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Abstract: Incentives to volunteer to provide services are significant to activate volunteer cloud. Those vol-
unteer services are motivated by preferences of the service providers because they cannot earn profits from
users. While, in using voluntary services, users tend to demand higher QoS (e.g., throughput of the services)
than they actually need because there is no cost. As a result, many unused services decrease providers’
utilities, which loses providers’ incentive to sustain their services. Therefore, to maintain providers’ utilities
appropriately, we have proposed market-oriented QoS allocation mechanism where users and providers ex-
change system resources and QoS to improve their utilities. In order to verify whether it motivates users
not to demand higher QoS than they need, we ran a series of simulations of our proposed mechanism. We
successfully have checked the mechanism maintained providers’ incentives.
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Fig. 1 Stakeholders of Volunteer Cloud.
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Fig. 3 Current-Future model [9].
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Algorithm 1 Release current and future system resources

Algorithm 2 System resource allocation to services

1: «: sensitivity factor

2: 4: ¢-th iteration

3: p(4): exchange ratio of current system resource to future ones
at 7

4: e, el: initial current /future system resources

5: ¢5(4), g1 (i): released current/future system resources at i

6: utility (i), utilityd (i): current/future utility per unit system
resource at @

7: 0: threshold of released system resources

8: if p(i — V)utilityl (i — 1) < utility< (i — 1) then

(0,94 — 1) + a(el — gl (i — 1))
9 (95(),9%(d) = (ga(i—1) <0)
(1 —a)gs(i —1),0) (otherwise)
10: else if p(i — V)utilityi, (i — 1) > utility’ (i — 1) then

(950 = 1) + (e, — gu(i — 1)),0)

1 (g5(i), gl (i) = (gh(i—1) < 0)

0,(1 - Ol)gz{(i —1)) (otherwise)
12: else
130 (g5(0), g8 (1) = (g5(i — 1), gl (i — 1))
14: end if
REVGE, FIHZIEIRKED D AT LB L EET 5D,
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MTHRERIC, FEESNTZRRD Y AT L EROE=D )
LZORMHENRELCEHETEL S, L2 - T, FIH
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(atad) - (Z oy zgu)
u EUgu’ w' el

“eUgu u €U
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1: «: sensitivity factor

2: 4: i-th iteration

3: D¢ C D,: set of currently active goals (d € DY)

4: Sy C S: set of services that satisfy d

5: x¢(4): current system resources allocated to u at ¢

6: dpest(i) € DS: goal bringing u the best utility per unit re-
source in DS, at ¢

T: Spest(t) € Sq: service providing the best utility per unit re-
source for d in Sy at ¢

8: rateq(i): rate of system resources allocated to d at ¢

9: ratej(i): rate of system resources allocated to s in Sy at i

10: z¢ (¢): system resources allocated to s by u at ¢

11: for all d € D¢, do

rateq(i — 1) + a(l — rateq(i — 1))

(d is dpest)

(otherwise)

12:  rateq(i) =
(1 — a)rateq(i — 1)
13: for all s € S; do
rates,(i — 1) + a(l — rate; (i — 1))

14: rates,(i) = (s 1S Spest)
(I - a)rates(i —1) (otherwise)

15: x$ (1) = ratef(i)rateq(i)xs, ()

16:  end for

17: end for

Algorithm 3 QoS allocation to users

1: Us : users that allocate system resources to s
q* =0 : QoS allocated to u (€ Us) by s

Uieyt = Us : users unsatisfied with QoS

x§ . current system resources allocated to s by u
v¥: preference to u by s

rq : QoS necessary for u to satisfy d

¢ Qgiven: QOS already allocated to users

Qleft = qs: remaining QoS that s has

: while Uleft # ¢ and Qreft >0 do

Qgiven = 0

11: for all u € Ujey¢ do

12: q = min(qreypixs, Y/ ZueUl o 8 vt rg —ql)
13: (qgivens q3) = (qgiven + 4, q% + q)

