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Abstract How to save various resources and keep service quality for clients is one of the main
challenges faced by the elastic resource management of cloud computing platforms. Existing
elastic management approaches focus mainly on laaS, and consider few of the features of different
applications. In this paper. we presented an application feature based elastic resource management
mechanism (AFERM) on PaaS. The benefits of AFERM include: (1) defining application feature
which is composed of changing pattern of client requests and resource consumptions of the application;
(2) proposing an execution unit based requests distribution approach, which divides large number
of requests and sends them to multiple execution units with fixed resource consumptions; and
(3) deploying applications onto virtual machines based on their features. We evaluated the feasi-
bility and validity of AFERM on our own PaaS, PAE (Peking university Application Engine) .,
and found that AFERM can effectively reduce the number of servers, while keeping the service
quality. Compared with the exiting approachess AFERM can reduce 28. 3% of virtual machines
on average, with the highest of 50%.

Keywords cloud computing; PaaS; elasticity; application feature

Wk B :2014-05-12; 7L H MR F 1 - 2015-05-19. AR B [ 5K )\ X =7 s AR IE & Je 13095 B 26 4x (2013AA01A213) (E KL ="
S RO 9T & B HLRI I H 34 (2011CB302604) FIE % H AR BH 34 (6142109 W 1. 88 5%, 99,1986 454k W W90 4k, BT
HZ A % AF. E-mail: whasic@gmail. com. B #F &, 40,1989 44 B+ WF 58 2k, EEHESE H 10 0 =T G5 0E. 3% 8, 59,1989
A BT BRI T RN ST AR 4 BB 1989 AL B L FEM R M s A AR ETE.E.
1970 4E A W+ #08%  h T B HLE S (CCP) £ B, R EHF 5 S0 0 D R S A



224 it (= . 2 Eitd 2016 4
BRASYAE 0 LA B 45 T 8 T 48 55 38 BR A N RRAE
1 51 & o,

PaaS {2 = 18 1 = FF G sg AL Z —,
S P T PaaS JF & N S IF 4 0 AR 3 B
F| PaaS V-5 1. PaaS ¥ G B H P AS 0 X0 W 2% | i
PEIR 55 & HRAE R G0 B R LR 52 L 0 IR 55 4%
S5 0 T dz AT BR B8 405 . ek w] LAE & L B 4
B2 o i U o SO DA E I = I (R N L S W
W7V Z MR PaaS F & . ] 41 Google [ GAE
(Google App Engine) . SalesForce # Force. com,
Microsoft #J Azure, VMware fJ CloudFoundry .
] PN A 5 77 b Bt A 3 A S i AT T 220, 0 n
R SAE A B ) BAE 4.

XF T R IR 55 A S A R UL AR AT Y AT
55 S PRAIE P R 55 3 A L U AT BE b s b R G TR
PRI 55 . R SRR Y B R A BRAIL R L AT DAAE PR AIE R 55
R 7 i (Service Level Agreement) IRTHE T . B %K
AR = 2 G R 9 U 2% DT D2 38 A A

I A S T A B A T 5 2 AR P AE TaaS
J2 9 B2 18T & bR FH R Bl : AGILES
3 Ao FHIN NE FH3E SK 2 L PR UE S K SULAIL B 3G K B
& FE 43 f1 IR 8] L FF 38 Ao PR A ] R DAL Y 5 AR
UER A A 55 o dt . HJE 32007 1 R BB BRI X 5
THA BTN A gt 2 CPU B4R H L A %
& 0O A LAt D5 T A 45 . Gandhi 458 A HR T — b
BB RS BT YRR D 12 1T O IR 55 A o AT Y
AR AH AT IF B A 25 N T X 22 B B R A 9
FE LA B o FHAE B I5 0T 45 1 2 30 A [ R

PaaS V& LY Web L FH 38 5 /2 B A [/ 59 A 5
TE AR B B AR I 28 X 45 o 5% U A el A
28 S RS T HL 4 32 10 17 SR 3 18 Bl I 1] 3 B 3 A [
AR BEXT X RIS T A SCHR T — i T
fiE ff) PaaS #1495 U5 45 PR AL (Application Feature
based Elastic Resource Management mechanism,
AFERM). AFERM % & % [& PaaS 3 & 08 % I #
FHAEBLAT Web 1 HT A9 RHAE » 76 O B IR 55 5 5 19 1 4
TR AT fig b D R G IR TR

ALY 32 B DT A4

(D) & X 7 PaaS ~F & /9 5 R AE. G i 42
0 FH v a) H AR R R R 3 SR 2R B R [ ) A2 b
FRAHE » LA SIE B 320 07 FH A SR 38 00 000 . 255 %0 b FH B
15 R G0 P05 1 W0 30 5 4 B o A S R R i 1 T 3 SR

(2) 4R T — ol 2 T T IRAT 50 19 35 5K 2 i
HLH & 78 35 R B BRI K & T3 7 45 2 4 BE R
O K X [0 R 9 1O FH AT B0 6 23 ) AR B A A b ik
DT SRS R A AR AT Bk 4R A R B At
THH.

(3) $2 T T R AR AE Y FEIC AR T 2 2
MHAE BT 8 7 10T AN RV RFAIE 9 1 308 1 — 2 1
iy 7873 Ao T IR 55 45 O 4 0 1 B M) R,

ASSCES 295 [0l B 5 A SR O B W 58 A 5 3
T G AR AE B AR BT 05 5 2 4 1 O T BT
BTG PR B AR I BL AN PR R AR O B8 5F T T X
AFERM BEATVEANAY 445 56 5 39 38 2 52 3080 0 A 3048
TR AT VAL 5 6 1 R ES R3O A I T 2
BT 5 75 16

2 HEXIE

AR AT = B B S BE JOR Mg 25 AT T
KEBFTE. N T B B FPEPLH] 55 ZARYE
IO P PR % 908 SR 78 A 17 0 B It 3R & A ) R 2 7
S8R YORE TR A 41 5 32 TR] LA 56 A9 F 58 A Y
JEfE L.

E A A58 A R 2 2 1 R 35 5K R AL A
TR HE 48 7 5. Hoh AT 1 5 S I B SR R Al
15 B0 P T 24 i 0L 938 1719 D0 » 30 25 M3 s 2R 8 %
TR A 3 YU L P 0 A SR 3R mE R A
oF 5 B B A AR 2 e UL DR R IR 45 A 0 AT
IR A — 4 T AR [] H 4 5 TN 01 S5 B w1z DAy o7 T 4
PRSP B

Gandhi 58 A" 4@ T — B gl 45 19 75 i B 7
5 AT LA 35 D I AR I AT Y IR 55 A B ECRE LAY
A GEIRFREIR. 1% 07 ¥ I TR T S MU R 4
4 5 3 DR ST B R AT IR 55 4 14 5 P o BT Sy 48 42 1
TR R . 2 MGZ 07 IR B S T S A
Frah A5 BEURAE BIAY SEL g% L AT BEIT T — A2k T s
TR A SRAE SRS L I 55 BRATAS SCHE A0 3 B
Tk AT T SRR L.

Gandhi % K" FEAATI 53 50— A LA, R
P Bt 5 T 45 A 1 B IR R I T 1 8 R g5 AR AE
R L3053 P S+ — 8 23 R Ak B I AR B 1Y
FET A 73— W0 73 PR AL PRSI 19 22 % T 3. A AT



24 B B JET N FTRFAE Y PaaS 5 BT IR BAL 225

I TAEERAN % 08 T Mk 55 4 it fe 1 . R I
6 22 Tl % 5 T G R P Y AR

SOPRA HEZE 38 o % 187 FH 3% =R 2R A 100 i
6 I 43 T AR I 1 B 9 DA DR TIE I 55 BT 6 L AR T
PR ICE A B A BR R 4R SRR AR H . 3
S ZOT AR AR R SR U R R DG R 55 A X
A EE S EXS T PaaS & E Y Web )i Ok 4
R s R I 3% 7 12 R 5G30 — T A [kl 5 322 6 1 1 g oz ]
AN H 438 .

