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Abstract:
ments, the model of cloud resource scheduling is systematically analyzed in theory at first, the application preferences and the user u-

Focusing on the problem of high efficiency and effectiveness resource scheduling in cloud computing environ-

tility of multi-dimensional QoS is quantified, and the objective function of multi-dimensional QoS is given at last. Combining with
the immune clonal algorithm of rapid multi-objective optimization, a heuristic cloud resource scheduling algorithm with application
preference is proposed. The non-dominated antibodies are proportionally immune cloned according to their preference priority , which
are defined by their cloud application preferences. It is beneficial to enhance the forecasting accuracy of the immune gene manipula-
tion, and to increase the speed of finding the optimal solution based on the application preference. Experimental results conclusively

demonstrate the efficiency and effectiveness of the improve system availability, load balancing deviation and valid time brought by

the proposed algorithm in cloud computing environments.
Key words:

1 5|5

ZiH 5 (cloud computing) ' ~* 4 kg — Flr i LA R Ml
R FHHES I3 0 R 3 A AT B =, A Al AR
REAAL | Ik ] 75 28 | B 77 10 24 25 SC B R, 3l 3 Internet
SEPLBEUR Y B HLE A ARAE , LASE— Ik 55 (anything
as a service) BTE =, ] A 2 2355 (multi-terminal ) . 2 &
(multi-platform) 2 M %% (multi-network ) iy F 7 DAFR i 1)
W 7 0] 5 A AT I () AT o] e P 4 A A
B A T 6 SETE N LT 3 BE (pay-as-you-go) | 3l &5

Wik H 1#1:2010-09-25; & 7] H 1 :2011-03-16

resource scheduling; immune clonal ; multi-dimensional QoS; application preference; cloud computing

P SRR AR AR s T A e T A
JL QoS(quality of service) Ik 55 . WHIS I M BE T &, =31
G308 7 A 28 J5H O AN Bl 25 B DR R SR AR A Ly
RO AT FHPER A R I S5, R AR SE B T ORI Y
FAR23 FESErh, FH P AT LI AT Internet LA v F9 301
Ve e 7 AEAT T[] AT A by 6 175 o) BT 9 2 A IR 55, 0
Fitg S 8] GHRRE T W HIE B SRR A A FRAY .Y
R R B R R FRCAS TSR RE ) R 55 TR DL
Web3.0 FY % J5& Bt ok 1) 2% T T ) i K Bl 2 32 3t 1
R TR T7 58, I 32 BVBUN Al A RHIT LA 932

AT H B XK R EF 234 (No. 61070162, No. 71071028, No. 60802023, No. 70931001 ) 5 1 45 24 45 1+ 22 Bl o5 % 0B 3 45 (No. 20100042, No.
20070145017 ) 5 4 2 4 FEABII A 45 2% % 3519 42 (No. N100604012, No . 090504003 , No. NO90S04006)



% 8 M

K. B RGP AR R B 0 2% 554
ZBEIR R SCHE R, BT 2 B RO R A RRAE
ST =R T PR 1Y) B 5 A 0 S A FE AL e AR SO
EMiv]

TR R RGP — 0 B S APk &
BRI, A 5 A% e o A XS 2 R AE TR
AR JL A F2 B R 1) 123-5:0 (1) 5355 (39 19 4% 377 TR AL o .
FR LA ) F 22 S Al 283 , 3l 3 Internet ) AR
Rt s 55 (2) IS5 Al s fk . = RG o H P
SR Al 1 IR 55, I 2EAT IR 55 IR 285 10 S I 45 5 400
15 (3) MRk 55 By PR 25 . 25 8 Gt i aod Jig #1655 A o6 5%
FREAR O TP S ARk I ) 5 2 | 3 25 C A A% B IR 55
(4) M55 W35 A e . = R GEARHE P 04 38 06 47 9 U5
%) T 0 A, 2 T AL DU RO R ) — > R
TR ; (5) A E M . = REMRTEA 2T
READMEEIA , B i = 2 G2 0 B SR 00 20 A L S A R ALE
N SR AEE R GE— 0 IR 55 He 1, PR 0 52 T Y
MR 5 TR AR R G0 B RR IR SR AT 2T R AL RS
B4 BT FABIEGE . — 5 T, e AR AR I P ) R DR s 2% )
VDGR AR s (), B s B R A R AR R T, A
BOGRAE AR 55 M BE QoS. o5 — Jr T, X P Rtk
AARIE , B PYHEAT B IR B R T E ), AR P
FHR T, SR TP I 2855 QoS, A AL $& e FH
L.

