KHAM PHA TAI NGUYEN LUOI HUONG
NGUOI DUNG

USER-DRIVEN GRID RESOURCE DISCOVERY

Nguyén Quang Hung, Nguyén Thanh Son
Khoa Khoa Hoc & Ky Thuat May Tinh
Nha A3, Truong Dai hoc Bach Khoa — PHQG Tp.HCM
hungng2@cse.hcmut.edu.vn, sonsys@hcmut.edu.vn

BAN TOM TAT
Tinh toan ludi (grid computing) 1a mot nén tang tinh toan méi va GT (Globus Toolkit) 1a mot méi truong hién
thyc nén tang tinh toan lugi phd dung hién thoi. Tuy nhién, thanh phdn MDS (Monitoring and Discovery
System) ciia GT chwa c6 mét dich vu tim kiém tai nguyén tot. Bai bao nay trinh bay mot phwong phép kha thi
cho phép tim kiém tai nguyén trén ludi theo nhu cau ciia nguoi st dung. Nguoi dung c6 thé dic ta yéu cau tai
nguyén dudi dang mo rong cua chuan JSDL (Job Specification Description Language) — trong d6 mdi tai nguyén
duoc gan mot khoang tri cd can dudi va can trén. Giai phap nay duoc phat trién dudi dang mdt dich vu ludi
chuidn WSRF (Web Service Resource Framework), da ludng viét bang Java. 4 goai ra, bai bio con trinh bay giai

thuat so tring nhom (set-matching) va xép hang céac tai nguyén.
ABSTRACT

Grid computing is a new computing infrastructure and Globus Toolkit (GT) is a de-factor grid middleware to
build grid. However, the Globus Toolkit’s Monitoring and Discovery System (MDS) do not support a resource
discovery service well. So this paper presents a user-driven grid resource discovery service. Users can describe
resource requirement specifications by extended Job Specification Description Language (JSDL), in which each
resource is given a range value with a lower bound and an upper bound. Our discovery service is Web Service
Resource Framework (WSRF), Java multi-thread grid service. In addition, the paper introduces the resource set-

matching and ranking algorithm.

1. Giéi thi¢u

Ludi tinh toan bao gdm nhiéu nat ludi chia xé va
cong tac [9], [10] v6i nhau theo cac chuan (hay giao
thirc) dang dugc xac lap nhu Open Grid Services
Architecture (OGSA) [12] va Web Service Resource
Framework (WSRF) [5]. M&i nut ludi ¢6 thé 1a mot
mdy tinh cum (PC-based cluster) hay mot mdy tram
(workstation). S6 lwong tai nguyén tham gia trong
lui thay d6i nhanh va ngudi sir dung c6 thé chua
biét tit ca tai nguyén hién hiru trong ludi tinh toan.
Vi vy mdt bai toan dat ra 1a lam sao dé nguoi s
dung tim dugc cac tai nguyén co trén ludi thdéa man
cac rang budc cuia minh.

Pay 1a mot van d& kho dang dwoc nghién ctru.
4 guyén nhan 1a do sb luong nguoi dung trén ludi 1a

16n va ho ¢6 nhu cau thuc thi cac cong viéc khac
nhau v6i cac rang budc khac nhau. Vi du cé cong
viéc can tai nguyén 1a bo xir Iy manh nhung cong
viéc khac lai quan tdm va doi hdi tai nguyén cd bd
nh¢ 16n; hay ngudi dung co thé dua ra cac rang budc
trén ca sO luong by xur 1y cho mdi may va dung
luong trong con lai ciia bd nhé ciing nhu s luong
téng s6 bo xur 1y can... Hon nita, trong viéc kham
phé tai nguyén théa man céc rang budc phai lam thé
nao dé cac tai nguyén tim dugc thoa man yéu cau dat
ra nhung khong dugc vi pham cac yéu cau tdi thiéu.
Vi du nguoi ding yéu ciu tai nguyén X co dung
lwong bd nhd thich hop 1a 16n hon hay bang 512
Mbytes (nhung t6i thiéu phai 1a 128 Mbytes), va nhu
véy trong két qua tim kiém thi cac tai nguyén tinh
toan c6 X > 512 Mbytes dugc xép trudc cac tai
nguyén c6 128 Mbytes < X < 512 Mbytes. Trong



