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MO PHONG THUAT TOAN LAP LICH TRONG TiNH TOAN LUOI
SIMULATION of SCHEDULING ALGORITHM IN GRID COMPUTING

Tran HO Thity Tién
Truong Dai hoc Bach Khoa, Pai hoc Da chng; thttien@dut.udn.vn

Tém tat - Cac Cluster, Grid, va P2P ndi bat Ién nhw cac md hinh
phé bién cho tinh toan song song va phan tan. Ching cé kha nang
két hop cac tai nguyén phan tan dé giai quyét cac van dé trén dién
rong trong khoa hoc, ky thuat va tai chinh. Trong cac moi trwdng
tinh toan Grid va P2P, cac tai nguyén thuwdng phan tan vé mét dia
ly trong cac mién diéu hanh, quan tri va s& hiru cla cac tb chirc
khac nhau véi cac chién lwgc khac nhau dugc két ni bing WAN
hay Internet. Quan ly cac tai nguyén va lap lich cac trng dung trong
cac hé phan tan trén dién rong la mét nhiém vu phurc tap. Can phai
cai tién mot cach hiéu qua cac bd méi gidi tai nguyén va cac thuat
toan lap lich. Bai bao gigi thiéu thuat toan 1ap lich mang tinh kinh
té trong tinh toan lwéi st dung cdng cu mé phéng Grid dwa vao sy
kién roi rac Java, goi la GridSim. M6t cong cu md hinh hoa va mé
phong tai nguyén Grid, cac user, cac md hinh (rng dung.

Tw khéa - Tinh toan lwdi; M6 phong Iwdi; Tai nguyén; B6 moi gidi
tai nguyén; Cac phan tir xt ly.

1. it van dé

Tinh toan ludi (Grid Computing) 1a mét hudng nghién
clru tinh toan méi cho phép chia s¢, chon lya va két hop
C4c tai nguyén khong dong nhat phan tan vé mit dia ly véi
cac mién thoi gian khac nhau dé giai quyét trén quy mo 16n
cac van d& cua khoa hoc, k¥ thuét va quan Iy kinh té.

Quan ly va lap lich cac tai nguyén ung dung trén moi
truong phan tan véi quy mo 16n la mot nhiém vu phuec tap.
Kha ning, cach sir dung va cac diéu khoan chi phi khac phu
thudc vao nguoi st dung, thoi gian, d6 vu tién va cac muc
dich khac nhau. Do d9, viéc ung dung tinh toan ludi véi
cach tiép can phén cp va khong tap trung dé quan 1y va
1ap lich cac tai nguyén, nham khai thac toi da céc tai nguyén
trén moi trudong phan tan dang 1a hudng nghién ctru hién
nay va dang duoc nhiéu nguoi quan tam.

2. H¢ thong tinh toan lwéi (Grid computing)

Grid computing 13 budc phat trién tiép theo cua hudng
tinh toan phan tan, véi muc dich cung cap nhimg dich vu tinh
toan don gian cho nguoi dung, nhung mang lai sirc manh
tinh toan rat I6n boi tinh trong sudt va kha nang két r101 cac
hé théng khong dong nhét nhiam chia sé¢ cac ngudn tai
nguyén da dang [4]. Co thé xem GridComputing la mot loai
hé théng gom ha tang phan cimg va phan mém phéan b trén
mang cho phép tinh todn, luu trit va khai thac phan tan, cung
cép cho nguoi ding v6i mot moi trudng chia sé tai nguyén
cong tac dé giai quyét bai toan c6 khdi lugng 16n.

Mot hé thong Grid Computing bao gdm nhiéu nit luéi
ma mdi nit co thé 13 mot ludi nho hay mot cluster. Mot
Grid ¢6 cAu truc phan 16p bao gdm 4 thanh phan chinh:

Tang Fabric: Cung cap cic loai tai nguyén chia sé
duoc phép truy cap théng qua cac giao thirc Grid, bao gom:
tai nguyén tinh toan, hé thong luu trit, catalogs, tai nguyén
mang va déu do (sensors).
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Tang Connectivity: 13 ting tao nén hat nhin cua cac
giao thirc xac thyc va truyén thong bat budc cua cac giao
dich trong hé thdng Grid. Giao thirc truyén thong cho phép
Chuyen doi dir lidu qua lai giira cac loai tai nguyén & tang
nén (Fabric). Giao thirc x4c thuc (authentication) dugc xay
dung trén cac dich vu truyén thong dé cung cp cac co ché
ma héa bado mat trong viéc kiém tra su xé4c thuc cua nguoi
dung va tai nguyén.
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Hinh 1. Kién triic phdn I6p va cdc thanh phan ciia Grid.

