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Bundle pricing and capacity planning of IaaS cloud products with
complementary and multiplexed resources

ZHU Chen-bo'T, HUYingl’z, TONG Jun'

(1. School of Management, Zhejiang University of Technology, Hangzhou 310023, China; 2. School of Big Data
and Intelligent Engineering, Huangshan Vocational and Technical College, Huangshan 245000, China)

Abstract: The pricing and capacity planning problem of IaaS cloud products has received widespread attention in
recent years, however, this problem has not been studied from the perspectives of complementary and multiplexed
resources as well as bundle sales. Considering an laaS provider with two complementary resources and two cloud
products (reserved instances and spot instances), and incorporating resource multiplexing into resource capacity
planning, this paper first compares optimal pricing, capacity planning decisions and profits of the IaaS provider in three
sales models of reserved instances (individual sales, bundle sales, and hybird sales), and then investigates both the laaS
provider and the cloud users' preferred sales models. The results show that: 1) For the IaaS provider, its profit reaches
maximum when it selects the model of hybird sales, if only the models of individual sales and bundle sales are allowed,
then when both the degree of complementary and the bundling discount price sensitivity are relatively large, it would
select the model of bundle sales, otherwise, it would select the model of individual sales. 2) For cloud users, bundled
product users prefer the model of bundle sales, and unbundled product users prefer the model of hybird sales. 3) The
smaller the degree of complementary of the products, the greater the bundle discount. 4) Multiplexing resources makes
the price of reserved instances lower, and the demand of reserved instances and the profit of the IaaS provider greater,
therefore, it enables a win-win situation for both the IaaS provider and cloud users. This paper provides theoretical
support and practical suggestions for bundle pricing and capacity planning decisions of IaaS cloud products with
complementary and multiplexed resources.

Keywords: bundle sales; infrastructure as a service; complementary resources; multiplexed resources; pricing;

capacity planning

Wis BEA: 2024-07-17; FF HHA: 2024-12-05.

EEWH: ExARREIEEm FH (72271221); EXR AAREIEEE S EER HX) S1EFFSWHE (71720107003);
HAEMBN SR AIEETH (23YJC630164): WTLA T AL FHAU R E T H (23NDJC094YB).

H#{Z{F . E-mail: chenbozhu@zjut.edu.cn.

2 S B S SC A, AT B SR AR B RS R IR A X AT TR R


https://doi.org/10.13195/j.kzyjc.2024.0851
mailto:chenbozhu@zjut.edu.cn

1358 = % 5

*x R £40%

0 3 B

H 20 tH4d 90 FARKLLK, =i HIRS WA,
H ATADTE sl K . Ak, [ 55 B e TAS 0 e
Mz B R R, S Ja 22 URAA AH G BUR FILRY,
KAZCRANE b 25, Betn 2 il i 451 &l 7Nk
A b AR T A SR, BERSERI AR % (1aas)
S — P B 2 IR S B TR 55 4, TaaS 2
LR 7 i e A S SR R B R e s B A5 0N
BHIE ANEREEERA AL T = RS 7 Nirvanix 198 7=
18114, &2 [ ] /ANE BRI R RS, #S
HAEHI P St @ B LR S
HENE XK, il o MR 45 16 @ 0 fl s k) 2 52 3
WL E AT EA

NT R RS TR R, TaaS = R%%
PR AT RN, B, R R T S A H
(¥ TaaS 7™ Y, S AT X ) 5 B ELLE A4S A AR
7K Bbr (SLO) b Horb, BB %A SLO #E,
WA TR SR PR, e 0 7 O TR T 3% 4%
T i R BEA N P T AR EE R, (EE
RO SE 7%= i, 52— B SLO fREE, —
FB R E A% 75 A B i . TURE 2877 R N P TR
S fR B T E 25 B T R, HA SLO fREE, —
FEER BT 1) 3 e 0 B 1T B 2R + 4% T A 9% (RIASHEp
) VB G sE A 4% 7 JSRITI R 2477 W (1) SLO 1 e
FEAELE 99.9 % LA, B: TaaS 4R Ak i He 547 ) 1A]
W (ELinEEAS F) IEH IS AT A 5 2 be 205 99.9 %,
— B IE R U B SLO T 23 JE Bl AR I G f R
F[S]'

TE I AR, O 23 0t 78 an @l 77 g o
L5 R Al 23 PR R R, AR R IR R 9 R 4 A AN
P i B[R RE M, TaaS $RAL R R IG S 2 iHE
Y57 TR YR % 19 1) . Carvalho 257 43 BT T 8 8k 2 Tl
B 277 o P e P TR R I A O, R BT B 4 X
S FH P SR IS A S R 43 %. A ARSI
F0 T B % 9 A0 ¢ L A 2R AR = A R P ek P (BP9
A, WSHF = 3 AL R AT A BEARRAS Jfb
2 TR R R IR AR BT SO I R . S —J7 T, A
I T B R A4 R F R 08 AT EL A, R B IR
(R EL AN, APF 7T L 2 7 o i A A 3 B 1) B i
BAEZENME. fEkd, SR M REEE 7
SR T RIEMEASE R, PR T SR
) TaaS =77 . LAY 5538 2= i, WA 9l R4 P A
0 B, AR BEE TaaS 2577 5 AT LU IR B 2K
s TR AR, Hop B 2= i P R 4%

T JERNTIUEA 277 i FH P BT SR 2 v S SR, TR
5> SLO /T 100 % 4% AT 267t 5 H
PR A B 1) = v R BRI W A A
P 5y g 7 B B 43t 5 4l 1) %) R = 474t IR 45 (Amazon
S3). MEFLMN 2% Ik 55 (Amazon VPC) S5 37 B2 = i,
WHEHEE U1 Amazon EC2 IXFh A & b 2% 176if. W
28 S GRS AE N I BRI o, IR B P AT BLdk
L 750 SANTE IS4 (B URAH ), Ttk 2 AN IR
(IR IRA A 78 A T R 2 18] (B b e R