14: if ¢! == rq then

15: Utegt = Ugege \ {u}

16: end if

17: end for

181 Qieft = Qieft — qgiven

19: end while

© XN T RN

_.
=
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2T v 73T, REFHFEFY B TONLY AT LGP
ZHCCHEH L7 QoS 2 FIRIZICE ) T o, REFIC L
% QoS DEHTT VT A L% Algorithm 3 12/RT. 7
BEB IR S 2B OMEEFIZ A SE ) BT
TV AT LRSS T, QoS DY TEIET 5. K
72 QoS FFIHHEDLER QoS L) b/AE VA, 20
K7z QoS FIMHZICEHI N BTHNL. K7z QoS H3Fl

735



[BEIEF=EmEE Vol.55 No.2 731-738 (Feb. 2014)

MEDOLE R QoS L ) b REWiGE, €OLEREVFH
FTICEYBTOHNL. ZOFMEE QoS DLERFIHED
W B, EIDETD QoS AL b ETHRYIET.
RIRIZAT v 74 TR, FIHBEDPED BTSNz QoS 2
SHYORHZ KT 5 &9 ITTHET 5 QoS Z R L,
M L REE O HAIPET S.

5. ¥YIalb—r3ar

ARETIE, TNFE THBERTE7 QoS HIHFHOFMNE:%E
2b—a ko THEET 5.

J1

v

5.1 T

DY Ialb—varTld, ELBUE—REOAICHED &
T5. FIHEH|\U| % 100, ¥—¥ A8 |S| % 100 & L7-.
YIialb—a YEEFT LRI 205 200 & L, FIH
EZOMBANTRHOEBMOEIT6 205 10 & L7z, &£H
B DA RH N L EAZRER 10 225 30, HEIOERIZL TR
QoS & 7qg & 10 7°5 20, HIWOEA wy 10205 1L L
72, HROEBIZFIHT 29— 205 Sy &, HAEEH
HOSEZY) v FOR—5 4 7O% = AKDOFHES &
I L2 T3NS T7TEL, F—EVRITTEHL—F DR
Fos 026 1 OFEFEHEE L. —F, F—EZXs»°
HATHF & 72 0 I3 BE 2 QoS DKM Q, 13 10 725
20 &L, FIHEISS 280 0 13025 1 OELEZ #E
L7z, F72, BifF - RETTIUVTEREZRLD &) T 5B
BT LM T %20 & L7z, FIHED Y AT 2 EFOH
M T E T DD sensitive factor o & 0.01 & L7z, Fl
HERATT 5V AT LEFROKEIT 1,000 & L, £FH
HIHEICE )M T DL L, FIHEDO K 100 & L
TWA D, FFHBIIZEMNEERZEI210 DY AT 4
BIFRAE ) BTHNL.

5.2 ER

HLFHBICEALT, HOEAMI, HELY AT
LR, SHOFNFROZLEE 4 12RT. &HD
AFEHNE Y 32— a vy EoR%2ES. 12HO S S
7 OEEII LGN BT 2 IO ER wy DR ZFKT.
2OHD 77 7 O EEIIFFHEATHALREH 1Z QoS % HL
BILOIHEE L-BEDY AT A BFEYFT. ®EI
32HDZ T 7 OFEHEHIE QoS EY T DR FF HH A5/
HOKE S EERT.

COFHEL, BRI 1796 34 FTEAO/NS T (B
o) HEZRL, TO®REL 42 75 87, 98 205
123, 142 205 168, 173 IS EAO RS B %
Fo. KEZl16 T, FIHBREN LR 20, BT
DYAT LEFEZTRTEEL, KREOY AT L EF I
BYh, F) LTEILLREDY AT LB HH 17
DR LIS, CoLE, FETAMMEZ T =20%LL

© 2014 Information Processing Society of Japan

* 2
= 18
S 16
c 14
212 l_
<
@ '
2 os ; ] —
% 06
£ 04 'l’_‘
3 02
0
0 20 40 60 80 100 120 140 160
time
o 50
[}
o 45
3 40
(2]
o 35
£ 30 %
3 25
> ;
@ 20 Ml
T 15 by ﬁ f
: " T
5 0 L
8 o : .
1 21 41 61 81 101 121 141 161
time
1
0.9
08
07 T
2 06 P ]
=] [ ' {1
> o 1 i)
8 et J ¥
% 03 ; £
0.2 ,
0.1 L.
0 | |

0 20 40 60 80 100 120 140 160
time

4 FIHEOHMOEA, HH Loy 27 2GR, SHOHER
Fig. 4 Goal’s weight, consumed system resources, and utility

of a user.