bai bao nay, cong viéc lwa chon tai nguyén, xép hang
tai nguyén va gom tai nguyén vao két qua cudi cling
trong quy trinh kham pha tai nguyén trén ludi da
duoc nghién ctru, hién thuc va thir nghiém.

Giai phap kham pha tai nguyén trén ludi dugce hién
thyc dudi dang mot dich vy ludi tén goi
VOResDiscovery twong thich chudn OGSA [12] va
WSRF [5], va nd c6 thé dwoc cai vao mdi truong
Globus Toolkit 4.0.x (GT4) (hay phién ban tuong
thich). Dong thoi dé d& dang hon cho nguoi ding va
mg dung dau cu01 mot shell script va Java API da
dugc cung cdp dé giao tiép v6i dich wvu
VOResDiscovery. aéu ding shell  script
eda_resource_discovery thi ngudi dung chi can chay
script trén moi truong “bash shell” va tham sb 1a
duong dan chi dén tap tin mo ta cong viéc va rang
budc trén cac tai nguyén can tim (Job Description)
[1]. Con néu ding Java API thi 16p chinh
VORDSClient c¢6 phuong thuc discovery(String
strXmlJobDesc, int nMax) s& gii yéu cau dén dich
vu VOResDiscovery.

Dic diém ndi bat cua giai phap nay 1a ngudi ding co
thé kham pha ra tai nguyén theo cac rang budc riéng
trén ting loai cong viéc trudce khi giri dén hé thong
tinh toan lu6i. Hién tai thanh phin MDS-4 [8], [11],
[13] cia GT4 va cac grid middleware khac nhu
Condor [2]/Condor-G [3] van chua cung cap, va
ngudi ding s& khong phai lwa chon bang tay cac tai
nguyén ma nhiing viéc nay da dugc don gian hoa
nhu mot shell script hay bang mot 16i goi phuong
thirc Java.

Cac phén con lai cia bai bao duge bd cuc nhu sau:
phin 2 s& gidi thiéu cac cong viée lién quan, phén 3
s& gi6i thiéu vé md hinh dich vu khdm pha tai
nguyén ludi hudng nguoi ding. Két qua thir nghiém
dich vu vé toc d6 va mirc do 6n dinh cia 1000 yéu
cau tuan tw giri dén dugc trinh bay & phan 4. Phan
cubi cing 1a két luan va hudng phat trién trong
twong lai véi dich vu kham pha tai nguyén nay.

2. Cac cong viéc lién quan

Trong GT4, thanh phan MDS-4 [8], [11], [13] s&
quan ly thong tin cua cac tai nguyén va dich vu
WSREF [5] du6i dang mdt phan cap. Thong tin dugce
giri tir cic ngudn khac nhau va tong hop lai bing
dich vu Index cia MDS-4 (MDS-4 c6 ba dich vu
muc cao 1a dich vu Index, Trigger va Aggregation).
4 hung dich vu Index nay khong hd tro dic ta viéc
tim tai nguyén tinh toan c6 nhiéu rang budc dong
thoi trén cac yéu t6 v& bo xir 1y, bd nhd, dung lugng
dia clng, mdi trudng hé didu hanh, ching chi nguoi
dung...

Condor [2] 1a mdt middleware cho phép gom cac
may tram riéng 1& lai v6i nhau. Condor Matchmaker
1a mot thanh phan ding dé kham pha ra cac may tinh
tram riéng 1¢ thoa man cac rang budc bang ngdn ngir
ClassAd. Tuy nhién viéc kham pha tai nguyén trén
ludi hoan toan khac va Condor-G [3] hién thiéu phan
nay.