1 XHRGR

AR TS T R PR A S SCRRAE 5%

1) laaS = x5 & 1 5 25 BRI 72

2) — R RIS B i R R A

KT laaS = k55 € h 5 245 2= MR 7 8, K
T OSCHRAS FH A5 A Sz BVE N 2 AR 2% 72 i I AN A DL R
B VR AE AN [F] FH P 18] ) 0 B o SR AT DL AL, T STk
[9] FHCHR [107, 3X 77 1 I 72 -5 A SCHAH PRI,
AT I A iR T 5 18 2 ST o — 840 SOk il 42
G it 9t = 55 P2 i R e A 5 4 R b, 3¢
R [11] T 1) 75 SR8 1 2> = IS5 TRt v, s FH AHE
A AVE BT 50 Bk A 58 I S A AN IR 45 /KT 3, DA =
SYECIEZE. STHR [12] FEMEE 2 IR 55 77 i R 58 P A 28
I 28 fe P A8 5y BROAR, W 9T T o IR g5 7 i A
M S e 5 28 5 RO 2 TR ) R 2.

{H _F 3R SCHR R % R % R (1 2 . Carvalho 25
IS 1 Google 2= B & B 2 1F 57 5% U5 (1) 48
FIBHAE 55 % ~ 75 % Z [, [, Meng 21 7 H
T =R A R B A R AT DLs T H S A B
Ry B 75, MTTT SE B US4 1. Marshall 265 42 1
PR AT DU A 8 o IS5 K1 H bR vl AL 2
K 7P i SE I VR 4 AL Carvalho 2517 MI7E STk [4)
(R BEAI F 2 H = SR RS W DL I & 0% 287 i, 1%
P 5 TR R AR T, RAE RS KE H AR AR
X 5. Dierks %" ST HEBA R A ZE IR 44t T
BRI i m] LA R TR 287 it BE U 2% A

SR, SCHER 24w A 2D B 1 7 J8 i g A
W FE TR H 1) TaaS = AR5 7= e 5 5 m ALK
) B fR) . B4, Toosi 28 S 2= 1 5 % VR 7E 3 7 25
Tt B AN B 2 77 it 2 (A (1) 43 BO AL 2 1 B AL 3h A5 R
QIR I 8L T AR AR L. Xu 251 N Z i
TORAE TR 2. UF 8B 02 3877 i 22 8] 1) 43 e A4
TR BE R SRS LA T SRR A BRI 1
W R B U5 . zhu 207 78 Xu 2560 B g g
(R LAt b, T PR <o A SO A 2R 1) 1] 4 R B



EAH RBW F ATFTHR

ir 5 8 A8 laaS = F HBGZ M 5 B2 MK 1359

A
Nunez 2" 2% (& T [5] I $2 791 B2 28 MBI B2 257 i 1)
TR S5 I8 E T B8 M A2 43 T 1) A

FEILAA SCHER A, 56T — M= o B HR 90 4 5 T A
EP R JE R Z, B TS B i R P it
FEEAZ . KT — M= i RSP aS S ot ot 1IX B R
X5 AR SCH AR 5% (K SO A . Yan 251 B A
BER R AN S AR, M E T IR TR
HE AR GR4 5 72 fr 58 Yan 250% 78 S8R [19] f %
fith bk —2DUE B T = S ) B R ORGP
mn BB (RS2 R A SCAE 11T 3 75 SR AR AN 8 5 SRS
E FZH T FIRSCER.

Xt 15 27 5 AR S84 5 BT 7T, Zhang 25" A
FoT A BRGSO 1 B S
PR 25 508 0 3R 438 7 40 9 5 W (0 52 . Zhang %57 £F
WA B AFAE B8 Wi UA A7 AE 28 W 2 =) A8 7 i
BUE LSS 3 MG OL T, W 7048 90 85 45 B a0 1 ik %
Zhang PV R T ASHU AR S 2 PR IR 45 SR
A, I RGBS T A R L E A TSR
Yo DA R B Rk . Cao 59 82 T il — Ml R
5 AR T3, 18513 R R R A
T, A R TR b TR E S T R
o AR 40 S K 1 5201 . Hemmati 2577 5 %8 7 & @ ML
)T ) ot D0 5 5 38 I 2 SR e ) ettt 7
P EA HANE R =t E R, BHFL T laaS $&A4ER
(4977 it TR 40 7 A e 5% R A 5 A O B, A T 25
e TR BRI, B 0 1 SR I
Rk 6. Mondal 257 72 PH R (3t 137 5% 1) 43 € 81
SBURHF 1 R SR 2B BT S KR R SR

gk ERTk, TR IEEANS 2 K TaaS &
7= S AR G E A 5 2 BRI ) R DA DG A A, AR
SCERIRACBCF R, PR R TT T 12 )

2 BEMgSRE

EEXT—A TaaS $RHERT, 10 SRS A, 1
WA WA =1 E SR B AR B, H 5 Ia
(4 S AEAE L AMYE . TaaS $2 A 0 5 T4 45 5 3
TP RSS2 i, 2 IR TR 6 5 BB 287 .
TREE 7 i B E M AT B 2, 3 SLO 72 100 %, &
BB M N, i € {A, BY. RS Bl g2k
P B SRR K. BB 2 O TR AN, B
TR A ps i € {A, B}, BRI TaaS $& £ 5 4t
IR A BN Ny, i € {A, BY, 5500 %6 1)
BYERA A ;. KT B2, TURE 2877 & P B4
EHu,,t € {A, B}, u, NE XAE(0,1) BRI BEHN
u,; I ATL AR B, FLMGE 2R 25 B RN R AR 40 A1 bR 55 0 il
LiC)RUE,(-). PR TR 87 b 1 FH P et 5 30 ) 48

RANE AL 100 %, BT LA TaaS $E 457 =5 B8 % 81 Y i3k
T2 DL AIE 2%, BIAE I8 E T A A TR 257 i
(1 FH P R A B DR A B, X R R IR £E TR
FKreah EREHEE R T HAEMR o, UTHE K
7 il P o 0 (1 B A A P S I, 2 HA TR
7 it F POk B R 4 R A FH 33 SR TS VA /2 115 O,
I, TaaS $2 A 7 75 22 7] H SR FRAL AR ST AR Y, 4
€ {A, B}. TaaS #2455 [n) 91 B8 387 b F P8 45 B2 U
A3 A, B B & ISR B AR S
PG it FH P B SRR A X A B . B
TRk 3 AR, ASCH T 3 ML

1) BE AL BRI B, 2% Yan &7 1
eise, 2T A BPIRR G U I TR 2K 77 (0 T 3% e
KB WA Dy =1 —p; —p;, i,j € {A,B},i
#7, Hy(0 <~y <1)AA. BIFBEP) HAN R
Hy. TaaS $i HHb pe S g g A B 5L 1) T B 2 7 i 1) R A
P, P AR By, ag K.

