B AREIR 2017 4E 527 % 11 - 12 .916 ~921

doi:10.3772/j. issn. 1002-0470.2017. 11 - 12. 005

EF 23 E M PaaS T4 1 BEBH R

LR

HEET
(o ARE T KT ¥ 5 HARF B

RO

v JR 3 150001 )

(" BRMESERAE I 264200)

i B HTRT PaaS P it F A, H Atk 4t PaaS iH A A B Kk AALF 6 8y
FRAMAR, FHEHTREREAGOEA, A ETERAEN ST E#ATT R#, 8
HY —fETHHA RN RARR, ARG W50 R LR FRAARMK, I Z
& TR AT PR Y KA R B S A T s AR AT BRI AL IR B
o SERAERZN,ZIT AR G AN GEF Y A AT & FRAE R, AR & BA 6

7] B B KRR B s AR

Kelin]  PaaS, A&, FRMEA, FRBE, F AR

0 3 =

T R GRS 2 e S5 BHIR A BE O L b 22 5
Bro R T HEE MRS B, 2 IR S5 HE N R (service pro-
vider, SP) ANRET] 515 IR BT IR A 55 22 528 4, S0
R BEM ARSI A AT N . ARSI
TR 2 T, I ey i v 0 A0k i X 12
TREPRCR . P, (5045 B I 2 A5 R — T
B

R X 5 T2 48 19 °F £ ]I 55 (platform as a
service, PaaS) -5 1 S8 BRI 50 80, LR 0 1
MRz BT PRI, ERRA AR R/
BREC S NGB T T 2 R 45 1 T2 BB R 3 3
FA MR . AR ALK 0 A A ST
T 55559 (service level agreement, SLA ) 44
FLAt it B R 45 (infrastructure as service, [aaS) 2745
VEURTTBR SR o R K2 1 AW A AR T
—REET H P RS B9 T 2R R R A R R IE
AGE WSS , AEAL G P BB B AT P S 5t

R, itk 7RG P AR o — R TGV 2555
M, Yuan'* 25 A$8 T —Fh 3 T H0 6% Se ik i 1
BRERY , TR T B R A B [ IR e T B R
A R . 358" % N4 T — Pt IR 55 5 4%
PSS B R AR LS 5 T 2R, -1 TaaS
6 FARGF P TR OCER . LU ESCHREREE T TaaS
AW AL, gy T PaaS -5 15 S5 F1SE B2
R TS laaS K[F], K PaaS I 9% Flit 5
SRR S PR A E 1Y, PaaS T R P 351G A
A% 3 I 46785 5 B /Nsp i) CPU i I ] A7 it 4
Pk T FIVE S H RSB SE L 5 E4E PaaS
TR AR ), e O e BT e T s BRI AR, i
DAL T 254500 PaaS V- 56 & H A RIRYE 75 PaaS
AR 5 B, A B S TaaS B IR B 12,

1 3 -F Docker #y PaaS i % F &
TEEIR W = & NIRRT, o T i s ki

2 FRCELIPE O£ B AR PRI LA % [0 2% 2 4 A ) 7 T
5256, T 2T Docker (—NJF Y B 28 &%

O HEFALRE2EES (61100189, 61370215, 61370211, 61402137 ) FlE F R ¥ #1141 (2012BAH45B01 ) W BHITi H
@ 31,1993 L i+ ST ) i 5 AR AR s E-mail ;. xzbzwisin@ 163. com

® #{EVEH ,E-mail; heart@ hit. edu. cn
( Wik H $91:2017-06-01)

— 916 —



H A ST IR SR PaaS - 511 2 BERLIFE

5| %) 1) PaaS filR55F- 5. LT Docker Y PaaS Jilt55
V-5 o — AR TR | T ) B Y | R RS = fd
PRI AR 555 0 1 & 0 IR 54T 55 1Y I T
L, ASARYEAT 55 1Y S B e >R 5 110 52 o1 10
PATEERE SR TAE, Sz & g ® B T
EHAY R ARG . B AT A
31AME EEE T R & Rz B R, Al 2
Koy U W48 22 AR R ISCERI | 23 e LA K
e BRI J7 T ) DI RER oK o

ASLLIEE T Docker [ PaaS il 55 ~F- &5 4 ], i#
iR BRI 5T, 7 & T ApacheMesos 52 B,
1547 Chronos fl1 Marathon Fifft Framework , /35| {1 35
JRME S5 5 M55 B8 A8 B, P 5 SR kA AT 0
Web FH T H R, REE M T DGE S FiA T H
BCE A gl A1k 55 S, E AT RS BRI B
WA BEIRA . HE T Docker [ PaaS 255 °F- 5 4244 40
Bl 1R,

