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On Designing Multi-Dimensional Strategy-Proof Auctions for
Distributed Cloud Bandwidth Reservation
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Abstract  Bandwidth reservation is becoming a value-added feature for cloud computing services.
However, in contrast to CPU or storage resources, bandwidth resource in data-center networks

has not been efficiently allocated. The current cloud bandwidth is sold in a pay-as-you-go way.
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The cloud tenants compete for using the bandwidth resources, resulting in the unpredictable
performance in data transportation. The bandwidth reservation services have not been deployed in
cloud computing industry. In this paper, we consider bandwidth resource trading between a cloud
provider and multiple cloud tenants in an open auction-based market. Designing practical auction
mechanisms for bandwidth reservation has to overcome three major challenges: i.e., multi-
dimensional strategic behaviors, flexible bandwidth demands, and high computational complexity.
In cloud bandwidth markets, cloud tenants have multiple private parameters: bandwidth valuation,
bandwidth demand and the preference on data centers, making the cloud tenants have much power
to manipulate the market. In diverse cloud applications, tenants may have flexible bandwidth
reservation demands, to support delay-sensitive transportation or strict deadline transportation.
The cloud bandwidth allocation can be modeled as different types of combinatorial optimization
problem, which is NP-Hard in general, and thus it is computationally intractable to derivate
the optimal solution. Jointly considering these three challenges, we propose the first family of
multi-dimensional Strategy-Proof Auction mechanisms for cloud bandwidth Reservation (SPAR).
SPAR contains three auction mechanisms: SPAR-VCG, SPAR-APX and SPAR-GDY . to support
different types of bandwidth demand models. First, we present SPAR-VCG that achieves both
strategy-proofness and optimal social welfare in polynomial time, when tenants accept partially
filled bandwidth demands. The SPAR-VCG mechanism is an integration of a linear programming
solving module and the traditional VCG mechanism. Then, considering the computational intractability
of the optimal solution for the general bandwidth demand model, we propose SPAR-APX that
guarantees strategy-proofness and achieves approximate social welfare for the scenario that tenants

have strict requirements on the amount of bandwidth reserved on each of data centers. Our theoretical

analysis shows that the approximation ratio of SPAR-APX is +/B, where B is the total bandwidth
capacity of all data centers. We also prove that this approximation ratio is tight for all greedy-based
allocation algorithms. Furthermore, we propose a greedy-based auction mechanism SPAR-GDY
for an important and general case, in which cloud tenants only have a strict requirement on the
total bandwidth from their preferred data centers but do not have strict bandwidth requirement on
each of preferred data centers. SPAR-GDY can guarantee the property of strategy-proofness in
two private parameters and achieves good social welfare in most practical cases. We also demon-
strate the hardness to achieve strategy-proofness for all the three private parameters, and good ap-
proximation ratio in this flexible bandwidth demand model. We implement these three auction
mechanisms, and extensively evaluate the performance of them using network simulation. Our
simulation results show that SPAR achieve good performance in terms of social welfare, tenant
satisfaction ratio and bandwidth utilization, and approach to the optimal social welfare in the
small-scale cloud market. The auction mechanisms proposed in this paper can also be applied to
allocate other kinds of divisible cloud resources subjecting to specific constraints (e. g. » processor

times and storage space).

Keywords data center networking; cloud bandwidth reservation; distributed system; game theory;

auction theory; mechanism design
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(1) =7 FEMR 55 7. 2=l 58 e 55 S A6 7 Lb n e
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W B IRA o A (E. BT A = 98 P B AG B AT LA
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1€ NG M, M IR i T B 80 1) B b, =
W5 R P 1 Ay B AR 8 AE IO 1) M oL b TR —
JE 1A B8 SR L T R B AL . =l v P 6 T
B P R Bk 2 22 0 TS BE A0 AN [R) 38R o
O AEHEAT B AL i B 2 A A TR 5 23R, it =
A 5 FH 23 U 1) 38 45 0B 3R SRR 1 B8 0 1T Bk
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LeM,;

d:(d] 9d2 "'7d;;)ﬁ%u%%%ﬁi%ﬁﬁﬁ)ﬂ E/‘JEY\‘%
HRECHE Th O B G I T8 SR AR . B 98 BE IR A
{8 o, JEOOBREUE 0 S MOk A ISR R ) i d,

