSL. Khi
GridFTP server chay trén hé thong file ctia may dang c6 dit liéu, nd cho phép file dir
liéu HDF5 duogc phén tich véi hé thdng hién thi tryc quan & local. Bt ky hé thong hién
thi truc quan nao tich hop GridFTP client ciing véi chuong trinh doc file HDF5 déu c6
thé hién thi dir liéu tir xa. Nhitng chuong trinh doc file HDF5 ¢6 san trong cac phan
mém nhu OpenDX , Amira. Nhitng cong cu nay da giai quyét dugc van dé dir lidu &
xa, va c6 thé dugc sur dung dé tao cai nhin truc quan cua dit liéu & cach xa hang ngan

km.
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Suw dung GridFTP dé cé cai nhin truc quan két qua thu dwoc

tir sy mo phong 2 16 den dung do nhau
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