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Prediction Interval Estimation Model of User Concurrent Requests
for Cloud Service in Cloud Environment
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Abstract  User concurrent requests prediction is a critical basis for dynamic resources self-adaptive
adjustment in cloud computing, but with the characteristics of the uncertainty and frequent variation
of concurrent requests, traditional single-value prediction is not enough to support an effective
self-adaptive adjustment, thereby producing a variety of invalid self-adaptive actions, which
brings in the serious degradation of cloud performance and decrease in cloud effectiveness. In this
paper, a prediction interval estimation model of user concurrent requests for Cloud service is
proposed to quantify the uncertainty of user requests and the probability of variations. The model
adopts SVM to obtain the upper and lower bound of the prediction interval, and employs the PSO
to train data for the optimal solution. In order to make the model available for different types of
user concurrent requests, a rule AC-PS based on autocorrelation coefficient and power spectrum
analysis is put forward, which can judge the features of the requests. On account of AC-PS,
different concurrent requests consider corresponding construction method of prediction interval.
An example of self-adaptive adjustment using proposed prediction interval estimation model is

given to analyze the utility in handling the invalidation adjustment. Furthermore, a comparison
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experiment is implemented to evaluate the accuracy of the proposed model. The experiment

results show that compared with other prediction interval estimation models, the model proposed

in this work can promise a better prediction performance that the accuracies are all above 92%,

and efficiency is promoted sharply by 76.11% to 96.15%. Therefore the proposed approach can

avoid the invalidation of self-adaptive adjustments in resources effectively, and promote the utility

of cloud environments without losing the quality of cloud services.
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//BARCRBOMA A AR C R BT 5
4. for i=1; i<int(length(S)/2); i++
{q;i=PS(S,0); //THEHERYy i I FRiE
Q.add(q;) s} //HIFIEMA B ARSI 245 55
P,=Trtest(P, .0); //iF5 5 0 922 MR
for i=2; i<int(length(Q)/2); i+-+
{hi=abs(q:*2—(qi-1 T qi+1));
10. H.add(q) s}/ /4 AR S8 5 A2 4 17 51
11. avg=average(H); //H W% {H
12. s=std(H);
13. period=0; // 91 MH 4L
14. for i=1; i<length(H); i++
15.  {if h, —avg>s* 3

© [e) ~3 (=2} w1

16. then!

17. period=length(H)/i;

18. K. =" periodType’ ;5 / /3 WAy J& 7Y
19. Break;} }

20. if P,=0.05

21. then K., = “smoothType ’ s / /3 Wi Jy F-Fa %

22. else K., = ‘tendencyType ’ s / /FI W7 N #a % 10

23. return K,,, , period;
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M A B B R e TR A AR P A L E A, 29. {interval.add(abs(S[j+1]1—S[j]);}
@Egl‘mﬁﬁﬁkgyﬁd\ ST F X ] %?E 0] q:ﬁ: , 30. interval_avg=average(interval) ; }
20X 1)l 1% 2 9 22 Bt 1025 0 G DR X ) g S Shadd(SL T ervlavg)
32. S'.add(S[i]—interval_avg);}}
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Bk 2. IR EIK MR
A :S.K.,, . period

By .S, S

1. Spx=max(S), Spn=min(S) . S_len=length(S) ;

2. if Kew==‘smoothType’
/AR I R P A X AR ik

3. then{ for i=1;:<<S_len; i++
4. {S“.add (0. 5X (S[i]+Spnu))s
5. S'add(0.5X (S[i]+Sma))s )}

6. if K., == ‘tendencyType’
/ /BT I K A 7 A DX )AL 1 5
7. then{ for j=1; j<<S_len—1; j++

8. {interval.add(abs(S[j+1]1—S[j1);
9. interval_avg=average(interval) ;
10, for i=1;i<<S_len;i++
11. {if tendencytype=="up’;
/ /380 1 e A X IR 3 9
12. then{S".add(S[i]+interval_avg + (S, —
S[il)/abs(S_len—1i));
13. S'.add(S[i]—interval_avg);}
14. if tendencytype=="low’
/ /32 Yl A X [ 44 3 7 15
15. then {S".add(S[i]+interval_avg) ;
16. S'.add(S[i]—interval_avg— (S[i]—Smun)/
abs(S_len—i)); 1)}
17. if K., == "*periodType’
// VRSB I R A e 5 IXC(R) 4 3 R
18. then{for i=1;:<S_len;i++
19.  {if G<int(period/2)+1)
20. then{ for j=1; j<<period—1; j++
21. {interval.add(abs(SLj+1]—=S[; D)}
22. interval_avg=average(interval) ; }
23. if (G>int(period/2)+1) and (i<<S_len—
Gnt(period) /2—1)))
24. then { for j=i—int(period/2);
j<itint(period/2)—1; j++
25. {interval.add(abs(S[j+1]1—S[j]));}
26. interval_avg=average(interval) ; }
217. if (i=S_len— (int(period)/2—1))
28. then{ for j=S_len—period; j<<S_len—1; j++)

33. return S*,S';
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1. init (maxParticles, maxlIterator, position, velocity) ;

/1700 B ML A B B RO R e R I AR U B

VL BORE - B A A B
2. trainBag_u, testBag_u= fold(S. 5);

/A EFPE) S A UL 4
3. trainBag_l, testBag_l= fold(S'.,+5);

[/ RFES S A AR 4l
4. for i=1;i<maxlterator;i+-+
{C_u,Gamma_u,C_Ll,Gamma_l= PSOtrain(SVM

(@21

(trainBag_u,testBag_u,trainBag_l,testBag_l) ;
/RIS 9T 38 LI E A 2R3 5L
6. fitness=CWC(C_u,Gamma_u,C_Ll, Gamma_l,
trainBag_u, testBag_u, trainBag _L, testBag _1) ;
/ /38 I AR
7. G=gradientO; //HHBHIEE L
8. if fitness<fitness_Pbest
/ /G0 R 3 W BT N T R T8 e A
9. then { fitmess_Pbest= fitness;
/ /S 3 N JR) R e A A

10. C_u_Pbest, Gamma_u_Pbest , C_L_Pbest , Gamma_
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I_Pbest=C_u,Gamma_u,C_l,Gamma_l; }
/ /BB JR) B de A i

11.  if min( fitness_Pbest) < fitness_Gbest

12.  then { fitmess_Gbest=min( fitness_Pbest) ;

/ /S 3 4 Ry e A i

13. C_u_Gbest s Gamma_u_Gbest s C_l_Gbest , Gamma_

I_Gbest=C_u_Pbest, Gamma_u_Pbest, C_l_
Pbest ,Gamma_l_Pbest; }
/ /SR T4 Ry s A A

14. position,velocity=update( position,velocity,G) ;
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15. }