O WHHRTE AWS 285 G2k 55 A2 X 4 i T2k
18 4 Fi [X 35, ( regions) : https://aws. amazon. com/about-
aws/global-infrastructure/. Google ) GCP = &ia 8 % 521
BRI, 40 F 17 AN EEX K https: //cloud. google. com/
about/locations/ # locations. %k Azure - & ¥ £ 35 .0 340
BAE LR 54 AN IX 4 https://azure. microsoft. com/en-us/

global-infrastructure/regions/.
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it SRR ¢ X[ 5 SRBE TR | ™ A T SRR R 0 i R
T, O ZI i 2 2t B T S v P 2R AR Al BE T oK
FEX AR SR, 2ol S8 P @ B B S B —
ALzl 8 BE IR RIS 70 R00H0 ey M A4 BE 3 A 4 9
PR/ T/ KA 98 D R T Y T mi A
JEAY BT B 3K (pay-as-you-go) & M #5584, F AT i —
A2 R AT TE T SRR . R e Y i€ N TR
el e M A AR A TE 7 R d . X B E =
W R e M, b, R d s 9%
VA B VA 43 T T T8 R L T N 42 A7 A 43 e 45
R B FRATH IE T I 3 Y g A R LAY
1€ N B — A JE %0 ) B o R Bk
T T e SR R R A O o ML B SE
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(9 Bl = 58 B P B Aoy B Al 98 Dy B AWK
Bl A3 e T 12 18 9 e SR AT R B T B A B
T v I 45 2R WS 1E 40 =22 RIS Y L B 1L
B 18y ) 24 B IR (P A T R A i S R R R 2 ) Y
PR o 3 R SR B PO AR G Y A TR
TE [ — Ho 3k (region) B9 804 0, (H A 7] 68 76 A [H)
1432 48 X 35 (zones) , H-A5 #H [A] i) B4 42 3R . 3% & ok
T R — DB 0 TR 1 Y B U AR B A A
FEIR EXFF P RSN, B EXMT T, o
T P UK TR A ™A I B K
(4) 73 BE J7 58 FE AN M. 1E 2= 17 98 411 32 Bl
szl B8 P R R BEAR M b= (b1 sby o0,
i F R d=(d].d) e dl) FURC R P
"= (M MG M) 3R S AR (E BRI 3E

SEIXLE AR E R Z 5T = 55 AL A ke AR Y =
58P W Sy BN AR P A B SERE IR A =
(ai) e e w AR T B AN 3R FH P BT 0 2 S A i 2
p=C(prspossp). K al FARFEHE PO LeM
M e N FE R v BT IR R O pok R
XF T 9 P 7 Ak B A 9 IO Y 2

h T RAIE 27 5 IR 55 B2 A3 v RE 68 4 A5 I 1A )
T ORISR 28 AN RE/D T 6 188 1 s po =0,
Ll Gn 1 BR A A T LA RE R ])o:r?eaMx(c,),,ﬁ;q“ =
Hodli bt L€ M PR BE R B — B T8 LA, X RE

Al Sl 781 B B8 2585 9 90 LA S K T B (8 9
A% ARAIE 2545 SR 95 o A5 E R

(5) BT P A, TNV S IR/ B
B o 7 S5 BE) A VU 0 A (A A 9 E U 90
2 2, BB W S Ve 0, A a A T RER

LeM,;

ST TR D= > d,. — 75 11+ 7 IX 8] 75 5K A 7

e,
B4 B A BE R o, T R HL TR SR A TE A D/,
P FE XA L 2t S8 4 %43 e i 4 9
FEIR BN v, X a,. 55— 5 1 =47 56 F P A 0] g
Xt 5 G i oK A B AT OO 7E = R AR R L o R AT
RERT D, FEX FAE LT . =48 5 @ X T %
BRI IE o, X D, N T BERS I WX B R 4 50T
%5 25 PR 8 X SE P i€ NIRlias hy
w; v, Xmin{D;,a; } — p; Xa,.

2o G FH PR 43 e B ) B — B A S B IR T
NI HB AT A AE  (H 2 B0 0625006 BT A5 4 B ) 14 47 58 9%
U534 2% .