Mot s6 xu huéng khac dung cic cong nghé ctia web
ngit nghia dé kham pha tai nguyén trén méi truong
tinh todn ludi nhu trong [19]. Tuy nhién céc tac gia
trong [19] van khong giai quyét duoc van de tim tap
c4c tai nguyén tinh toan (cac nit ludi) cb tong sb bod
xtr Iy theo mong mudn ciia nguoi ding nhu dugc
néu ra & phan gidi thidu.

3. Mo hinh dich vu kham pha tai
nguyén hwéng ngudi dung

3.1. M@ hinh dich vu kham pha tai nguyén

Mo hinh dich vu kham pha tai nguyén (Hinh 1) nay
duogc thiét ké bao gdm: (i) mot thu vién API phia
client va (ii) dich vu kham pha tai nguyén trén ludi
(chuan WSRF [5]). Phia ngudi dung, cic ing dung
cd thé tao ra dbi tuong VORDSClient, roi 201
phuong thic discovery (String xmlJsdl, int nMax)
cia VORDSClient. Thu vién phia client nay sé giup
viéc lap trinh twong tic phia nguoi dung dé hon véi
dich vu kham pha tai nguyén, nghia 1a nguoi dung
chi cin quan tim den viéc tao ra mot chudi XML mo
ta cAc tai nguyén cn dé chay cong viéc (trén moi
truong tinh toan ludi) theo dinh dang JSDL md rong
[1]. Két qua tra vé ciia phuong thie discovery() phia
client 13 mot chudi XML két qua tim kiém [15].
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Bén canh do, nguoi dung co thé goi mot shell script
dé giri mot yéu cau tim kiém tai nguyén dén dich vu
kham pha tai nguyén hodc goi truc tiép bang giao
thuc WSRF [5].

Dich vy kham pha tai nguyén s& nhan yéu cau gii tir
phia ngudi ding, truy van thong tin cac tai nguyén
tinh todn lu6i tir dich vu thong tin, loc ra cac tai
nguyén thich hop dua trén yéu cau cua nguoi dung,
xép hang tai nguyén va gui tra két qua vé cho phia
client theo dinh dang XML <RDSResult> ...
<RDSResult> [15]. Giai thuit loc, xép hang
(ranking) va so trung nhém (set-matching) tai
nguyén sé& duoc trinh bay trong phan 3.3 va 3.4.

3.2 Pinh dang mé ta yéu ciu ciia ngudi
dung (Job Description)

4 guoi dung s& mo ta tai nguyén can dé thuc thi mot
cong viéc trén moi trudong tinh toan ludi theo dinh
dang dugc quy dinh trong tai li¢u [1]. O day chi néu
ra mot vi du minh hoa yéu cau tim klem tai nguyén
ctia ngudi dung. Gia sir ngudi ding can chay mot
ung dung MPI trén moi truong tinh toan ludi véi
diéu kién: tong sb b xir Iy mong muén 1a 20 (nhung
t6i thiéu tir 1), dong thoi trén mdi may phai thoa
man cac yéu cau riéng (thé <Individual*>) gom: 50
b6 xir Iy mong mudn 14 2 (tdi thiéu 1a 1), bang thong
clia mang 14 80 Mbps (tdi thiéu 1a 5 Mbps), bd nhé
RAM la 1024 Mbytes (i thiéu 1a 500 Mbytes) va
sirc manh ciia mdi bo xir 1y 1a 2000 MFlops (tdi
thiéu 1a 100 MFlops); va vé phia tmg dung MPI thi
moi truong thyc thi cd Platform 1a 1686-*-Linux
hodc SunOS va tiéu dé cua ching chi ngudi dung
trén luéi la
“/O=Grid/OU=GlobusTest/OU=simpleCA-

