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Toém tat - Lap lich tac vu trong mai trwéng tinh toan dam may cé
hai hwéng chinh: hudng dén hiéu ndng vé hé théng va hwéng dén
hiéu nang vé& kinh t&. Bai bao nay chi tap trung lap lich hwéng dén
hiéu néng vé hé théng. B&i vi bai toan lap lich tac vu viéc trén tinh
toan dam may la mot bai toan NP - ddy du [2], do d6 can thiét phai
xay dwng cac thuat toan heuristic d& giai quyét van d& nay. Bai bao
nay s dung thuat toan ACO [1] d& dwa ra mdt thuat toan heuristic
m&i vé& |ap lich trén cac tac vu trong méi truwdng tinh toan dam may.
Muc dich cla thuat toan la lam cho téng thei gian hoan thanh céng
viéc clia hé thdng la nhé nhét nhitng van théa man thdi han cho
cac tac vu. Thuat toan nay dwoc cai dat hoan chinh trén CloudSim
[9] va két qua c6 sw cai tién dang ké so véi thuat toan MinMin [10]
hién cé.

T khoéa - tinh toan dam may; quan ly tai nguyén; |ap lich tac vy;
DSACO; MinMin.

1. Pit van dé

Tinh toan dam may da mo ra mot thoi dai mai dé chia
sé co sO ha tang cong nghé thong tin, cac hé thdng dwoc
lién két v6i nhau thong qua internet dé chia sé dich vu. Tinh
toan dam may bao gom cac thanh phan ngudi ding, nha
cung cap dich vu Saa$S, PaaS va Iaa$S nhu thé hién & Hinh
1. Nguoi dung g1 tap céc tac vu yéu cau tai nguyén dén
nha cung cap SaaS, nha cung cép Paa$ sir dung bd lap lich
de tim kiém tai nguyén thich hop trén nha cung cap laaS,
néu tim thdy tai nguyén théa man yéu ciu s& anh xa tai
nguyén vao tac vy tuong ing.

Nguoi dung

Guri céc tac vu || Pap ung yéu ciu

Nha cung cap Saa$S

Céc tg dung phin mém

Nha cung cap PaaS

B¢ Iap lich

Yéu ciu may ao Lap lich trén may ao

Nha cung cép TaaS

Céac may ao

Hinh 1. M6 hinh tong qudt aé lap lich
theo hudéng hiéu nang vé hé thong
Véi su hd trg cong nghé ao hoa, nén tang cua tinh toan
dam may cho phép cac doanh nghiép cho thué nang luc tinh

Abstract - Scheduling taskss on the cloud computing has two main
problems to solve: the performance of the system and the
economic performance. This paper focuses on scheduling on
system performance. The task scheduling problem on the cloud
computing is a complete NP [2]. Therefore, it is necessary to
develop heuristics to solve this problem. This paper uses Ant
Colony Optimization — ACO [1] algorithm to provide a new heuristic
to schedule tasks on the cloud computing. The purpose of the
algorithm is to minimize the total time to complete the task of the
system but it still satisfies the minimum duration for the task. This
algorithm is officially installed on CloudSim [9] and it has brought
about significantly improved results compared with the current
MinMin algorithm [10].

Key words - cloud computing; resource management, scheduling;
DSACO; MinMin.

toan ctia minh dudi hinh thirc cac may 4o dén nguoi ding.
Nhimg nguoi dung co thé sir dung hang tram, hang ngan may
40 nén rat kho dé gan tac vu dén cac tai nguyén trong moi
treong dam may. Vi vy, van dé can thiét dit ra 1a can mot
s0 thudt toan c6 kha nidng mang lai hiéu qua dé lap lich tbi
uu hoa céc tac vu trong moi truong tinh toan ddm may. Hién
nay cac nha khoa hoc da nghién ctru nhiéu thuét toan dé dat
duoc hiéu qua cho viée 1ap lich tac vu trong moi truong dam
may. Nhiéu thut toan da dugc phat trién dé co dugc giai
phép gan tdi wu phi hop voi muc tidu dit ra cia nguoi ding
duoc dé xudt gan day tai VGrADS [2] nhu MinMin [10],
MaxMin [8]. Cac thudt toan nay co ban tinh toan thoi gian
hoan thanh sdm nhat cta timg tac vu ing véi tai nguyén co
san, sau d6 c6 dugc thoi gian du kién hoan thanh cho mdi
cong viée va gia tri toi thiéu cho tit ca cc tac vu twong tng.