P 8= Dl i A S NS N S VA Dl i)
HAR e KA B O MR EE. = 96 F ik 18] e 4 Al
(O RAAT 15 2 LG 5 9% VAL (L L JER %8 1 B0t vh O
A 58 oK L ok T3 = A A 2. AN = 5E T A
o 2 SE R AL BT 1 H AR 2 fie K AK #2348 A (Social
Wellare) , AT TH AL SMEFIE LT,

EX 1. & (Social Welfare) 18 = i 5
FASE R 4 2 4 R Bl SOk 2 B P 6 e 2
(18 15 5 AR 1 A L A R 5 B AT B R IR Y 2 T =2 25

SW=> v, Xmin{D,.a;} — >, ¢, Xa,.
ew ieWw

e KA £ 48 I B R G FRATTRE 0% K 21 B 9% 5
e 285 oF A7 i 9 A 1 B /R 1 2 i B P B
2GR P PR 23 43 T B R L B T A 9 B R
MR . 2 5 b oy Ah— At Ak B A & e Rk
82 5 R R B AE L TR T8N, e i Google
fy BA R ) SWAN KO8 o0 W 4% 5 9 IRk 55
AL AR DY T 5 2 0o R b AR AR B R 0 A Ok
e ST B v B 4 ) v AR A e R Ak
FASZHLHI LA Myerson 132 A8 %K. Myerson #1352
B8 3k P 08 A6 {8 53 A5 15 8. O 9% U5 150 190 R
B FUR Y P R A v T T0ER O A B A S AL
2 990 ER A 2 50 B e S ) 3 Y 5 B IR 0 G T R
A5 I 0L 23 48 A DR 2 5 IR 45 T AR 9%
B LAk B bR X4 0 % 15088 M 4. OC T el £ 4 15
BA A A% L 3 B e R Ay B 45 352 ) i s 2 8 A i
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3.1 HFEREN

FATE S B4 R A8 HR SR A 98 = 98 58
S Bt AT W3, T LI IR 3 45 .

(1) 7 98 58 5 i R e 8 19 1l 3 — R o 22
RS G5HE M EE B AT . FATAT LR SR g 1
FEFEL I (Strategic Game Model) S #F 28 [ P Y 2R 1%
A8 HAT Ry B 2 96 23 B T 58 B A B AL 2 AR A Y
AN

(D LI HFATRME THEZ R HRE T ZH
P LAk B B e Bl A0 AT A7 O k. FRATTRE 6 s 411 2
PRV R BT 2R AL LA 3 CE AAD P B IE]
A IF I8 B A0 I A B P AT 9 23 T E.

(3) FERE 2R Hh 1Y AH DG 45 18 FATTHE SR m 26
B WO RAT Z2 A S S AL R TR,
—J7 T o A 58 04 3 AL B o BT A AT T vk R R i
YRR SC AR BT o5 — 7 T A% e R TR e ML o o HA
B TR A s AN E T TR =4 5858
M. B W0 58 BOR s ik T R P T Y
PRI ¥

FER R FRANT a7 2 [0l B A 18 3T b i 2 TR Y
HIRB A S, TE R I B — D S 2
1. 55 W% (Dominant Strategy).

EX 2. 5% B (Dominant Strategy) fF 5K
W A AY rp, — SR s 2 Bu g @ 1Y OGRS L 2
FLAS R F1Z B0 F 0 A A] Fo A S s 57~ s, A I A B
KAl RERYRIGEE & s, i F SE X or

Wi Csivso ) =u; (slas ).

i G R Y M & 2 AL R BT b el AR A
(Incentive-Compatibility) P4 it i) B il 76 0 32 #Hi8
Hh L O AR 2 B ST R AT AT B AR AT S AL
FRNA 15 B AT SR M PR 45 L, o R 2 5 Ml 4 78 1
G EREPSPrE S e SN RN i 4 3 PN
Wi . FEAIE SO AT E IR I K B 24 AA
ERS IR e s i A I N (o o MNP
(Individual-Rationality) . 78 & — > 2 5 #2811 Bt
FK A BN AU 8 A D> T Be KA S 2R I B KA 1Y
W s . RS AN ke FRATAT LA AT 5w PE AL Y
E X