727z, WG 22 FTIREMNE L DY AT L BRE N
LT QoS #HUS 4. Bl 23 25 134 42 2506 F 5
BN EAORKEVHWEZEZEL T, BEDOY AT L&
DWEHE WS LTHY Z8EL, KEDOY AT L KR
B, WA 200 3FNTTCHELTELVATLE
HEHAVEZ LT, QoS ZHH L TCHHAZ®ED LI LAT
X%, RIS, HEZ) 122 TUE, KK 142 2506 F 5 HEG
EAORKEVHWEZZE LT, HAED Y AT L EROWEE
WA TWD, DLErS, EFEICL- T, FIAEIEA
OB DBELEIZEDLET QoS DEBRIZLELR Y AT
LEREZHUTL, SIHEEDL I L AHERTE 5.

—77, REFEICE L TE, FIHENOREGFLE ) LTS
N2V AT AERICESVWT QoS 28 ) B TH0, X
DIFE LWHIAE?LS X DS DY AT L ERIE ) 4T
bNEZ LT, RMEHFEIHHEEDLIENTES.

RiZ, BPFEEICL2RANORELIET 5. 50T
FAZEMBEUEORED QoS # ERkT L0k, LEPE
OB T QoS #ERT LD H AL, Eb6HH -
PEMETH D & THHED B ER AV TlE 2 QoS
RERLTHELS. 72212, S v FTREERY —
CAZ WS EEIIar— a VERT, ERBRoi

736



[BEIEF=EmEE Vol.55 No.2 731-738 (Feb. 2014)

N
o

——a
215 \ a—a
@
0w
S \.\_/
s
°10
2
® ~®demand-based
e
0

0 0.10203040506070809 1
rate of users using pseudo—demand rate
5 WA REEUVFEEIC L BFIHE ORI~ R
Fig. 5 Effects of quantitative pseudo-demands on utility of

users.

e ANMOEREI X B2 EROIERE 7, &4 EE L CLED L
ICRWVER QoS RS 28 05H 4. F72, BV A &
T EO—RENBREICIE, Y- A2MELE LI DS, T
LD HL\v QoS MRS MDD 5.

9, BEU LD QoS ZfaE T AFHE (=M% 5 0 H
BEr Vb FIfE) oflgdx2tse, FIRZEORHO%E
bt L7, BN TRELHVLFIHEL, LEE
95 QoS D2fFEHERL, EBICIILEL TS QoS DM
HETLETAH. D510, BNRRUEEZHVLFHE
DENGIHRET 2 FIHE O ORAOHERE % 7R 7.

SEUFEZEEZ VA FHE OB GB D) Bid, HifC
TEICHEDONT QoS #H )V BT WAz EE L. &
MIEY AT LEREEZESEDL T L% L QoS 1224 LA
IR TE 7720 THAE. LoLedhs, BUFEEY v
AHHEDEEN L R BIZONT, LEL LTWALFIH
B QoS SEN ) BT HN% B ) FIFHEEEORHAA T A
DIGD L. R, SFHBEPLE FOBERET 72
ORPIZITEDO L NVITEDS . —F, REFETE, LF
UED QoS #ERLAELTH, F—ERIZEHYHTHN
T2V AT NEFEEICIE DT QoS DERLTHTbIL b 720,
FIHEDOMTANDEBEZ 2\, 2L, ALER QoS #E
RKL7ZELTORHADPDN S T 2FHEITIS > T
WB 720, BB Y AT LEREE ) L TRW2ALTH S,

K2, LEUEOHBT QoS Z#E R A2FHE (MY
LEEEE MV AHIHE) oflgx2bsd, FIHE L
RAEZOMHOZALZ B L7z, BRI 22 SR 5% v
LEHEE, HROBEZ 0205 200 1238E L, FEEEI2IE
VLT MDA QoS 2 HETH L34, 612, K
W0 2 SEL TR 2 & IV 2 R OBIG 3 2 FIHE O%)
Ro#fE, REZEOAOBMOMEREE IR