Gong 55 N (i A5 5 4b B4 AR 7R B F 7% U8
i FHAH SR 9K J5 3 3k By 7R A] I B F500 1 o >k
B TR I EY  Ath ] H & &F X CPU &5 s — B8 U5 i
T OLHEAT 725 18, Z W T 22 e YR A £ T A6 i) R

Krioukov & A ) NapSAC T Hi# o 4 87 s
DESCHE AR A5 1 1) 3 5K 38, 3 aek T 47 SR A8 10 U i
RIS A I 43 T B A B U5 B T o s v R 55
it LAY IR 55 4%, % A LA T 2 Fh o Ak, o
Last Arrival 223 W5 3% 0 F 1 (Moving Window
Average, MW A) B 1% | 48 KON AL - £ 3% R 46 1k [m]
IS A 0 B 4 O A A 1 MWA B Lk
[l U= G5 ) 0 A SR R B B AR 4 DR R IR 55 A T
Ja 1) AlwaysOn J5 2795 48 %I AH & TE 90Tt Y
AlwaysOn Jy 1 11, 1 5 T 1 1 38 37 5K 2 1) 0 i o]
Fof 1 35 PR I 322 06 Ll 45 R 10 ik 0 5 55

T3 AR — B TAESCTE T AR GEHE IR By PR 43 I
AT o 56 AV 9 9058 ST F 4 T 1 B () R B 8 o DA T PR 3k
Xof 87 28 1) 72 A 1A T e L AR v E TR R

Xiao 4 NI HEABATTHY 55 b — T AR b i IF
SEEL T AT BT B SR8 Y TaaS V5,14
Jiik Had T CPU B4 B L % T PaaS | K&
4 5% 5 B TS W) B 0 T . O IR
NE BN ZES. £XF CPU %ER N H % 7 ik
P T R AT CPU 5 A 00 19 s v SR g . R 40
s CPU JF 45 17 00 $h AT 3 P #24E. JR 012 By
R T — A E T CPU IS B0 Y 5 Pk 3R g, Jf
S RATA SCER i nY Uy Bk AT T SR X .

Gong 88 NN TAEXT I FHEAT T 3+ & 1Y
FRPEA A L (H7E L SE bR AR 4800 S8 B Bk B R A
Xf CPU.1/O 4§ Z B % I8 (9 14 #& 1 B0 [ i) 34 47 %
JE L P R B SR s R SR BT IR LR ) R TR

Qin % AN TAEXRE T AR5 1 1/0
AT, 0 1 1/O %5 4B B R R

B TR 1/O %5 42 R Ry FH i) 1 b ORI G 9.
AR 05 3 X6 U 1) 5 T 06 FH 25 IR AN 8 AR R
i 1/O GERAS &P BE (0 250 9 3 » -t AR XE TIE B 1%
T A .

25 LT IR H Al A S8 5 TAE R DA X &
N R AT 25 A 2 R e B0E 2 T
R X 2R R R AT 5E A R B b T R —
BEUR L S AR S M R 43 T O 48 B A xR
FE R A 7 18 6 22 S0 DL e U AT
JH T SR Bt e ) 28 A (A B s A R AE AR SO, 3K
AITHE T —FhJE T B AR AE B9 PaaS #1: E J5 45 B
PL . 255 % 18 T PaaS ¥ & MR PEFT Web B2 )
FRAE o 76 AR UE Ry AR 55 0 i A RT3 T R AT BE b 4
V-5 BRI 28 IG5 #4508 R 2500

3 NAMERERAK

AN ST B AT 202 B R AE L 4t OB 5K
Pt i SR )5 A 20 8 TR A AR BT 3%
3.1 a2 RREE

W& AL PaaS ¥ & LA R R - ol fE d1 T
Fr R AR Ol 55 32 48 i AN TR] A RO S BT
Y 28 51 ARG 5 D7 T 18 AR AF FEAR R 22 5. 191
s — TR AR A AR e X R B R AT
HLOHEAES EHEZE CPU B, i —4 DL S %
P EIA R R G0 W75 200 2 1 i 3 10 5 i
[ A 35 55 SO L [ B S5 B L A O X A [ b 2
B0 SR 5 SR DL S R AR B T A
[ R R 51 a0 s — A2 R AE Tomeat H Y B HI7E MR
S Bk A A2 2 38 0 (HUR B o8 He e LN A
o R AS 4 o — AR A R . e B CPU
T 1/O JF 8 2 B SR R A A i g el 2
BERE T 89 N AF L A 328 5K R . i CPU
B 1/O THES 5 R R B A B I A R

ARSCEF RS BRI R 1 Web B 45
ik = (1) BRI AE AR AL » BRIV 52 491 1) 45 24 B URT
Bt 175 SR 3R 0 A8 A AR 0 5 (2) T 3R A (L RRAE B R
S5 P S A 17 SR B I 1) F) AR AR T SR AR Y
AR T 2 5 R F) T 0E AR 48 BT IR A 7 SR A O

JO7 P £ 5 DR T G AR AL T 0 o 0 BT PR A 0
P8 0 75 81 3 e T 5 T PR M T ) R Hl AT
THIR AT m] LUV 24 00 BT T FE Y R AL

JO7 FH 83 SR A8 AR AE AT LA 5 % s ) H AR



226 it (= . 2 Eitd 2016 4
AT A 2. 8 I N B 3 R OR AR T N AE B AL iR

B B[] A #1243 5K 238 AT LLIE 999 0 T Y 3 R
FASACFEAE I 1 — 20 JE 1 oK S8 A8 A0 R A % R
N K 13 SR R AR AR B0 AT T
3.2 MASFEREXALEIR
3.2.1  BEIRIHFERHE I XA A

BATTE PaaS & b1 W 25 18 #8 & 48 % .
X A AR CPU I [A] | #% £% F |] L A7 5
S K ST U ) T AR o 1R 1 BE N 3 R A A
b AR Ak FRATT A R B U T A BE O SR Y AR
A & Xk R Y % R T #E FE AiE RC (Resource
Consumption). FHA4&H , FATH: RC F7m Ry i I % 4
THAE S AR B Z M REOE R

RC={C (), ,C, ("},

Hop o RFEFFEMEELC ) Qi N R Fp
TEUR I FE BE I R - 0y 8 1k ek B R B b, R 8
Co () Co () F Cs () 4353 e 7n CPU I (8] | 1 28 1)
(i) 1 PN A 2 ) A o AR O

TR A AR A B BRI FE R
KA AR IE B0 [ rb R Al R 1 R L BLAL R TE
KRBV (req/s)” s YNl 7R B IR ABAG 00, 38 e 4
R E BN TE X CRAS [ BIPL B 4 B0 B B ROR
100 %0). AT LAAE BRI H A 1 CPULT/O. 8 4755 ¥%
U5 3 535K BT ) B P0G & (2 g rp RAT]
7R T SR A T R O A A R A A ]
MR GER R Z B A G2 AE L X ) I A1
B LA ) e 1 ol B TR AR 4l e S, N A B R
HAERHE RN A

RC={1.02r+9.98,0. 387+ 3. 64,6}.
100
y=1.02r+9.98
80
= —=— CPU
P 60} —— 1/0
iy —4— Mem
4
=0 ¥=0.387+3.64
20+
y=6
%10 20 30 40 50 60 70 8 90 100
HRE/GEREs)
Bl 1 —AEARR A Y R R AR AE
TR I 04 9 T FE AR AE 18 M N B B

BT AT 5 A GBI B S St AT T

HH — > PaaS ¥ 5t 2 5 Y B ALK . 14
B WAL 70 7 T B Pt FATT T LUK
PaaS M4 Z A~ EMHL I 4 & A S, AT
A HESAHLAR I [RIAG B - & AT B AT A [R) B A (7] 8 fiE
i 2R GBI B HE SLBILATR A 28 8 B )

SR={R,,**.R,}.
Horp R A=<t <) AR B BLES « Fh eI 0Y £ 1]
3.2.2 iR FBAFFE AP AL A

R A B3 SR R AR LR AE RV(Request Variability)
S o FHAE 2% 1> B A7 B T8] A 749 ~F- 34 77 5K 4 Bl I 1] 17 2%
AR, AT 300 Aok A L o 72 g 43 A A A N 1 37
KA.