Lép tai nguyén (Resource): duoc xdy dung trén nén
tang san co cua tang Connectivity. Pay 1 ting ding dé xac
dinh céc giao thirc cho cac qua trinh thuong luong, khoi
tao, kiém tra, diéu khién, tinh toan va chi phi cta cac thao
tac duoc chia s€ trén tai nguyén. Nhiing giao thire trong
tang nay s€ goi cac ham trong tang Fabric dé truy cap va st
dung céc loai tai nguyén cuc bg.

Tang Collective: chira cac giao thirc va dich vu cho
phép giao ti€p giira cac tai nguyén trong tap hop.

Tang Application: tdp hop cac Ung dung cho phép
ngudi dung c6 thé phat trién dich vy, truy cap va st dung
tai nguyén trong h¢ thong Grid. Tuy nhién, khi xem xét dén
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timg ludi cu thé néu nhin hé thng tir ngoai vao, bao gdbm
cac thanh phan chinh nhu sau:
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Hinh 2. Céc thanh phan ciia mét leéi.

+ Cbng giao dién véi nguoi ding — Portal

+ Thanh phan an ninh — Security (GSI)

+ Thanh phan méi gi6i — Broker

+ Thanh phan lap lich — Scheduler

+ Thanh phan quan tri dit liéu — GASS Data management

+ Thanh phin quan tri coéng viéc va tai nguyén —

GRAM Job and resource management

+ Dich vu thu muc — Meta Directory Service (MDS)

Hinh 2 m6 ta qua trinh nguoi dung tuong tac vai ludi
thong qua cac thanh phan nay. Ngudi dung dua cac yéu cau
clia minh théng qua portal. Viéc kiém tra xac nhan, uy
quyén cho nguoi ding s& duge thanh phin an ninh chiu
trach nhiém. Yéu ciu cua ngudi ding s& dugc thanh phén
mdi gidi dua dénbod 1ap lich, cung véi cac thong tin do dich
vu thu myc (MDS — Meta Directory Service) cung cép. Bo
1ap lich dua ra quyét dinh vé viéc cac nhiém vy twong ing
trong yéu cau dugc thyuc hién trén cac tai nguyén cu thé
nao, s& chuyén nhitng thong tin nay cho cac thanh phan
quan tri cong viéc va dir liéu dé ching dam trach viéc thyc
thi cong viéc cling nhu nhén két qua tra v&. Moi thong tin
tra vé s& dugc hién thi trén portal cho nguoi ding.

3. Vén dé lap lich tai nguyén trong tinh toan luéi
3.1. Gidi thi¢u

Lén lich cong viéc va can bang tai 1a chirc ning quan
trong trong hé thong tinh toan luéi.

Hau hét hé thdng tinh toan ludi bao gdm mét s6 loai hé
thdng lich cong viéc. Piéu nay c6 thé thyc hién bang cach
st dung hang doi cong viéc c6 do uu tién khac nhau. Khi
mot may tram tré nén sin sang thi hanh cong viéc, cong
viéce lay tir hang doi c6 d6 uu tién cao nhit s& lam trudc.

Lich trinh thudng tac dong dén tinh trang tai cua ludi
tre thoi, dung thong tin v& tinh trang sir dung hién tai ctia
may tinh dé do ra cac may rdi va phan chia cong viée xir
Iy. Lich trinh c6 thé to chirc trén mot hé thong phan cap. Vi
du mét lich trinh cép ludi (grid) co thé giao viéc cho lich
trinh cp bo (cluster) hay céc lich trinh cap thap hon chir
khong chi cho mot may cu thé.

Céc lich trinh tién tién s& giam sat tién do cua lich trinh
cong viéc quan 1y toan bo ludng cong viéc. Néu cong viéc
bi mét quyen voi hé thong hay mang ngit quang, mot lich
trinh tot s& tw dong giao lai cong viéc cho chd khac. Tuy
nhién, néu mot cong viéc roi vao vong ldp vo han va tién
dén thoi gian ngung tré¢ cuc dai, thi khong dugc lam lai.

Tai nguyén duy trir trén ludi trong qué trinh phat trién
dwoc hoan thanh v6i mot hé thdng han ché. N6 con hon 1a
mot lich trinh. Trudc hét n6 1a hé thdng lich co ban dé du
trlr tai nguyén cho mdt khoang thoi gian dac biét va chan
cac lich trinh khéc gianh 1iy cing mot tai nguyén cing mot
thoi diém. N6 ciing c6 thé g& bo hay ngimg cong viée co
thé dang chay trén bat ki may hay tai nguyén nao khi di vao
thoi ki du trit.