2) WA A, BRI R, 5% Yan %1 [1
e, 22T S IEA C R 8™ m T 1 % KR
BNDey =1 —pl + Nply + py — i), RN
TN RS BURREL, 0 < X < 1. TaaS $RAE 24l
TR AL C B 2877w 8 A pl DA RO B ae iR
.

3) REHE. 2T, BERT LGk S B A
5 B, thi] LWL FEEC. 2% Yan 2427 (15
W, ART IR A TIE BAIZEAC BB 257 i
Wi &R REE DI A Dy = 1 — pi — o) + ApE
—p; —p}), i,j € {A,B},i# j, Dcs = Dc,. laaS
S AL v A A B R B 2 Y E Y
PR MBI oy ap R, LB C R TR 2K
77 it B E M p, NS BRI v TR

T IR, PR

1) A, BWIFh BT R4 I 121 1) be Ao 310 25 20 A 5%
WEC, FT B C IR ™ B A E N AL,

2) Gtk RIS FRALIE T A IS 4E AR
L LRI b AN 2 a0 R R &R

0<p,<eca<Yyi<l, 0<p, <cpg<Yy<l.

TR, WL 277 il P A8 F B B S bR b
SE2f YRUEA 27 b FH P )38 ) R B U, Rk, AR it
PO ity P SCAH R BAf ps, B s, 23 il /N T B U
() BT GES AR €0 Bl e p A A BRI (X 8 B J50E 4 i
A C TR ™ i FH P ST R A FE A 7 ).

4 R(i,j, k) = p; I:J/D]k(%‘Djkui)fi(ui)dui

1
—K-f (Dju;— ;) fi(ug)du, —¢o;,ie{A, B},
aj/Djk



1360

*x R £40%

j€{A B,C}, ke {1,2,3}. BleHEHIpEA,
BW A RIS, TaaS $EALR 0O HAE R Wi R
™ = Z [p;Dzl + R(I’,l‘, 1)]

z€A,B

X Tl plys aaflag R—Brin S, F b3
Hessian 5 [ 171 58, T3 w2 0y~ Pl au Fl g B EK
A MR A Bk — B R S5 T 0, AT AL T,
P~ g, Z7 RT3 il

AR 1 45 laaS $i (it 7 ik £ A A A B 0, )
HBERNE T, (P, Py 0a, ap) KT P~ Pl aa Al
o R E TUT o i, L D A R0 2 B R o 56 2 )
N

o 1( ! + piu; + ( S)A)
= —_— U c;, —pi)u, ),
p 1+~ p; p

il 5
* % 7% — K - CZ
o, = (1—=pi — 7pj1)Fi 1(@)
Hp
1
L:a/url whilu)du g
1 9 U, S |:D* 9 1j|7
f fz(uz)duz il
ai /Dy

D} =1-p; —pji, i,j € {A, B},i # j.
IR E A B EIERETE, I Do,
fip,, = piys, py = Py, TaaS $RALE HIHAE R A

Ty = ppDes + Z R(x,C,2).

z€A,B

Xy 73 A R T L Ml ae 3K — Bl 3, 75 B H Hessian
FEFE A€, IR o0 pl Ml ae BRA M R 3L, 4 Bk
— B w3551 0, AT A B B pl Ml . £5 BRI A0
i AL

R 2 A TaaS $2 4L R L AR g0 B 5 AR K, T
FOHERNE 7, (pL, ae) 72 KT pi Ml e I B VT R
£y, Hofp i M A2 &R RS 23 0

i =

% 1+>\p7‘* +pT* 1 s — s —
Pey = 2E1‘i N 5) + 5 (Pitia + Pyt + L),
1
gy =arg, { D [Vi-p) | filw)du+
ic(A.B} ac/Dc
D; — Ci] = 0}.
Hrp
~ 1
L= 3 (Vi=p)i | filw)dug
i€{A,B} atn/Dey
1
j* § u; fi(u;)du;
u; = ac12/Dcz )
a52/Dés

g, .
771 9 (S {A7B}7
[D;tJ2 }
DZ’Q =1- pTc*2 + )‘(p% +p7::1 _prc*2)‘
G H SR G B ENIE Y, laaS $2 L7 193 2 R
ke

Ty = PTchs + Z [p;Dsz

z€A,B
R(z,z,3) + R(x,C, 3)].

Xy 73 KT D Pl Do aas apflacK—B
T, 7§t H Hessian 55 [E 7€, Al ms DT~ Dy D
s~ ap Fac MECE MR EL, 2 i —r S 5T 0,
AR EBALII D~ Py~ Dl aas apfllag. 25 BTS00
L

Rl 3 45 TaaS $RAL R L PR A4 B, M
FW R 75 (p7y, Py, Phy Oas Oy i) A KT Pl
Dip~ D~ @a~ ap Mo TERA 19 R 28, e e I 7€ i A
BRI 700 9

1, .
s =K+ i(pfuz + (¢ — p;) ),

1 N .
Pos = Ko + §(pf4UA + pplUs + L),

ay = (14 Apgs — (1 + X)piy — (v + Apjs)

(B

i€{A,B}
p; — cz} = 0}.
Hrp
RNETEY ~l—1'y+—i—2 i\ +A)
PR EL R

2B+ + 14N

i,j € {A, B}, i # j.
é\Dé3 =1 — pUst APy + Doy — Do) i 1 ~
Al 3 Al AN T HEL.