16. return C_u_Gbest, Gamma _u_Gbest, C_L_Gbest,

Gamma_Il_Gbest ;
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1. svm_u= SVM (kernel = *RBF’,C= C_u_Gbest,

gamma=Gamma_u_Gbest) ;
/ /¥ 3 IX ] b 5 S T L

2. model_u=svm_u. fit(Si,)s // 4K a] b 53 FE

[ i BIL 0] A Y, 7 21 =X (8D Y X I 56 R

3. Y"=umodel_u.predict(St..t"); //F F X 8] L Al

TR 1Y B[R] A A iy AT X [A] - R
4. sum_I = SVM (kernel = ‘RBF’, C= C_[_Gbest,

gamma= Gamma_l_Gbest) ;
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5. model_l =svm_L. fit(Stn)s // I &5 X 8] F A %
[ 3 BIL A A Y A 2 2K (8D iy T I 06 R
6. Y'=model_L.predict(Si...t")s //F JH X [&] T 5t
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7. return Y“,Y';

5 BIaH

S T 3 B I kDX (] T 0 A R A A e A N BE
AR JC AL R b O S 51— A S2 4 43 51 T O
& BRL(E TR0 5 DX ] B0 O fok K 3 N R Gl i
G AT — B B[] PR PR B 5 B R T AR A /U AR L o
Xof E PR T T vk X B 3 N B R AR Y R DAL
R 36 U DX [v] U0 A fife R [ 365 1 9] R JC AR L i A
R

J T VR = S BE T E E GE R R R UK 5SS
BELRA 5 I8 A 35 I BT IR R R AR Cp 5 i B SLA 1Y
HMERAH P

EX 1. ZHBMWGES A, s R RNGES
A R = B EAS Cr 5 7 F2 SLA 9 #ME2 AL
P.Z Al

Cy = Cy + P¢ (9

F L AT 2 PR B 3 N U K B
/NME Ce AT 0K 25 B3 KA.

E— WL F =Dk A, B
HH U ER SLA A g 3R H

(1) I Tr 4R Prot.

(2) RN ARIE = IR 55 A B9 K 7 X (]
L0 con,, TP (4 Wi 7 B (AR T £1csp -

(3) FEFLIA P & 2 S g 17 B (8] 335 F Lo » 5 PRI
BRI E A RMEPTT. Pe) K/ 2,0, 1
R Teti e , Bk e ol

0, 0<Tc<<10% Tk

5% Prs  10% Tp<T-<<15% Tk

10% Pry 15% TR <<T-<<20% T
|20 Pry 200 Te==Tc<<25% Tk

P a5 by, 25 T To30% T, 1

55% Prs 309 Tp<T-<<45% Tk

80% Pr,y 45% Tp<Tc<<50% Tx

100% Pr s 50% Tw=<T¢

7~ SLA i€ X2 BB T rackspace, Amazon EC2
LBl L A R SRR A B ) SLA AR ar N 2.
Horp b2 PooR AR 9 i3 29 i) 8] bE 4] 73 Be b E 53 1)
5 e AR TR m i R AERY SLA Frt Xf iy

TR 5 A S5 v g R R BT A LR £ 3 24
N E) 7 5 A8 T EE 7 KRB i AR IR SLA
TE SCHFER 1 o AR 3 AR 52 51 e ) LU T A 3
BB TR A Sy BRI B /NVRLEE D 1A
R A W BUPLEIA A 8 = iR 55 A o FC i)
HE AL R A (1 B B A ) 60 33 i 1 = i o5 A 19
PP I B ¥y 03 A K SUBIL R A A O Gk i 3z i fi]
DT by MAETHR T I Z REAL PERYIE LB con,. &
BT B TV R R a3 R 55 ARG HE L R A
P15 i 55 VL E 5 ¢ IR AR . 3K R 25 B B 1 B R
A I N MRS A IV REHE UL R A 1A%
PEE MR — D 55 A B RE S AL B A 78 A3 I [
T i WA Py JG . W = BT 9 B A Cr oy

N
T.
: IZ; Tuni! !
N

s. t. 2 TTI‘ =Tk

i=1 unit

Horpei Hm sy A HEDPLEIAN AR T, b=
Mgs A & T2 A REAUAIL AR /S E] . N FHA A
BB B MRS A TTRE AL A 1 fe KR AA.
15 B I8 5E IR R R Rl T R T X
Vi) 00 ) 45 SR i 5 1) O 2 o TN 5 B B O [
DA fiuh % 07 XA B AN [) 5 DR 3 o s/ A B 25 5+ i
Lox FEOANR WA 77 A= AR SO 5] o b B0
V5 1 ik X80 et — i T ol X 07 19 9000 475 JEL
AR ik R AR A WL B TN P R 9 R ) A A
T3 20 < 2RI & i PO P 31 AR A — s con il 2
CON; My Xcon, or
con; < (Mo — 1) Xcon, (12)
For o N = BRI IEAE N o IR 55 A SR BE SR HY R
OGN N 6 Sl S B A gk YT STUE

1 BEFNAENFRAZERRAR
&AF LERES

CONj — Nnow X CONy

an

€ONj > Nnow X cOMy e m ( —‘/I\@TW‘RFSWI—‘

con,

(Myow — 1) Xcon,—con;

conj << (nyow — 1) Xcon, /P> ( —‘ A LR A

con,

D] J 0 L S A T 2 MfE R H A
T O U R R fik 2 1 o < A SR O R R O X )
Bt con] 5T 5 con i

~ u___ ~
CoOn; = Ny, X con,

or
>< l
n o con, C()nj

!
(Mo — 1) X con, —con;

>1 (13)

«
con’i — (N — 1) Xcon,



24 d RS IR IR = RS T I A A X ) 5 A 389

H A B IR 5 S K 2.
F2 REARNEELRFEALERKHR

F1r Uk IS
ConY — npow X cony ‘ Ccon" +con’) B
L | e [ PHEABLRIA
M now X CON, = coN; 2con,
(nmw—l)X('um,—('r)n u)nj' +c‘unj B
- L1 g g : —1 [ PR A
con ;= (now—1) Xcon, 2con,

T Bk — 25 53 M R TIN5 3 04 280OR - AE P
FLSLHY = PRI BT IR A 3 9 R 7 5 b 3 k) L B
I -5 DX 8] B0 X 25 B8 AR AR IR .
S5 1 I i Bl 23 R IR T R RS IR O &
GER R XHERE IR 55 (LR TR AR 55 AD A AS [
(3] BE AT 8 FH P 5 e B

sl BT 3R AUALEI AL
mRSs A BEPBESCRE /I o, = 3. B3 HE FLBL R A 7E
PRAE R 7 B [8] 20 T ¢, BRI 32 T B 22 REAL B I K
i con, =100, I F B EL TINS5 DX 1] S50 74 b 7 3% 2
BXF R BEY 157 A~ B L i [B] N B = ik 55 A T 42
TEIF A B B B0 - XA B A ORI 8 B