sunfiren0.edagrid.hcmut.edu.vin/OU=edagrid.hcmut.
edu.vn/Ca =edagrid”. Bang 1 bén dudi s& mo ta yéu
cau nay duédi dang chudi XML nhu trong tai ligu [1].
Béng 1: Vi du vé mot md ta cong viéc tir phia ngudi

dung dé kham phé tai nguyén cho img dung

http://www.cse.hcmut.edu.vn/~user/myprog.sunos
</Executable>

<Argument>-input</Argument>
<Argument>file1</Argument>
<Argument>-output</Argument>
<Argument>file2</Argument>

</Application>
<User>/0=Grid/OU=GlobusTest/OU=simpleCA-
sunfiren0.edagrid.hcmut.edu.vn/
OU=edagrid.hcmut.edu.vn/Ca =edagrid

</User>

</JobDescription> </JobDefinition>

<?xml version="1.0" encoding="UTF-8" 7>

<JobDefinition> <JobDescription>

<Resources>

<Total CPUCount lowerbound="1"> 20

</Total CPUCount>

<Individual CPUCount lowerbound="1"> 2

</Individual CPUCount>

<4 etworkBandwidth lowerbound="5"> 80

</a etworkBandwidth>

<IndividualPhysicalMemoryFree
lowerbound="500"> 1024

</IndividualPhysicalMemoryFree>

<Individual CPUPower lowerbound="100"> 2000

</Individual CPUPower>

</Resources>

<Application type="MPI">

<Executable Platform= “i686-*-Linux”>

http://www.cse.hcmut.edu.vn/~user/myprog.linux

</Executable>

<Executable Platform="sparc-Sun-SunO" >

3.3. Giai thuat kham pha tai nguyén trén
luéi

Giai thuat kham phé tai nguyén bao gdm cac budc
chinh sau:

Budc 1: Dich vu VOResDiscovery nhan yéu cAu tir
phia nguoi dung.

Budc 2: Phén tich yéu cau nay.

Budc 3: Chuyén dbi thanh cac céu truy van thich
hop va gui dén cac dich vu thong tin (quan ly tai
nguyén luéi).

Budc 4: dhan két qua tir dich vy thong tin tai
nguyén ludi.

Budc 5: Phan tich thong tin céc tai nguyén ludi dugc
tra vé.

Budc 6: Thuc hién viée loai bo cac tai nguyén ludi
do khong con by xu ly ranh, hodc khong thoa man
cic yéu cdu toi thiéu riéng trén ting thé
<Individual*> trong tai liéu [1] nhu 1la
<Individual CPUCount />, hay
<IndividualPhysicalMemoryFree />, hodc thiéu
thong tin vé URL cua cac dich vu can thiét (xac dinh
cu thé cho ting hé théng ludi). ..

Budc 7: Trén tap tai nguyén con lai (tit ca déu thoa
min yéu cdu tdi thiéu riéng trén timg thé
<Individual*>), goi 1a Ry,4, ta thuc viéc gidi thuat
ranking (trinh bay & phén 3.4) va giai thuat so trung
nhém (set-matching) dé iy ra ket qua bao gom tap
cac tai nguyén co thir tu (da xép hang) nham thoa
min cic rang budc tong cong (nhu thé
<Total CPUCount> [1]).

Bude 8: Tao ra chudi XML mo ta két qua kham pha
tai nguyén va giri vé cho phia nguoi dung.

Giai thuat set-matching dugc thyc hién trén co so:

i. Gom tit ca cac tai nguyén ludi diu tién (xép
hang cao nhét) thoa cac rang budc can trén
trude, goi 12 Rygjected-

ii. Viéc thu gom dén khi théa méan cac yéu cau
téng cong trén tép tai nguyén dugc chon Relected,
hoac khl sb lu(mg tai nguyén cua tap Retected
bang s6 lwong t6i da ma nguoi dung mudn nhan
(vi du ngudi dung chon t6i da 14 hai muoi tai
nguyén trong tong ) tri€u tai nguyén trén toan
moi truong tinh toan ludi).