* *
?&% 1 aAl _ aA3 _ B aBl _ aBB
= = Ba, =
%1 D, D D;, Dy,
Aoy Qs

/BB’ DEQ - Dz'g :/BC,E/BA, BBn ﬁC%ﬁiﬁ

3 BEWERESSMMT

AATHER T 3 MBS, X TaaS $R 4L 1 5%
e AR PSR 1 A, FHWETT 7T EiR
AR, 4 M = pi i, + pyiin, N = (ca—
Po)la + (cs — Py )ls.

PR 1 O REEEET, BT RIFEA B



F 457

ARBE E A TFHRBREAL Z AW [aaS =~ B LM 5 EENX 1361

B

7 i B A BRI AN /N T B A 1Y)
A LR, T T B R AL O B 2 I A
P BRI WA KRR B R i e e 25
R, BI of, >ty > ),y < Q.

WiR2 o, — (i € {A B})S5~yEx, BN
B3 KT 5 ey — oo, BB~y B 3 KT =, Bl
I3 K B

W3 ARRAHERA T, +ap, — o,
BEE N BB RIS, 24y <

_1\ *
MN et

iy, — o, HEE A KT 207 > 13
—10F, oy, + oy, — o, BEE Y I BE KT BRI, A
HER AT Mo, + oy, — an, B & I3 K B
RPN N =R

MR 2 REHEENT, BT RIEA BRI
B 287 i I e A e AN T s S R B e e
P, T 38 T BE YR AL C 1R TR 28 i 1R e A 0 U vy
TGRS E B T s, Ry, < plyys P
< PE1> Pes > Peo-

Wik 4 pr—pir(i € {A, B}Y)BEE KT
e, B A OK T A i, — o, Bl 3G KT PR

#ig s FRESHEB K THMAI Ny,

i — P BEE RIS, 2y > %
B, ph 4 oy — pen B E MBI ORI K, My <
M+ N ‘

mlﬁ, Pl P — v B N K FE
K. VR A8 B AT 8 3T H0 I 4% Ty, + e —
Py By~ NG K FEAI.

BT 1 ATV 2, DAJHER 2 ~ HEIR 5, AT LA
CEI ISy

PRAR 1 AR 5 P AR R R SR AR
BOR, AEHREE = 5 P R TR A AR N IR A K
DRItk 20 77 it FH P e i e 1R 20 8 45 52 2, R0
s FH P S i VR A s K

PR 2 B A TR R R B AMEIRES, W
7 b R R 5 1R A AR T 0 T SO, R SR
E Ji A 7 PR 4R 20 8 B A T ) 3R a3 0K, AR SR
i P FE BT AT (VR A B A T B3R 28 s K.

MR 28 M+ N < 1. B9y X TaaS
PR T (0 5 A0 0 1 0 25 B R R W SR I s e, 49 30
TR,

MR 3 TR, W SRR A E 3
P ERN, AARGHEH A TETREAC
(TR 257 it R e R AR LR () Sy JEoR, HoAth

A B 7 9 O 85 45 61 B o, i i
p2*3’prB*3’pg3) %D%{jtﬁ%%mfﬂ (a217 a*Bl’ aZ'Q? a*A37
) BB BT,

A 3 0, B, A RO A
2, 6L A7 AL A0 0
1, E IR (BRI LR, BT, 8
94 SEG=RIER W, o T B0 FsRE KM B
Ui, 477 b 36 A O UL A -7, (02,
oy 110 3R OB 3R W o K 1
TR, 1 B2, 4 BB T, 0
PO TR H7 R (RAHFHL) 5
YK

B 4 B T R AR
BB AT B0 B 0K (o7, i) AR
BRI (0, ) 95 AT FEHR 2085 5
L T VA C BB 7 B B0 R 06
() B AT T, 2577 < 5ot
AL B 50 B (o) B AR T A 75 2 >
S E T B A (o) B O
TG, 72 A4 65 B T, 6T VR ARV B
UK B R 6665 0 B (i, ) B A
TR, BEOA BRI (0 ) B2 AT
5, 6T VR O TR K7 AL 08000 0
(i) BB AR T 5, AR AL (o) B
A ATIFIE.

AR 4 1, A 0 A
RV i, AR 0 7 5 LR
ARG, ZE VR G, AR, 2800
SR (BB R, BRA A ME I 7
R 1 1 RS, S80S FIF U
SR, ZEAGVRY G, 860 0 0 5 R
e A ARV B (o7, + i) fEy <

MaeN e
5 A NHﬂL, Bl & A 3G KT BRAR, FEBEE 7 Kk Dy,

(KR B A% e, BT s 2, RGBT A ARy >

M+ N . .

mﬁi b5 A BGKT =, FEBEAE %R Dy,
() b TR K o, BT BRAG. FETR B8 E BN, A
K, JEHRGE ™= 5 e A A 2 BRI R, T 4 46
7 R E A R R AR RIS, 5 DR SRR A
Yk BUR R ER RIS, AEHRZR P i P 7R SRR,
TR ZR 7 it FH 7 5 SR 4238 K. TaaS $2 (8t 5 % B )
JSXF 8 A - FERAICIEFR 0™ i 0 s DARIBCHS 75 3K, 42
A SR S A LA L RR R TR, 2 ] AR
RN/, AR AT AR = it 7 SRAZ K, HRZE ™ i