ARSCNFRIE X R G R R R T T RS
BATHT AR T — B B T 9 v B A I 47 2 4E QoS 1Y
R VE T E (cloud resource scheduling by immune clonal
with preference, & FK CICP) flLfb 375 , 76 = WX IR R 48
BT T B A K A 5 2 R A8 ) 45y T X4 S B T
BFPERE A SO 2 oTER: (1) WS R T —Fb
R PR B CRS Y (cloud resource scheduling, (GRS
CRS AL ), %5 b7 FH it 47 F0 22 4 QoS 5[] v Y 28 1
177 wEA BT 5 (2) B0 A0 0 7 A 47, 45 & BA TR
2 BRI RE ) 0 e SE RS, S T X £-QoS &5
[a] (¢ dimensions QoS, TRIFR t-QoS) e QoS RIBGE; (3)
SO T AL A 5 28 58 JUA TR] i g B ) 2% R AT R
VETEN Y 5-QoS #EAT i AL, SEBL 1 A] F M L 1 2 4 A
025 TG A (8] = APk BB TS R 1 3

2 |REE

2.1 mRBFHERE

B o DGR m AP T N« M2 55 R
FERLII (cloud resource scheduling, TRIFR CRS BiAl) | 2
B VR R B (] AT LA IR S U oT A, BY M = (R, U, Of,
©). I, R Jy n AGERIITALIY FIRESR s U By m A
P P A s Of 2o =8 BE R Ge i o BE Ak

INRN « — I F 3% se B IR AT 2 4 QoS 2 W IR R B A AL Ak 1825
HARREL; 1 © WIFR7R I8 B L AR 3 . L LR RRAE 1 A
WF

BHRBEES R="1r,rp, b H o0 DRI,
HE i AW = {r(1),r,(2),, (), 0<i<n,fd
AR EYE, r (k) ,0< k<t N5 i W
Ui WOEE b AERRAE B . AE— DRSS A TN R
(49T AR 5 B ] IR M. Poisson 43453 7 4%/ %% U6 o] 46 .
3z, Y € R, (= @ ZWEES R 19T RS
Rt sr = {sry, sy, 5r, L HH s (0< i< n) ABIE
r BRI AR 553

ZHPES U=stu, w5 u, o m N
W, HAEAEE R 2 P w A — M55 s, HH P
B EMES tsy = {tsjk(l),tsjk(Z),"',szk(h)f O0<j<m,
& b DARYERE RE B, s P ES U NIES
PRI tr = {try, try, et b HH 0, 0<j<sm
B NP w AR 55 77 A R, HoA T 55 Z A Ll
LY € UL =D

v € R,tsje U, INRGIR o] LU AT 55 1s; 3]
PEER B O(r,, ts;) >0,1L5% ts; Al Loy e B 5 IR -
TORHAT B E AT S s B A ZA VAT
SR G A R BRI AT 5 15, AR p W00 3
P ERABR RGBT P,y = () wsm» H. py

>0, 2 pyj= L. ZREMEWIHELE S, ., =
i=0

(%) s TR OC(ri, 1) >0, oy = 1. F I, % = 0. [A]
I, 9 TRUEAT S5 os; WRURIAS 52 I, e 22085 12 2 SR 2% A X
()52 TORIESE IR r, T 82 A9 4F 55 16 H AT 55 (9 fE
TN, #5280 R AR (2) s 8 TIRIES ARG
—MRRE MR R, T B AL 29 AR ().

Z Py x;=1 (1)
i=0
2 pl,‘x,j‘tr,$ Sr; (2)
i .
Z Z Pyt Xt i < Z ST (3)
=0 j=0 =0

2.2 ZNRREFEE

ASCREIET ek RS0 I RIS, ek X M 47
43 R W A 48 ( rigidity preference ) F1 58 i 4F ( elasticity
preference) P Ff « W4 s 4 J2 45 12 W FH Al 4 42 200 76 B0
DX () P 58 8, 15 T2 5546 L 2 D45 ¢ . 3L A -4 1%
et T AEJH P w, B 1 X [R] A 58 i, A PT7E X
(] 15 1 (G FH P 8O ARG

MW Bk R E R (k) ,0< k<t W2
I D 47, Py X5 7y Cl) BRI 4 DX ) 2R Ly () g s
ri(k) 1 ARERES ke AERPAE & 1R A4 i SF SEBRAEL 7 (fe ) BR