34. Giai thuit xép hang (ranking) tai
nguyén theo yéu cau ctia cong viéc

Giai thuat xép hang tai nguyén s& dya trén mbi quan
hé giita rang budc vé yéu cau tai nguyén riéng ctia
cong viéc (cac thé <Individual* />) va cac tai
nguyén trén cac nut ludi. Cac thé <Total* /> dugc
giai quyét voi giai thudt so tring nhom (set-
matching). Pau vao cua giai thuat xép hang 1a tap tai
nguyén Ring (Ring 14 két qua & budc 6 trong giai thuat
kham pha tai nguyén, phan 3.3).
Bang 2: Giai thuat xép hang tai nguyén

FUa CTIOA Ranking Algorithm
FOR each (tai nguyén R; thudc tap Ring)
T=0;
FOR each (Attr(Job, j) 1a thudc tinh j cua Job)
T=T + [w(Attr(Job,j)) * Attr(R;;j)/Attr(Job.j)];
4 ext thudc tinh ké tiép
Rank(R;) =T;
4 ext tai nguyén ké tiép

Sép xép tap cac tai nguyén R;,4 theo Rank(R;) tir cao
nhat dén thap nhat

Return Danh sach tai nguyén da sip xép thir ty

Chu g1a1 cac ky hiéu:
Ring 12 tap tai nguyén da duoc loai bd cac
tai nguyén khong théa man & bude 6 cua
giai thuat kham pha tai nguyén (phan 3.3).
- Attr(Job, j) 1a thugc tinh j cua cong viéc Job
- Attr(R;, j) 1a thudc tinh j cia tai nguyén R;
- w(Attr(Job,j)) l1a trong s6 cua thudc tinh j
cua cong viéc.
- Rank(R)) 1a diém sb cua tai nguyén R; dugc
dung dé xép hang tai nguyén.
Gia st n sO tai nguyén trong tap Riyg , goi m la 50
thudc tinh c6 trong Job thi d§ phuc tap vé thoi gian
cua giai thuat xép hang trén s& 1a O(m*n).

3.5. Truy vén théng tin tir dich vu thong
tin trén cia ludi

Dich vu VOResDiscovery s€ dung Idp
QueryResourcelnfo dé giao tiép v6i dich vu thong
tin cua ludi (nhu la dich vy thong tin tai nguyén
lu6i- VOInfo [7]). Tuong lai chung tdi s& phat trién
tiép dé cho phép truy van va ding dugc thong tin
trén nhiéu dich vu thong tin khac.

4. Thir nghiém va do dac
4.1. Cach thirc do dac

Phép do dac dugc thuc hién ¢ ca hai phia Client va
phia dich vu kham pha tai nguyén VOResDiscovery.
Viét mdt chuong trinh tudn ty dung vong lap thuc
hién 4 lan viéc tao ra 4 dbi tuong VORDSClient,
roi 1y méc thoi gian trude va sau cac phat biéu goi
phuong thirc discovery() cua ching. Trong phan do
dac thuc nghiém chung t6i cho 4 = 1000.

Phia Client: ta thuc hi¢n ghi nhan thoi diém trudc va
sau khi goi tac vu kham pha tai nguyén (discovery)
tir xa. Khoang thoi gian nay s& bao gém: (1) thoi
gian client giri va nhan céac thong diép SOAP dén/tir
dich vu va (2) thoi gian dich vu VOResDiscovery xur
1y phia dich vu.