TN 3. PR HLH (Strategy-Proof Mech-
anism) 5 AL 1 A2 000 AH 28 A0S N B 3 5 A 1 BT

R AT R g 2 By o g
Ok FRATA G SR BT rp AT oL b A ME
ENX 4. o TPIE ¥ (- approximation algorithm)
— LR A o« WAL 25 A AN SR A B O
LU A B AR AE AT o] SE 0 R R/ T a0 FEAEL o BBFR
RS Rl

4 4t

Np
%l

3 B K = i BE AR E AL E

FEAS /N H L A AR 2 5 T 3 vh = R 5
Tt SRR DX ) SR RE TR | A T SR L TR R R TG
SR, B it = =l 5840 L AL, SPAR-VCG,
SPAR-APX 1 SPAR-GDY.

4.1 JMAETHIEHEZE(SPAR-VCG)

T 56 7% 1 D[R] A 9 e SR AR A e =l e
S T SAN A Al e R T K B AT AL A
FEGEIR. AT TR TS5 VCG 2 HLHl i =
WSR2 R SPAR-VCG HLi. &ALl £ £
Tt 2 It (] 8 38 3 Joe 0 Ak 23 %04 I FL7E A 98 9% A
{EL B EREIAE o0 4 B R T8 SR BOR X = A4
JiE BB BE AR B S g k. SPAR-VCG HLHIE & H A £
BLER Y« It = 9E 43 B O 3T VCG HLH Y
W SR AL

(D et = 58 /3 Bl 7 58 46 8 B ol =l
AR B AR A T ) e P AR
brfd B CEIEEHMANE R b B EE PO mE M
FUH 8T K )it d)  FRATTRE S MG 7R X B AL T 1) =
Vi 53 TC 7 58 AR R 1 R A () L P- T

&= KAk SWZZ Z(bi—c‘l)af
ieN IGJW’
BRI &M D al<B,, VIEM (D
ien

BRI 25 14 (1) R T A6 B4 B8l o0 4 58 45
R BRE R OFRRT WA § A
T v JUT TR B TE IR RN RE R A T R YA TE %
U8, I AR ).

SR R b A 2Rk BRI n) R RE 5 7E £ 1 X
B () 9 A5 B e AR A BE e 52 AT iR Bl R 4t &
i .

(2) T VCG 1y & AL, xF 3 %5 98 43 I 7]
B YA A 2 W R ] 5 2% BE SR R 5 0 B R
Tt W] DLk AL 58 VCG Bk 154 i 1 52 A
A A I RE DR IE Bl 5 W 2k

RATH AR A SRE R Z2H5LHAS
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AL BT TE o0 BO 45 R B I8 A% T AR
JIt IS SEAST B SE B IR A B o7k

[
prYal =
LeM.
:
/1 14 !
DI = epd' = (D] Db —epal =D calt) s
JAiLEM, j#i LEM, lem,
P
=>p; =
/ l l
E E (/7]—61)61,’—2 Z (b;—c)aj +2 c,a;
i leEM i leEM leM
7 7 1
*1
24
161'\4[

3
HLHL Y. VCG HLHI X F 3R 7 B i m

W pr iRt S82s 2 25, HARM UL, 78 % 0 (3D
RO —TRERERAS ( AS 5L IRE N
M VE RS 2 5L ik S E
FAH T 2B B A (8. 75 F- Lo 5 00T . A A fE
B pr<<po HICARIER P @ 7 W% AT B 2% p ok
WE N« pi=max{p;,po ). X FRWH P AMATT I B
A WA 3% .

T 2T SR 2R 2k HLRI BB A5 B A A 0
FE A BC T %8 IF HAR M SE R 2 F S F AR 0 (5
A H AL SPAR-VCG, 1] LIS BN 456,

EFE 1. WL SPAR-VCG J&— 24k b o
WPk 27 FE AR S2 ML - 5 L RE 0 1K B R A0 4k 2 4 A
4.2 EMEMR BT EIAFE(SPAR-APX)

18 S By B s 2l 8 B P T R 2 T RS Al
P N S S B7E B K A0 A vl o 8 BN ]
TEOLN A TR AT 582 . e Ah, mal SE L L
T 2 T B A R B R B AC 4 T i M
X B AN G R 1 B PO S A S [ B A T 9T R
SKAEA /N FRATTER R T O AL R I A B R 4T
SEHLH S FR Ry SPAR-APX HILH . K fif T ™ K& 4 58
SRR R 1 24 9 100 B8 ML

TE 25 AL SPAR-APX Ay EARBEH JUER 2 i
TSI A R AR A TE SRR A T 1L 2 A
Fil d KAL) .