Nginx Haproxy Web Service Restful API
g
'§ Zookeeper Etcd DNS Service Discover §
Chronos Marathon
Mesos Master Mesos Master Mesos Master
% (Follower) (Leader) (Follower) m
: :
Docker =
( Container 0 ( Container 0 ( Container 0 ( Container 0 ( Container 0

5 =
5 Data Center 2
f: 3

o Server Server Server Server

1 PaaS FEHZEHE
Mesos 87 5 IR AL, IR0 — P TR s RS n TF A, AT 2 00 £ 52 1 1

J730 Ky Framework 43 fic 98 PR o 4 AN 1 T 3 5o
Chronos ¥, Marathon H i #¢ R fc & , Mesos M B U ith
H B IR B o I 4 L, I e B B R
A ELL Docker B IE RGEAT o 12N F A48
CPU  NAF X £ 3 5 | blockTO | 5 42 il 55 1 oK UCHL
P

TERX A IR 5 B B P e 7 50T I S 1
TEAWIBAAT: 55 e 1 B P 4, 0 2R WP A ok 22 9 0K
B E SR RA I B R PRI 2 g A B
W72 5 B0l 55 7R F KW, SEbr b, REEUH Ik
[] T HH AR 22 B U L sl 0 3 28 2R UL, PR £ b
FEAE TR 53 B U R M 55 1) 5ER P SR T R AR AR e
PILSE PaaS BT %707 A% PaaS SF G UR 2
AAFTH o BRI H B BE IR Y 7 2000, AR SCiR

B R DRI TE IS S0 W IR 25
2 ETHHAFMIHARAE

TS5 MU R R0, L 5ORE S 2088 Al 75
SREEF R TR A ) R AU o T 3 Y A
i (1977 g0 B PR B R A i 5 A BRI A
o AE PaaS V5 b, A TH 9 DIE g 3L
FEGEIE, H PaaS (158 IR BOREE LA TaaS K
40, By AP 5 TR 3 28 0 H AR DAL & BRI L 55 107
FHBEIRA A

FH A AL CPU Bl N A7 U8 0 2% %
AR B n TGEIR . A BT IR A ) FH AR A
Hw = (w, wy,-, w,), PAEIFEMEN p =

— 917 —



r R IE R

2017 11 =12 A 5F27 % %11 -12 1

(Pis Pastess Pa) o BRI NI jFR I Y B 5
Hha = (d, dy,, @), B SR
Hu = (dh, e, ) o FIPRHEML AT R RE AT LA
RO BN, SCERC 1L ] A B 1 280H e %,
AR R R
w, log,x a =1
Utility (x) :{ L (1)
w(l —a) 2" a>1
b x RIS | w0, For P R 0 2
H, Utility (x) RS0 R TE o = 1 IO sREL
SRR RPRR L o A SCVEAR B S R 55 R 3 SR
RO, O o = 1 50, TR R BT S
i

klog,j

Utility(w,) = (2)

Ho b BT, w, 5 Unlity WA, 25 17 55
—SE I, P AL B AR . B P O X
64 [ Utility,;, , Utility,], BP0 & A7 —A
BOH T 5 MR EATT T e, P 355 116 3%
SR A, 6T A 10 3 T REAEE 3525 1P 9 K
(5538

FEX 1 W 45 VIR R TR (q) B4
VR 23 T L 3R — AN B P S 916 A i e o
XEEIR LR A B IO, T R R L

7= 2 Z*w (3)

BN 2 FAGAFAREMQ) S EEAH
FH 2 3 {H % % [0 ) 3B (return on investment,
ROD) "™ phes b 45 07 P 1 1) 255 4 A1) D 25 B A1 B 36
AR A TEZ 55 BT A B T BRI AR, 1T LR
%

ROI = f(Q), Q < ROI (4)

X 3:Z P WIEE R (8) : 2 P TEIL
5 R FOR RIS IRAMRCL 2 TP G B0 oA
OB B 2 B 6.