1826 H +

2 2011 4F

NP w B T BB, ISR ke AL P P D (1
ep Ch)T R (4) 5 70, w6 =X (5).

ri(k)u_ri(k)rcal
pr(k) = {ri(k)up_ri(k)low ’ ri(k)lowgri(k)reulg ri(k)up
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utiy(re) = 1-[ Utig(rt) = Utiy(rt = r1y) ] +1-(1—u)

Tty — 11
LU (rt = rty) = Utiyy (1t = 1t,) ]
l,n<rty,
=¢1-(1=(nt =)/ (rty= 1)), 1ty < <1y,
0,1t > rty,
(11)
TR AR 55 J&—F ¢ pay-as-you-go” A IR 55 A5 5K, &
PR FERT 4 TPy 1 QoS AR B, JH: 2% I Hly
LB 1Ce) firs A ROH ek B 2 X (12) . 6 AP
uy T AL S 15, 100 DR FE K 1[0, b7, BT
FHEBG I, ORS00 75 0, 20 0.

iy () = 1+( 1= <) [ Uiy e) = Usigle = b))

1*(1-¢/b),c<b,
={ ( c¢/b),c< (12)
0,c>b.

AL T P 5 TR O3 (oAb T
AR B A I T w19 QoS AT AR BECK
B, ST A& 1(d) B , AR ROT e Es 2
A (13) . AEATFHPE a =0 WHTIR T, BEE o BRI,
ROHEBAREBOG K.

uziij(a) =1:(1=-1/e"%)- Utiij(a)
=1-(1-1/¢""),a=0 (13)

AV IR UEH] 7 22 A A IR0 A i 2, 800 1 22 4
PE R B w19 QoS. A AT Ze &l 1(e)
e AH RSO R BGHE E 2X (14) . s, B sy 2390 R S AN

rie) Uri(c) Uti(a) Uti(s)
1 1 T — 1
0.5}
a0 AT 0 5 ¢ 0 % 0sls2 5
(@ ® (o) @ (e)

E1 5-QoSHIS A R¥



% 8 M

NIy — T T G e ) I 4 22 4E QoS 2 B IR FE AL A 58 12 1827

A 2RI 22 4 R FE XTI [0, s, TP, 88T i 1 05 7E
DXIE] sy s JN, RO A #5055 FEIX ] [s,, + 0 ) I,
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uli,;j(s) =O.5‘[Utiij(s— $1) — Utiij(s— $5) ]
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ST HEH AR C AT RE . e v R Y T AR AR LA S g
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3.1 RERERE

PR 8 O AT 55 500 o B0 7 4 B O A T AR
(L 55 BRI 0 28) Y e fA, Hovb, Jg 4> B R AR
RSB R i g 5. IS U L5 e
AU CA; 1955 0 ARG i /22X (15) . TIRERE NV,
e o AR HE 2K (16).

CA,(0) = (ca%,ca%,"',ca}m),cafe 11,2, ,n} (15)

CA(O> =(CAI(O)"”vCf4i(0)"”9CAl\7m(0)>’i€ %1"”7N4b} {

(16)
Hr, cal N T APURINE & AME S o5, B4 BE B9 9% IR
' me A P ERAE SR B R X (17). BT Min-
min 853012 BLAT BT 1 00 AR K A R 0 A A ) A
Min-min 529542 5.
mi = L i5(j) .+ JEI1.2, -+ m] (17)
Hor s ()R jA-HP M aE55E .

PR CA; FHLIR 22 18] #0330 FE AgAb, T /e 3 (18)
ST HUR CA; W5 PR I RE 36 W AgAb, KR,
PUik CA, BT B AG S8R I sk

AgAb; = Of,( Uti,,)

= 20 D (k) - utig (g (k)

k=0 j=0

(€ 11,2, , Ny | (18)

PR CA; 1 Ay 470 4 18] 70 53 F1E Ab,Ab, il JE X

(19) , ZEFNEE AbAb; /I, BT TA]ARRLRE S, HTA 8] Y
VR FHRRER , 24 AbAb; = 0 I, BB SE A A ).