ST A VA FIABSHENT 5 &, FIRELREtE
OAIZEDITHAT A, TNITEMRBRUFEE TR %
DI R SR E T, BUFEEE AN T 57201047
HEEK 7 2 AT LB EZE ) B CTLLENHY, ZhizLD
BOEEIZEH Y LB TEND QoS WA LTWAE72HTH
5. BOFRZEIIT B QoS FIMTo5EAT 52 £ T, QoS
RHET LI L TRIANE T ARG L, QoS MHE S

© 2014 Information Processing Society of Japan

25
” ~*market-based
s 20 - — m
s '\-ﬁ:::’\‘ demand-based
=]
4% 15
2 SN
..73 5 ‘\'\-Q
S
0 Pt S S S
0 0102030405060.70809 1
rate of users using pseudo—demand
450
» 400 ~market-based
g 350 e ~#demand-based
3 300 e N
S 250 LN
5 = AN
30 N
5 120 NN
©
S 50 i SN
0

0 0102030405060.70809 1

rate of user using pseudo—demand
6 IR 2 BEMTE SIS X AR E B & UREEE ORI HA~ D
Fig. 6 Effects of temporal pseudo-demands on utility of users

and providers.

0.9

08 ~*use true demand
0'7 —®use pseudo—demand %
E 0.6 ’ fé ﬁ TT
50 I AT
é 04 J yu
5 03
o 1 fe
o 1
0 !
0 20 40 60 80 100 120 140 160

time

7 BEME L BT X 2RI E OB O O gk
Fig. 7 Utility of a user using pseudo-demands and true de-

mands.

52 ETHRIADE £ 2REHE OWE O T 5.

DL BEMFEEY AV LHAEIC L 20,
QoS DTHEEDEIAITIL U THAIZE ) K T2 L) bRETF
BEOFHDPLRLTHIENTESL, T, BOEERZD
W LFHEL, FECODLTY AT LA E R MOFAE
ERWTEDL D, BUFEEEACHAICHRT, HE
TELBIEDV AT LBRHPREL LD HTHL. €D
72O HAMAREEOE SIS CERY TR ENRT, B
FRICLDEBE /NS THILENTES.

RE 7 SRR 22 FH W A R B S35 RS &
BMFZOMAPBRT 2720, AHEZEICEOREL R
BE)EEN T EAT ) LEDH L. HAFIHBICBWTE
DTRELFLBT LG L EUTFELRATLI55L THS
NOMHEZL L7, 20y 3I2Lb—2arTiE, FHL
TWAHHBELUNOFHE ZEDOFEEZ ANTLET 5.

WRETHEIIBOWTHEOBEOAZ R LIGA L, BUHE
B HnW2Gga L TRHE S AHOREZE 7 1R

737



[BEIEF=EmEE Vol.55 No.2 731-738 (Feb. 2014)

1. B BUFEEZ V72548, 2412 QoS #HUE L
Y9 ET B0, RRLELT DAY AT LGFEID
Lk, ZOk0, BOBEEOAER LA L L
T, BUEEL A VB ORICHANNS S, L
7eso T, MEFEEIFAHAE I L TORICEDOFEEDA
EIRT L BT RAT) S L HTE S,

6. BbH)I(C

KEfgEClX, RI 7147257 FIZBIF 58897 QoS
FRBCTFREERRE L2 AFRIEFHE SRIEE P H NI
FOBIFIC D WT QoS #E VS TAH. 2D QoS il %
FHT H72ODORMIEOEFNILL T D 2 1 TH 5.

e KI YT 47257 FD QoS ELTHEF ML

PRAMEE ORI IIF N E~OBEIF & FIHE 1 & B3R
P =Y 2D QoS DHEE L ORoOBMTERL L.
—77, FIHZEORHIE, K747 2757 FEICH
HETRE L — E A RS D L2 ER L, FIH
HOHWANOFYF LRI L 72— EANOREFOZ N
Tk 2R CcERL 2 T o 72, 22K,
FIH# &5t O B\ OFEIFIZ A T QoS DFEIL T
PHRTAILE Y I 2L —Ya ICEDRERL .