TEAESE PaaS BT e80T (F2 AR 3%) , F
ALERLT j EARAIIEE N > - py, FEXAPIT
BT B TETH 20 B % 1 1 R i R
B> al, WRAEL IR TR , B A7 e
AR 22 PR A 5L B0 T R M- £ 8 SR R 1T 35
— 918 —

AEPEG R IR A, S50 1 k55 A 5 IR
NI AE A A B XA S L, 2o o] & 5
Folk 55 W, R R IR . T LA 5 5
X3 107 FH B G608 1) 6K 22 k3%
VA PR L B s i a NY i 7 S 3  R e DI
H R an T
Z ), * p;

q=0
Cost =

(1+(1 +8)Qq_q)ilu’;'pi q<Q

(5)
Forp Q 46 1L A YRR B ¢ IR
BRYEERIT g 3t (3) AR, T a Wi
PR T Q BRI B 280 7, % T
VR IR Q 19 37 FH SR I SR 1y Iy St 7
#%5Uﬁ¢m%%m%%ﬁ(kwl+ng%
B4 VR R, T SR S0 I 5 5 9 5 B U
FUFHSAT 5, P S Q, IR T 2 )%
B Cost IV 26 PEH

k log,j
Utility,

(6)
K (6) A AL R g IR A, S XA iR
FP RO RE T A BLSE R SU, Cost TR 2 -
B ROIFEARAYIE LN, %2 % P s G
Bl o QR SR A5 R TR, WV 5 75 58 PEA I 5 U5
IR 5 PR KU o 56 T 1 8l R 2% (surge
rate ) [} 11 RSN T PR
Input
(0,;7 (ajl s aé""?“{z) s (pl s P2yttt pn) s (w] s Wyytty,
w,) ,¢,8)
/AN GIER AR EE Q,, HIFREE o, WM
¥ p,, HIAE w,, ROIH ¢, WEEFE 5,
Output
p// I EREE R
BEGIN
p<«—null
Set(metrics) < — container// FHER4E
if (metrics. T > deadline)// {T-55 #8 B}
invalid task and exits// 155350, J5 shHAh
QBT 5 RIRIR
else
for i in Set(S) do
metrics,
Q,‘ + = ’

(1 +ROI) > dlc, < Cost <
=1

w, // VAT S5 I BT %

a;



H A ST IR SR PaaS - 511 2 BERLIFE

end for
for i in Set(metrics) do

P e + = P; + metrics; /IR
end for
if (Q; > Q)
return P //¥ it 3%
else

BHHUMM%#%W

P

(L1 +e) Y de
=1 MR min

7/ K IEIASIEAE - 6 it ST A AR PR A XU, 5 458 2% TP XL
Wor , TR-DRE T 2R G
Return ( Low resource utilization risk > User
)
Utility ;.
/ /AR T KU (ER ET 2 25 2R

. k
hil k.
While (8 > 47—

lost risk? B:

&& User lost risk > Low re-

source utilization risk)
8 =8 —u//1E LN S
Q, - 0.
34—(1 + (1 +5) . ?)ngp

b
/RIS R AT 3
end while
return 8
end if
end if
end

3 LIy RERMN

S e NTH B A A £ BE A 3 AT I B
FIZR X T B AN ) WS U8 H B AT M RS2, SR 5 A
B RE A, o3BT B T sh A S i 1 2 O el ok
RS E T

SES I B 5L T Docker ) PaaS iR 55 F &
JFRL 6 & x86 RS AL, Horp 3 S 4N Master
W E,3 BAEN Slave 3 A5, Master 1 i il 2 & Ff i
JE R 55 1 4535043, Slave 5 45508 W FE . B
KA S Cadvisor 55 InfluxDB #12& SE8,
T UL SR SE IR L, SO0 R P AR R
o Z TP PR R LR TP e g 45 R fEwf v, i T4
FE EAS AN 26 55 DR R A S v AR A A U R E
AT LAE— A Ak B, iy DA ] 2 AT 6 09 N AE L 1
B 281 58 % P FEORAE, DL CPU PR 2R PEA 1 ]
FPF- 5 Bl FH R & RS A e B LR 1

x1 BREFBER

5 o CPU #%0o % AFICE W WAMRE
(core) (GB) (MBps) (TB)
Masterl 24 32 100 1
Master2 24 32 100 1
Master3 24 32 100 1
Slavel 24 32 100 1
Slave2 24 32 100 1
Slave3 24 32 100 1