R A B R RS E T
S5 22 VAT ) 2 I T B I TR) 20 A A 4
AT KR LAE T i P 20 A AR A4 I AT
i A4 77 0 1) 3 BERRAE O 8 0 H i AT i — 25 b 4b
B A AT KRR B e SR T R B R

jg][a cos(2mf; 1) +b;sin(2nf; 1) ]+ A, ,

A¢kﬁﬂ%ﬁ N AC BRI [ IR a;
by (L==j =k g A A& B 5 Xof I 1 i

FAE B L o AR 4 43 A i T 3 SRy 81, T
fiff © 1) B S A Ay Ko G R ik R S AT AR RO
(A7 SR R AR A R ELA M, P A 37 2R AR AL R AE
RV 38R S % FL 3 5K 7 5 a6 47 B 480 A% 460 J 1) 3 B0
BT B AT AR K AR AL B T AR A

:{(f\j 2a;+0;) |j€|:1,m]} ’

Horr m i 3K P 41 35 B HE R4 14K

WK 2Ca) &R T —A> B AR B 78— B [a]
DAL ) T 2R 23 i BT ) 8 £ 4 47 B0 [ rh R Al 22 O B ]
I 2™ 3 R L B W SR B RS (req/s) 7. X
HOE AT B A A5 2] 1 2 (b) B /R B 433 ] J e
B FROR A BN RN AR B T S RO
7 A 1 ) PRt FRATT R R DG T L b i R A 4
R HTEL 2Ch) AT RS B ROR AR AR A 0. 125.,0. 25 F
0. 375, A 1 0 B 3 3K AR 0 41 11 3= 24
RS W] LA BB AT PR IE 430y (— 218, —54)
(77,26)FN(—42, —19), A L AR 35 & . i T B 1)
I KRB RRAE R IR Ny

RV={(0.125,—218,—54),(0.25,77,26) ,

(0.375,—42,—9}.



2 B B JET N FTRFAE Y PaaS 5 BT IR BAL 227

60

R R /Gl REUs)
- o
S S
l\.
. n
"
—
—_
.—/>l
.\l
n
n

w

)
~—

/

200 [ .\./ / N/ "
. ¥

W% 1z 16 20 24 28 32
B 1] /s

(a) WHRFA

[}
T

HREE/X10°

i

R

il

(S}
T

0F l"\. -u-u /\ IIAI-I-I-I-I-I-I)\III/\I-I-I -’.\ u

0 0.125 0.200 0.370 0.500 0.620 0.750 0.875 1.000
IS
(b) S p

B2 —AEARBLH B IR R A8 b Ko E

FEF N SRR AR R  FRATT AT LA R A B 1
SRR B0 E AT TN L DA T R 4% 150 5 b % L 1 A B U A
B, 76 DR UE IR 55 0 6 19 A 2 T 2 o R 40 DR R .
3.3 R FAHFERIIRER

— B L B AR B PaaS oF & B 220 4 5

AN WEIA H & b S B L A BB LR T & 3R EE H
I TR o DT S b 48 52 1 P ) 308 2 R 5% 950 T
FATHRE 7 T ) 350 28 J0) 43 Sy Bt 8 B AR T B
BB (1) 24 0 RIS & B = F 6 B 5 6
8 2 3 — A AL X FE AL R N FH R AT
I B U IR H A Rz B AT IR SRR E AR
LR FRFAE 5 (2) J&F I FH AR5 A K 12 i 55 At R
FHEE L8 B IR 55 &% 1, O3 i AT PR A L DASE
PO AL. 75535 5 BC B B, 3R AT 2 4k 252 38 5 s D)

H &5 43 » S B 587 1 RRAE.
3.3.1  BEURIHFERFAE A FRHK

FE LM 5 B B s 3R GE A IS AT AR Ik S R UL
14 1oy Hﬂﬁﬁ”ﬂ)ﬂﬂ,ia%ﬁﬁlﬁﬁﬂ?ﬁﬁiﬁﬁ‘r%%,ti
FAE % T Shao % AV 05T TAE. &0t — BLit
I‘Eﬂ(,Edlliﬁﬂ‘llﬂk&“Ti‘Ei‘Eﬂ“Fﬁﬁwlﬂ E@%ﬁT;Lﬁu

SE » V7 1] 90 5 14 1o I 18] 5 L o e 2 DU PO 1938 47
s AT AR T A E - AT el I A5 20 04 15 114
A GEIR YT FES D0 - L5 Hh I BE I SR R AR AL 9 A2
e e 5. DT =1 290 45 21 R ) 5% PR A AR AL RC.

Wit 2 37 5K R A B8 s T T A kUL 2> A7 5
GG IR FE S A B G B B L
AR U AR 8020) AT SO I I SR
N AR AR BB IE S R, 40, B 1 AR
ATHRFIXE] T0req/s BIE LT . CPU JH & B 5
L) 8000 1 BIH » PR AT 43 3% M Ry 70 req/s.
R R o £ B0 28 B Be b $R0AT B0 0 Y i R B 41
KA.

U F W PRI 5. 1 3 o R 7 S0 % i B
LI 00 BT TR AR AL R LA 34 I 8 B B
3.3.2 SRR Y 3R L

H R0 AT 2 — Al D FH R Al 2R AT 5 >0 A2 40 79
AT B R AT A 2 AT AR AT R
PR IA] H SRR SR R AR AL 75 50
TR B B, R Guidad H R s 5 R4 O 5 B
M rIREE TAE - X W U5 A H S #1720 26 A
Geit 45 B HAL I () AR T RSP SR R AR S AT
X SR AR 9 HEAT 1 LR e A5 B G 32 2 R
3 X IO A3 R A 0 45 o DA T A HCE R 33 5K R
PCHFAE RV, He T RV FATO B FE R A AT B

AR 377 5K RS AR AR Sz e H 8 R8P 14 13 S35 5K
5 A GE AT LTI S R R 19 345 5K 7 DL - AT RE 5
TS 3t S IS PR AT E R0 T A O I AR 55 o6 Y
& 4 i BT IR A R,

IO7 FH A B B 35 SRR ALE Xof ST K J3E AT 5 R T
T 2R SR A A R P L TS IR T A
FIARE e » B 2 AR Bz P 003000 34 SR 32 1 O 7 B
TP T R R A A L T A o

4 ETN YR PaaS S8 H

FEF A BRSSP BAR B 1 L R AE  F AT
PARAT B850 Sy B 7 o 1 FH 45 BE 3 %8 7E PaaS F- &
b IR G W i R SR AR N B AT i R R AT
PPEBRAE—— T R SR 47, 2 25 Hb oy 43 T P T R
U8 R T Ml R R LA B AR SO i S B RS B
AL 3 MR,

(D $hA7 Hon

AT BT R BB S T B2 U B 1Y) d5e 5 17 2R 3R 1 N
FHSEAG. FATTLAPRAT BT Ay B %ok g TR A 79 2 I



228 it (= . 2 Eitd 2016 4
Je S g B L BB S U PR R AE UBC R AR B M 45 FH T LT VML %R G m T T A,
Ve e AN 44 . NG A —IRY R ERAE 75 A F A 5 AL L 38 g

(2) FPEERAE B HL LB LI E R VML sz s . LR d g

BT I N A T 5 B B AT e ik R R A
VE. AER M ia A7 3 A% b FRATT 3000 R — B B 5K
B IR B IS AT BT S I W L AR O B A
18 B 5O P A7 0 R L P o 7 B[] 45 — 3R 4] 1 0
it 20 I 45 S Sl W 0 SR R A A R ik e A
VAR R G o S

(3) HLPE AR 7 %

F (2) v T 245 SR B W A B T B I 55 A s
AT ARAS L1 FH i) 7 ) 25 A 1 LA A o R A 2
RYJ5 AR B U R R AE DL K R T 3 SR AR
O B 7 I FH BT B e 3 N 7 5 4 EL R B R Al Y L O F
T L T Y O =X St s R O R
4.1 MAPITET

