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Scheduling Optimization of Cloud Virtual Machines Based on Min(c,})
Wake-up Mechanism and Active Threshold

LI Mengtao, XU Xiuli’
(School of Science, Yanshan University, Qinhuangdao 066004, China)

Abstract: In order to meet the demand of cloud users for system response performance and further improve the energy saving level
of cloud system, this paper proposes a new virtual machine (VM) scheduling policy. When VMs are in the sleep state, once the num-
ber of cloud tasks in the buffer exceeds the number of service stations ¢ or the sleep timer ends, all VMs immediately stop sleeping
and enter the wakeup state. Moreover, at the end of the wake-up period, if the number of waiting cloud tasks in the buffer reaches the
threshold N, the VMs are transferred from the wake-up state to the active state. Otherwise, they are transferred to the idle state to
wait for cloud tasks to arrive. Based on the above background, a multi-server queuing model with variable arrival rate and Min(c, V)
mechanism and active threshold N is constructed. The steady-state performance indices of the cloud system are derived by using ma-
trix-geometric solution method, and a reasonable benefit function is constructed to discuss the profit problem of the cloud system. Fi-
nally, the effectiveness of the proposed policy is verified by comprehensive numerical analysis.
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Table 1 The settings of system parameter values and units in numerical experiments

S8 fH

FEAUAILE AL 10 &
EILUIRSS K 1 16 ms ™!
ZALSBIAFEA 90 ms ™!

ZALS ARG p 0.6
25 PR FEAFERE AT W, 5mW
T B RE KT W, 20 mW
MBS FRAERE KT W, 2mW
Jri B BEFERE KT W, 25 mW
ARV IFEREAKT W, 0.2mJ

i I 4 AT Rk B, 25 R N AR S B 0 [ E i, ECL) BEE JS 3 Z 80 a A3 M misg m . J5 3h
B Be g UHLAL T FEREARZS , MR S 2 B o 8 K, 3 Bl 35 22 A9 I [R] A2 4, DN I 5 28 40 RE K 7
M Ak, H 4 n] S R AUALR 3 2 5 o FRAER S B0 [ € i, ECL) B3 B {EL N A 38 Jon i 38 i .
YEE NZER, & AF 54 T2 IR Bpy i ] 28 1o 25 TR B BB UHLAL T 19 RER S, Il = R GE
REZK-F34 . S B AUNLS 3h Z 8o FEIE NEE R, ECL) BE&E AR S0 5938 sk b o AR B B

—= A

B UHLAL T 15 SRR, SRR S B 0 A8 K, IR MBURr 22 A I ) A2 0, DY I 2 R 2 9 RE K P i)

0.120 14l o
0115 —o— 6=10
0110t 121 N
0.105 , 10}
® 0100} £
£ | & 08}
o 0.095 w0
2} by
g 0.090F 06}
0.085
0.080 F 0.4r
0075 02}
0.070 E EI> 6I % é é 10 5 6 7 8 9 10
d/(mS'1) d/(mS'1)
B3 e WG NAAESE O F 2R T mantn B4 TEAFEBENIRESEO T 2 RGEREKF E(L)
E(S) RS 4 o i1y WAL RE S AL o 22 f S35

Fig. 4 The variation trend of cloud system energy-saving
level E(L) with the wake-up parameter a under different

threshold N and vacation parameter ¢

Fig. 3 The variation trend of average sojourn time E(S)
with the wake-up parameter « under different threshold N and

vacation parameter ¢

P 3 FE 4 M Se g 25 R KRB BB S8 a IR S B0 MBI NX = RGN PERRERA B A5 2

P FER o N AT 55 B9 MR B 75 SR B, 3 B S48 o AR S %k 0 B R Mgy i 1 fH N B/ g . A

RARGW T RET KEE , B NAE Zh S 80 o 8RB, KR 2 %800 8/ 8t o PR, TEX A (6] 1
TR, WEBRAAEME N KBS B ORI S e,

4 Wiz

N HTHE 7 RGN R, (B3 R 2 = AE 55 Bk 55 5 )5 AR A5 9 104l , C R BAE S5 15 B AE &R
Gih s EA I AR USROS = R G0l i 1 2 A7 REAE T8 I B i A, B &R — > AT 55 3 K H