Thuat toan ACO 1a thudt toan tim kiém ngiu nhién,
gidng nhu cac thudt toan bay dan (PSO) va thuat toan di
truyén (GA) [5]. N6 bat chude hanh vi cua dan kién trong
tu nhién dé tim kiém thirc an va két ndi voi nhau bang mui
thirc an dét lai trén duong di. Nhiéu nha nghién ctiru da st
dung ACO d¢é giai cac bai toan khé vé t6 hop nhu bai toan
ngudi du lich, t6 mau do thi.

Trong bai b4o ndy, ching t6i dé xuit mot thuat toan lap
lich tac vu trén moi truong ddm may dua trén thudt toan t6i uu
hoa dan kién (DSACO) dé tim va anh xa cac tac vy vao tai
nguyén mot cach ti vu nhim giam thiéu tong thoi gian thuce
hién cua hé théng. Sau d06, thuat toan 1ap lich nay dugc thuc
nghiém mé phong bang cong cu CloudSim dé so sanh vé thoi
gian t0i uu hé thong véi thudt toan MinMin vira néu trén.

2. Mé hinh h¢ théng

M hinh tng quat dé 14p lich cho céc tac vu bao gom
cac thanh phan nhu Hinh 1. Trong mé hinh nay bao gém
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c&c mo hinh con: mé hinh nguoi ding SaaS, md hinh nha
cung cap SaaS, md hinh nha cung cap PaaS. Chung toi
trong tAm trén mo hinh clda nha cung cap dich vu PaaS dé
tim kiém tai nguyén hop 1y trén laaS.

2.1. M6 hinh nguoi ding

Nguoi dung guri n tac vu (T, Tz,.., Tn) 1én hé thdng, mdi
tac vu Ti 1a mot bo 5 thanh phan<a;,w;,d;,in;,outi> trong d6:

- &: thoi gian dén cua tac vu.

- wi: khdi luong tinh bang MI ciia tac vu.

- di: thoi han 16n nhét dé hoan thanh cong viéc.

- in;, out;: kich c& file dau vao.

Mai tac vu co thé anh xa bat ky ngudn tai nguyén tinh
toan c6 trén dam may va moi tai nguyén tinh toan co thé
ket noi v6i mot hodc nhi€u tai nguyén luu trir dé tai ve cac
file dau ra va luu lai cac file dau ra khi tac vu tinh toan
xong.

2.2. M6 hinh nha cung cip IaaS

Tai nguyén hé thong bao gdm m cac tai nguyén tinh
toan (PCy, PCs, ..., PCr), chiing lién két véi nhau véi céc
bang thong khac nhau va tai nguyén tinh toan két ndi voi
mot hoac nhiéu tai nguyén luu trr (Sy, Sa,.., Sk) Cac tai
nguyén tinh toan nay c6 thé thyuc hién duoc bét ky cong
viéc nao, nhung thoi gian thuc hién khéac nhau.

Madi tai nguyén tinh toan PCj 1a mot bo 3 thanh phan
<r;,S;j,Sl>, trong do:

rj: thoi gian san sang cua tai nguyén.

sj: toc do tinh toan ciia tai nguyén.

srj: 1a tap cac tai nguyén luu trit lién két véi tai nguyén
tinh toan PC; .

2.3. M0 hinh nha cung cip PaaS

Goi thoi gian hoan thanh cua tac vu i trén tai nguyén

tinh toan tht j 1a CTjj, CTjj dugc xac dinh nhu sau:
CTj=TP;j+Rj+ TF; (1)

Trong do:

- TPjj 1a thoi gian thuc hign ctia tic vy i trén tai nguyén
j» phu thudc vao toc do tinh toan s; cta tic vu i trén tai
nguyén j va khoi lugng wi cua tac vu i.