Bkl SW=>) > —c)al
i€N leM,
BRAEISE D) al =B, YIEM.
i€ENLEM,
al=d'x;, ViEN (4
w5 €1{0,1),  ViEN (5)

TE " 487 58 H R AEALT L =l 98 FH P X T4
TRV B A0 T L AT — AN AR B TE R AR
T AEASE AR BB = 1 AR R L

L& M JJT 15U 1A 58 9% IR0 b 201 25 T Al i 7 5K 1 A
SRR d L W BRI SRR (DO H Y e =d.

Z 4 I A [5) 8 ( Multi-dimensional Knapsack
problem) "1 " DL HT ok i B DL 1 A9 o0 KL &
D (bi—cal kLI i BT TR A AL 24 A

Xt T 22 A ) ) BT AR RS d X
N T RS LA YERE A E R B L e MY
WA & BT LVE MU T AL TE S [ AR R4S i
N oy 2 4t B2 5 40 1) 8 J2 NP-Complete [7] &, 3% 47
FPTAS 8k Bk P=NP" . BAR)A & B ke
P o BB W6 1K B A7 19 SEPRRCRT UL A A T A S
151 v R BE A M B AR TE T (F R 30 0 L AN T JE PR A
P o 0 AR IE B 3R g . AE AN AT FRATT B
HAy Z2 0t A () 52 2% B 1) 80 1% L RE 8 3k B B4 119 3
UEE s I BEAE = AS [5) 19 4 B CHY 5 A L 8% 2% 8 5k
it v B T 9 R 2RO T 2 B SR

(1) SPAR-APX #Lifil 5 1. SPAR-APX #L ] [F]
AL B T 5 TN 2 - B0l B 4 T 8 A S i 9%
B

(2) W94 EL T % 78 SPAR-APX HLifil . =iF
e 1€ N ARG 1) B oo M B R 1A
Fi 7R di s BN FEAGAE R b TR BEAE T3 T
P i BT RE STk AL S AR AL AL D) (b, —cpd .

LeM;

e arRny IR AR VORI S JibE L st g
HEFF 18 5. AR G548 AR 500 s BUR AL IR e
B BB PR RE PR L. F AT B2 T 2% 0L Y ML D R
B HEF AR bR, —J7 8 i T 58 0 B H AR i R AR
M2 s R 468 b B2 AN 2 58 1 7 B 5T Bk
22 RO IR LE 5 55— 05 T > 2% B8 B — A HAT g
i i >R A AT AE 2 BHL Lk A IS 2 A E B
A DRI HE Py 4 A 42 200 1198 SR 1R 7 5 98 T A B s
P X B2 T — & A B A2 A AR L0 ) HE P 4
bR FE R R B — AR AR R B B B AL L B — AR
AR B HE Py 45 AR

E (b;—c)d!

leM,;

S

XA o 1 Bk LT 98 1) B AR 2 A MR AT
HEFY . FAT B S 1) T % HE I 4 b bR R
HRC 9 T Ak L3 o AR I PR RS Ol B A R AT
A —Ab IR T IR Z 5 B HE R 1R A

(6)

b=
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2 (b, *C/)df FORALL (€ M,
[;i:[eM}— (7) a,ed,;B[‘fB,_d(;
2 (d'/B) ENDFOR
reM, ENDIF
AT LUK A5 2 (6) F1 4E 2 (7 v B HE 7 48 b4 e 2] ENDFOR

BEEE B

DY hi—epd!

ZEMI

161’\/11

D bi—cpd!