400

350

300

250
i
& 200
=

150

100

— JFRERSHME —— HATNME
— - WEHER — BME TR

O HOHOHAOHOHOHOHOAHOHOHOHOHOHOHO—O
AN O HFLOLOO O D-0000 OO O O =N D <H <FLOLOD
e b e e e e e e e e

I ]

(a) BETIME S HHE

50

1
4% 200
100}
50} [—JFREFCEHE —— BT L5 —— BNl T 5
— i FIR — aff FIR
P SR EEEEF EEEE:

(b) XA BAIE 5 T3
B8 st L ep BN X ] B0 R
AR 2 (120 R BT (3 figh 2 2% A > DAL 8 Ca) o

PRI TSR A R 955 46 AN F 46 ik A B 18
IO B 5 ] B L 5 46 A IR ] Xk 0 B RC{E D 308, RP

conys =308 A A 1 iy 3 N BF 5 I R Oy S ]
PSS GTIR B SR 3N 1 A4S A i 55 1 RE AU AL
A MR 20 C13) X ) 00 ) A % 45 AL 8 (b)
HE] UE . TSk 48 WA 2R 124 A XTI 46 fid &
3 NS R R L B 124 A XA B RS TR F ol
J& 338 Fl 268, B con’,, =338.con',, =268 XL AFE 2
R PR R O SR AT AY R S E S 1A A RSy
RE AL R AS . T8 2k 7 b S50 2 A 8 I I ) R Ak
RANE 9 Fros.

450

100}
350}
300
1 250} '
S 200 — - — - - | — .»f‘;ﬁﬁ%
150} — - BEFR
100
50
R N T T I E e N T b
SO o
Ca) BB TR [ 38 N B A BE U AR AR
450
400 L FPe—— —
350} '
300
18 250
#5200 —— REAE
150 — - BfEm
100 — - WEFR
50}
e T T S R T T

(b)) DX F0I0 [ 3 R 3 2 Bt o A AR
B9 5 1 R E TIN5 IR T A I R iR

HT T 08 B PR B8 35 6 G L ] R A AT L A
LIS AT IR — B0 B A% 8 A 38 N3 7R thA T
4 I [] AS S H B P R R 5 . A 9 Fpnl LA
& TN 7 35 R Ak R e T S SLA Bk

AL T BB AR X BEIE ] Y 3d S SLA A AU

¢ =0, NI 7 30 58 19 25 5 A N BT IRORAS Cr s B

Ce=Ck. TEIX 157 > FLALI ] P L BL(E T 1) 1 3

L BE VR T m BRBEAE AT 42 A AL R T 3 A

HESAPLAIAS B 43 A AL R Z )5 T 4 A B UL
BLEIAS - R BB BORA Cr ol

Cr=3X42XP,+4X115XP,=586P, (14)

[vi) B DX ] B0 49 1 3 7 BT R R R = BB AE
A 123 AL (R 1T 3 A AL AS L A5 124 4>
AL ZIGTFIE T 4 A HE AU AL B A L 0] R BE A



390 it (=N L 2 i 2017 4
Ci> S¥Em 1A A MRS A SILEN A, N 10 (b) Hra]

C%4=3X123XP,+4X34XP,=505P, (15)
BAR CR<<Ch T X a] UM A [ 35 17 9% U 3
R (1) 2 PR AR B A T S T DX B Oy =
IRBEAT R 1w A0 A B R T O R AN
E P T AR T AN 2 AR A L DNER 43 S BT B[]
TF by PR 5 T b BR L (B S IR A 3k 3
g {E B 3XE A T R R A A L 1 BB AS TR
B, T I T X (0] T BE 6% ofE 6 K O Kk R B OR B E
P Al DX DB 2K 575 fi & Oy vk ] DL 5SS E
IR RE 2R K AE 3 0 9 I O A ik i 3K R R
fih 5 A0 s S fm 2 WL A K
=2 mWEPIs 3 MEMVLRIATE N =
M55 A RO HE L B no. = 3. B B AMLRIAS ZE LR UE
M 87 BN 18] 20 T 2., B T4 T S 22 BB AL 38 Y O & 5
con, = 100. F| FH 5 A8 T30 55 DX 1] 352 90 6 o g 325 43 )
Xof [ FE A (165 AP RD N = IRk %F A TP 48
THI A . FREL TIN5 DX ] S50 B ROR &l 10 fi.

350

300

250

1§ 200

%
#1150

— JFRERSHE —— RABIE
— - BEER — RETR

100

50

OO OO r O r—Or O r— O r— (O r—=Or—Or— (OO r—Or—(Or—Or—
AN FH HOLOOO - E-0000 3 O O Or—r— NN ) <H<FLOLOW

1]
(a) FE LS B

250

18 200
&
K150

100

— HFRERESE —— TR —— WS

— - B R — BT

50

0—4@v—<;cv—<@—1@—&0—&0—1@—1@v—<q>v—<q>v—<go—<gcv—<;ov—~©v—<©v—<<>v—<
=IO <FH HLOLOLOO D000 O O O r——ANININ O <H <HLOLOO

i ]
(b) X 1 B A 5 20k
B10 0 Sk 2 o s (T X ) 00 2

R =X C12) B T30 A9 fioh & 2% 4 LT 10 ()
TRl DU L DA Sk AR B9 58 69 SR bR il & A
T R R UR R A L 5B 69 A B A Xk R 89 B 310, B
conge =310, XA 1 Hh (2 7 Zr1 1%, 83 g 1k

LA o DX T) T A 45 3R 0F BoA A5 A i % 25 4F 1 IX
() 5 B DA BEA AT A ¢ 58 4 0 1 2 i 3 o 7P e 0
TG A S B IR R RO A 11 B

450

400 ' .....................
350 '
300
I8 250
#K 200 —RTORT
150 — - - B R
— - BUHEFR

100
50
0

OO OO O r =4O OO OO OO OO Or—Or—
IO HHLOLOO O~ E=0000 T O O O —r— NI <H <FLOLOW

i [a]
(a) SR TR [ 38 8 2 4 0 IR R RS A0 R

mg 200
KIS
31501

100

— - WHEER
— - WETFR

501

Ov—(@v—(&Dv—(@v—(@v—(th—(tDv—‘Rov—(@F(@v—iQOv—(RO_(QOv—(QO'-‘RO'-‘@v—(@v—(
AN O <H OO - D-0000 Y O O NN O <H <HLOLOO