3.2. Bai todn ldp lich trong tinh todn lugi

Trong tinh todn ludi, thanh phﬁn 1ap lich dong vai tro 16n
trong viéc quyét dinh dén thanh cong cta ludi, vi van dé ciia
ludi van 1a tim ra tai nguyén thich hop dé thuc hién cac nhiém
vu ma nguoi st dung giao pho. Do déc diém cua ludi 1 duoc
xdy dung trén co s¢ cac hé thong khong dong nhat va phan tan
vé mit dia 1y, nén s6 lugng, ching loai tai nguyén rat phong
phu da dang. Vi vay mirc d6 phirc tap ctia bai toan lap lich rat
16n do phai phu thudc vao nhidu yéu t6 khach quan.

Khi dua ra mot giai phap trong thyc té, nguoi phat trién
hé thong phai cén ctr vao tinh hinh cu thé cua ludi clng nhu
chc yéu cau toi vu dat ra ma quyét dinh hudng tiép can cu
thé cho cong viée cai dat. Viéc lua chon chinh xac dong vai
tro rat quan trong, vi no s& anh huong dén hiéu nang, tinh
t6i wu cling nhu tinh kinh té cua hé thong ludi sau nay. Trén
phuong dién nghién ctru, cac nha nghién ctru c6 thé dya
vao cac yéu cau trong thuce té dé tir do dat ra cac mo hinh
bai toan cho cach tiép can ciia minh. Mdi cach tiép can déu
¢6 wu diém riéng va nhitng diém manh nay ciing da dugc
chung to qua cac thi nghiém cua ho trén moi truong mo
phong. Cac hudng tiép can tiéu biéu hién dang dwogc nhidu
nguoi quan tdm nhu sau:

3.2.1. Hutbng tiép cin nham ning cao théng lweong ciia hé thong

Do 1a huong td chic 1ap lich cho mét tap cac nhiém vy
doc lap v6i nhau, nhdam nang cao kha ning xir 1y cta hé
thdng trong mot khoang thoi gian dai. Cu thé hon: véi mot
tap cac nhiém vu (meta-task) dugc guri dén yéu cau 1ap lich,
bo 1ap lich phai sap xep sao cho thoi diém két thac nhiém
vu mudn nhit 13 som nhit ¢ thé dugc.Trong khi dua ra
giai thuét 18p lich theo hudng nay, cac nha nghién ctru da
dé nghi dua thém tham s vé chit luong dich vu (QoS —
Quality of Service), cu thé trong thi nghiém 1a tham sb vé
bang thong cua mang. Céac nhiém vu c6 QoS ¢ muc cao sé
dugc dem xét lya chon tai nguyén trude cac nhiém vu cé
QoS thap hon. Trong khi lwa chon tai nguyén cho mot
nhiém vy, ham luong gia vé thdi diém hoan thanh tic vu
(CT — Completion Time) s& dugc danh gia theo heuristic
Min—min dé quyét dinh nhiém vu nao s€ dugc thuc hién
trén tai nguyén nao.

3.2.2. Hudng tiép cdn xdc ldp trude tai nguyén

Mot trong nhitng yéu cau nang cao cho bo 1ap lich trong
tinh toan ludi 1a kha ning xt ly vé& dit trudc tai nguyén.
Trong thyc té, diéu nay c6 ¥ nghia rat 16n, né gitp nguoi
s& hiru tai nguyén s& tan dung duoc tbi da tai ‘nguyén cia
minh trong viéc cho thué, con ngudi dung néu khong cé
yéu cau qua cap bach vé thoi han hoan thanh mg dung, co
thé 1ui thoi diém thyc hién lai voi hi vong veé mot gia ca
chap nhan duoc. Trong giai thuat nay, tham s6 QoS chinh
1a kha nang phuc vu cua CPU dbi voi tmg dung (tai cua
CPU). Céc yéu cau vé tai nguyén s& dugc xir 1y theo 10,
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theo cac khoang thoi gian At hodc s& duoc xur ly ngay khi
¢6 yéu cau ngay lap tirc vé tai nguyén. Mdi yéu cau déu
duoc gén cho mot d6 uu tién va c6 mot ham loi ich khi nd
dugce thyc hién trén mot tai nguyen nao do. Tuy nhién, giai
thuat nay van con han ché 1 véi mdi yéu cau gui dén chi
dugc phép doi hoi mot tai nguyén.

3.2.3. Hudng tiép cdn mang tinh kinh té

Céc hudng tiép can trén déu hudéng dén cac khia canh
cu thé cua mot hé théng tinh toan ludi. Lap lich cac tai
nguyén luéi mang tinh kinh té 1a mot huéng tiép can kha
méi, phan anh ludi nhu mét thi truong kinh doanh cac loai
tai nguyén khac nhau. Y tuong nay chinh 1a nén tang cho
viéc xay dung hé thong chuong trinh mé phong lap lich cac
tai nguyén mang tinh kinh té trong tinh toan luéi.