T REHR AL AT HE L= ALY B IR 55 . PaaS - &
R P B AR 55 AR AT R A 22 A S 4 3 ] R H 58
B FF L IE AN B S A S h R R UL -
(4 4 AR B . LA b, 1 S 48] AT S R Oy ARG n e
[ I8 =X B 1 AR 5 s A7 AR 4G 1Y v 1]
H Can oz FH IR 554 55O T AL — AN 3R 1K 4R )5 38 28 5]
RESUML Eis 7. & 06 FH 5 R AR 48— i
W) 53 265 4% A~ L T SE 401 el 5 4> S B8 B T A IR 55
s B A BT YA 58 ORI SR A W) A B, TORE 4
IR A 25 P

TR 0 T BT — R L 3 R 43
RO R R P RO S M R G A5
AN S 3 Ay 12 55 B B fBAE PaaS SF- B Y
SR AIL A AT I B R sl T BRI T P A
FH 2081 Jir 78 0 3 SR B30 AS [ — > 1 S 4 7
AR R A AR | AT RE 23 52 ) B8 A IR 55 45 S B A B
o7 FF A T A S BRS80S B 1 SRR 45 A

WE 3 s BRiHERN A C £ VM1, VM2 #i
VM3 =& UL Eo3 R E T — A S B — ) %)
FCAR RN P g R LR 2 6 B0 Y 3R G0 BT Rk
A7 Ab B, T 50900 1) 97 2801 A 1 s B X 2R SR O
B0 R4 3 A L S A DR ok A A o 52 491 i 4Rt
2 AL R G IR. ARSI RLE T . B T VM3 ) 5
TR 2K, R G S 1T W4 B4 % VM3 ¢
P 8 T ) S 081 R PR I SR A & 4 HL At 1 4
BB R S . TR, VML FiE VM2 | i g A 52
5] 5 I W] AR AR IZ N T 6 LA Y B IR A oKL B4 4
M3 A BT A BE R, ik, PR R AULHIL Y B R AR

WY o {35 1 A8 900 1) 0 280 405 7 1 R AT 3R SR 23 o
P JR Cn AR il o VIMI3) i Fi S bR 28 A8 Ak 1 A
£S5 AR SRR U A R R I R NI b e
PR AR 09 BB i R B 2 I BN

iﬁﬁé mz
— m\zmz - S
¢ - RSB
-
-cam i
I EY v
VMl VM2 VM3 VM1 VM2 VM3

P 3 3T S U A S BT A A R LR B A

YR bR TR AT B T T AT R
JC A S 0L IR 55 4 B AR B ke AR R T B 9 A9 1R
AT 5k P R O SR B8 R/INAS [ R 1 1 552 41
— R AT BT R PR A T B 1 K 2 Ro Y
D S B G R — A B T AT BT HE 32 1A SR A
B R » WFR AL T 95 577 AR 25 75 U] SR AN AR S
O ML L FRATTHRE 4 32 1 SR A T AT B IT AR O &
AT BT, LR AT 5K 20 & A F Pl SR 00 &
N A T PAT Boe R, Hos s JA — 4T
ANHEAR S . 94 o R N FH A8 PR A T B T B R SR
R B A 60 req/ s, e — iF 2] HT 7 X512 i 47 5K %
K F) 150 req/s, W43 5l 43 Bie 60 req/s BT R 45 2 4>
AT BRI 22 3k B 7 IR S B A 30 req/s MY I
KATELEE 1 AT HLIT.
0 SR 0 A 4 A T SR T AR AL 0 A AR S AT
AN VIR B B 73 5K, DR AT ook
ARG TR HEIR 2N — 23 & JR 0 e 52 Ak B An 2R
— 3 R A A 3 SR EAT Ao ST BT R BORE T
W2k ZEAEIR AL B, DL 2R HE . R HE IR 1A 25 3 BO
JFH - 28 ey 137 BF [ 38 4 T R AT A 98 F 905 A B IL
3 FE 2 I S 24 e 7 A [ A HG G o A A 1 I
B IRAT BT DA R R e
%?&ﬁim%m?ﬁ%ﬁf%ﬁ? R
3 LR B (9 37 SR SRR AL TR R E RS &
B IE K A 23 A0 B e i e T T AR Y 1 4R
VA 7 12 vh A I S0 SR AR 2 TA) RS B L AT
B Lk 30—~ B P S 1R 285 T T 5 e A i 5%
ar SEAE EAR YN A S IR S B4 9D T ik



2 0

HEAE L SEF N R ARAE Y PaaS 3 UE E A BEAL I 229

RV SR R OB BT FR U SR 1 W R T 4.
Pl 4 FRATT 3 T I F AT B T 3 SR 43 i 7
P 5B 3 W ETE & AL L C E VML,
VM2 fl VM3 = & Bl B & E T 1 A7 5
JC. BRI R TR & A 2 BALR BT IR I8, H g4k
T RS 2 R G HEAT U A B A G I VM3 I,
e BN T R PRAT B T R AR AT S B A R 0L
MLEQ¢%%$ﬁﬁ$ﬁﬁﬁ%ﬂT%%£ﬁ
WA B VM2 F. ER i H & T —
ﬁﬁﬁ%ﬂﬁt%?%ﬁ%ﬁﬁ%@ﬁ%»ﬁﬂ%ﬁ
VEUR B A o PR I P 18 P i R 1) 8 A1 T 8 A1
m* lﬁ;k

----- Rt (E

- C i 7 U5
IER

VMI VMZ VM% VMl VM2 VM3
Bl 4 R R IRAT 50 B 3 R S L T

L AAAT BT A BT b AT kg I T S 451 PR ok S B
T Al 5 J5 3 AR TR B AR g e i) 47, RO AR X
e R ORI s 23 H i T I 55 4 B e JEL 42 WA 3 1 e v
T RBEN R Rua PEAE T B HE ] P BLAS AT 5
TG AT LA W0 380 0 B TR SR B R T R E T SRS PUA T
BT BT IR A, UL O AT BT A 3 Y
R fAZEXCEZ. FRATIEEF 3.3 47 I ik PR IR 19 [
FHAFAE L KRy T B 3 5K 38 E R Ru KR8 € R
R =R/l Horft & IE R A0 E R 19 0] R %
bW k.

WG & 2L /0N o D) 8 A 25 W 48 0 PHA T B T R 3 T
ﬁﬁm%ﬁﬁ%%ﬁmﬁgm%ﬁiw@uﬁﬂ

T 4 A R P B AT B 5T 5 R [ A IR 55 4 1Y
1%%Mﬁ%%%m%%mi@¢JM%ktmw
B TR AT BT R B T BN SR R T
PR D AR AE W — A B RL S R 2
{14 07 FT AT 508 HL Fh A B 28 7 2 32 45 S ST
TG I T SR IS S AN U b 9 AT 0 AR 00 9 AT R OT AR
H i 2 25 5 S50 0 R0 8 400 2 DT 34 R 9 B T . I
Ub s e B B 8 5 6 LR UE #5037 & 280 1 RN R 4 0
JE T8 2 1Rl — S AU 5 A0 L R TR L A e (B2
ANTR) < X B8 U5 HF 8 B R A N S 3L kA X A
JIN A U5 B 2 AT BT A BRI A2 L B IR 5K L B R
PHEE TR . DR R A R /NTE 45 G I ARREAE 1 2

15 ;k%k

4.2 EMRERN

W 58 BRI ER 2 B B i i S BB 2 B & F
SR REERAE N HAE R 55 i B3 — e 2
ASPAT FRLIT. T AE N A8 47 8 A b FATTAR 9% 3 by s
TR RO B A AR K — B B ] Y A9 T SR 258, T35 H Ry
HOH A B 0 R 48 0 U O 38 S i e R A e L
HEAT BEIR VAT » A6 ORI IR 55 5 A 09 i 2 T 48 8 % U
FI . A, 25 08 3 5 1 T i st M BV A B R g
AR 47 b Ak 3R 5% i SR 3R AR AR (I < A a7 3 1) 2k %
BIER G 12306 TEIT 0 SR 00— 1Bk 18] o) RE 2 A ZC LA
BT I R R L AT S X & R 5 R
{5 FE I OO0 07 FH o 37 B[] 2 R AT L ST B TR R
SR BRAE B fih A A5 A 5 DA SE I X 58 R T SR AR Ak
FATRE b3 Fir A AT RE firh A 5L B AR B 1 1
T T EB E B B LA B 10T 0 45 S s 4 000 250 40 3 A2
TE SR R i R VR B AL LA, AT e B
PR AL — R s A e SRR E L AN T -