1362 = % 5 X K £40%
iR, AT B A S0 10 28 MR K, S SRS VR S VR A
r =
SR 5t 1 3 R AE A, 20+9) 47012 47 4
ek - 1 - 30
4 ETRBINSHT 21+4) 47l a' P Al
S AT b ok AR o -
. AR R usMug 20, 1] BR324, sy e
BT TaaS SR 5 e v 58 S . 4 ’
1 1 1 14+ A 2
. YA_CA i YB_CB |:1+>\<17+ZTA+4TB) - 9 TC:|
OA - 9 B — ) + ’7
Yi—p3 Y5 —pjy 4(1+N)
Y, +Ys —cs—cp
9 — , 3 N=Paw 521
c YatYs—pi—p3 ) IRA R
TA:YA—GA(YA—CA), 7T3 =
_ 1 1+X + A A
Ty =Y —05(Ys —cp), p%(i— 1 TA—’.Y4 TB—FZTC)-F
TC:YA+YB—QC(YA‘i‘YB—CA—CB). 1 ’y_’_)\ 1+)\ i\
B | BLE T RSB R IR O A R PR, V(g =y T Dot 3T )+
FRRIFNERE AT 2 D 1+A
~F ‘ N I“‘ Dos 5 + Z(TA + TB) — Tc>
1) B E R
Fz1 3MHERNT laaS REFHRB L= REMENSBTENMRIRE (uas, us ~ U0, 1])
AR
R RGP & REHE
R 1 1 1
Pa m + ZTA / K, + ZTA
. 1 1 1
PB m + ZTB / K, + ZTB
! 1 1 1 1 14+ A 1
be / 2(1+,\)(1+)‘<1+7+ZT"+ZT5)+TTC) Kot 1Te
N 11 v 1 14X v+ A A
A 04 (* - ZTA - ZTB) / 0A(§ T Ty — 1 Ts + ZTC)
1 v 1 1 v+ 1+ A
o fy T gh) / 0ol = T T )
1 A 1 1 1+ A 1 A 1+ A
Qo / 9C<§+§(m+ZTA+7TB> *TTG> 9(~<§+Z(TA+TB)7 1 TC>

T2 1, AT LUK TaaS $RGE TR 3 Fhdy 4
2R TR 27 i 1 s A E I S A AR, 45 R
1N MR AR, AL S 5 3 IR 1 A
J1 2 g —E.

MRS FHua,us ~U[0,1], BEHEHAT,
BT BE AL BROTIUER 7 b i) R A0 A I KT
SO AR T B R A BRI, T R
C' ¥ TG 2877 it 1 e A0 25 MR /N T H 4 45 58 X
TR R, B oy, > oy, al, > al,, Ak,
< ag,.

HWHR 6 FHua,up ~ U[0,1], 774 88X
T, BT RIEA. BRTE 3™ il ¥ R e M ic T8
MR BEECT I SR B E A, TR T B IE AL O TR

P S B A T A e T AR A R R A E A
B ply < Py, P < Ppis P > D

N T B 3 IR TaaS R4 A E 5 1,
HE— DR E IR AR BXE AR, Bl BR T wua,up ~
Ul0, 1|24 (Y, =Y =Y, ca=cg=c,p5 =
pL=p, AT, =T =T, T =2T. %R A
BXEFR, W) 3 R =T i B A 45 B 1 14
T,

R 7 Fus,up ~ U0, 1], R AN B
REXTFRI, 3y, € (0,1), MIA:

1) By € (0,7, B, S e 8 R MR E
THRGRaY R R AN, Bl > 7,

2) Fy €[y, DI, 3N €(0,1), R HN<



F 457

ARBE E A TFHRBREAL Z AW [aaS =~ B LM 5 EENX 1363

A B, 7 > s A = NI < omg

~? T 3T 9
H =) — -
’1\:*“ N R T 81 S0+ (32
7>T2 = OH9E. AR gy (1+A<1 T
1

8
2)-0+an) =(r5 - D) G- 7)

(A PRI 7 350 AR A B AL X R T B A
BRI RNE I IR 22 R ATE A RINER R RT, 5
U, A A R PR 2 i TR R AU
GORSINE

MR8 Fua,us ~ U0, 1] HEEIE AR BXHE,
TR A B B0 T TaaS BRAL T 1)) L S 5
WA ER A T RNEE 2w, oo >, T >
5.

YT 8 R, 18 3 P, TaasS &4 55 I i
RIAIRA AR, thER 7 FIVET 8 nIf3an FiTid.

TR 3 4 laaS SR HER T &, LB VR & 4 B4
B8 SE LA, 75 R Bk B AR TR & By S A U,
A VR R) F MRS R FH P S 40 04T 4 B U,
VU HH A B A2, 75 U, 46 26 F Y B A
5 FUEE X E MR R

ARATERS BER X TR 2 il 8 AN TaaS $2
R R R R B T R R B A
RIS T, er, Soph a5 B X s R AN A% vy,
Fe AR IR Ay, WL SR Dy, i € {A, BY;
TR E BT MR g, , AR N
7oz, X R SR AN Dy, IBA R BT IR0 %
Aprs, BRI R Ay 7y, xR TR A D, 0 €
{A, B,C}. ERm ks 5 3B FNE & F R RE
A 2 WSOk [26]. B2 R L4 47 2% 18 B U5 &2 H
FIANE & BT T 1S A A% DR SRR 2P 75 3K,
A A0 .

PR 9 25 RE VR IR A (0 TR 2 I B A
W B RAR T A B B S I et e, B pry, <
DA Pry < Pris Poa < Pas Pas < Pz Prs < Dpss

PR 10 BRI T BEUR AR B TR 257 i,
2 FE R IR A IS [V 75 SRS R 8 TR 5 iR R IR R e
73K, BIDY, > Dy, Dy, > D3y, Diy> D, Dy,
> Dy, BEX T RIRACII A K i, 45 Ba =
Bs = Bo, M2 K IHE B ) F R R & T AE
JEFHRE FIN (75 R, B D, > Dy, Diy> Di.