3.3. Viin dé lgp lich mang tinh kinh té trong tinh todn lwdi

Khi tinh toan ludi phét trién va viéc chia sé tai nguyén
giita cac to chirc 40 ¢6 thém mau séc kinh té, nghia 13 viéc
sir dung tai nguyén dong nghia véi viéc di thué va phai tra
tién, thi ta c6 thé xem xét moi truong ludi nhu mot thi
truong kinh doanh, trong do, cac t chirc ao ¢6 thé dong vai
tro 1a nguwoi sé hitu tai nguyén (resource owners) hodc
nguoi tiéu dung tai nguyén (resource consumer) hodc ca
hai. Viéc tham gia vao thi truong ludi ciia nhitng nguoi nay
déu nham muc dich cuc dai hoa loi ich cua ban than. D6i
v6i nguoi so hitu tai nguyén, ho luén mong muén tai
nguyén ciia minh dugc tan dung triét dé vai gia cho thué
hop ly trong hoan canh phai canh tranh v6i nhiing nha cung
cap dich vu luéi khac, dé cudi cung thu duoc loi nhuén tdi
da. Con ddi véi ngudi tiéu dung tai nguyén, ho hi vong giai
quyét duoc bai toan ciia minh véi chi phi hop 1y va trong
mdt khoang thoi gian han dinh. Viéc thoa man yéu cau vé
han dinh thoi gian 1a rat quan trong vi a6i voi mot 50
chuyén nganh nhu dyu bao chang han, thi sy cham tré trong
tinh toan s& lam cho két qua khong con ¥ nghia thyc té nira.
Bén canh do, c6 mot diéu rat quan trong la: nguoi sé hiru
va nguoi tiéu dung tai nguyén déu phan tan vé mat dia ly,
va do d6, dit ra nhiéu thach thirc cho viéc quan Iy cac
ngudn tai nguyén khong dong nhét va phan tan vé mat dia
1y. Véi tinh trang nhu vay, cic hudng tiép can mang tinh
tap trung cao s€ khong con phu hop cho moéi truong ludi.
Nguoi ta can dén hudng tiép can mang tinh phi tap trung

va mdt mo hinh quan ly tai nguyén ciing nhu 1ap lich mang
tinh kinh té.

Nhitng hudng tiép can ci cho bai toan 1ap lich trong
moi trudng ludi quan tim nhidu hon dén hé thng. Viéc
tinh gia dich vu cho nguoi dung la hoan toan tinh, b lap
lich khong quan tdm dén thoi han can hoan thanh cong viéc
ma chi cot sao 14p lich dé téng thoi gian hoan thanh tap
cong viée 1a nho nhat ¢ thé. Ciing khong c6 su thuong
lwong vé gia ca thuc hién tng dung giita nguoi ding va hé
thdng, vi gia nay di dwoc dit cb dinh trong hé théng. Bén
canh d6, y tuong vé gia ca thay d6i dong theo thoi diém
thuc hién Gng dung cling khd méi mé. Vi du nhu, viée chay
{mg dung vao ban dém s& ré hon ban ngay chiang han; nhu
thé s& khuyén khich nhiing khach hang & nira bén kia ban
cau thué tai nguyén cia ching ta trong khi ching ta dang
ngon gic. Nhimg y tudng moi trong huéng tiép can mang
tinh kinh té s& giup ngudi so hiru tai nguyén kiém dugc
nhiéu tién hon tir viéc cho thué tai nguyén

4. Cac thuit toan lap lich

Viéc quan ly va 1ap lich cac tai nguyén trén moi truong
ludi, nhiam théa man tdi da nguoi dung va thoa man tbi da
quyén st dung tai nguyén. De lam duoc diéu nay, bo 1ap
lich (scheduler) ¢ ba van dé can chu y:

Thir nhit, scheduler c6 thé gidi han tai nguyén sir dung
cua moi user bang cach phan quyén st dung tai nguyén.

Thir hai, scheduler ¢6 thé 1ap lich cong viéc dya vao
thoi diém két thuc cong vige.

Cubi cing, scheduler ghi lai va tai cac tai nguyén ma
moi user sir dung.

Dé gi6i han tai nguyén sir dung, scheduler can phai
phan loai tai nguyén thanh nhiéu 16p. Trong moi 16p co
Hang doi riéng va co6 cac thudc tinh nhu sau:

S6 may (tai nguyén) trong mdi 16p va xac dinh muc 1ap
trinh da nhiém ctia may tuong Gng.