Phia dich vy kham pha tai nguyén VOResDiscovery:
ta thyc hién ghi nhan thoi diém bat dau va két thic
tac vu discovery(). Khoang thoi gian xur 1y yéu ciu
phia dich vy s& gom thoi gian truy van thong tin tir
dich vu VOInfo va thoi gian tinh toan cuc bd. Trén
biéu d6 chi thé hién thoi gian truy van dich vu
VOlInfo — thoi gian goi thu tuc queryVOInfo va thoi
gian xtr ly tron ven mot yéu cAu & phia dich vu —
thoi gian goi thu tuc discovery (khong phan chia nho
cho timng phuong thirc nhu tao truy vén, so triung di
lidu, xép hang, chuyén thanh chudi XML tra vé, hop
lai va x6a cac Java thread xtr 1y da tao ra).

Moi truong do dac: hai may gom Gridnodel0 va
EDAGrid server. Trong d6 may GridnodelO chay
chuong trinh thtr nghiém TestVORDSClient, con
may EDAGrid server dong vai tro VO server
(hosting va thuyc thi cac dich vu nhu
VOResDiscovery, VOInfoService...).

Céu hinh cac may nhu sau: may Gridnodel0 1a mot
may tinh c& nhan, by xt ly Intel ® Pentium ® IV 3.0
GHz hd trg HyperThreading, bd nhé 1a 1024
MBytes, dia cirng c6 dung luong 80 Gbytes, chay hé
diéu hanh RedHat Workstation phién ban 4.0 véi
kernel 2.6, GT 4.0.3 va Postgres SQL 7. C4u hinh
cia may EDAGrid server (VO Server) 1a may chu
hiéu IBM xSeries 206, by xt 1y Intel ® Pentium ®
IV tbc d6 3.0 GHz hd tro HyperThreading, bo nhé 1a
2048 Mbytes, dia cung c6 dung lugng 320Gbytes,
chay h¢ diéu hanh Debian 1.3.3.6-10 véi Linux
kernel 2.4.27-2-686, GT 4.0.3 va MySQL 4.5.

4.2.  Két qua tong hop sau khi do dac

Viéc do dac thyc hién voi 1000 yéu cau duge gui
tudn tu tir phia client (VORDSClient) dén dich vu
kham pha tai nguyén (VOResDiscovery) roi nhén
két qua. Cac thuat ngir dung trong két qua do dac:
Time_Client: Thoi gian do & phia client tiéu ton cho
mdi yéu ciu kham pha tai nguyén. Thoi gian nay
duoc tinh tir lac bat dau tao d6i tuong VORDSClient
dén Itc nhan duge két qua.
Time Client =

Start Time Client — Finish_Time Client (1).
Time_VOResDiscoveryService Processing: Thoi
gian xu 1y cua dich vu VOResDiscovery cho m01
yéu cau khdm pha. Bao gdm ca thoi gian truy vén
thong tin tai nguyén tir dich vu VOlInfo.
Time VOResDiscoveryService Processing =
Start Discovery Time — Finish Discovery Time (2)
Time_Query VOInfo: Thoi gian truy van thong tin
tai nguyén (gridnode) tir dich vu thong tin VOInfo.
Time Query VOlInfo =

Start Query Time — Finish_ Query Time (3).
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Hinh 3: Téng hai thoi gian giri thong diép SOAP tir client dén server dé goi dich vu va thoi gian giri két qua tir dich vu vé
client (Time_Client_Service).

Béng 3: Thoi gian trung binh (1000 yéu cau) cho:
(1) phia client, (2) phia dich vu kham pha tai
nguyén, (3) truy van dich vu thong tin, va (4) thoi
gian guri nhan théng di¢p SOAP cua client va server

Time Comm_Client Service = (1) — (2) 4).

Bang 3 trinh bay két qua vé thoi gian trung binh cho
1000 yéu cau cua cac tham so (1), (2), (3) va (4).