B, (RS 4 TR =T, b i

JE BRI R AN AN 8 B R T ) e DIE 300 R 1

ICIE S TN G
PERE 11 45 ua,up ~ U[0, 1) H % ¥ AR Bxt

PR, D025 8 5 5 2 FH B ) BB R o T AN 2% i BRI
STHEEEERNE, B 7 > 77, mp > 1, o>

PERT 9 ~ PERT 11 KB, 5AF G EHE S H 115
TEAH L, TaaS $& (it 7 75 2% i 5% U5 52 i 4 pit 1) 1ol B8
7 b I RS SEAIG, ATEOR 75 SR 3G K, AR H P,
laaS & {4t i 9 AE 31T 5 = B R,

VIR 4 BRI A BR S TR S5 S 0 SEAIG
iR TR, M ARAY TaaS $RAL RS R 35, LB
FHEAE TaaS $RAL R AT 7 S0
6 BEFEH
6.1 BARUSE B AN HLE b

AR I I S LR TaaS AR 1 5 fIE e 5 A
FJ3. Carvalho 25" & 1 Amazon EC2 P85~ i I
BANTE 0.154 ~ 0.599 2 [fl, Carvalho 257 A1 Zhu %7
AL FE ST A AE 0.3 F10.5 BMAE. PA_LEIR STk
BE S T R, X {ps, Ya, ca T 4 HEUE:
{0.10, 0.20, 0.40}, {0.15, 0.25, 0.50}, {0.20, 0.40,
0.70},{0.30, 0.45, 0.80}, % {p,, Vi, c; MK T 4 41
HfE: {0.05, 0.15, 0.30}, {0.10, 0.25,0.45}, {0.25,
0.40, 0.65}, {0.25, 0.50, 0.90}, Xt~ W F 2 M
{0.20,0.90}, XX WK T 2 /MA: {0.30,0.85}. F
BT EA 287 it F P B B2 U5 F 22 489 [0, 1) B Ay
TEZS 4310 Carvalho 257 (R & BoR A ¥k = i &
PR A R AL T 40 % ~ 60 %2 18], R, A< 54 T
B 287 i B U5 R FH 2 16 3848 1 € £E [0.40, 0.60] 178

W, FRAREE 3R 2 B,
#z2  wu,;,i= A BHEENH
TR A PR B

us ~ N(0.60,0.15%) ug ~ N(0.40,0.10%)

w, ~ N(0.50,0.10%) s ~ N(0.45,0.052)

FRSHEAE T4x4x2x2x%x2x%x2=256
AN, T Ix ey B, B R IR AN S Z K
TaaS 2z 7= i A0 5 8 1 5 25 2 00K 1) R, A1 e o 4
B S256, 19 RH4E R In% 3 Fros, 7] LIS B4 LR 45
1w

D)oty < gy Oy < Qlygy Oy > Qo EFTH Y
OB, SHR MR o, — o, K
/IME R 0.000 1, B KA 0.007 1, “F¥I{E A 0.0018;
Oy — ay, ER/ME N 0.000 1, 5 K{E N 0.0045, F
BIME A 0.0012; af,, — ok, IE/ME N 0.0203, FK



1364 #= # 5 *x K #40%
#=3 EZEZFFESAMNMEBXA~RNEN. FS=HXIAFENBESER

R P Py 2 Qa ap ac D, Dy D¢ T
¥iE 0.4386 0.4149 / 02175 0.1647 / 0.360 1 0.3707 / 0.1917
B KA 0.5647 0.5354 / 0.2824 0.2095 / 0.4376 0.4541 / 0.3314
e/ ME 0.3186 0.2980 / 0.1489 0.1092 / 0.2452 0.2481 / 0.064 1
Bl / / 0.6532 / / 0.2398 / / 04642  0.1405
YR SN / / 0.8008 / / 0.3916 / / 0.7223 0.2820
fe/MHE / / 0.5039 / / 0.1344 / / 0.2578 0.0511
Bl 0.4072 0.3836 0.7174 0.2193 0.1660  0.1646 0.3629 0.3735 0.3187 0.2852
TRERIE SN 0.5184 0.4891 0.8646 0.2855 0.2103 0.2169 04390  0.4563 0.4075 0.4794
T/ ME 0.3143 0.2937 0.5969 0.1491 0.1108 0.1109 0.2485 0.2514 0.2127 0.1133

{84 0.1769, “FHAME A 0.0752, SAEHEE= AL, R
[ 4 5 A O 48 7 o 1) 25 B RIS e B KL B o
MD,(i € {A,B,C}) BIME, 7T LLSRTS B4 BI33ME R
0.6040, B HIIME N 0.4444, B HIIME N 05165,
AT LS BEUE AT DA 29 K = 0 BRI, SRR S = AR
HIFE SRR B KB AN B /M 45 5 L2 3 155 6
~ 11 %1

2) EFTTIIST, ply < Plys Phs < Py Pos >
P IO, SR 2 a5 —, p — pla A
—ph B B/IME N 0.0026, B KAE N 0.0723, FHIME
N 0.0314; pry — pi, IR /ME J90.028 8, it K1E N
0.1043, “FH4{H N 0.064 1. [FIFEH, 5 LMY~ fh A
b, A [ B A OGS R 0 7 i 1) 5 M s e B K. 72
SEM I A B KB AN e /MBS R LR 3 15 3 ~
%55,

3) 1£ 256 N7 R, A 34 MRt Brr < 7,
1E3X 34 NMHER, 8y = 0.90, A = 0.85; H4x 222
AR > 2, fE1X 222 MR, yHIBME A
0.4964, AI3IME AN 0.5329, A] W Bl < w2 (3%
BEBRRBERARIN EFESR T, - K
5 /NMA N —0.0093, 5 KA N 0.1326, - H A
0.0512. TEFT I T, mp < mp, 7 < my B IMAL, w3
—73 B /ME N 0.0569, B KAB N 0.2722, SFIME N
0.1447; m; — m; [FIf/IMEA 0.0206, HRfE 0.166 3,
FIME A 0.0935. FIRIE— MG THISES b
RN BIPERR 7 A 8 45 18— . TaaS $2 LR
IR ) BME S SR E R B /MA S R LR 3 15
12 %1
6.2 YRR