I ]
(b) DX TR FUH 5 3 3 5 2 B Ut A i Rt
Yy 2 v e 5 DX R] T B 3 N B R R R RO

TEM 5 WA & A 3 I S VR ST B I 1] A
ARHEFHRERZm. NE 11 AT LIE S,
BE T FAL(RLTI0I A L U5 O R A A I ) B R
A SLA WIE B0 A= B DLHZR G400 S B I AR
Mo Cro = Cro H TN (Y B 35 N 5% 6 I8 4% 56 w7
165 A~ I [ N » = PREEFE R 68 A FL AL I [A] F T
3 AN HEAUHLEIAS NSRS 69 DI Z 5 H T 4 4
REFAAILEI A, R B IR A C il

Cyp=3X68XP,+4X97XP,=592P, (16)

DX TR S0 5 A ik i 1 3 S 9 O R PR O HE

C%=3X165XP,=495P, an

SR ok 8 11 Ch) A LA HY 36 X)) 174
a1 B R R R Y 23 PR B AE — S ] P B 3 S
I SLA DN B 7 Az AR L A AR H L AR R A R
165 A~ B B[] v 2 PR G S AL AT 9 A B B[] 3 J
T SLALI Ty =165, T, =9, 1 3 1 =X (10) 15 &
SLA By #MEAR B Pely 0 J6. 3 i3 BH % s 1] 1) 5

K 11



24 d RS IR IR = RS T I A A X ) 5 A 391

SLA AT M & il AR 2= iR 55 A 4552 1. PRIk DX ) 500
(¥ 1 385 107 8 PR R 1) = IR R B A = Cr =
495P,. AR AEAR Y5 BT X TR WU A 3 1 BT I
RS B = PR B R 25 5 A IR BRI T SR (A T R AR
TE D[R] 50 () 2= PR 858 P A 3 S SLA [ 0 BE L {5
FURSEET 10+ 2 I R 1 AR 1 . X
Mk e SLA (916 0L = i 5 A 2l DL 52 1. i e
A Gy b B PO R AE B A Ay T LA S
{ELAY BR M - JC 3k R0 9 S A8 Ak iy LS B07E — Bt
FOPRH Y I K i BRI ik e T B R R R R
W BN RE AL R AS . (H R A A B PR ) O KR
g —Ba  IF kR SR T Z 00 B B E R SRl
JCT RS 2 A A AR I TR P R ULAIL B AR 3 R 1
D+ S ECT A B S0 AR R T RS X T
THC B ) T DX 8]0 S5 AR 4 R I s 430 5 D T 1 98¢
Iy B0+ 3 I R DA 7 AR (] A E 0 88 P o SR o {5
SEATE W Bl T DX 18] 25 P A2 A 00 X 18] 52 » A\
1113 2 7 K00 5 3 1) mT REAE RV

i3 bR AN 3 ST LA A R DX T) S A A B
H UL A TR D I e A S - 0 B PR A b T 3 2R
4 3 N 90 2R TG 28 e TR ) SR B T A
.

6 KWRERGH

6.1 SLIHIEBRIAE

ARSI A R 55 T R BRI R B TR AR S
S 2 R4 2% (DiTing v3.0), i = IR % R % &<
R 2= = ARG S8 5 = T A HIR 55 o 38 T i
20 B Y FEAR 55 2 LN 2 B8 L IR 0 5 R T
ZAREUPLEIA N 1% = Ik 55 R G S HF. JaliE
BEMaRFREUETREZ IR 3.2 1.5 4
AR SCR S By B A IR S5 ok A TR
8. AR G R A Nginx 1E 2 iw 55 19 67 480 38 5 iz 55
i INH AT SRR — AN Bl 55 1 P O O 1 R
G % ;s o TAL Apps HT P Al G T 4L % 5 s X
& IR 55 A 3K

AT A SRS A ] Python 155 4 5 JF 7R
fit & 4 Intel (R) Core(TM) i7-4790 CPU 3. 60 GHz,
SGB W1E. . # 2k 64 17 Windows 7 #:/E R AE i+ &
Bz gy,
6.2 [X [ ¥ U/ A M X EE

Tk B R Y I e X ] 0 AR A i
D25 B R PR L YR H AT R0 7 A X ] F

T2 5 R SCHR Y Y DX F0 O 125 3R AT X B g3 0 ) D
3 FhAS ] () DX a] 5 &2 DAl J7 2 X6 Bl 25 B3 1 X [)
ISR . S 36 8040 i) 3ok B T S o IR 55 &R
Gerpost XHEFE IR 55 . GPS 5t XU IR 55 DA B 5 s i
BRI SSIX 3 AN [ AFAE Y = e 55 01 & . 2B
A3 A 26 PE 18] )9 (Linear Legression) ) [ £k % N1
17 (Naive Bayes) ™ /N = Ffe 32 [8] 5 (OLS)T |
432 ] 13 B4 (Classification And Regression Tree,
CARD™ ok 4 31 2 B0t Ak 1 32 #5132 HL 55 3%
(SVM)E ML FR M (Random Forest)M" B 42 7}
Pk B (Gradient Boosting Decision Tree, GBDT)!M!
PLRCAS SCBE 1 B T P OF R s R AR S R RS B T
WAL 1 BE L £k SCHF 1) L CACPS-GPSO-SVMD X
2 2 MR 55 9tk DX [ it 3T 00 o 9 B A S0 X [R] Y
ROR . Horb B T2 [l 5 AR D307 L e/ e ik
3 A& [T DL Ko Ay ) 52 AL 94 DX ] 550 0 A 7Y T 4%
A G 1 DX ) B 75 v o i B T AL AR bR 5 R R 4R
T TR SRS 18y X [R] F50 000 5 78 7 Ut H Wi Ry it A7 LR
8 350 v 4 DX TR 9000 5 3. 4 2% [ T AR SR )
BL L BEALAR AR B B2 52 T ] )1 A ) DX ] 380 30 K5 32 A7
T2 B T I T 3K 28 5 VR I S R E IR T
WIZRFEAS 1 R/ BBl 22 AL RRAE. T 5 AR SO
14 THT 1) 2 ol R A0 5040 1) DX TR) A 3 7 i M T A6 B T
Wb FE U0 Ak 1) 2 %80 A 3l e IO EE AR LA, B X
Vo BV 1 2 B T 22 17 2 AR AR DI 2 80 v R ASE X
R Ry d A (A