Thoi gian Trung binh cho

1000 yéu cau Hinh 2 va Hinh 3 cho théy tai cac yéu cau tir khoang

(mili-gidy) 480 dén 500 va khoang 625 dén 632 xuit hién céac

Time Client (1) 250,25 diém tang dot bién. 4 guyén nhan cla viéc ting nay
Time VOResDiscoveryService 174,30 do: trong khoang 480 dén 500 cac do thi cho thay:
Processing (2) (1) hé thong ¢ phia server xur Iy qua lau (thoi gian
Time Query VOlInfo (3) 167,47 truy van dich vu VOlInfo 10’n) nén din dén phia
Time Comm Client Service (4) 75,95 client ciing s& chd nhan duoc két qua (kham pha tai

nguyén) lau va (2) sau d6 do phia client va server bi

Time_Comm_Client_Service: Tong hai thoi gian gui
thong dlep SOAP tir client dén server dé goi dich vu
va thoi gian giri két qua tir dich vy vé client.

tat nghén ¢ viéc guri thong di€ép SOAP cho nhau, nén
thoi gian xt 1y yéu cau trong truong hop nay nho
nhung thoi gian truyén thong lai 16n; va trong



khoang tir 625 dén 632 thi thoi gian truy van dich vu
thong tin VOInfo (Time Query VOlInfoService)
16n, nén kéo theo thoi gian xtr 1y toan b tai dich vu
(Time_VOResDiscoveryService Processing)  16n.
Cudi cung, thoi gian phia client (Time_Client) 16n
nhung trong khoang nay thi thdi gian truyén thong
nho.

4.3. Nhan xét

Thoi gian kham pha tai nguyén 1a nho (6 phia client
trung binh 1a 250 mili-gidy cho moi yéu, cau) trong
suot qué trinh klem tra voi 1000 yéu cau tudn ty.
a hung sau mot sO yéu cau (480 yéu cau) thi hé
thong chdm & ting van chuyén cuia mang kéo theo
thoi gian kham pha tai nguyén dai hon binh thuong.

5. Két luan va huéng phat trién

Tom lai, trong xu thé phat trién tit yéu cta cong
nghé thi tinh toan Iudi 1a mot xu hudéng méi va can
céc k¥ thuat khac hd trg nhu kham pha tai nguyén
ludi. Cho du trude day dd co cac nghién ciru vé van
dé kham phé tai nguyén trén ludi [2], [3], [13], [19],
nhung théng qua bai bao nay ching t6i trinh bay
mot ky thuat dong gop thém vao quan diém tim
kiém tai nguyén ludi theo dinh hudéng cia nguoi
dung (user-driven resource discovery). Cu thé, bai
bao trinh bay ky thuat xiur 1y cic yéu cau ma nguoi
dung xac dinh cac rang budc va kham pha tai
nguyén ludi trén tirng cong viée thyce thi: (i) ¢ cac
rang budc trén timg may vé bd xtr 1y, bo nho, dung
luong trong cua dia cing, moi truong thyuc thi, hé
diéu hanh...; (i) hodc rang budc tong the nhu: tong
s6 bo xir ly can cho cong viée, s6 lwong t6i da sb tai
nguyén trong két qua tra vé.... Bai bao ciing da trinh
bay giai thuat set-matching vé xép hang trong viéc
kham pha tai nguyén theo yéu cau cta ngudi dung.
Trong twong lai, gidi phap nay c6 thé dwoc mé rong
cho phép: (i) thong tin dwoc liy tir nhidu dich vu
thong tin tai nguyén ludi nhu tr Ganglia; (i) mo
rong thém nhiéu rang budc vé mdi quan hé tién trinh
tinh toan va dir li¢u; (iii) rng dung cac k¥ thuat web
ngit nghia trong viéc dinh nghia cac thong tin tai
nguyén dudi dang OWL va dong co suy dién theo
cac luat logic mo.

6. Loicamon

Bai bao nay dugc hoan thanh dudi sy tai trg nghién
ctru trong dy an EDAGrid, va da nhén dugc sy gop y
quy béo cua cic ddng nghiép nhom nghién ctru
EDAGrid.
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