LeM;

(S al/Bo)"

IEMI

SPAR-APX #Liil >k F 1 2 5 X (O iy HE v 77
AL HEBESE e Fy 20l 1A 2, dgt &

2 (blill)df

— LeM;

b &N
VD,
FRADEE A T 18T 9 43 AT v UE B 3 2R % HE e 46 B B
% 35 2 T A 50 HE P R0 I e B 3 R L.
SPAR-APX #L ¥ = #2952 HE 77 45 45 LLE
330 5 P I R A HE Y
Biby=by==b,.
SPAR-APX #Lil 2% I A1 4 # TG 5% i B0 ) >f 47
T HE 7 48 B A 55 1 18 B0, T K4 7 5 g IR IR
AP WA 98 T RO A5 BE R A 0 5E 9T R
A INAGE I A L 1 T8 B IR I8 4 HL SPAR-
APX st HL P @ in 2048 ik SR R AR A IEr il 45
FUi TR SR e R R A 98, SPAR-APX
PLHIFEZ 08 i ekt T — . Bk 1B
AN T T AR Al TE IR 43 T A R
Bk 1. SPAR-APX MLl 970047 58 50 il I &
A Bl P R ML S8 B 1 i B B S T
e P TE A N BERR R ) RE b
TR Bt d O RO o i i M
it BRI S P A WL SE O LA A
W A<0m";
FORALL /€N

bi=(D)bi—epd!)/ /D

LeM;

N

i

b= Yao=>1,y>1

(10)

ENDFOR
Xt b, €N PUE S 3 T AT HESF B 207 =060 =
=
FOR i=1 to n
IF d' <B,,VIEM,
W—wWU (i} ;

RETURN #£4& W M4 A;

(3) 7 & e 2 L. AT 9% ML 1Y T 5502 ik T Il
FLva 4 (Critical Competitor). FoATRF 1% 1% & 5
XanF.

ENX 5. i #5543 (Critical Competitor) 7
WA (€W BiIn R EFH cc(D) € NZETEITH B
Tl R AR R A A E TR e W
A = ST N\ R4 58 43 Bl 4300k (o gl
RHEEDED TIZERE L2 WP ieW
AN BE 23 IE B 7 5 BE U

XPFH ¢ By 2% AT LI 3 an R 3 R A [ Y
(R

(D) AR EAR 2R R I8 2 o2 2 05

(2) IR P i€ W AR I Bl A58 44 cc (D)
AAFAE B 2 A0 W 2% A po s

) TR e W KM IF HAFTE I 755 4 3
cc() B A TE BESAT I B pJe ol FHR A L X
S TP SRR 32 AR I A 200 RS BRI S /N Il
A p: L AN A S A

Z (pi—c)Xd!

VD;
PRI 6T P P 7 B B B0 5E

];u’(i) \/E+ZC,Xd:[ 1
P, —=max

D {[ € A\/Il ’ i)o J

Bk 2 JBoR T WLk SPAR-APX ()7 58 & M L
M. B EwE s se P MilE A SE S 5, I
FXXADIHFE I RN 5.

k2. SPAR-APXHUHIX FIRMA S i€ W
) WA 2 AL

WA HESE AR B SE T SR 1 R D O R

A ML 1R B

iy 0T AR Bl g% p

Pi<Dos

FOR j=1 to n

IF j#i and d,<B,,
FORALL (e M,
FOR (€ M,
Bi<B,—d!;
ENDFOR

25(’[(1) ;Fu j)izjjo-
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IF 3/e M;, B, <<d!
cc(i)=<j;

Jz}(,)m+2f,><d,” 1

]),<—max1 rem,

D, "bo f

BREAK;
ENDIF
ENDFOR
ENDFOR

RETURN p, ;

R 1 RMIGE 2 s T E A2 OGnn) . B2l
Bk 2 WA OGO IR, fir LAL#] SPAR-APX
BHE] B 2R EE R OGmn®).

B2 ROk AT B SPAR-APX HLH 1) By 3 w1
FE AL L.