(D ¥ e il

@ N A FEBCH & By Be. i T 76 S 38 28 By
BOAAS 1Y N AR AL L FATTRE N 45 B D F 6 IRk
G5 b I fil e 4 SRR BRAE L S ] A — B 2 A
PATHTT, BRI BCRE f % g A 1 SR R T 45
RYE AT AL J5 SR,

@ 3 FH - 249 W S0 P ] 3k g 254 3000 810 g - 24
Wi 7 P 1) 8 1o o o 68 R 3 2 1L FH A 19 2R 2 8

JEAS 2 LAAL 8 H A 35 K
UL A2 % F 8 kAT BT,

O T i R 5 . 24 W0 & R N R — i
TF1) #4719 37 SR 6K 24 i 6 B HL T A5 SRUE T BT BT BE AL
B S KA SR BRI L FEBR A5 T R AT BT D AR
TE MR 55 o i L B AT 9 R R A

(2) W g it AL

@ F G802 U5 A R K. R A R B AR 2 5 3
2N B2 A AT AT BT (s ST R T L A
ﬁ%ﬁﬁﬂﬂ%ﬁﬁ%?%ﬁ:l%ﬁb%ﬁﬁw
A5 BRAT BB BR A AT BRI I 4% 2 A BT R A R AR
R B AT HOC G B — G Rl B B T
e G0, 58 R 2 I L FH I SRR TR B 5 R AN a1 e 4
PR FRATH AL — T B [ %7 46 A0 43 A 45 2 S AL
(0 G JR R 2R L O 45 6 X % B LPL b T 3 R
R T2 R 158 — B 1R) 9 3% 2 SPL A% 9 R R
FH R % 30 2R 40 9 U R FH SR 5 SIS B, D i
PR B0 B iR P B WA T RO B A #ﬂ
Ji— & AL L I 78 b AR A X s ST T ik

TR B AE IR b B



230 it " . 2 i 2016 4F
FEBR » LA =5 3R 40 0 U5 R R 7 -

@ T i R 5 AL XY B0 & B —
] 7 )38 SR RN T H N — 1ON S R 24 A i B A
PAT B TTHO A PAT 5 TT BT R A 38 Y B K SR R
W AT DAAE FF G T — B ) 7 B O AT — 2 2300 ) AT B
JC LA IR B 548 BRI H L AT s Ik .

BRI 3 T AT BT Y i R 43 T
BILA % o7 FH S 461 R 422 W0 19 3 e 7 oK 8 R 64T T
FRAE o IF HAE %% i K I s PRAE— A i FHR AT RE 2 1Y
AT B TC A T3 T Aor 38 A7 AR A CH o 38 2o WA 4 #4
R EA N2 ZH — D ARHRES AT IO,
I X6 I P S TP B B B B T R AR
O A SR 8k v A IR S B SR R A AT T R
b AR 7 1 2 T 0 s 20 i $AA T R T A

BN A SHTAE T & FisdT T NOOF R
B BE B B B AN B0 N = 0) AN $AT 300, I 3
FEED N—1 AN AT 5T kb T 0 R 2 B E R
HKIKF R - HIMH A fEREZHRIEREEL
K NXR o WA E] AT —BFBOERKE R w0
R r>NX Ry BB 7 3F 17 300 3 8, B 55 38
(/R — NDO D PATERIC AR 7<(N— 1) X Ry s
U IS 5 2 A7 35 1 0 8 LR 0820 (N — 7/ Ru) A 3R
FTHLIC.
4.3 THEBREFE

HY 4. 2 WERATHAE T R R — T R
WA 45 T R FRATTN B A SR 4 A T SR AT S A
XA R TR R YRR AR R W B TR AR
23X Z2 BN [ g F 0 $RAT B T HE AT HE BC RS X T
P REERAE A R AT O 5 AL B2 A N
PAT L ICHEATHE L HB 3 s X TR 4 B4 e B s TN
(4 K AL 1 R R AT BT AT AR B A O JF I
6 5 AT B ITHE AT 4 O R

TS A TG H B AT A A L TS G 4 R e R
R, 78 AR v W VRRI 23R I P AT BT A 5 T B
JE L AR A St ) O B DR O A1) 4 0L 8 e R
B oy B BRI B A AR AE ) L 7 B B e 2B
By BER Ay 4 e 5 28 o B

T 53 B 2R A RS 4 R R SR A 1 R
4.3.1 ¢ @

EY R B, 5 R AT TR B — B A
TE 1 RE LR AT BT 0 Al R .
T30 43 ) FH 0 U R DR 4 B A AR R 1 L AT
SR AN 1 R FAATL A 5800 o o7 5 3 1 B

(1) |0 1T 5% 501 6 8 aE 2 I 1 17 r 44
FTHICHY BRI AE RCe = {C) (R » Gy (R )
AL FRATTA AR F CPU I 44 1 1 4% 785 0 491 . 43
B C L Co R 5

(2) B H Y § BT A T BR O 400U 9 % U5 R AE 1)
L H AP AR BIILRAE 5O SR, = (R, . R, )
(R, R, 433 3R FE ML S HT i CPU ¥ 4 A 2 HF
B 4Rt A] DAES 9% 0 0 B A R ARLBL . B 2
M R +C (R)<<80% H R, +C, (R, ) <<80%
(3. 3. 11 ik , 8 5 e U5 T84 BB 80%6) 5

O IHRG—PERILO= [ (R +C1(R ) —
(R, +C, (R ) | s WA — & HE UM A Fe /s O
{EL S D) 55 0L R DL AL B 0 1 s L IR 2 B
RESUML O B AHSE HL 34 A fe/ME L EAT 25 BR (4) 5

(D) A a= [ (R+Ci(Rpu )+ (R Co(R ) |5
et o S K HE BELBIL L 8 B R

R AR B A5 b 3R S5 1 K AL DU 7 2% R 40
B A AT 30 5 A SR A $R B W IF I — AN
REFAAIL I 350 8 P04 T BT,

EFE O Fo/IME L E P AT Ay ik 3] CPU i #6
G BT FE 1 P4 83X il B ORE AN AEAE — & R AL
WA R CPU JF 85 A ARG 1 8 8 7 85, g% 1R
IR CPU F 45 F1AR = 1Y 4 £ JF 8. X A A #1742
ARG IR A R A R T R — R RS L
B 5 s 241 VML Y CPU I T4y 20 % . % 4%
i) R4S A 60 % ; VM2 iy CPU I [a] JF 45k 40%
s B B () TF 85 Ok 20 %6, BRAE 75 2 45 — 4~ CPU K i)
FEA N 40 %6 B S 1E) FFAY R 20 %6 fh 8 L A AT B

CPU 1/0 CPU 1/0

B comovs VMl VM2

|
F________________________'; \"’”””””””””””’:
m Hun i
L M m |
R SR ] |
L M |
1 b |
| CPU 1/O CPU 10 | | CPU 1/O CPU 1O |
L VML vMz 1 VML VM2 i
| | | 1

i N FH B EIVMI E i S EIVM2 -

Bl 5 REHCEA R/ O (E B M LHL 4T 30 25



2 B BEAF . JET N HARE Y PaaS T4 BT I BIHLH 231

TG AR A IE I FR LR N AT BT 8 B A
VML I, W38 )5 % B UL CPU JF 85k 602, fifi
T4 R 80%0,6=[60% —80% | =20 % ; 7 1 F #h
TTHAICHERE 7E VM2 |, %8 %8 J5 % & S bl CPU JF
BH80% I/ OFFH M 40% ,0 = | 80% —40% | =40%.
PRI I 17 32 B O {38/ VML