NI LS By MK TaaS $2AE 5 FE (1) 5200
RN I P 5 i 5 SR AE 256 /N3 st — 5

fr, BRI, R BT 256 MR —HBH
(p, =02,y =04,Y, =0.7,p3 =0.1,c5 = 0.25,
Yy = 0.45) 15 N[l 2 Z 50 Ny AR TaaS $2E 4
Fe e L R SR O SR ZE M R 3 RN R 4 b OO IR T Y
gy M4 e, BT AR B B R Ry (e A\ =
0.9) FIN(E & v =0.6) Xt TaaS H& £ 5 F) i (1) 72,
SRR 1A 2 ANELE AR BT, TaaS 12
R T PR )i 22 i o P 38 KT B T B S — 5T,
FE PO A R 20T | TaaS BB R (10 ) AS 52 MK R
Wi, AELR, SR 20 B A X P R el \ P 3 K T 3
K, TR B A B A T R AR AL U E AP A R, i,
TRAHER T RNE— B2 3 sk
(1. Bk, A W R PR,

0.351 n
* -~ T,
= 0.300 " . B
el 'x *
& 0.25
K ‘_ L N
® o020 =t
w2 @ *
— 0.15 -
o s,
0'100 0.2 04 06 0.8 1.0
TR IR) E AN R
E1 ERE B4 FRE X TaaS IREFFIENS W
0 24—t
= T
Z 0.20 o,
e N
= ;
006, e
Eg
%)
s 012 o
0'080 0.2 04 06 08 1.0

BRI ) ELAN FR 5K
E2 TN B BRI TaaS R EFEE M



F 457

ARBE E A TFHRBREAL Z AW [aaS =~ B LM 5 EENX

1365

PR 5 DU IA B AMAE LSS, TaaS SR BF)E
R, TR A A B AL AN B
7 & ®

AR 725 FE B AN S AT TaaS =7 i
HRERE W 5 2 TR 0] -, B 58 L

1) JAEHRZE = TR A A SR e I T 1E
B E BN e, AR TR A 8 BT 1)
BRI (TIHTHER) & TR EREA T AR
A (7375 3K); 40487 b £ P85 B BT 1) 8
PR TAEVR & 4 B 20T B e A, AT 72 40 20 4
BTN AR (TR KR) & TR GHERX
THIEER (T K).

2) M laaS #2471 KA, IR A #E
RE S KR, 72 R RE e #R RV & B9 LU,
UG [A] L AMAE R 50 B X AR R 040 4 iR, T
PR R, B0, e R L — K
M5, fRGE ™ i 75 B 5 R HR 207 5 (7] IS 85 85 4 Be K
TaaS $2 1t 55 7 >k 55 i AR, 4 65 4R 407 i i A
[ IS B AR G0 i AR A R TR R L 3
FeX T laaS AL 5, £ 2 BUE O T Adnik £
UTER=E | i Y

3) WHIF R, ISR b F P 3R 2 e K
S ARG A BRI, AR GE ™ b F 7 3R i B K 2 TR
GRS, LA, R SRR IR S
AR, IR A E R ARG 5 P s AR
1L HE.

4) B A T YR 2 18] 1) O AME DR 55, TaaS $EAL R Y
FRIE R, TRA B8 B A AL SIS W, TR
B B A& A 0 00 B B R, SR SR P BN bR AR
A1 A B A5, T AR S8 P 00 58N 75 Bk VR & B B AR
3 BEE F O RGBS $00 i B BBUR M 1 5, TaaS $i2
P AR VR S B AR AR B A 2T I 2R 22 B 2 4
/N, AERRGE i F P 2 SR Tk B A A A

5) BEUE S AR AS TR 2 e O BEAIRL R oK
K, tHAEAL TaaS $2 £ i A0 56 0, DAL 95 5 &2 e
{8 TaaS $EALRT AT S SEIXUHR.

SEHK (References)

(11 29, M8, R 5T 2P et hliE sl i
HUR[I]. 0 55k, 2022, 37(4): 1056-1066.
(Li K, Xiao W, Zhu X X. Pricing strategies for sharing
manufacturing model based on cloud platform[J].
Control and Decision, 2022, 37(4): 1056-1066.)

[2] Amazon. Amazon EC2 & i [EB/OL]. [2024-9-15].
https://aws.amazon.com/cn/ec2/pricing/.

31 XAESh, 28T, BiE. @M. oA =k
SR G EMI]. RS LRI 59, 2019, 393):

(4]

(5]

[6]

(1]

[12]

[13]

[14]

[15]

[16]

749-765.

(Liu Z C, Li H Z, Ma T. User fitness, transaction cost
and the mixed pricing scheme of cloud services[J].
Systems Engineering — Theory & Practice, 2019, 39(3):
749-765.)

Marshall P, Keahey K, Freeman T. Improving utilization
of infrastructure clouds[C]. 2011 11th IEEE/ACM
International Symposium on Cluster, Cloud and Grid
Computing. Newport Beach, 2011: 205-214.

Amazon. Amazon T 5 Iz 55 7K *F ¥ 1 [EB/OL]. [2024-
9-15]. https://aws.amazon.com/cn/compute/sla/.

B, A, MR B E RS KPR REn =1 6
S HRIKT]. FEH 5 5, 2023, 38(3): 805-814.

(Zhao D Z, Zhou R J, Yang S. Pricing strategy of
capacity sharing platform considering service level[J].
Control and Decision, 2023, 38(3): 805-814.)

Carvalho M, Cirne W, Brasileiro F, et al. Long-term
SLOs for reclaimed cloud computing resources[C].
Proceedings of the ACM Symposium on Cloud
Computing. Seattle, 2014: 1-13.

Amazon. . 5 i = B W [EB/OL]. [2024-9-15]. https://
aws.amazon.com/cn/.

Mashayekhy L, Nejad M M, Grosu D, et al. An online
mechanism for resource allocation and pricing in
clouds[J]. IEEE Transactions on Computers, 2016,
65(4): 1172-1184.

Li S Y, Huang J W, Cheng B. Resource pricing and
demand allocation for revenue maximization in laaS
clouds: A IEEE
Transactions on Network and Service Management,
2021, 18(3): 3460-3475.

Pal R, Hui P. Economic models for cloud service

market-oriented  approach[J].

markets: Pricing and capacity planning[J]. Theoretical
Computer Science, 2013, 496: 113-124.

e, XAESh, 5. 25 A . e TS =k E
MrALHI[I]. RS LIE# e 5 Sk, 2023, 43(4): 1101-
1115.