EIHE 2. SPAR-APX HL#H B2 =IRAHFE
Y 1) Bl 5 W P 2 TE AR SE AL

JE B, BLH SPAR-APX H (45 G5 43 e B 1 1
P A% 3% A A B B AT O 2 T BT
e AR AN S B9 3Kk TP AT R AR A AE A 2 AR L B
FHLH SPAR-APX w1 {1 i 2 5 s I I F I A0 4
(4 R4 Myerson 5 B ', BB UF B 767217 58 A (X
A2 J3E 1 Bl SR s k. O T R S A L 5 B R LAY
TEBA. JEOHR 1Y) 152 4 7T L 2 2% 038 Myerson & H (1Y
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PUAETE B0 F A — N P ok i i € N 4 38 FL5K
(717 5875 R (5 B d g2 F P 5 I SR ms. 78 SPAR-
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WAL -

oL A, P i YA YT R Z SR SR 7240
SE bR . T A T 2 SOk TR IR £
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/;z/-«m VDCJVEC/XCZ;/

/61\/1’

=, XD, — X D! (12)
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S
(41D <0, XD, — (b VDi+ D¢, Xd?)

= (v, — p;) XD, (13)
00 B P @ S0 2 )5 R 9A 32 P AR I X A
DU AR 2 0. X EA SR T wi W EATA
u; =>0.
(2) 24P 305 3 4 7 17 58 7 SR I At 72 40
Sz ORI, ARAT UL AR D 0. FERX RIS DL @ 1Y
HEFF A8 bR/ T AL A I 555 G 2 cc (D BIHEF 35 45,
SR b =b oo . AR R P IR B 58 HE 58 T R 25 AR
TEAASZ P R B 4 HoC 4 AT AR 0 0. A g A AR s 5
EHI P AR 98 R AT O d >~ d L I A
FA 32 R . B4R AR RS OLT L P B AR AT
SRR IE .

bl VDA D e, Xd]!

ZENI{

ul=v; XD, — 5 X D/
D;
<u, XD,— ([;('('U) % Di+261><df)
IG.’VII
<0, XD;— (b:/D;+ D e, Xd!)
leM,

=(v;,—b;) XD;=0.

KA —AAFE AT DL (13) 24 515 5.
HOARERKAT 0, <b.o. RIEEZER (10 F
RE AR 09 5 S, FATT AT DA 2 B s S A R
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Background

With the growing deployment of globally-distributed
applications, inter-datacenter networks are becoming an
important resource in cloud computing. Many services rely on
low-latency communication and high-throughput data transfers
among data centers to improve the quality of experience for
their consumers. Bandwidth reservation has been recognized
as a value-added service to the cloud provider in recent
years, and is becoming an important research topic in
resource management of cloud computing. Due to the intensive
market demand for cloud bandwidth resources, researchers
from both industry and academia have started to design new
resource allocation algorithm to enable bandwidth reservation
service. Several auction-based cloud bandwidth markets have
been proposed to maximize different system objectives, such
as social welfare, revenue or the trade-off between them.
However, most of existing works fail to consider the strategic
behaviors of users or just investigate the single dimensional
strategic behavior, which lead to market chaos and performance
degeneration.

In this paper, we consider bandwidth reservation trading
between a cloud provider and multiple tenants in an open
market, and introduce an auction model to strengthen the
market, resisting users’ strategy behaviors in multiple
dimensions. We summarized three design challenges for a
practical auction mechanism for cloud bandwidth reservation:
strategy-proofness, flexible bandwidth reservation demands,
and the difficulty to achieve optimal allocation. By jointly
considering these three design challenges, we propose a family
of strategy-proof Auction mechanisms for cloud bandwidth

reservation, which contains three auctions mechanisms:
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SPAR-VCG, SPA-RAPX and SPAR-GDY to support different
types of bandwidth demand models. SPAR-VCG is a VCG-
based bandwidth auction mechanism for the case that tenants
accept partially filled demands, achieving both optimal social
welfare and strategy-proofness in polynomial time. When
tenants have strict bandwidth demand in each of the data
centers, we propose a greedy-based auction mechanism,
namely SPAR-APX, to guarantee strategy-proofness and
achieve suboptimal social welfare with a good approximation
We further consider a flexible bandwidth demand model, in
which tenants have a strict requirement on the total bandwidth
reserved from some preferred data centers. In this case,
SPAR-GDY can be applied to guarantee strategy-proofness
and to achieve good social welfare in most cases. The auction
mechanisms proposed in this paper can be used as a starting
architecture to build the future cloud bandwidth market. The
auction mechanisms can also be applied to allocate other kinds
of divisible resources subjecting to specific constraints (e. g. ,
processor times, memory, and storage space).
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