TEFE o S R 2 PR oy FRATT Ay B2 UL BIL 19 5 U
i) 22 U AT R b ST A L X A A e T RE b e 2D
H T K AU AIL B 95 R S ARG S SO Ui 4 R AL B
5 FH L R WA JE . I 6 B, 25 R RS
FOTHER & AE VML | W% 5 VML i) CPU J
Bk 80%6, ik £ IF A M 80%,0=[80% —80% | =
03 A N FH $AT B o0 B 38 & AE VM2, N3 & 5
VM2 [y CPU 45K 60 % , il 8 FF 8585l 60 %0 ,0=
160% —60% | =0. WA B & K145, K L F A4 %
DR BB AN AT EE VML BN o=
180%480% | =160% , #7 & FH 4 VM2 k., | a=
160%4-60% | =120%. &7 3% K5 1 $0 47 0
FELE e (HECR VML |

_________________________________________

CPU 10 CPU 10 CPU 1O
VM1 VM2 VM1 VM2
L BOEEESIVMILL ) NAEESVMZE
B 6 EICRA K o 1 UPLEEAT IR
4.3.2 I 48

MR 4. 2 95 R R AR PR fik A PPl — R &
R P 3 e AR s L P S0 7 SR R AR T T2
AT AR R

E R EIES W iel Rl DT ESuR RN RE DUE A=) 4
DL BB AT BT BEAT I AR A O I PR R
X I FHAAAT 50 A TR R L DA HL AR T R 4
PEREFEIEAL. 11 . BB 28 FEFUBL VB 19 1 4R
Fr e g HoAb dE B L A9 IAT B0 & I 0 aE i
4.3, 1T Y R FLPIL A Rk W B A 4R B — 5 KB U

LWV BB AT SOCER S X R AT DL AT RS
V EMPATHICE W.

1715 22 0 7 P 37 R R ek AR e 5 AR TR — T i
[F3) 77 ik I A% B 32 18 T A9 8 0 SR AT BT

(1) 3t B A A %0 AT 50 14 R AL 5

(2) $R 3 — G H AT B0 8 R O U 1%
FHEIRAT B0 RO e 0 B BT BREESUHL V2R 32% 1 U
HL_E %0 A AT BT A IR 5

(3 RV FE 2B AT 47 89 BT
K FLL 5

(O IRV EAZ N TR AT e o T 3ATT
R ERAECH R AT AR A

5 FHiEEME

5.1 FBEHEREMEIIE

NES 3 4T BT AR FATT AR I B B S 2 o B AR
HOH BE YR AR AR L SR 5 76 75 0 9 B Bk T 0
FEAEHEAT SRR AR DAL Ak 0 A 0 8 0 43 1. S it
e A0 3 S 5 3 T 0, A B S B B ) B U R
02 75 5 4 L 5 B B — B

SR T 1 4 IBM [ HS-21 Blade IR 55 %
Itk VMware B 4 5 #0165 G5 Mk 55 4% 00 5 hy
2 BIEMALVL V2, L BT .

(D FEMMAL VI EFE RN A, LU
510 P15 K, -+ 45 PR, 50 KA ) i T A
KR TE R WM HE 5 A 1) CPU JF85 FI#E 3745 5

() FE B V2 b3 E R A B, DL &R
510 W15 Wy ==+ 45 .50 WK A 3 28 [n] i JH B
R R I 0 5t B CPU JF44 FRE 8T 4 5

) ¥R B A FIRE FH B[] I 3 8 75 jE AL V1
L PARERD 25 IR R W A K 363 3K A L
BAP 5 K10 15 s+ 4 45 .50 IRAY 3 28 1] f
F B AR K W IF 0 sk A A RN A B R
CPU JF 5 A #1445

AT PR B AE R RIL VT B N A 7R
SRR JEED 25 i CPU R4k 20. 35%,1/0 FF 4
1 12.46% .32k CPU,=20. 35,10, =12. 46. # &
RS PR CPU JFAH A R IR 1 iR, Ho oy
i B G K E L A R R CP U R
B Ll R 7E R UM I B A B i R R R ) CPU JF
B CPU, o R I AN B[R] B35 35 78 K $UL AL
V1 Ei R CPU JFRS  Acpy = CPUs s — (CPU,L +
CPUy) » 7R i I B AR & 5 s 38 & iy CPU I



232 it "

Hl

AL
-

i 2016 4F

B 2. A AT 7E A KR S DL T Aceu
{9 (LA X ARG+ 10 3 T K IO T4 T 0 2 A [F) — 5 1
FAPL_EIF . CPU JT45 45 73050 38 38 76 W0 65 HE SLPL L i)
(1) CPU JFH 220 AN K. 2 2 Wik ST s SR 45 21
ARG RS CPU JF 8 26 oL Y 4598 DR ik 7 I T 1
BRI KN O T » A 350 2 B B2 1Y
JO7 PR AE AT NP 5 IC B 28 B B S s R 4R A

®1 CPURBHEREMRIESR

e CPU, CPU,+CPU, CPU,., Acru
5 2.98 23.33 24. 39 1. 06
10 6.01 26. 36 27.92 1. 56
15 9.32 29. 67 30. 88 1. 21
20 12.10 32.45 34. 45 2.00
25 14. 89 35. 24 39. 06 3.82
30 18. 28 38.63 43. 30 4. 66
35 21. 48 41. 83 46. 87 5.04
10 24.36 44. 71 49. 99 5.29
45 27.54 47. 89 56. 28 8.38
50 30. 60 50. 95 60. 49 9.54
T2 HMERAFRHIEREMHRIELER
r 10y 10, + 10y, 10,y Ao
5 4.02 16. 48 17.78 1. 30
10 8. 06 20. 52 22.31 1.79
15 12. 08 24. 54 26.75 2. 20
20 16. 08 28. 54 31.11 2.58
25 20. 45 32.91 35.75 2.84
30 24. 36 36. 82 40. 87 4. 05
35 28. 44 40. 90 45. 05 4. 15
40 32.48 44. 94 51. 64 6. 70
45 37.36 19. 82 58. 12 8. 30
50 40. 81 53. 27 63. 88 10. 60

5.2 LIRS

THEEATAE B FIF K PaaS F & PAE(PKU
App Engine) FXJ A SCHE 9 56 T 0 AR AE 19 PaaS
SEPE BE U AL B AFERM HE A7 92 56 501k, 55 5
T 5 & [ A Y B AR 55 A B ] A A AR i
VMware B A0 R S8 #5500 4 & L. A
LA 20 & [FIAG 0 R UL 7645 B AL 1 22 e T 5
50 FT A2 200 £ 2% 8 B ARURH O vl ) 7 o RG24k 2 B
-k MySQL Server 5.5.36,JVM 2l Oracle JDK
7.0.15& Oracle JRE 7.0.400. 43, i il 55 #% N
Tomcat7. 0. 6, {CH R 45 %% & Nginxl. 4. 1.
5.3 XHHEE

S BT A AU Ok B NLANR® 52 56 %5407 48
A BE2 w424 BAE 3. 0 252 0w T e 00 540 46
BATSEPR AR Web NI I0) H 2. O 18 T
A7 5256 % FEEAT AR b B

(D) B — 4% H i 4 BOHAT S 3E AT X 43 % T
Vil —4> servelet B # — 4> action K47, NN i%

B FHIAT T — ) CPU # R /E i & H &
(14 38 K M Rz B (i) 4 BE AR 3R X IR CPU %5 4 B # A 11
55 3 s %0 F U5 ] — A SCHE B9 AT 2R 5 K % n AT
T /O BAER B EAE 2% 5% B & i 3E R S
BEE H AR R XK 1/0 % 4 B BAE AT 45 it

(2) Gt Vs a5 00, DA iE 2R 29 R4
TS RAE s . I, w28 K i Bl 1 S VIl
A8 T AR EUR FHARAE  fe Ja 1 K R B0 1E hy SE 56
86 FH T B0 TEA SO HE A 1 SR
5.4 LIgHIE

BATET- & L AT T 4 BB B FH 2517
SLE L EATTAE CPULT/O & B8 U5 85 7 18 25 A A 7).
JUT A I 3 SR R AR AL R ok B 5.3 T TR Y
NLANR %4 £ 5 BAE3. 0 %45 4. & 4> v 7
24 /N PN T SR BLEE 30 TR B 40 TR Z Il 5
26 I L B ) R ) 3 R A 10 A A

A AR AR ]y 5280 AR W B S — R 24 /B I
SR ARG BB 7 Ca) ~ (d) T 7 o oA il
FORBFE] L A 0.5 /NG — WKE SR B, ST 48 A4
B vt ) A5 5 Bl 2R 1 AE AR B 0. 5 /N Y Y

T( &R T L CPU fd I EM N A 1k
KA B L 12 0 3 K Bd >k B NLANR %48
£ HHATHIC Ruwx Hy 60 req/min R/ 4380, T RD
W5 U BT B G i CPU I ] T 45 o 23 % » % 5% i
[ TF85 8 3%.