(Ma T, Liu Z C, Zhou S. Transaction cost, uncertainty
and cloud services pricing mechanism[J]. Systems
Engineering Theory — Practice, 2023, 43(4): 1101-
1115.)

Meng X Q, Isci C, Kephart J, et al. Efficient resource
VM
multiplexing[C]. Proceedings of the 7th international

provisioning in  compute clouds via
conference on Autonomic computing. Washington DC,
2010: 11-20.

Dierks L, Seuken S. Cloud pricing: The spot market
strikes back[J]. Management Science, 2022, 68(1): 105-
122.

Toosi A N, Vanmechelen K, Ramamohanarao K, et al.
Revenue maximization with optimal capacity control in
infrastructure as a service cloud markets[J]. IEEE
Transactions on Cloud Computing, 2015, 3(3): 261-274.
Xu J, Zhu C B. Optimal pricing and capacity planning of
a new economy cloud computing service class[C]. 2015
International Conference on Cloud and Autonomic


https://doi.org/10.12011/1000-6788-2017-1539-17
https://doi.org/10.12011/1000-6788-2017-1539-17
https://doi.org/10.12011/1000-6788-2017-1539-17
https://doi.org/10.12011/1000-6788-2017-1539-17
https://doi.org/10.12011/1000-6788-2017-1539-17
https://doi.org/10.12011/1000-6788-2017-1539-17
https://aws.amazon.com/cn/compute/sla/
https://aws.amazon.com/cn/
https://aws.amazon.com/cn/
https://doi.org/10.1109/TC.2015.2444843
https://doi.org/10.1109/TNSM.2021.3085519
https://doi.org/10.1109/TNSM.2021.3085519
https://doi.org/10.1016/j.tcs.2012.11.001
https://doi.org/10.1016/j.tcs.2012.11.001
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.12011/SETP2021-0216
https://doi.org/10.1287/mnsc.2020.3907
https://doi.org/10.1109/TCC.2014.2382119
https://doi.org/10.1109/TCC.2014.2382119

1366

# # 5

*x R £40%

[17]

(18]

[19]

(20]

(21]

[22]

[24]

Computing. Boston, 2015: 149-157.

Zhu C B, Shen H Y, Xu J. An economic analysis of
cloud computing service using reclaimed resources[C].
2019 IEEE 12th International Conference on Cloud
Computing. Milan, 2019: 50-57.

Nunez M A, Bai X, Du L N. Leveraging slack capacity
in IaaS contract cloud services[J]. Production and
Operations Management, 2021, 30(4): 883-901.

Yan R L, Bandyopadhyay S. The profit benefits of
bundle pricing of complementary products[J]. Journal of
Retailing and Consumer Services, 2011, 18(4): 355-361.
Yan R L, Myers C, Wang J, et al. Bundling products to
The
advertising[J]. Journal of Retailing and Consumer
Services, 2014, 21(1): 48-53.

Zhang X, Yue W T, Hui W. Software piracy and
bundling in the cloud-based software era[J]. Information
Technology & People, 2019, 32(4): 1085-1122.

Zhang X, Yue W T, Hui W. Bundling cloud software to
fight piracy: An economic analysis[J]. Internet Research,
2019, 30(1): 191-241.

Zhang X, Yue W. Integration of on-premises and cloud-
based software: The product bundling perspective[J].

success: influence of complementarity and

Journal of the Association for Information Systems,
2020, 21: 1507-1551.

Cao Q N, Geng X J, Zhang J. Impact of channel
structure on a manufacturer’s bundling decision with an

application to digital goods[J]. Production and
Operations Management, 2022, 31(4): 1679-1697.
Hemmati M, Fatemi Ghomi S M T, Sajadiech M S.

Separate

[25]

and bundling selling strategies for
complementary products in a participative pricing
mechanism[J]. Computers & Industrial Engineering,
2023, 177: 109018.

KR, W%, IR T RIRHAM TaaS =™ fnHSHR
SEMPSR[T]. L PR, 2024, 2024(4): 82-89.
(Zhu C, Hu Y, Tong J. Bundle pricing of IaaS cloud
products with resource complementarity[J].
Management Science, 2024, 2024(4): 82-89.)

Mondal C, Giri B C. Pricing and bundling strategies for

[26]

Shanghai

[27]
complementary products in a closed-loop green supply
chain under manufacturers’ different behaviors[J].
Expert Systems with Applications, 2024, 238: 121960.

fEE®EN

KR (1983-), 5, EIHSR, WLAER, TE
KT VNBFATHEEE R, MRESHENEEEH, E-mail
chenbozhu@zjut.edu.cn;

W (1999-), 2, Wit, FEWFRIT RS ft
MNAEEE T, E-mail: hying0227@163.com;

IR (1983-), 5, VP, WA, RS
FONBENLIRAL . PR SRR E R, E-mail: tongjun20@zjut.

edu.cn.


https://doi.org/10.1111/poms.13283
https://doi.org/10.1111/poms.13283
https://doi.org/10.1016/j.jretconser.2011.04.001
https://doi.org/10.1016/j.jretconser.2011.04.001
https://doi.org/10.1016/j.jretconser.2013.07.007
https://doi.org/10.1016/j.jretconser.2013.07.007
https://doi.org/10.1108/INTR-10-2018-0455
https://doi.org/10.17705/1jais.00645
https://doi.org/10.1111/poms.13638
https://doi.org/10.1111/poms.13638
https://doi.org/10.3969/j.issn.1005-9679.2024.04.013
https://doi.org/10.3969/j.issn.1005-9679.2024.04.013
https://doi.org/10.3969/j.issn.1005-9679.2024.04.013
https://doi.org/10.1016/j.eswa.2023.121960
mailto:chenbozhu@zjut.edu.cn
mailto:hying0227@163.com
mailto:tongjun20@zjut.edu.cn
mailto:tongjun20@zjut.edu.cn