User c6 thé sir dung tai nguyén nao trong mdi 16p va sb
tai nguyén ma moi user c6 thé su dung.

Phuong phap 1ap lich duoc sir dung 1a t6i da cong viéce
ma hang doi c6 thé 1ap lich va toi da cong viéc ma hang doi
c6 the luu tri.

Dé 18p lich cong vige dya vao thoi diém cong viée két
thuc, scheduler phai biét thoi diem ket thiic ciia cong viéce
va uéc tinh dugc thoi gian thyc hién cong viée.

Khi cong viéc két thiic, bd lap lich 1am hoa don cho user.

Kha nang khai thac hi€u qua tai nguyén cua hé théng
phu thudc vao cac yéu td sau:

e Thoi gian CPU: danh dé thyc thi mdi cong viéc.

e Cach sir dung Bo nhd: bo nhéd sir dung cho mdi cong viéc.

e Cach str dung Pia: khong gian Dia str dung cho mdi
cong viéc.

e Cach st dung mang: sb luong dit liéu truyén trén mang.

Trong d6 chi phi vé sir dung dia 1a ¢6 dinh con céc chi
phi khéc thi khong ¢6 dinh. Chi phi CPU phu thudc vao toc
d6 CPU. Néu CPU tdc d6 cao thi chi phi ciing cao. Chi phi
cua bo nhd dugc phan ra thanh nhiéu 16p phu thudc vao
quan tri hé thong. Chi phi ciia mang c¢b dinh. Tong chi phi
cho mét cong viée duge tinh nhu sau:

Téng chi phi = (Thoi gian CPU * chi phi ciia tée dd
may) + (chi phi sit dung by nho¢) + (chi phi Pia) + (S
dung mang*chi phi ciia mang) [6]

Ngoai ra con phu thudc vao yéu cau ctia ngudi sir dung
tai nguyén Grid: thoi gian t6i da (deadline) dé hoan thanh
cong viée va chi phi tdi da (budget) ma ngudi dung tra cho
ngudi s hitu tai nguyén.

4.1. Chi dinh Deadline va Budget

Céac cong viéc dugc 1ap lich trén Grid thong qua cac bo
modi gidi cua user. BO moi gidi st dung Dractor (chi
deadline) va BeacTor (chi budget) dé chi ra cac gia tri
deadline va budget tuyét d6i nham thyc hién mot kich ban
truge lac thi hanh. Mién gia tri ciia Dractor va BracTor
trong [0.0..1.0]. Mot Dacror gan bang 1 biéu thi sy sin
sang cua user dé thiét 1ap mot Deadline duoc ndi rong hét
mirc, deadline nay du dé xir Iy cac img dung ngay ca khi
chi ¢o cac tai nguyén cham nhét 1a sin co. Tuong tu, mot
BracTor gan bang 1 biéu thi ring ngudi ding sin sang giri
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nhiéu tién nhu dwoc yéu cau ngay ca khi chi co tai nguyén
dat nhit dugc sir dung. Gia tri Deadline tuyét ddi:

Deadline= Twmin +Dractor *( Tmax - TmiN)

o Tmin: thoi gian dugc yéu ciu dé xur Iy tat ca cac cong
viéc theo huéng song song, cho tai nguyén nhanh nhat
v6i d6 wu tién cao nhat.

* Tmax: thoi gian dugc yéu cau dé xur 1y tat ca cac cong
viéc tuan tu, st dung tai nguyén cham nhét.

e Mot rng dung véi Deactor <0 s€ khong bao gio duoc
hoan thanh.

* Mot img dung v6i Dractor 21 s€ ludn luén duge hoan thanh
mién la mot vai tai nguyén san sang voi chia sé nguoi dung
cuc tiéu trong sudt Deadline. Gia trj Budget tuyét dbi:
Budget= Cwmin +BracTtor *( Cmax - CMmin)

e Cwin: chi phi ctia viée xir Iy tat ca cac cong viée theo
huéng song song trong pham vi Deadline, cho tai
nguyén ré nhit c6 6 wu tién cao nhat.

e Cuax: chi phi cua viée xtr 1y tat ca cac cong viéc theo
huéng song song trong pham vi Deadline, d6i voi tai
nguyén dic nhat c6 do uu tién cao nhat.

e Mot ing dung voi BracTor <0 s€ khong bao gio duge
hoan thanh.

Mot ung dung véi Bractor >1 s€ ludn ludn dugce hoan
thanh mién 1a mot vai tai nguyén sin sang chia sé véi nguoi
duing cyc tiéu trong sudt Deadline.