TESLIG b S5t DCHE S IR 55 19 O & B R HR 2016 4R
3H 5 HEA9:00~10:40 [A] LA 10s (8] f& 49 FH P
It B E] 4. AR e SO 1 5 S 2 9 A I fE)
A1) v A ] GBI X N Y O e B BSCAE Dy b — B[R]
FNZ S i ] Be N P O w1 YA B con, =

f—1, SHH Ry & BRI s AR SS  PE

KA s 2 — ;I R]FF Ff A 08 a5 1) B (][] B s DU A
BEEFE B o ¢ — ¢ R 10 s BEBs A] 51 #E 100 min
WL S 600 NI K SEAEAS  BF ] F 51 HrET 450 4
FEAAE WINGREA T 150 A S AE N IR FEAS | 52
FEAE Y25 B & AN AT LY. GPS St XU Al 55
PEHL 2016 4E 3 H 5 H £ 2016 4 3 A 8 H A & K
9:00~10:15 DA 30 s 2y It [a] [a] b 1) S 7 9F & 42 5%
. (R KE B[R] ¥ 81 H g 600 AR A 3 B 4 L L
H 150 AN ECHE 1 S DR A 5 08 & VR IR 55
PEHL 2016 4£ 3 H 5 H & 2016 4£ 3 H 14 H a4k
8:00~18.00 5 [a] /] fF & 10 min A4 34 I % 5 B[]




392 it "

Hl

AL
-

i 2017 4F

FEo. LAHT 7d BB VE SRR AR L G 3 d Y B
PR e AR . AR SCHRE S 9 ACPS-GPSO-SVM Jf:

R UM ASE AL LA b 3 Bl A Y I 45 R dn 1A 12
FR.
30
w2
20
R RN ST G E S AN A | S N
5
ﬁ%10- — JUKA
sr e X i) 1 5
=0 | X Je] T 57
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
e R SR SR S SRS
I 18] /s
(a) e DXHERE RS DX IR TR0 250 R
100

GPS& X iR AR %k &

I 1] /min

(b) GPSHEX IR R 55 IX. i) T3 2 R

S
<

140
= —
K200 . e X i) L 5t
ool w L E s e TR 8] 57
100

&R

= 8or

k2

£ 60)

o

B

—4(.\]0"‘d"lf)@l\OOCWOMNM%LD(QBOO@OHNC‘O%LD@[\OO@O
fanianianloploslanlaN[aN [aN a8 [aN [N [N [N [aN [N (9]

1] /h
(o) 5t AU T PR R 55 X I F0 25 R
K 12 ACPS-GPSO-SVM Jf % £ [X [a] 7 i # 74
4 1R 55 X 1) 5 90 2R I

E 12 FORMER L FEX 3 A E = RS &
WO o o, ACPS-GPSO-SVM X [a] il il 45 7%
RE A5 K KR 43 i LS (B B & 7 N O A6 L L il
o XTI BV L A A N B S B
FEAE T B0 X 8] 4 A0 i A AT L 12 () 5 (b)
BRI S T DX 1 K00 A AR B T B R R
P PR a5 S0IE 8 A [R) 9 5 ) SLAL 3 Fi Bl
(R WA A 05 I D 9 R Ao R b 2 mT DLW YL T
X 0 B B B AE O AL 12 (o TR OF ko
T B A U W T 30 05 19 B A0 91 2 A 25 0 ik Bl 0T g

Fi 2 — Bl ], %t ACPS-GPSO-SVM A R 4f 1y
T RE J1 5 BE 08 R A5 B P A A8 A g AR TR Y
S EREE RSN DN R TR AV A AR 28 S B N
I AN W E R B B B A B AR AR i 3R B
ACPS-GPSO-SVM #5F K I 1 fE

R Y k25 4y A DX ] 0 A8OR L e i A BE
LG5 T X T Y0 BB B S5 A fop AR HE AL X ] -
FEBE AT HE faaw 545G B T V0 BEARIE fowe - BEAE N
MRS B A% B 1 DX TR T ARG 2L X JA) Y L M
FRIE FUILAE 7 AR T X 8] A B 7T 20 L L RE A8 AU SR Tl
N0 X[ P R . T DX TR] P 48 B R o L 2 x X
[F1) 536 J3E P9 8 5 T 3 R X )k 5 H 2 IX
[F1) FR) 5 J52 TR A 32 O JE 5 KA X T) BE B8 A 480
VR T /) DX 1) ) o 8 1 2 R i LA o A 32 A
[F) PR B0 1 DX TR] 8/ 13 B DX T 8 00 ) BORS . 255
B 3 58 L X T S PE A B A 1) 25 Rk
RE % 16 THE ffy 82 50 M1 Ay I A B H — > 480 R A 5 fE
1117 i 2 Y Af 8 ) sy o (L B B 3 T s A X
[F) 724 5 B o b L 7E 2K B H AR DK H] 3 Bl BT A 4
Sewe = faaw. A2 S5 o B AR X ] B o 485 (48
() H AR B AE DR BE N 90%. B2 A 90 Y0 [ R A
S SR 1 TN [XCR) A E O 90 06 XA HAE R —
AN DA TRE A R R X 5 v 1 T DX (R] D B o
A Ay DX a) B0 4 U84k F AR 5 90 bR L AR B
TR B R BB R =90 01 fewe AL K
1 0] S ALY 2 880 R A 22 B OGSk DF- A S80I 119 45
R 2% TR X X HE 1 IR 55 O D R DX TR) P 45 2R 1)
AN L 3.

®3 BEHENSREFRSFRETNXE L ED

Rk fer/ % fraw/ % fewe/ %

linear regression 87. 33 58. 60 280. 90
Naive Bayes 90. 67 58. 82 58. 82
OLS 86. 67 58.78 364. 59
Random Forest 90. 00 58. 11 58. 11
CART 88. 00 58. 60 217. 89

SVM 89. 33 58. 60 140. 38
GBDT 88. 67 58. 60 172. 74
ACPS-GPSO-SVM 92. 00 58. 50 58. 50

SCHERE IR 55 7 9 A P R B A R M AR 3
A LAE B A EIR Y S YITE 86. 67 20 LA I T X
[F) B FL A A v B M. b e B R A9 AR S A
() ACPS-GPSO-SVM 583 , 3R W] FL S H ¥ 75 H X ]
R B 2. X fewe AXE K B, linear regression,
OLS.CART. R& Stttk i) SVM 5 GBDT )
Sewe I & T HE AR, X2l TiX 5 1E



2 d RS IR IR = RS T I A A X ) 5 A 393

AR for RIXF BB o AL T 45 2R 1 X [A]
A R T B 3 N, Random Forest
() faw 3570 o 36 B DCCTR] 5 B2 A X85 /08. o T F- £
RUECE 0 000, el T R 1 D 3 9 TR A S B DA
25 BRI X T B BE B AL O A E » ACPS-GPSO-
SVM 3 1 fxaw 5 Random Forest HAH2% 0. 39%,
M ACPS-GPSO-SVM fJ fep bt Random Forest &
T 2%, 3k R WX TP AR AU IR K X [R] S
ACPS-GPSO-SVM F23k (1) T 45 S 58 98 78 ff ik X
(ST 700 = o= 7 5 Bl 9 i w8 =51 g 1
TER P8 B 5 R . &SR X GPS & XU il 95
I &2 DX () 0000 1) PEp 45 2R L3R 4.