TP, = X (2)

ij sij
- Rj 1a thoi gian sém nhat ma tai nguyén tinh toan j ¢6
thé thyc thi tac vu (thoi gian san sang):

- TFy; 1a thoi gian nho nhat dé chuyén file dau vao in; va

dau ra out; tir srj dén tai nguyén tinh toan tai nguyén i.
_ . [ (inj+out;) _
TF;; = min (ﬁ), k=1.m (4)

Trong d6: bwi 1a bang thong két ndi tir srj dén tai
nguyén tinh toan j (k=1..m’, m’ 13 so tai nguyén luu trir ket
noi voi tai nguyén tinh toan j).

Muyc ti€u ctia bai bao la tim kiém cac tai nguyén tinh
toan trén laaS d€ cho makespan cua hé thong 1a nhé nhat,
tirc 1a phai di tim:

=

e Hrwim )

tm ((m + outl)> ’

bW]'k

m P
i=1 j=1 k=1

i=1l.nj=1L.mk=1.p (5
Dé dat duoc muc tiéu trén thi phai thoa man rang budc:
CT; <d;i=1..n (6)

3. Xay dwng bai toan

Thuét toan dan kién 12 mot trong nhiing giai phap giai
quyét cac bai toan t6i uu hoa t6 hop. N6 mé phong hanh vi
ctia dan kién trong tw nhién nhim tim kiém duong di ngén
nhat gitia nguén thire n va t6 kién dura trén mat do mui ma
cac con kién dé lai trén duong di. Khi mot con kién tim
kiém thirc dn n6 s& dé lai mot sé lugng mui trén duong di.
Néu mot con kién cb ging dé di chuyén tir noi nay sang noi
khac, n6 s& gap mot dau vét trude d6 tir nhimng con kién da
di truge do, kién co thé phat hién cac dau vét mui va dua
Va0 X4c sudt mui cao n6 s& quyét dinh chon dudng di. Sau
khi di qua mot chu ky, con kién nay dé lai mui trén duong
va mui ndy s& mat dan theo thoi gian, do d6 khi nhiéu con
kién tim dwong di, mui trén con dudng ngén hon s& duoc
tang 1én mot cach nhanh chong. SO lwong muii trén mdi con
duong s& anh huong dén kha nang con kién khac dé lya
chon dudng di. Cudi ciing dua vao xac sudt mui cao, nhiing
con kién s& chon con duong ngan nhat. Thuét toan ACO
duoc mo ta nhu sau:

Buée 1. Khéi tao cac diéu kién ban dau.

Bude 2. Cac con kién xay dung phuong 4n dé tim kiém
nguon thirc an.

Budc 3. Cac con kién cap nhat lai mui.

Budc 4. Néu diéu kién két thuc chua thoa mén thi sang
budc 2, nguoc lai dya trén cac con kién dg% tim ra phuong
an tot nhat. Bé ap dung thuat toan dan kién nguoi ta phai
xac dinh dugc cdc thong tin ham cuc tiéu F, théng tin
heuristic 1;, cdp nhét lai mui va xac xuat P.

3.1. Ham cwec tiéu F va thong tin heuristic i

Ham cuc tiéu F va thong tin heuristic n; duoc sir dung dé
tim ra nha cung cap laaS tot nhat, phu thudc vao thoi gian
thuc hién (CTijj) cua tac vu i trén tai nguyén tinh toan j:

F = Max(CTlJ) i=1l.nj=1..m (7
n =——i=l.nj=1.m (8)
J

Str dung 1; dé tim ra tai nguyén c6 d¢ wu tién cao nhat
vi thoi gian thuc hién CTj; cang nho thi thong tin i ctia tac
vu i cang cao. Ham cyc tiéu F dung dé tinh x4c xuét cho
tac vu i chon tai nguyén j.
3.2. Cip nhdt lai mui

Mbi con kién bit ddu tir ngudn tai nguyén va tac vu mot
cach ngiu nhién. T4t ca cac con kién dugc duy tri trong mot
danh sach, bat ky khi nao chiing chon tac vu vao tai nguyén
két tiép chung duoc luu vao danh sach. Tai mdi budc lip cac
con kién tinh ham cyec tiéu va cap nhat lai mui nhu sau:

Tij= pTij+ Atj
Trong d6:
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- 7jjla mat do mui cua tac vu i trén tai nguyeén j.
- pla gia tri bay hoi dugc xac dinh trong khoang (0,1).
- ATjj :1;—: v6i Fi 1a ham cyc tiéu ctia con kién k.
- Ajjdugc thém vao mat do mui.
3.3. Tinh xdc suit
Xac xut dé anh xa tac vu i vao tai nguyén j duoc xac
dinh nhu sau [7]:

Py = Tij-Nij ©)
Y Z}":l Tij-Mij
Sau khi ap dung cac cong thic (1),(2),(3),(4).(7), (8) va
(9) chung t6i xac dinh cng thirc dé anh xa tac vu i vao tai
nguyén tinh todn j nhu sau:
1=p 1
(pTij + Fg ) ’ TPij+Rj+TFij
m 0oy 1
Zj:l(p‘[ij + Fg ) ’ TPij+R]'+TFij
Trong d6: i1 mat do mui dé lai khi con kién di chuyén.
pij1a xac suat dé tac vu i anh xa vao tai nguyén tinh toan j.

bij = (10)

4. Thut toin DSACO

Y tuong cua thuat toan nay duoc lay tir y tudng cua
thuét toan SACO [7], chung t6i thém vao cac rang budc
nhu thoi gian dén, thoi han cho céc tac vy, sau d6 xay dung
thuat toan nhu mo hinh & muc 2 va muc 3.

4.1. Cac ky hiéu va cdc gia tri khdi tao ciia thudt todn

- Duya vao céc tai nguyén co san trén dam may, udc
qung thoi gian thuc hién luu vao TP, dua vao bang thong
ket ndi gitra cac tai nguyén tinh toan va tai nguyén luu trir
ta wdc lugng thoi gian chuyén tai cac file dau vao tir tai
nguyén luu trir dén tai nguyén tinh toan Iuu o PS;;.

- T, CR, SR: tap cac tac vy, tap cac tai nguyén tinh toan
va tap cac tai nguyén luu trir.

- CL: Tap cac tac vu chua lap lich.

- S: tap cac tac vu da lap lich.

- Ti, CR;: tac vu thur i, tai nguyén thu j.

- Rj: Thoi gian sém nhit ma tai nguyén CR; c6 thé cung

cap cho tac vu.

- Gia tri bdc hoi ctia mui ban dau cua p 12 0,05.

- Gi4 tri mui ban dau 1a 0,01.
4.2. Pdu vao ciia thudt todn

- S6 tac vu can 1ap lich: N, s6 tai nguyén tinh toan: M.

- Ma tran TPnxm, PSmxn.

- p =0,05, 7;; = 0,01.
4.3. Pdu ra ciia thudt todn

Bang 4nh xa cta tic vu vao cdc ngudn tai nguyén.
4.4, Gidi thudt xir ly bai todn
B1.THUC HIEN LAP VOI MOI CON KIEN
B2.S={};CL=T;R=0;
B3.Gan ngau nhién tac vu Tivao tai nguyén CR;.
B4.Anh xa tac vu T; vao ngudn tai nguyén CR; va cap nhat
lai R;.

B5.S=S+{T}; CL=CL —{Ti}; R; = TP; + Rj+ TF;;
B6.THUC HIEN LAP MOI TAC VU T; TRONG TAP
TAC VU CHUA LAP LICH

B7.Tinh thong tin heuristic cho tac vu T; trén CR;:
1
N, =g
i " TP, +R; +TF;
B8.Tim ra gid tri cia mui hién tai: 7;;
B9.Cap nhit lai mui: 7;; = pry; + IF‘—”
k
B10. Tinh xac suit:

1-p 1
(pT” T )'TP--+R-+TF--
_ k ijThRj ij
bij = 1-p 1

m .. kN -
Zj:l(pTL] + Fg ).TPij+Rj+TFij

B11. Tim raP;j cao nhét va c6 CTi<d;, sau d6, 4nh xa tac
vu T vao nguodn tai nguyén.