AbAb; = Avg| D} = ﬁ S e, - e
Vi, j

=ﬁ' VZJ g(caf - ca})?,
P30, € 11,2, Ny (19)
Horr, | €A, - A btk ca, Rk A, mRkJL e
B, Ny AP AL .

ca;

PUATE CA I sE el T =X (20).
CA' (it) = TE(CACit))
= (TECCA (i), TECCAL(it)) oo, TE(CAy (i) "
(20)
Hrr, CA' (it) = TFC( CA;(it)) = Q; x CA;(it), Q; JETLR
H LI g AT BB SR CA, i) B g, il
q:(it) = f(N,, AgAb;( CA; (i) ) , AbAb;( CA; (i)

AgAb, (it) .
] N B b (CAin) ’
> AgAb, (it)
k=0
ie{l,"',N/“,} (21)

o, N, > Ny 2 5 e RS BB, I (+) Ry In]
MR B A R AR 5 38 1V AgAb, I SE FIEE AbAb; 2
AT ELIE N R & 470 AR (] 10 ) A /0, e o 5 e K
v RE R, S M SR . e B e (AR A A

CA' (i) = (€A, (i), CA',(it) =+, CA'y (it))",

Nu= 2 g (22)
s,
CA; (i) = L CA (i) | = 1 €Ay (i), CAR (i) oo, CAy (i) |
CA;Cit) = CA;(it) = CACit) ,jE 11,2, ¢,
(23)
3.2 RRERRE
G o PR 45 A 5 A % o e AL N B L AR
SCk L EA 2 BRI BE LT A AL — 1E 58 S (Sim-
ulated Binary Crossover, SBX) 22 o AR R ( Polynomial
Mutation, PM) [ SBX 41 1=t (24) .
0.5:[(1+8)cal+(1=8)+cal],
if r(0,1)=1/a;; Vi,j,i2j;k€ 11,2, ,mt},
T0.5- (1= B)-cal + (1+ )+ ed'],
otherwise; Vi,j,i;éj;keil,Z,“',mt}

"k

(24)

Horp, g i R (25) , o Wi A2 (26), r(0,1)4(0,1) X
[ = 3 o A ALK, ca'® S cai Tl ca} TEALIG BILEH .

[y uloet,if u(0,1)<1/a;

By :{ (25)

[2-a, u] 7# , otherwise
Forbr, w (0, 1) IX[8] 5 30r 70 A BE ALK, 7, 2 EE AL 45H5
SR, o, Wi R (26).
ap=2-
-(p+D

1+2-
( min( caﬁ — max( caf-‘"', caf) , min( ca?, cajA-ﬂ') - cafﬂ))
F_k - &
max( ca; , ca;) — min( ca;, ca;)

(26)
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Horr, cal, il cal Fe78 FBHURAHS & 3 DAL A B3 K AN
He/IME, . 8K, LS BB AR AR R A
PM 72 53 ) 7 AN (27) .
ca’ = caf + &, (cak - ca}),i€ 11,2, Nyt (27)
Hopr, cal Mlca't 55 b FEIR A8 SR ANAS S5 OME. 6,
PM 7 SR 288, HLw 2 50(28).

81\":
1
20+ (1-20)" 7,+1
, , , : . 1
(max((caﬁ—cai"),(caﬁ"—caf)))vﬂ'” ,lfU(0,1)$?,
ca’ - cat
’ ) 1
2°(l—caf)+2'(caf”—0.5)' 7, +1
1- (max((caﬁ—caf),(caf—caf)))"m” , otherwise
ca’ —cal

(28)
Hrbr, v 2400, 1) K] & 043 A BEALEL, 5, & EAL 8 r
SR, WK, cal BIAE SEREBUIN. 2 cal K cal B cal
B}, ca® WEEAE R XA caf , cay | AL .
PM 75 S p,, 1 LN (29) .

(1+p)* Puin —2'p'pmm°(ilf—nix) ,
P = fi<it, /2; p€(0,1), (29
Pmins  Otherwise
A o B HIUAE X /N SRR, p R i AR S )
{8, it F Y HT ST REACEL, i, N FIUE S KA KL
SBX HE A4 AE S T Bk Z (B (5 B 554, Bl 4 BT
PR (R AT B 3 R MR SIOCHE P S 4 A X A
PEAT T FIE R, p, SEEL T AE AR OB B P AR
ML BT IR R T PM AR
3.3 RREFRIRE
T R T PR A S DA T o R A R 8 3 PR 1 T
ARTATRRE P B G IV AgAb, Se i HTiA , I TE A
FROFEE. BUARE car B s RERRAE TC 5K (30).
CA (it +1) = TE(CA" (it))
= TYCCAY (i), €Ay (it) oo, €A™y (i)
= (CAY (it), CAy (it) =, CAY (i)™ (30)
TR ) AL RN AR A S S B B £ R
o T AR A A TP I B A5 DR B, Sk ik
THAS AR 535 1 B AgAb, B R/IN BRI ACA A A% B
AHIR A AR LR S — BT FIRE, B CA Cie +
1) =T(CAGit) + CA” (it)).
3.4 CICP &%k
LG N b 2 AR BRI A D BT OE
WIS, S5 AT L 1 B9 2 9 R R B 22 4 QoS 1k
(AR o5, )P S 8 S P R A | i 3 DR 45 A DA % o e ke

PEERAE, 3 1 00 52 50 D 4F 2 4 QoS 11 = % YR IR
(cloud resource scheduling by immune clonal with preference,

AR CICP) A ALSE 7L, an ik 1 R .