® 4 BEEX GPS RRIAFIR S H L EHN X B HEMH

Rk fer/ % Fraw/ % fewe/ %

linear regression 87.33 20.73 83.28
Naive Bayes 76.67 16. 54 12521. 66
OLS 81.33 17.56 8634. 91
Random Forest 89. 33 20. 43 46. 20
CART 97. 33 17.03 17.03

SVM 91. 33 20. 80 20. 80
GBDT 94. 67 19. 12 19. 12
ACPS-GPSO-SVM 97.33 16. 85 16. 85

GPS 5t X 5 ik 55 91 & 77 51 & A 3 4 i 5
RURRIE. N 4 PAHER oo i )2 CART 5
ACPS-GPSO-SVM ##1, i ffy R H IR H] T 97. 33%.
XGRS B3R B faaw AT LR B, ACPS-GPSO-
SVM [ fraw } 16.85% , . CART ik, 2B ACPS-
GPSO-SVM fi [X. [i] 9 B 5 /N, A 1 B8 2K o g %6 —
i, {H & ACPS-GPSO-SVM 5 CART # L. 7 ¥
il DX JF] B BE bR A . A SRR R B SE
YA IR 55 5 A 5 DX 8] 390000 19 BF A1 45 SR DL 35 5.

RS BEEURRIEERBRSFRETNEX EAFEN

;é;(i f(‘l’/% f\mw //% f(‘wv /%
linear regression 45. 56 23.63 1. 78838E+11
Naive Bayes 50. 56 29.57 8282137325.00
OLS 66. 67 24.56 1288543. 83
Random Forest 86. 67 23.99 142. 01
CART 78. 33 23.67 9467. 07
SVM 67.22 23.57 1003833. 64
GBDT 88. 89 23. 67 74.74
ACPS-GPSO-SVM 92.78 23.16 23.16

X T UF AR R 55 O A I R AR R B
TR N ) P A LA R B A R I 1 RO —
AJE. E R 5 R LA L TR T 5 Y X )
B ACPS-GPSO-SVM #ERIUTCIE I for f1 HE I8 2
Sewe B A1 BE 53 BT FAR A T L& 08k R B A B A

o H T R 1 5 R R & ACPS- GPSO - SVM A
R BE A U I & o 7 50 00 SR L O BE 5 AR 45
A JE A DY B R AE A4S S X JR] X iE — A5 Ul B R AR 43 2
Xof XA 9 00 s 2 6 EE L R A L S R — A
JETE X HARZ B HAAL B SVM B3k 1 10 5 5 4
25 VLW TE AN TR 2 8000 0 0 T FL RN 275 51 1
WIRRAE L Xt it — 2 EDE T 2 800 1k i k.

AT X DA b2 MR g5 FH P 0T R o T X [ £ 55 55
LI 48 B0 43 BT AR . B T AR SCHR B ACPS-
GPSO-SVM 5 R AE A= g 000 X 8] (%) 32 2 o feff FH 3
TF HNRRAE 325 04 DX ) 4 2 5 vk DA B 5 T 468 B 1
WL 1 2 B0 AR 1 S8 ) St AL ol oA 900 A
JIE 5 X [R] 58 J5E 4 ] O 160 35 A B 5 I AR L B R Ol %
Tl Bt 4 (14 45 T 28 0 5 A 55 0 Tk B AR g i ) [XC ]
T 3 4.

6.3 X [B) T 8 E X b

H1 I & 0 TR 25 SRR 55 T SE R B IR A IS
L R JIT LA KT 000 B 9% 114 S b SR A v T
FLTOI R AT VAL . 52 W AR SCHR i X ) 300 7
&S T S S e R s A R T ) R v
T XF 6. 2 5 e iR 4H IR 55 O & o A 43 0 R T ks
R (GridPSO)™ 338 K7+ B 5 1 (PSOYY L K
AR SCAH A B BB T B E 5 1 (GPSOD e 1k 3 %
T 8 BIL 114 2 B0 52 DX R] 0. 45 5 ik O Al s 2R
RRXT H UL 6.

xo6 HERUBURRMEI
tute R R EIECMER B

BB o GewolME EREHE B/
B GridPSO 58. 10 1358 565. 21
iR % PSO 58. 33 58 77.72
Ik GPSO 58. 42 16 18. 56
GPS Bk GridPSO 15. 32 1201 539. 32
S 55 PSO 16.17 103 132.47
Ik GPSO 16. 36 24 23. 34
sigy  GridPSO 26.79 1783 671. 55
PE IR %5 PSO 23. 62 135 162. 95
I Kt GPSO 23. 47 22 25. 85

6 PRI T A 3 A S HEE R T U SR
AL A5 IR 55 9 A kBl DX 1) FU0 4 3 R RE pR 5 A
IMEL IR B fe/IMEL R IR AU B T ek ] G A
07 52 bR B8 o /IE AR AL AL T L fewe Dby 3 1 B
BRI B4 /N - TN B 1] A € RO e i 0 Y AR
If. AR BT LA HY o i 2 S 56 o A% 48 R 0 fe )
{EA/N AR R AR S s 47 I () 2432 w5 1 W A
KL REFLE. 5 PSO M H, GPSO 7E Fi P14 52 5 h
(1) 305 107 J3E PR RSt /MEL R BR AR 22 L (H 22 B AN W ek, HL 3



394 it "

Hl

AL
-

i 2017 4F

R PRI S5 i S AL DX T 09000 £ o 0 1 3K 30 45 1
15 BE . 76 50 SOE PHR IR 55 S5 36 P 1 GPSO 19 1k
SPOREMN T HEEE XA T8 T XA m
(KL B8 3 J5 vk, 3 4l 5L 56 GPSO 35 3 i /MA %
YA/ QT TR =5 1 S5 A S A L < R
GPSO b PSO i isf [r] 20 iy 32 2 J R 2 3 3 Ak
B | BRAE OR I PR S ST S5 i TR R BB E R
WeRe sl iy 51 A BT LARR BE R B J7 125 70 X R S50 2ot
FERIERS T ELEEMIEM. 55K G, BAK
AR — R AR 4 R 48 R aE ) Bk
AB I A 4Bl T o Py =X T X 1 A 4R
SO R AR UG 22 10 X T 1 R0 % 5 4Kk T
AEH TR R . X F GPSO 5 PSO i 5, ™
T 2 R AR A 45 R AR L AR5 F GPSO I Ak 1 15 0l
FEFEE PSO B 76, 11% LA L, 3 415256 %) 190 0 B[]
BEARE R EEE 18. 56~25.85s Z ], HiE & T = i
14 SIS 8 5 3 N A