o FUFLEOHIHIX I =X 4

RKIUF4T 2757 FIZBWTHEY % QoS 24T %%
B 572012, BUE - RRETIVEWESE - AEET
TVERHWEGETVEAREL., Y Ialb—vs
LY, REFEPEVFEL D SEOFEOHH
FAEHEB L OCRBEZEOMHAEZED L 2 &2 HERL, F
HBECHOTREYRT L) B s 2 & 2R,

H;E ORWIEE, HARPMNIRBE ST 50 E AT

(S) (24220002, “FHE 24 fEBE~28 4EF%) OHih & %1572,

SEH

[1]  Anderson, D.P. and Fedak, G.: The Computational and
Storage Potential of Volunteer Computing, Proc. 6th
IEEFE International Symposium on Cluster Computing
and the Grid (CCGRID "06), pp.73-80 (2006).

[2]  Buyya, R., Abramson, D. and Venugopal, S.: The Grid
Economy, Proc. IEEFE, Vol.93, No.3, pp.698-714 (2005).

[3] Galstyan, A., Czajkowski, K. and Lerman, K.
Resource Allocation in the Grid Using Reinforce-
ment Learning, Proc. 8rd International Joint Confer-
ence on Autonomous Agents and Multiagent Systems
(AAMAS ’04), Washington, DC, USA, pp.1314-1315
(2004).

[4]  Ishida, T.: Language Grid: An Infrastructure for Inter-
cultural Collaboration, Proc. International Symposium
on Applications on Internet (SAINT ’06), pp.96-100
(2006).

[5] Kuwabara, K., Ishida, T., Nishibe, Y. and Suda, T.: An
Equilibratory Market-based Approach for Distributed
Resource Allocation and Its Applications to Communi-
cation Network Control, pp.53—73, World Scientific Pub-
lishing Co., Inc. (1996).

© 2014 Information Processing Society of Japan

[6] Marosi, A., Kovdcs, J. and Kacsuk, P.: Towards a Vol-
unteer Cloud System, Future Generation Computer Sys-
tems, Vol.29, No.6, pp.1442-1451 (2013).

[7]  Menascé, D.A. and Dubey, V.: Utility-based QoS Bro-
kering in Service Oriented Architectures, Proc. IEEE In-
ternational Conference on Web Services (ICWS 07),
pp.422-430 (2007).

[8]  Weng, C., Li, M., Lu, X. and Deng, Q.: An Economic-
based Resource Management Framework in the Grid
Context, Proc. 5th IEEE International Symposium on
Cluster Computing and the Grid (CCGrid ’05), Vol.1,
pp.542-549 (2005).

[9]  Yamaki, H., Wellman, M.P. and Ishida, T.: Controlling
Application QoS Based on a Market Model, The Trans-
actions of the Institute of Electronics, Information and
Communication Engineers, Vol.81, No.5, pp.540-547
(1998).

[10] Zeng, L., Benatallah, B., Ngu, A.H.H., Dumas, M.,
Kalagnanam, J. and Chang, H.: QoS-Aware Middle-
ware for Web Services Composition, IEEE Trans. Softw.
Eng., Vol.30, No.5, pp.311-327 (2004).

[11] Zhang, L.-J.: TSC Cloud: Community-Driven Innova-
tion Platform, IEEE Trans. Services Computing, Vol.2,
No.1, pp.1-2 (2009).

EBF  (ExH)

2006 4F 5P R TR Bedt A i 7
HEmRFE L LS T, [F4
y () THAuBEA7EmEARE. it (1
A ' h W), BUE, SURFREBErE e
- FFERHt Rl B E7EE. &
FHEHBEEFRY—EXar¥a—

T4 Y IMRAEMERARZRREZBD L.

BH =T
1976 4E AR RS T 220 1 TR 22
¥, 1978 FERIKFRFBAE LR RS
T. FfEEAREGESA RGBS
ZERT AT, L4, IEEE 7 =1 —
TYINYT A, Bae7 ) v R, B
{ba s KL —3 a o SEHRET & e
o CWge7ra Y =7 b a k.

(7rzua—)

=H B5iE

2008 4 FUHR KA K 5 B i s i se B
HEERFERE ARG T, K
YNVF LTy NAT AL E
Fo.

738