#i£1 CICP algorithm

At cloud resource set R, cloud user set U, cloud probability matrix

P, « > preference interval , 5-QoS utility interval , minimal mutation probabil-
ity Pmin» magnitude mutation p , and maximum generations it ;

it < antibody population CA (it ) .

1. Initialization R, U, P, x > Pumins P » tmax» it and initialize an antibody

population CA(0) by Min-min algorithm.

2.  For each it such that 0< it < i, do
3. For each CA;(it) in CA(it) do
4, For each caf‘ in CA;(it) do
5. Calculate preference vector w; according to preference interval
by (8).
6. Update user utility according to 5-QoS utility interval by one of
(10) ~ (14).
7. End for
8. Calculate affinity AgAb; by (18) and AbAb; by (19).
9. Clonal CA;(it) according to (20),and get new antibody popula-
tion CA;( it).
10. Perform simulated binary crossover by (24) to CA;(it).
11. Calculate mutation probability p,, by (29) .
12. If random(0,1) < p,, then
13. Perform polynomial mutation by (27) to CA;(it).
14. End if
15. Quick sort antibody popu lation CA; (it) according to affinity
AgAb; by decreasing ordering.
16. For i such that 0<i < Ny, do
17. Selection CA;(it) according to (30), and get new antibody
population €A™ (it).
18. End for
19. Update memory antibody population.
20. End for
21. it=1t+1.
22.  End for

23.  Return antibody population CA (it,,) .

CICP S35 B i (1) 52 7% JBE 3 % ol S i v B | e ik
PN e B e PR AL AL B M2 H AR BB AN, Ny, 3T
PRTE CA0) R R , 58 RS RE SERERRAT IS A LA HLARE Sy
N » SRR R AT G PRI Ny, (1+ p) = Ny,
+ [ Ny/31, N> Ny 5 5 B R S A 1, — iR
N, =3 Ny, WHE—ACsg Bt f b, Wt AL M e O
HAMERIBI RIS AR O(M x Ny, ) s S B2 se BB )
IR 2B i 22 O (M x N, x log(N,)) 5 55 2k A
PRI ] IR BE B 22 O (M x Ny, - (1 + p)) ; SEREEHE
PAERIS SIS O(M x og(Ny,) + M x Ny,).

4 LRSS

4.1 SRR
HTF CloudSim ™ ¥ =B 5 HE &, #5710 M5
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B p0 A600-1 P (10 U 3 B A B L H R B S Rk
1 FR . EBIHLECH 100, Hd 4 G B BIHLE VCPU 508
(1, 2]2Z 00 A P AR5 80h (5,10 22 ), T3 4
“4[10000,20000 ] MI = [H] , Z 4 38 {5 5 410,30 ]Mbps Z
[6] . & MME 55 18] IR M\ Poisson 43 A H. AR & 57 AF 4% 1s;
14 R 2 52 T 18] d 5 22 (31).

£1 HBEROSHEE

Datacenter ID  Machine PE/M Cost Architec-

number achine ($ /MI) ture and OS
DC.0,DC.1 2 1~4 3 X86/ Linux
DC2,DC3 4 1~4 6 X86/Linux
DC4,DCS 6 4~8 9 X86/Solaris
DC.6,DC7 8 4~16 12 X86/Solaris
DC.8,DC9 10 8~16 15 X86/Solaris

I I
dtj = sl 77.( 1. l'mzjlx(pe) ’0.9'min(pe)) (3D

s, BAE 5 15, HOBRAEI L p (0, 1) B 0 TE 5
S ATBERUL, L R TE 25 o 0315 BE, pe 35 HE UL 41
FHE

N T VPR A SO § AR, CICP 1E = B IR
Y PERE, 5 Max-min'™ S35 | Min-min'> 3% I ICA
( Immune Clonal Algorithm)ﬁ‘]f:mﬂ:?? TXFH A A o
DA ) M BE 46 AR AT P (Availability ) | 7 2825 7
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