4.2. Thudt todn Igp lich toi wu chi phi

Thuét toan lap lich t&i wu chi phi sir dung cac tai nguyén
ré nhét dé dam bao Deadline co thé va chi phi tinh toén 1a
nho nhét. Thuét toan lap lich t01 uu chi phi co gang dé hoan
thanh viéc thir nghiém cang tiét kiém cang t6t trong gidi
han Deadline. Cac budc chinh cia thuat toan nhu sau:

Pau vao: Tap tai nguyén Grid; Tap ngudi ding Grid.
1. Sip xép cac tai nguyén theo huérng chi phi tang dan.
2. Bbi voi mdi tai nguyen trong su sap Xep, phén cong

cang nh1eu cong viée cang t6t dén cac tai nguyén ré nhat,
khong can quan tim dén Deadline.

Pau ra: Thir ty cac ngudi dung Grid véi chi phi thyc
hién cong viéc theo yéu cau.
4.3. Thudt todn Igp lich t6i wu thoi gian

Thuat toan 1ap lich t6i wu thoi gian st dung tt ca cac
tai nguyén du kha nang dé xu 1y tat ca cac cong viéc theo
hudng song song cang nhanh cang tot. Cac budc chinh ctia
thuat toan nhu sau:

Dau vao: Tap tai nguyén Grid; Tap nguoi dung Grid.

1. i véi mdi tai nguyén, tinh toan thoi gian hoan thanh
keé tiép cho mdt cong viée dé dugc gan dua vao tinh toan cic
cong viée dugc gan trude do va toc do xur Iy cong viée.

2. Sép xép céc tai nguyén theo thoi gian hoan thanh ké tiép.

3. Gan mot cong viéc dén tai nguyén dau tién ma chi
phi ddi v6i cong viéc nay nhé hon hodc bang budget con
lai cua cong viéc.

4. Lap lai cac budce trén cho dén khi tat ca cac cong viée
deu duoc gan.

Pau ra: Thir tu cac ngudi dung Grid voi thoi gian hoan
tat cong viéc theo yéu cau.

4.4. Thudt todn Igp lich toi wu chi phi va thoi gian

Thuat toan lap lich t6i wu chi phi va thoi gian tuong ty
thuat toan tbi wu chi ph, nhung néu nhiéu tai nguyén cing
chi phi, 4p dung thuat toan t&i wu thoi gian. Cac bude chinh
cua thuat toan nhu sau :

DPdu vao: Tap tai nguyén Grid; Tap ngudi ding Grid.

1. Kham pha tai nguyén: Dya vao GridInformation
Service x4c dinh cac tai nguyén va kha nang cua chung.

2. Trao ddi tai nguyén: Xéc dinh chi phi cua tat ca cac tai
nguyén va kha nang dugc phan phoi trén moi don vi chi phi.

3. Lap lich: Lap trong khi hién tai con ton tai cac cong
viéc chua dugc xtr Iy va cac chi phi xtr ly trong pham vi
gi61 han Deadline va Budget.

4. Phan phbi: Xac dinh sé lwong cac cong viée c¢6 thé
duoc d¢ trinh ma khong qua tai tai nguyén. Phuong thtc
mdc dinh 1a s€ gtri cac cong viéc mien la s6 cac cong viée
cua nguoi dung dugc trién khai (hoat dong hay trong hang
doi) it hon so cac PE trong tai nguyén.

Ddu ra: Thir ty cac ngudi dung Grid véi chi phi t6i da

ma nguoi dung phai tra dé hoan tat cong viéc theo yéu cau
nhanh nhat.

5. Xdy dung h¢ théng md phéng lap lich cac tai nguyén

Dé xdy dung hé thong chwong trinh mé phong 1ap lich
cac tai nguyén trén Grid, st dung bd cong cu GridSim,
chung ta thyre hién cac cong viéc nhu sau:

1. Xay duyng mdé hinh mé phéng moi truong Grid
Computing.

2. Mo phong thuat toan 1ap lich ti uu thoi gian.

3. M6 phong thudt toan 1ap lich t&i wu chi phi.

4. M6 phong thuat toan 1ap lich ti uu thoi gian va chi phi.

Chuong trinh xay dung cac module ddc lap dé thuc hién
céc cong viéc trén.
5.1. Xdy dung mé hinh mé phong maoi truong Grid Computing

M5 hinh hoa méi truong Grid gdm cac bude sau:

1. Khoi tao cac tham s6 ban dau dé khoi dong géi GridSim.

2. M6 hinh hoa tai nguyén Grid (Resource).

3. M6 hinh hoéa nguoi dung Grid (User).

4. Thuc thi qua trinh m6 phong.
5.1.1. M6 hinh ho4 tai nguyén Grid

M6 hinh tai nguyén Grid dugc chi ra trong hinh 4.1.
Trong mé hinh nay ta co thé tao ra cac phan tir xir 1y (PE-
Processmg Element) vaoi cac tbc do khac nhau. PE la don
vi nho nhat, va trong thuc té, ta ¢6 thé coi moi PE tuong
ung voi 1 CP}J, thuc hiép cac nhiém vu tinh toén. Sau do,
mdt hoac nhiéu PE c6 thé dugce dat cung nhau dé tao the‘ml}
mdt may (Machine). Tuong tu, mét hodc nhiéu may c6 the
dugc ddt cung nhau d€ tao ra mét tai nguyén Grid (Grid
Resource). Tai nguyén Grid két qua co6 the 1a mét bo xur ly
don, da xu 1y chia sé b nhé (SMP-Shared memory
multiprocessor), hoac mét nhom bd nhé phén tan cua cac
may tinh, trong thyc té n6 ¢ thé tuong dwong voi mot
cluster. Cac tai nguyén Grid nay c6 thé moé phong lap lich
chia s¢ thoi gian hodc b nhé phu thude vao cac phuong
thirc phan phdi. Mot PE don hoic SMP kiéu tai nguyén
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Grid dugc quan 1y tiéu biéu bai cac hé diéu hanh chia sé
thoi gian st dyng phuong thie 14p lich Round-Robin. Céc
hé thong da xtr Iy bd nhé phén tan dwoc quan 1y boi cac hé
théng hang do1i, dugc goi la cac bg 1ap lich chia sé bd nhd,
thyc thi mt cong viée trén mot PE danh riéng khi duoc cép
phat. Vi cach thirc mé hinh hoa nay thé hién tinh mém déo
vao dam bao kha niang mé hinh hoa nhiéu kiéu tai nguyén
khac nhau trong thyc té.

Resource
Machine 1 Machine 2 Machine n

Machine 2
/J

-
\\ _ PE1 PE2 o PEn

Hinh 3. M0 hinh hoa tai nguyén Grid.

. Trong do mdi may gdbm danh sach cac PE: Id cua PE,
toc do MIPs (Tri¢u 1énh trén mot gidy). SO cac mdy trong
mdt Resource s€ dugc lay ngau nhién. S6 cac PE ciia mot
may ciing dugc lay ngau nhién.

Céc phuong thitc chinh cua 16p addResource:

public addResource(int id, string name, Random r)

public String getGridName()

public int getGridid()

public void setGridName(String name)

public double getBaudRate()

public int getPeakLoad()

public int getOffLoad()

public int getHolidayL oad()

public ResourceCharacteristics getResourceCharacteristics()

public void setBaudRate(double baudRate)

public void setPeakLoad(int peakLoad)

public void setOffLoad(int OffLoad)

public void setHolidayLoad(int holidaylLoad )

public Vector getListMachineName()

public void defaultResource()
5.1.2. M8 hinh hod nguoi dung Grid

_Tao ra mot hodc nhiéu User sir dng tai nguyén Grid.

Moi User gobm nhicu Gridlet dugc luu trong danh sach
listgridlet. S6 cac Gridlet cho moi User duge lay ngau
nhién. Moi Gridlet cua User gobm cac thong tin nhur: s6 thir
tu, chiéu dai, kich th}réc file dau vao, kichqthuc’yc file dau
ra. Nl}u vay, ta co6 the thuc hiép vong lap dé tao cac thong
s0 ngau nhién cho Gridlet. Moi User chtta dyng trong do
phuong thirc body() mé ta qua trinh hoat dong ctia User.

Céc phuong thirc chinh ciia 16p addUser bao gom:

public java.util.Vector createUser(int num, boolean
random, int total_resource)

public void removeAllUser()

public int removeUser(String value)

public void body ()

public int getTotalUser()

public int getUserCounter()

Chuong trinh cung cap giao dién cho phép mo phong
xdy dung méi truong GridComputing nhu: tao mdi, thém,
xod cac User, cac Resource: Quan 1y cac thong tin cua moi
Grid User; Quan 1y cac théng tin ciia moéi Grid Resource.

x|
User Name |User_2 User D : |25
Baud Rate |560.0
— Lser Gridlet :
Gridlet : |1
Length : |2863 58270547
File : |130
Qutput - |324
Ok | Cancel |

Hinh 4. Qudn Iy théng tin méi Grid User.
& Resource Informal tion =

Resource name: |Resource 2 Resource Id: |1
Baud Rate 519.0

Peak Load 10

Off-peak Load =]

Holiday Load g
— Characteristic

Architecture AMD Processor
Operating System Windows
Time Zone (GMT) 3.0
Grid$/FE 29 354227202881706
Allocation Policy Space - Share =1
List Machine

Fe MIFs Rating
1 233
2 233
3
" 2 233
S 233
5 =i n 233

Ok I Cancel

Hinh 5. Quan Iy théng tin méi Grid Resource.