B12. S=S+{Ti}; CL =CL —{Ti}; Rj= TPjj + Rj*+ TFj;
B13. QUAY TRO LAI BUOC LAP (6).

B14. Phan tich cac con kién trong dé tim ra giai phap co
thé toi uu nhat.

B15. QUAY TRO LAI BUOC LAP (1).

MJi con kién ta anh xa ngau nhién mét tac vu vao tai
nguyén tinh toan j nao do6 va cap nhat lai cic trang thai
(budce 3 dén bude 5). Sau d6 duyét qua cac tac vu chua 1ap
lich (CL), ctir mdi tac vu chua 1ap lich ta dua vao cac thong
tin mj Va 7 d¢ tinh x4c xuat p;; (bude 6 dén budc 10) va
tim ra X4c Xuét cao nhét va c6 thoi gian thuc hién nho hon
thoi han ctia n6 (bude 11). Sau do tién hanh 4nh xa tac vu
i vao ngudn tai nguyén tinh toan j va cip nhat lai cac trang
thai 1ap lich va chua lap lich. Sau khi két thuc vong lap
(budce 14) ta tién hanh phan tich cac giai phap c6 duoc cua
céc con kién dé tim ra mot bang anh xa t6i uu.

5. Két qua thue nghi¢m
5.1. Cdc thong sé trong cai dit thwe nghi¢m

Céc thuat toan dugc cai dit mo phong bang ngén ngit
Java (NetBean 7.1.1, JDK 6), goi cong cu CloudSim 2.0
[9] véi cac thong sb sau: Sir dung 1 Datacenter, s6 may a0
thay ddi tir 50 dén 100, 4 PE va 512 RAM trén mot may o
va sb yéu cau thay dbi tir 100 dén 500. Céc thong sb khac
duoc lay ngdm dinh nhu trong CloudSim. Thoi gian thuc
hién ctia moi tac vu trén mdi may 4o (ma tran TP) va thoi
gian chuyén tai file dau vao ciia mdi tac vu tir tai nguyén
Iuru trir dén tai nguyén tinh toan (ma tran PS) dwoc lay ngau
nhién tir 1 dén 10.
5.2. Phéin tich makespan va sé tic vu vi pham thoi han
khi s6 tac vu nhé hon sé mdy do

Déi v6i thuat toan MinMin [10], ¥ twong chinh cta
thuat toan ciling giéng nhu thuat toan MaxMin [8]. Ca hai
thudt toan nay dya trén thoi gian hoan thanh nho nhét
(MCT) cua tac vu trén céc tai nguyén. Thuét todn s€ tinh
toan thoi gian hoan thanh cua tit ca cac tac vu trén tat ca
cac tai nguyén hién co. Tac vu nao cé gia tri MCT nho nhét
s€ dugc phép chon tai nguyén trude. Sau do cdp nhat thoi
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gian san sang cho tai nguyén dugc chon, tinh toan lai thong
sO Vi tat ca cac tac vu chua dugce diéu phbi. Qua trinh lap
lai cho dén khi tit ca cac tic vu déu dad chon duoc tai
nguyén thuc thi.

Thuat toan MinMin khong xét dén tac vu c6 vi pham
thoi han hay khéng. Sau khi thudt toan nay thuc hién xong
s& ¢6 nhiéu tac vu khong théa man rang budc thoi han nhu
thé hién ¢ Hinh 3. Trong khi d6, thuét toan DSACO kiém
tra trudc may 4o co thda man rang budc cua tac vu khong,
néu thoa man méi tién hanh anh xa tac vu vao may a0. Do
d6, khi sb may o nhiéu hon sb tac vu thi hau nhu thuét
toan DSACO khong c6 tac vu vi pham vi pham thoi han.
Nhu thé hién ¢ Hinh 2, néu sb tac vu nho va sb tai nguyén
16n thi thuat toan MinMin s& t6i wu hon thuat toan DSACO
vi MinMin s& duyét qua tit ca cac tai nguyén dé tim tai
nguyén t6t nhét, trong khi d6 thuat toan DSACO chi xét
dén xac xuit dé tim ra phuong an chap nhan duoc.