X T SCHE ] AL T 5 e I AR Y
PR 2 i A A0 1 2 T e O T A R
ST TR ) A P A R AT % L T AR SC R Y S AE )
BIUASAEE P BsF ] 3 — A~ 4 8 A Sy B A B5CH0E  BT A B30 H
EJLE L 2 U0 P A A8 A0 S HE 1) fE LR
R 5 ) AN B 4 7 IR 95 0 a8 Ak SR ARG L B
R AR O s AT LR B A I (] ] i i) O AR
Sy S RO CAn A SC v S AT R I S5 O R R
T o 35 A AN RE % 48 e T A3 1 L AE 0% 3k e A~
5ol 5 A X A A T L DA 58 O A Y A
FEAFAE.

i#

7 %

AR SCER R 2 AP EREE R th T A S8 04 (e B 42
R NS NN TV i/ § 28 S S BRINAL ki Sk (Ui 2
1 )L 2t — i 2= IR 55 A P A X [) 000 A 7.
A SR 1) S HLAT Dy 32 582 2 5 20 5 000 O % &
DX ] f) b SR AN S D 1 4R R SRR R AL B 4
JE RARMRR RG] T B T Bk T HE L L 5
TERAELR A R ) LS B e L. O 1R
TU5E T4 S L B4 9 e B e 91 AR SO I T — Rl
T AR R B I R By AC-PS = iS5
PP I R R AR S AL 5@ i AC-PS ) 5 KLU AT
A AR I I A R B 16 08 AR A X 23 26 BT
AR A [] 26 0 45 ik R AN [8] 19 9 e 6t e 31 IXC J) 4
7. 8 SR B AR T AR SR R Y

DX ) 000 A TR %ok 45 24 9 k5 1 T ORG B 34 3k
92% LA b, H WM &L A 76. 112 ~ 96. 15 % Ay 2
Fh. AE A 38 9 R R R i AR v R 6% G R0 ik e T Ak
PSR A — 5 T A RO AR BE T = Rk 55 1 iR
S5 VERE O3 — 7 T A B & B 28 8 AR s
BB e s 4R b ) S

AR SOX = PR - 2K o DX ) 7000 1) F 5% H Rip
AL TR B B BT LR A R 2 AR R E it — 2 58
H TEAK BT 4 i — 2P AR T K 2 e )
e DR T) FUI 5 3 o {1 H: B % X6 R E B A 2% 1) 9 K i
AR g A A X ] S

BB BTSRRI S AR LA Bt R
#

BT EREN, £ H—IF B!

s £ X #
[1] Sun Da-Wei, Chang Gui-Ran, Chen Dong. et al. Profiling,
quantifying, modeling and evaluating green service level
objectives in cloud computing environments. Chinese Journal
of Computers, 2013, 36(7): 1509-1525(in Chinese)
INKHy s BAESR , WRARSE. 1o R a5 i 2 (0 IR 55 9 H A
SIFT AL R RPN, TSR, 2013, 36(7) ¢ 1509-
1525)
[2] Salah K, Boutaba R. Estimating service response time for
elastic cloud applications//Proceedings of the IEEE Interna-
tional Conference on Cloud Networking. Paris, France,

2012, 12-16
[3] Nallur V, Bahsoon R. A decentralized self-adaptation
mechanism for service-based applications in the cloud. TEEE
Transactions on Software Engineering, 2013, 39(5): 591-
612
[4] Kertesz A, Kecskemeti G, Brandic 1. An interoperable and
self-adaptive approach for SLA-based service virtualization
in heterogeneous cloud environments. Future Generation
Computer Systems, 2014, 32(2): 54-68

[5] Maurer M, Brandic I, Sakellariou R. Adaptive resource
configuration for cloud infrastructure management. Future
Generation Computer Systems, 2013, 29(2) . 472-487
[6] Rosa L, Rodrigues L, Lopes A, et al. Self-management of
adaptable component-based applications. IEEE Transactions
on Software Engineering, 2013, 39(3): 403-421
[7] Prevost J J, Nagothu K, Jamshidi M, et al. Optimal calculation
overhead for energy efficient cloud workload prediction//
Proceedings of the World Automation Congress. Waikoloa,
USA, 2014. 741-747
[8] Yang Jing-Qi, Liu Chuan-Chang, Shang Yan-Lei, et al. A
cost-aware auto-scaling approach using the workload prediction

in service clouds. Information Systems Frontiers, 2014, 16(1)

7-18



2 .

JRAF . I EIREET = RS T I A A X [a) 1500 4 395

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Calheiros R, Masoumi E, Ranjan R, et al. Workload prediction
using arima model and its impact on cloud applications” QoS.
IEEE Transactions on Cloud Computing, 2014, 3(4). 449-
458

Jheng J J, Tseng F H, Chao H C, et al. A novel VM work-
load prediction using Grey Forecasting model in cloud data
center//Proceedings of the 2014 International Conference on
Information Networking. Phuket, Thailand, 2014 40-45
Akbari E, Cung F, Patel H, et al. Incorporation of weighted
linear prediction technique and M/M/1 Queuing Theory for
improving energy efficiency of Cloud computing datacenters//
Proceedings of the IEEE Long Island Systems, Applications
and Technology Conference. New York, America, 2016 1-5
Yang Juan, Huang Zhi-Xing, Gao Yue-Xiang, et al. Dynamic
learning style prediction method based on a pattern recognition
technique. TEEE Transactions on Learning Technologies,
2014, 7(2). 165-177

Li Peng-Hua, Li Ying-Guo, Xiong Qing-Yu, et al. Application
of a hybrid quantized Elman neural network in short-term
load forecasting. International Journal of Electrical Power &.
Energy Systems., 2014, 55(2): 749-759

Sahi S K, Dhaka V S. Study on predicting for workload of
cloud services using Artificial Neural Network//Proceedings
of the International Conference on Computing for Sustainable
Global Development. New Delhi, India, 2015; 331-335
Raghunath B R, Annappa B. Virtual machine migration
triggering using application workload prediction. Procedia
Computer Science, 2015, 54(3): 167-176
Azizipanah-Abarghooee R, Niknam T, Gharibzadeh M, et al.
Robust, fast and optimal solution of practical economic
dispatch by a new enhanced gradient-based simplified swarm
optimisation algorithm. IET Generation, Transmission &.
Distribution, 2013, 7(6): 620-635

Xiong Kai-Qi, Perros H. Service performance and analysis in
cloud computing//Proceedings of the 2009 Congress on
Services-1. Los Angeles, USA, 2009: 693-700

Chiang Yi-Ju, Ouyang Yen-Chich. Profit optimization in SLA-
aware Cloud services with a finite capacity queuing model.
Mathematical Problems in Engineering, 2014, 2014(1) . 1-11
Huang Chenn-Jung, Guan Chih-Tai, Chen Heng-Ming, et al.
An adaptive resource management scheme in cloud computing.
Engineering Applications of Artificial Intelligence, 2013,26(1) ;
382-389