5.2. M6 phong thudt todn ldp lich 101 wu chi Phiva thoi gian

Theo chién luoc 1ap lich tdi wu chi phi va thoi gian, bo

1ap lich s€ lay chi phi 1am tiéu chi. Néu User dua ra chi phi

phai tra cao, s€ dugc lap lich trudc. Néu cac User dua ra

cung chi phi thi s€ dya vao thoi gian yéu cau hoan thanh

cong viéc, ai ¢6 yéu cau thoi gian hoan thanh cong viéc
thap s€ duoc lap lich trude.

Simulations _Interaction Help

Options Ket qua mo phong

Broker_User2: Deadline: 4113.0 Budaet 9753.0 =

GridistCompletion: 1 TimeLtilization: 6 BudgetUtilization: 124

Broker_User!:: Deadline: §806.0 Budget. 6817.0

Broker_User3: Deadline: 2275.0 Budaet §324.0

GridistCompletion: 42 TimeLtilizatian: 11 BudgetUtilization: 1664
dletCompletion: 10 Timeltilization: 5908 Budgetutilization: 5431

Sim_syster: No more future events

Exiting Sim_system.rung

=loix|

( Time Optimisation

& Cost Optimisation

(@ Cost_Time Optimisation

Qua trinh mo phong
0. o7 Gridlets: 34 -

IDeadiine Factor: 0.0

Deadiine: 5906.0

Deadiine Time: 5928.627552071272

[Budget Factor: 0.0

Budget 6817.0

|Stratergy. OPTIMIZE_COST_TIME

IStart Time: 22 627582071271895

[End Time: 5329.2019204600458

[Budget Spent: 6431.529631338464

(Gridlets Executed: 10

(Gridlet Completion Factor: 0.29411764705882354

(GridletCompletion: 10 TimeUtllization: 5306

ISim_systern: Mo more future events:

[Exiting Sim_systemn runQ

KET THUC MO PHONG ~

BudgetUtilzation: 6431

Wistart| [ [ 41 » |32 Windows Ex... ~| B3 Tien_luan v... | B Commend Prom... [ Grip compu... [« E[# @ 74720

Hinh 6. Két qud mé phéng lp lich t6i wu chi phi va thoi gian



Tran Ho6 Thay Tién

Nhu vy, qua thuc nghiém dya trén moéi truong Grid
Computing di tao ra & trén. Két qua mé phong thuat toan
1ap lich t&i wu thoi gian va chi phi nhu sau: Pau tién, bo lap
lich s€ 18p lich cho User2 dugc sir dung tai nguyén Grid.
S cac Gridlet ciia User2 thanh cong 1a 1. Chi phi ma User2
phai tra cho nguoi so hitu tai nguyén 1a 9753.0 (dvtt). Tiép
dén, 1ap lich cho Userl. S6 cac Gridlet cua Userl thanh
cong la 34. Chi phi ma Userl phai tra cho nguoi s¢ hitu tai
nguyén 1a 6817.0 (dvtt). Cudi cung, User3 duoc lap lich.
S6 cac Gridlet cua User3 thanh cong 1a 42. Chi phi ma
User3 phai trd cho ngudi so hitu tai nguyén la 5324.0 (dvtt).

Qua mot sb cac thu nghiém vdi cac gia tri Deadline va
Budget thay ddi. Ta c6 thé rut ra duoc cac danh gia sau:

Vi thuét toan 1ap lich t6i uu thoi gian : S6 Gridlet duoc
xur 1y tang 1én néu gia tri budget va deadline ting. Nghia 1a
khi gia tri budget cao hon, bd moi gidi san sang chon tai
nguyén dit dé xur 1y dwoc nhiéu cong viée, dan dén thoi
gian hoan thanh cong viéc giam.

Vi thuat toan 1ap lich t6i wu chi phi : Deadline khong
16n, muén s6 gridlet dugc xir 1y ting 1én thi gid trj budget
phai tang. Do khi budget cao hon, broker sin sang thué tai
nguyén dé xir Iy dugc nhidu cong viéc trong pham vi
deadline. Hodc khi 1ap lich véi gia tri budget giam, mudn
s6 cac gridlet duoc xtur 1y tang 1én thi deadline phai duoc
gién ra.

6. Két luan

Dura trén viéc tim hiéu va nghién ctru cac thudt toan lap
lich trén hé thong GridComputing 1a co s¢ dé c6 thé trién
khai xdy duyng hé thong GridComputing tai phong thi
nghiém mang ciia Khoa CNTT truong Dai hoc Bach Khoa
nham phat trién cac hé thong tinh toan khéi luong 16n.
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