3.1 APit#EXE

HHiT 5T Docker [ PaaS IR 45 & LUME d1 2545
WY 552 3, BT LATE 9% 5236 LAE s i X 42, 52
A ) TE I Y AE RO AR S, N AE R AT 9E 43
512MB,5MBps, /376 0.5 #%,1 8,2 1% ,4 #%,8 ¥,
16 AZ P BT IR F G FCA T 7 9500, i€ H R
e R S ST S5 hoe, T
EFIR L& h=1, P R8O R : Unility (x)
= Vx, x (XEH[1,2], F B AR EE Q, H
0.45 VELEFNIE 6 0. 5, 5256 v € du iy FH 3z 47 B
(]R3 AT F ] PN )T 2 5 R 23 D A ST Bl
BN B ZE 52 IR 2 s

®2 RHEATEER

- isfri BB EA R #;?#FFJ
(s) (%) (J6)

0.5 86 96.8 1

1 87 93.2 1
2 86 44.42 1.02
4 87 33.0 1.54
8 87 30.95 1.68
16 86 28.7 1.85

HTSEER A5 R AT R, R AT 55 1 U B AT B 20
P AL RPATRHR S CPU BBOEK. 72 0.5 %5
1 &% CPU BCE T, BEIM R85 w8 T i 19 B e,
JIe ASE S P AT B, I RAR D 1o i CPU FCEE R
T2 SRR BTIR A RN L 0. 45, P2 A i) T 3
HIFHRT 1 AHHERBAT i P B RO R MiAEfS
Gt PaaS (312875 30T, 9 RS SEhr R ARG, B
PABRHIERZ N 1 o0, s nl i fEAR SO IR,

— 919 —



r R IE R

2017 11 =12 A 5F27 % %11 -12 1

b 55 18 IR B TR HTSBRARR , 7 AF 1 2 s,
HI T 22 B IR 2 A RO AT 55 R PRAT IR 8], BT
PR 25 PR BRIk 22 5 e - 15 At R 28 T T4 o
3.2 FHWZEKW

SEHy 3.1 B 1 RS R] B PR A AT R
BN TR O, BB TR sh AR PSR R R
M, AT SCIGARSEES 3.1 (W3ERE L IUET- &6 H P
FEAA R 55 U8 F IR T B8RRI F 3 R0 B 0 ss
TG00 AFLASEES 3.1 (i IC L ok SC 5 X 42, ST 6 BR
BSESHEE RS 3.1, LRI =Fes,
NAE I 5543 3o 512MB il SMBps , CPU %55 Hi 3
BCAR o R 4 #2,2 #%,0. 5 #, = Fh L4 0 € H %L
HC L WL 3, BELE- S 7 H w58 5 I I 2
BRI XS WL o3 i A S ki 2ot S

fE45 PaaS BT A EXT L AT gl 5, 9 R G 3k
W3 Frn,
x3 LRBMER
JE U BER A B C
B (4 #%-512MB) (2 #%-512MB) (0.5 #%-512MB)
S2Hy 1 17 1 4
S22 13 8
S 3 8 10 24
SEHG 4 4 4 96
SCHY 5 1 1 132

2 2 25 T 5 R A I R A TR AR At 5] 2
FEo, PR R S & s Qi 3 B 7ER
[ BRI T A S 28 0 XS ARG 2y Uil
i FCHNE 4 FiR . TESEE 1, ~F 6 BE I s AR A
NG, FEOF 8 BT WAL 55 = BK, B 5 1
CPU I % Jy4. 45% F5A ST 2% 75 ik vl LIS
M 2R 4E 8 17 x1.54 +1 x1.06 +1 x4 =31.2
JG, MAEHE PaaS 1128 45 R K 22 x 1 =22 J0, X il
OUT A ST A5 R W] 5 THL 4t PaaS 1911245
ORI G H 5. SEE: 2 B SEG S, w i E Y
@ £ it 2 WD AR C B R A i 2 B
BEUE )T A T, 4y A 8.7% , 19.72%
45.7% M61.39% , B3 T IR A R T, F- 5k
fit WA 5, A2 07 20 A 1 2 P B 0

— 920 —

SCHGAGREMNIE T ASCH AR AEF- & m A RS BT
THAREE R SAE S PaaS I, M AEF- 5 IR HI AT,
ARSI 75 O R BT A A 55 B i i 2, A
i 24 B TAL S PaaS, fAIE RIS . 2T
TSR AR BT SR a] AT PR UEF- 5 &R A S0 T
e IR A A K

120

—— L1

100

o
(=3

& RIEFHZE (%)
& 8

(3%
[=]