Bl 7(b) o T LA 1/O 5 2y F /R H B 191
SRARAREAE BL 2 0 3 SR B ok B BAES. 0 $d
. HAPATHIC R 80 req/min, i 51 i 447 570
() CPU ] FF-485 4 4 % o 1 35 sf o] FF 45 4 20 %%,

Bl 7(o /R T CPU 5 A 21 1/0 5 A
AR 1 I C 33 oK 38 A8 A0 A% 0 3% g 3
SKECHE K A BAES. 0 846 4. H AT IC R N
100 req/min, i 71 faf 4047 55T A9 CPU B [0] FF 44
L7 %6 S R A0 R TR 45 2 6 %%,

(D JER T /0 5 M Zim CPU 4
FHAR XS B B L T D1 335 3R 238 A8 A5 B0 5 1% 0 T i
KA K B BAES. 0 $ 8 5. H AT T R N
90 req/min, # 71 1 A7 5 o0 ) CPU B[] FF 55 Ky
TV R R TEES Ry 17 2.

-5 BN BAE R Bk 4 AR K

@® NLANR(National Laboratory for Applied Network Research)

Anonymized access logs. ftp://ftp. ircache. net/Traces/,
1995



2 1 M OEE . KT FURE A PaaS 5840 VTR PEALEH 233
12000 14000
10000 12 000F
10000}
= 8000 =
g S 8000
= 6000 =
'P{’ %, 6000F
#r He
24000 = ool
2000 2000}
00 2 4 6 §101211161820222126283032313638404244 4648 00 24 6 8§1012141618202221262830323436384042414648
i1 /0.5 h I /0.5 h
(a) M AW REA L (b) M HBiERZFA ML
16000 18000
14000 16 000
14000
12000 oo
glo 000 g 10000
8000 ]
3{% £ 8000
g g
£ 6000 6000
4000 4000
2000 2000

00 5 1 6 §1012111618202221262830323136381042414648
11 /0.5 h
(¢) BFCIEREA L

45000

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0246 81012141618202224262830323436384042444648
A )/0.5 h

(d) N FHDREAR

40000+
35000}

= 30000F
S 25000}
§§20000»
#T 15000}
10000t
5000+

AAAAAAA

AAAAAAAAAAAAA

OO 246 81012141618202224262830323436384042444648

iR /0.5 h

(o) e LIRS

Bl 7 SEERN

RS, A L& 7 () iR, RERE
HEREEALE CPU B 585 R h 80 % . i 4% i
6] FE48 R 75 %6 s B & R AU ML IR 45 #% % b FR
6. Bl E Z FEE 6 A HIER B B — & B RIL L s i
AHLIE St 82 120s . W AR 55 # 3 sl E] R 30's.

FATHE BRI 7 B 7R 35 oK AR ARG D 19 &8 2 AR &
gt b s ae i & Ui SR IR R I R AE S &Y
PR 55 a5 Ea5 3l 1 ML, B E 3 5 & B
Wl EEP—& FEEN A AN B A C D
AT T 1A HR B RLIER) 46 16 50 F 25 1.
5.5 KWERNW

ARG T AT 4 Bk 5w, 43 3] e

(1) F:TE R A R 1% R(Request Based Elastic
Approach). X 212 8 Gandhi % A" (1 TAESCH
AR B SR W o LA P S B FR 8 5K R A Ry R e AT 1

T AT R R A

AR AR

(2) FF CPU 5 A EREE C(CPU Based
Elastic Approach). X 1= Xiao 2 A 1 T
YESZ B X L SR m , LA S — 1 CPU JF 85 1% B AE 4
R GEIAT B AR B AR

(3) BT E IR THAERRAE 1Y 35 Mk SR g AFERM-
RC(Application Feature Based Elastic Management-
Resource Consumption). iX &7 SCHE H A9 56 %, {HAY
2 R8N FH A0 RS RE AR AL L R 5 JEAE SR R AR AL RRAE.
XA SRS AR VAl AFERM 34003 K B0 f5 2508

(4) T 3R 2 30000 55 9% 5 T B S I W DU AR 45 5 )

N AR AE ) 5307 R i AFERML 31X & A SCHE
%) 56 B 1) SR L A T SR AL A

FiHE 5. 3 PP R SR o A L FRATT X AFERM 5 H:

5T T EE S SC IR A R AN A 8 Bk 3 .



234 it " . 2 i 2016 4
22 6
20
18k 51 NEGEEEEEEONNS)
16} ’”'A
ul /s Y YYYYYYYYYY YV XTI T
= =
= = 3F NYYY
Bzl 10, =
8r 2
61% —e— CHl ;
e —A— AFEM-RC# 1k —— R
I Femg
ol —v— AFEM %% O— CHEHE
. —/\— AFEM-RC#I%
Il Il Il Il Il Il Il Il Il Il Il Il L L L L L L L T T T T T
04 8 12z 16 20 21 28 32 36 40 44 48 0 4 8 12 16 20 24 28 32 36 40 44 48
18] /0.5 h i1 /0.5 h
(a) ML F%E (b) VLS FCH

A 8

£33 RABELSAEMNRARSRENLL

- Ak wk WK
R 575 SR U BB R bR/ Y
AFERM % B% 230. 5 15 137 0.0334
AFERM-RCHmS  251.0 16 615 0. 0470
C R 295.0 19 431 0. 0329
R % mg 321.5 20 343 0.0262

1EF 8 Hf L il 2 s I TR) L A 30 4% A Bir
i1 P B R AU AL B BB B R AT — R GE i,
24 /NI S5 SR I N AL 48 S GE Tt s PV KRR
GE it A 1) JE L E A B HLER.

Hy Pl 8 AT L o 5 T R AR A Fr) 1 A S SR A
Tl At b X FE SR g% oty B /D 0 Y R AU B A
HEHL, Horh AFERM SEMEAH L R SR i 2 RE 98 /0 2
5020 (4 HE AL 7 5 PR 0k 2 o FH R AR A 3 5 g
SN A MRS AR IR 2D E A G TN R R
W) AFERM S0 AH I T AFERM-RC 50, 5
JFH S D500 1 R AL AL » 3 3R W5 3 % B 3 SR R Y
SRR I R e s | R e A 7 = I O 0
R o AT AR 2 30 107 P 4 T T 17 K 3 R A A X R
R I P o8 97 SRR P 205 2 118 1 D 37 R 3 T
TR & T A B

B T RESBIL A BEAIL o5 P KR FRATT Y S 568 X He
T TP AT IR o5 A IR 5 B O TR
P AL i BT IR o S oL AT ST — A B
e

U=>VM X Hour,

Horb VM IR GETE 50X 0 (Y RE AUALEL . Howr 7R
GEFIS ) BE R /NI G — k0. 36 3 2 X S5
SER AL ST

A [R) 5 W 19 R AL L BEATL o5 T

MFEHAI L, 5 R GG AH B, AFERM - 1]
DAV 28. 3 %6 19 g UL o FH & S5 R RLBIL o7 FH &2
T5 A HTHEYWHIERA 4 BRI, K LT 2L
IR 1 YL GXTER 8(b) Hr i f
W) . S AE R R R ) B R 43 T R W R B0 R
BB T 94 W ARTE B R E 1307 888 Ik
O HT 32 T o 3 A 38 n o2& mT DL 2 1. A it AFERM
FEPRIE IR 55 50 it 1 R B0 . 5 R SR ms AH I JC B

5 C IR AH I , AFERM -3 0] D) ygi /b 21. 9%
(4 R OB o5 s S R AL 7 D T 4 & L Bl
B> 1 G WAL A 38 3K 3 BB
T 6 W AELRIE AR 55 I it i 2B L P SR IAH 2.