Jiang Cong-Feng, Xu Xiang-Hua, Zhang Ji-Lin, et al. Resource
allocation in contending virtualized environments through VM
performance modeling and feedback//Proceedings of the 2011
Sixth Annual Chinagrid Conference ( ChinaGrid).
China, 2011. 196-203

Dalian,

Hosen M A, Khosravi A, Creighton D, et al. Prediction
interval-based modelling of polymerization reactor: A new

modelling strategy for chemical reactors. Journal of the

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Taiwan Institute of Chemical Engineers, 2014, 45(5); 2246-
2257

Seong N 'Y, Hin P A, Ching S H. Prediction of future asset
prices//Proceedings of the American Institute of Physics
Conference Series. Langkawi, Malaysia, 2014. 825-830
Zarnani A, Musilek P. Non-parametric interval forecast
models {rom fuzzy clustering of numerical weather predictions
//Proceedings of the IFSA World Congress and NAFIPS
Meeting. Edmonton., Canada, 2013: 667-672

Nakaya S, Nakamura Y. Adaptive sensing of ECG signals
using R-R interval prediction//Proceedings of the Conference
Proceedings: Annual International Conference of the IEEE
Engineering in Medicine and Biology Society Conference.
Osaka, Japan, 2013: 9-12

Shrivastava N A, Khosravi A, Panigrahi B K. Prediction
interval estimation for wind farm power generation forecasts
using support vector machines//Proceedings of the Interna-
tional Joint Conference on Neural Networks. County Kerry,
Ireland, 2015, 1-7

Andersen P E B, Jensen P N-E, Kousgaard P N. Simple
linear regression. EAS Publications, 2014, 66(2): 19-39

Sasaki T. Kondo O. Human age estimation from lower-
canine pulp volume ratio based on Bayes” theorem with modern
Japanese population as prior distribution. Anthropological
Science, 2014, 122(1) . 23-35

Nandram B, Yin Jia-Ni. A nonparametric Bayesian prediction
interval for a finite population mean. Journal of Statistical

Computation &. Simulation, 2016, 86(16) . 3141-3157

Odgers N P, Holmes K W, Griffin T, et al. Derivation of

soil-attribute estimations from legacy soil maps. Soil
Research, 2015, 53(8) . 881-894

Guan Che, Luh P B, Michel L D, et al. Hybrid kalman
filters for very short-term load forecasting and prediction
interval estimation. IEEE Transactions on Power Systems,

2013, 28(4): 3806-3817

Kasiviswanathan K S, Sudheer K P. Comparison of methods
used for quantifying prediction interval in artificial neural
network hydrologic models. Modeling Earth Systems &
Environment, 2016, 2(1). 1-11

Cortes C, Vapnik V. Support-vector networks. Machine
Learning, 1995, 20(3): 273-297

Claesen M, De Smet F, Suykens J] A K, et al. EnsembleSVM:
A library for ensemble learning using support vector machines.
Journal of Machine Learning Research, 2014, 15(1): 141-145
Shrivastava N A, Khosravi A, Panigrahi B K. Prediction
interval estimation for electricity price and demand using
support vector machines//Proceedings of the International
Joint Conference on Neural Networks. Beijing, China, 2014

3995-4002

Cheng Qiang, Tezcan J, Cheng Jie. Confidence and prediction



396 L2 I - S v/ A SR 2017 4F
intervals for semiparametric mixed-effect least squares support unknown number of factors as interactive fixed effects.
vector machine. Pattern Recognition Letters, 2014, 40(40) : Econometrica, 2015, 83(4) . 1543-1579
88-95 [40] Wager S. Hastie T, Efron B. Confidence intervals for

[36] Venter G, Sobieszczanski-Sobieski J. Particle swarm optimi- random forests: The jackknife and the infinitesimal jack-
zation//Proceedings of the International Conference on knife. Journal of Machine Learning Research, 2014, 15(1) .
Biomedical Engineering &. Informatics. Chongqing, China, 1625-1651
2015. 129-132 [41] Olinsky A, Kennedy K, Kennedy B B. Assessing gradient

[37] Dickey D A, Fuller W A. Distribution of the estimators for boosting in the reduction of misclassification error in the
autoregressive time series with a unit root. Journal of the prediction of success for actuarial majors. Csbigs Cases in
American Statistical Association, 1979, 74(366a): 427-431 Business Industry Government &. Government Statistics,

[38] Wang De-Qing, Zhang Hui, Liu Rui, et al. T-test feature 2014, 5(1): 12-16
selection approach based on term frequency for text categori- [42] Khosravi A, Nahavandi S, Creighton D. Quantifying uncer-
zation. Pattern Recognition Letters, 2014, 45(11): 1-10 tainties of neural network-based electricity price forecasts.

[39] Moon H R, Weidner M. Linear regression for panel with Applied Energy, 2013, 112(4). 120-129

MENG Yu. born in 1990, Ph. D.
candidate. His current research interests
include cloud computing, service predic-

tion and optimization.

Background

With the development of cloud computing, virtual cloud
resources are widely used in real life, and the problem of
wasting resources and interfering service performance faced
by large servers have been solved preliminarily. However,
the traditional method of cloud resource allocation is static
allocation, that is to say the initial amount of resources
allocation of the cloud resource is “lifelong”. The amount of
resources will not be changed during the time cloud services
are running.

The research in this paper is a kind of prediction optimi-
zation problem of user concurrency requests for cloud services
in cloud computing environment which avoids the invalidation
of self-adaptive adjustments in resources for cloud services
effectively and on the other hand promotes the utility of Cloud
environment without losing the quality of cloud services. Most
recent works in solving this problem consider how to improve
the accuracy of the prediction technology. But, actually, the
concurrency requests series of cloud services is known to be
stochastic in nature with very high uncertainty. In spite of
applying various powerful traditional and advanced prediction
techniques, it is quite impossible to eliminate forecasting
errors. Therefore, accurate forecast of concurrency request is
quite a challenging problem for the cloud environment

participants. The difficulty in developing reliable prediction
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module is to estimate the uncertainties prevailing in different
kinds of cloud services and incorporating them appropriately
in decision making process.

The commonly applied statistical tools for quantifying
the uncertainty in the predictions are confidence intervals and
prediction intervals. Compared to the confidence intervals,
prediction intervals are more relevant to decision makers as
they are more informative about the future. Therefore, a kind of
prediction interval estimation model of user concurrent
requests for cloud service in cloud environment is proposed in
this paper. The propose model can quantify the uncertainty
related to forecasts by estimating the ranges of the future
user concurrency requests which the tradition single value
can’t hold. It is to a certain extent, the proposed model
avoids the e invalidation of self-adaptive resources adjustments
in nature work.
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