0
12345678 91011121314151617181920

2 5 4A3KI8 CPU Fl AELLRE

g 457
:
= 19.72
i
&
1 87
B
B ETEIhFIR
445 i fE4EPaaS
0 50 100 150 200
W28 (GB)
3 EExtEE E
1.5
1.4
1.3
S 12
X
KE 1.1
=
1.0
0.9
0.8
0 20 40 60
FE& BREF R %)
B4 YsRtbRE



H A ST IR SR PaaS - 511 2 BERLIFE

Pervasive Computing, Oulu, Finland, 2011. 3341
4 £ [ 5] #BWi, jkbe. —FILT SLA 5 ROIZ545 11 TaaS 22531
PRI T]. RN 5 kR, 2014, 51(1) :86-90
AT T BUAT PanS 2R 27 7 H AL, I [ 6] Meiers J. Cloud computing billing[ EB/OL]. http://
B TR TR AR S g www. ibm. com/developerworks/cloud/library/cl-cloud-
metering: IBM, 2011
;;ﬁﬁfﬁﬁ ;;Sff%i%z:f;;g iiﬂf{iii [ 7] Hindmai B, Konwinski A, Zaharia M, et al. Mesos: a
P aad M SLIN 4 2 TS >

platform for fine-grained resource sharing in data center

TSR AR R o 2 3 (-, FE DR B [C]. In: Proceedings of the 8th USENIX Conference on

BAEEOL T, P m IR AR Ko SR, B P Networked Systems Design and Implementation, Boston,

SRR ke g — Rl n ik BT USA, 2013. 429483

e T e 55 0, S5 FOREZERI R B %E [ 8] Saha P, Govindaraju M, Marru S, et al. Integrating a-

ggﬁﬁﬁﬂw@ﬁ RIE7E3E FAPE T T 6 mﬁ@r_g pache airavata with Docker, Marathon, and Mesos[J].
TG T, X W E T OR A ST E T T Concurrency and Computation: Practice and Experience,

1’!5 o 2016, 28(7) : 1952-1959

[ 9] 140, ok, BRLL, 5. NS 1M e s W v fit o
BURIBFZE[J]. MiE4R, 2012, 33(1) :192-200

[10] 33 - B wsh, 298 - HRET /R, BUR&EHF e[ M].
Jb5t B4 EN AR, 1982, 212213

[11] B, k2B, w5, TR R = i )
BUBIR Ay A58 (0], 3+ 8PN I BF 58, 2016, 33
(10) :2963-2966

SE 3k

[ U] BRED, {1, XIBEd. =iH5F 6 T ik s Lt o
[J]. FHEHLRE, 2011, 38(8) :48-52

[ 2] XIEar, X, &5, % RTINS RSN
R [T ] MO (1), 2013, 43 (6)
1631-1637

[ 3] DfcWr, Wils, Bidw, 2. 2T ROBLEI s gt
5 CAE VAT [ T]. P R4 A 98
BL£H, 2015,46(10) ;3718-3725

[12] Information Systems Audit and Control Association. Cal-
culation cloud ROI; from the customer perspective[ EB/
OL ]. http://www. isaca. org/Knowledge-Center/Re-

C4]y 0. LiuZ, P I, etal. A leasing inst based search/ ResearchDeliverables/Pages/ Calculating-Cloud-
uan Q, Liu Z, Peng J, et al. easing instances base

ROI-From-the-Cust -P ctive. aspx: Ise 2016
billing model forcloud computing[ C]. In: Proceedings of Fom-HeLUSIomer-Terspective. aspx: fsacd,

the 6th International Conferenceon Advances in Grid and

Research of billing model for PaaS platform based on surge rate

Xiao Zhebin* , Wei Gaofeng ™ , Zhang Zhaoxin "
( " School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001 )
( ™ Weihai Radio and Television Station, Weihai 264200 )
Abstract
The billing for PaaS platform is studied. In consideration of the fact that the cluster resource benefit of the tra-
ditional PaaS billing model is low because its billing strategy neglects the resource utilization, a new billing model
based on surge rate is proposed through improving the billing method based on the actual amount used. The surge
rate is related to the actual resource utilization of transaction and constrained by the platform resource cost and user
utility, so it guarantees to improve the benefit of unit resource by calculating the dynamic rate based on actual us-
age. The experimental results show that the proposed billing model could optimize platform’ s resource utilization
from the perspectives of supply and demand, and improve the benefit of platform resources under the premise of
guaranteeing the profit.
Key words: PaaS (platform as a service) , container, billing model, resource efficiency, surge rate
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