5 AFERM-RC # It , AFERM 7 f& #L #L 5 H
FWAT 8 200 KB BT LA,
[ B3 SR 5 R B0 20 T 178 K. AT Ll Tl AT T
L F AT AFERM JC 6 2 76 1 48 i 45 4 96 IRy
AT » 8 2 7E PR UE IR 55 0t it 7 1 L AR LA 2 T A A
.

25 B Rk , AFERM i % 16 13 0E IR 55 5 4 A0 1%
BLF  A RO A R 55 A B R 50T L SR e A L
SR LAYE /D 28. 3040 1 EBLAIL 5 B 22 1 AT DO
B 50%.

AS SO A LT RRAE Y PaaS 5L BT IR 4
HALH AFERM J@ 2 73 87 0T H 2845 8 % 5L
T SR A GEAT T 5 I 245 5 %k B BT e 2R 48 0 45 Y



24 M

GRS HET N FIRFAE 1Y PaaS 514 B U5 2L ) 235

I3 53 7 A o S N7 T i P SR AR AR AF B RN BT
U5 o T S A IO P A A8 7R 5 45 A ] 288 2R g oz i
P A5 BT (AN ] A A 19 RO 5 4 S [ 1) A% 48 %
P PR R A R G IR R R J2 i T — R &
PR 5K 23 BCAIL ] & oK — B % 1 S 1 2 A o i 5K
SRMGT PRI B A [ % (14 1 AAT B0 . AT B £F
W0 E T S A RS L AT RO D T SRR R AR K
B0, B AR T P 4 A T R Y BT ROT B, SC S e T
AFERM 7E LR UE R A 55 57 B 1) Z& At bl DLA 2%
i AR B 5 A

BB Be AFERM H 2% 18 1 R B9 AS [ R AR i
BEA % 18 PaaS - 5 19 22 5. NI T i A A 4 fig
() BEHL AN RE UL AL A PaaS & 48 H AT J5 35
AREFEAEA A SLHE. A I FATTRE AL R 58 10 5T R 4
LA S 2 B A B 5 AR AR o DU B 92 M S
FHFRE ) PaaS 258, 73 4b . 78 3B 3K 48 1k ¢
(R TN 2= eI S B O W O S (1A N
AT i g5 37 SR TN A L+ B 4 ) i 5 5L B 0 20 I

2 % x M

[1] Mell P, Grance T. The NIST definition of cloud computing.
Recommendations of the National Institute of Standards and
Technology, 2011, 53;: 50-50

[2] Gong Z. Gu X, Wilkes J. PRESS: Predictive elastic resource
scaling for cloud systems//Proceedings of the 6th Interna-
tional Conference on Network and Service Management
(CNSM). Niagara Falls, Canada, 2010: 9-16

[3] Shen Z, Subbiah S, Gu X, Wilkes J. CloudScale: Elastic
resource scaling for multi-tenant cloud systems//Proceedings
of the ACM Symposium on Cloud Computing ( SOCC) in
Conjunction with SOSP 2011. Cascais, Portugal, 2011: 5

[4] Emeakaroha V, Brandic I, Maurer M, Breskovic I. SLA
aware application deployment and resource allocation in
clouds//Proceedings of the IEEE 35th Annual Computer
Software and Applications Conference Workshops ( COMP-
SACW). Munich, Germany, 2011. 298-303

[5] Nguyen H, Shen Z, Gu X. AGILE: Elastic distributed
resource scaling for Infrastructure-as-a-Service//Proceedings
of the USENIX International Conference on Automated
Computing (ICAC’13). San Jose, USA, 2013. 69-82

[6] Gandhi A, Chen Y, Gmach D. Minimizing data center SLA
violations and power consumption via hybrid resource
provisioning//Proceedings of the 2011 International Green
Computing Conference and Workshops (IGCC). Orlando,
USA, 2011 1-8

[7] Menarini M, Seracini F, Zhang X. Green Web services:

Improving energy efficiency in data centers via workload

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

predictions//Proceedings of the 2nd International Workshop on
Green and Sustainable Software (GREENS). San Francisco,
USA, 2013 8-15

Krioukov A, Mohan P, Alspaugh S. NapSAC: Design and
implementation of a power-proportional Web cluster. ACM
SIGCOMM Computer Communication Review, 2011, 41(1) .
102-108

Han R, Guo L, Ghanem M, Guo Y. Lightweight resource
scaling for cloud applications//Proceedings of the 12th IEEE/
ACM International Symposium on Cluster, Cloud and Grid
Computing (CCGrid). Ottawa, Canada, 2012 644-651
Goudarzi H, Ghasemazar M, Pedram M. SLA-based optimi-
zation of power and migration cost in cloud computing//
Proceedings of the 12th IEEE/ACM International Symposium
on Cluster, Cloud and Grid Computing (CCGrid). Ottawa,
Canada, 2012, 172-179

Islam S, Keung J, Lee K, Liu A. Empirical prediction models
for adaptive resource provisioning in the cloud. Future
Generation Computer Systems, 2012, 28(1): 155-162
Huang J, Li C, Yu J. Resource prediction based on double
exponential smoothing in cloud computing//Proceedings of
the 2nd International Conference on Consumer Electronics,
Communications and Networks (CECNet). Yichang, China,
2012 2056-2060

Gandhi A, Chen Y, Gmach D. Optimal power allocation in
server farms. ACM SIGMETRICS Performance Evaluation
Review, 2009, 37(1): 157-168

Igbal W, Dailey M, Carrera D, Janecek P. Adaptive
resource provisioning for read intensive multi-tier applications
in the cloud. Future Generation Computer Systems, 2011,
27(6): 871

Xiao Z, Chen Q, Luo H. Automatic scaling of internet appli-
cations for cloud computing services. IEEE Transactions on
Computers, 2014, 63(5). 1111-1123

Gong Z, Ramaswamy P, Gu X. SigLM:. Signature-driven
load management for cloud computing infrastructures//
Proceedings of the 17th International Workshop on Quality of
Service (IWQoS). Charleston, USA, 2009: 1-9

Qin X, Jiang H, Zhu Y. Improving the performance of I/O-
intensive applications on clusters of workstations. Cluster
Computing, 2006, 9(3): 297-311

Shao J, Wang Q. Mei H. Model based monitoring and
controlling for Platform-as-a-Service ( PaaS). International
Journal of Cloud Applications and Computing, 2012, 2(1);
1-15

Xu W, Huang L, Fox A. Detecting large-scale system
problems by mining console logs//Proceedings of the ACM
SIGOPS 22nd Symposium on Operating Systems Principles.
Big Sky. USA, 2009; 117-132

Xu W, Huang L, Fox A. Online system problem detection
by mining patterns of console logs//Proceedings of the 9th
IEEE International Conference on Data Mining. Miami,

USA, 2009: 588-597



236 it "

i 2016 4F

[21] Song C, Wu W. Petri net modeling of information flow in the

online train ticket booking system//Proceedings of the 2012

WEI Hao. born in 1986, Ph.D.

candidate. His current research interest

is system software for cloud computing.

ZHOU Shu-Rui. born in 1989, M. S. candidate. Her

current research interest is system software for cloud

Background

In cloud computing. how to save various resources and
keep service quality is one of the main challenges faced by the
resource management of cloud platforms. The elastic resource
management mechanism can contribute to address this
challenge. However, existing elastic approaches focus mainly
on laaS and consider few of the features of different
applications. For example, some researchers only consider
the CPU consumption feature of applications, overlooking
applications’ features of other resource consumptions and
request rates, which does not quite accord to the facts.
Applications deployed on a PaaS are usually heterogeneous.
While sharing the same resource, these applications usually
have different features in resource consuming and requests’
varying, all of which should be taken into consideration.

In this paper, we presented an application feature based
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elastic resource management mechanism (AFERM) on PaaS.
When deploying and managing applications on PaaS, we
considered both application requests’ varying pattern and
resource consumptions. Also, a novel executing unit based
requests distribution approach was designed to help further
reduce resource consumption. The evaluation showed that
AFERM can effectively reduce the number of servers, while
keeping the service quality. Compared with the exiting
approaches, AFERM can reduce 28. 3% of virtual machines
on average, with the highest of 50%.
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