25
20 4
= 154
w=
=9
W
[-1]
-
L)
= 0/
5 J
o 4
DSACO Min-Min
Thuat toan O MakeSpan
Hinh 2. So sanh MakeSpan cia hai thudt todn
khi s6 tac vu la 15 va s6 mdy do 50
45
4
35
£ s
=
o
5 23
-4
e °
- 15
n
1
0.5
0 .

DSACO Min-Min

Hinh 3. So sdnh s6 tac vu vi pham cua hai thudt toan
khi 5o tac vu la 15 va s6 mdy do 50

Thuét todn

5.3. Phéin tich makespan va sé tic vu vi pham thoi han
khi so tac vu lon hon so mdy do
Néu s6 tac vu 16n hon sO tai ‘nguyén thi thuat toan

DSACO sé t6i uru hon vi mdi con kién s& tim ra mot phuong
an t6i wu cuc bo, sau khi duyét qua cac con kién da lap lich

ta chon ra phuong 4n tbi wu nhét, trong khi d6 thuat toan
MinMin chi tim ra phuong an tdi wu cuc bd. Do do, khi sb
tac vu 16n hon nhiéu so véi s6 may 4o thi thuat toan
DSACO s& t6i wu hon va cén bang tai cho toan bd hé théng,
dam bao khong c6 vi tri nao xir Iy qua nhiéu dir liéu va cac
tac vu co quyén binh dang chia sé tai nguyén trén hé théng
lam cho makespane ctia hé thong giam xubng nhu thé hién
& Hinh 4 va Hinh 6. Khi s6 may 4o it hon nhiéu so véi tac
vu thi thuat toan MinMin s& c6 nhiéu tac vu khong thoa
man rang budc thoi han, trong khi do co rat it sb tac vu vi
pham thoi han cua thuat toan DSACO c¢6 nhu thé hién &
Hinh 5 va Hinh 7.

315
31
< 305
=
tﬂ 30
= 195
m
E 29 -
28.5
28
DSACO Min-Min
Thuét toan H MakeSpan
Hinh 4. So sdnh MakeSpan ciia hai thudt toan khi 56 tde vu
la 200 va so may do 50
160
€ 140
S 120
= 100
=
= BD
(%]
E &80
» 40
20
(8] T
DSACD Min-Min
Thuéat toan m S6 tac vu vi pham

Hinh 5. So sdnh sé tdac vu vi pham thdj han cua hai thudt toan
khi so tac vu la 200 va s6 mdy do 50

7o

MakeSpan

100 200 300 400 Z00
56 tac vy = Min-Min
mDSACD

Hinh 6. So sdnh MakeSpan cua hai thudt toan
khi thay doéi so tac vu
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160

140

120 ——

100

a0

80

40

20 «‘—‘
0 | ]
100 200 300 400 500
= Min-Min
mDSACO
Hinh 7. So sdnh sé tdc vu vi  pham thoi han
cia hai thudt todn khi thay déi sé tic vu

So tac vu vi pham théi han

54 tac vu

6. Két luan

Bai bao tap trung nghién ctru bai toan 1ap lich cho cac
tac vu theo hudng hiéu ning vé hé thong va dwa vao thuat
toan ACO dé thiét 1ap mdt mo hinh hé théng va di dé xuit
mot thudt toan 1ap lich méi (DSACO) cho céac tac vu trén
moi truong tinh toan ddm may dya vao rang budc thoi han.
Thong qua viéc phén tich va két qua thuc nghiém dbi sanh
trén cung mdt bd mau va s dung cung mét céng cy md
phong CloudSim da cho thdy két qua c6 sy cai tién dang ké
vé tong thoi gian thuc hién (makespan) cta hé thong so véi
thudt toan MinMin hién dang str dung. Hudng nghién ctru
tiép theoctia bai bao 1a tiép tuc so sanh danh gia thuc
nghiém véi cac giai thudt heuristic khac nhu MET (Min
Execute Time) va MaxMin trén cung cac mﬁu thtr, moi
truong gia lap ddm may. Qua do tiép tuc cai tién thuat toan
DSACO dé rat ngin tong thoi gian thuc hién ciia hé thong.
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