AR LT Min(c, V) MR RIL AT BRI B 2 RE AU LA RE AL 1k 951

RIGH RMETEIR R AN SEF A RBE R, = RGN RECER R
G=MR—CE(S))+UE(L)— BP,
A T=AS o ap(1— > s ).
TR R RGEEBF, FHFEWE AR — CE(S))+ UE(L)—BC,>0, R
BC,— UE(L)
R—CE(S)
WHERIWELH S, IFEEN=15,R=1,C=0.7,U=04,B=0.5,%1=90,a=2.5, i &
50, NG O WUMIE , G BE g (17 3G 0 ¥ 52 30 58 38 s ek 1 R A, 3R DR R B e 0, 8 SULBL
(1) A 55 Bk [ AR 6, 2 AT 55 450 B AE 2R 0 v i B2 ASF HE 1R AR sl 20, R B A 14 0, (L2 BB A e AS BT 38
RGN BB IR T B, (A RGU 5 08/ o 24 g [ 2 B, 0 898 I B AR A B ] AR e, — il A5 &
115545 B8 6 R G0 v it B2 AT MR 00 AR Ik 2D, o — T T s A 55 -S4 9 R ) 1 AR 0 T DA s AT 55 B A )
ARG, R G ETE AR /N, GAE 2 okl R

o

82 130
80| 125
120 }
78 B 115 -
761 110}
o 105 |
74} ® 100 |
72F o
9}
70°r 85k
80 |
68 . . . . . o
10 12 14 16 18 20 70 . . . . .
plms™) 100 110 120 130 140 150
AM(ms)
NEES 1%%* 25 2% 0 % B AR
BS AEARIOKRSHO PR CHEIERu0E g o RS S o F R B G B B A
1Lt o

Fig. 5 The variation trend of system benefit G with the ser-
& v Y W Fig. 6 The variation trend of system benefit G with the arriv-

vice rate ¢ under vacation parameter ¢
al rate A under wake-up parameter «

Hu=16,p=0.5, MK 6 Al A1, G BEFHE A #9340 2 52 B S 38 s w20 /9 #a 4, OF HoAT ok — B 2]
BN AT G IR B R, A FR 0 Ak 2 e I B 3k A, 22 AR B Rl 4R TR 25 28 R A
AW E L Z , RGO 5L K, HEEE A BORBOR, B8 Bt RSN, 25 ERERR D
BT B AR RGN, R G AR I o A T E I, BEE o BE, FR G0 a1 2 L B8 R T AR Y
W A3, 2 Gl 4 50 .

IR LA T 4R o RGN AR, — 5 T A B AR R GE R S A, 55— 7 T A i B GA R A BT AL 2
FRABBNE R, M ABKM, AT LUE 0 2 5 E ARG & AE 55 A 37 9% 55 05 BRI = AR 55 2E A
ARG, 25 BN, AT LR AR AR BT (] R I 51 = AT 55 A R S

5 4hip

ARICN A5 B HEBN S 5 R, 2545 75 08 = AR GE Y RE RCR R O R BE L 42— RS Min
(e, V) W EHL ] 55 3% BR B N B 2= 353 0 9 BE SR o R T Matlab B 147 808 23 A7, 36 5 %0
115 VPG T AR G S B0 1 BE 8 AR AR pRBCHY E IR o SEBG 2N R ER T N R GE R R B R RE T R,
FAR A S SRR IS E RSB N R SR RER SR &, 75 200 B B N A sh 24



952

PR AE2A4R (FARBEARR)

47(5) 2024

W AR AR AR 2 2, i v %o AN [l B9 5 5K, R S I 2 RS R = R GEIE R B— 52 945 it e
i 31 35 AR G A 2 e B Gk A 2 B Ik ARAR I, R DU S X R R R G A 5 AR WA 3 B
7 AR AT 55 e A RGER B, 25 3 1K R/ IE, nl DURE AR AR B (8] ok 0 51 = AL 55 EA R4,
DAL R AR = R G

SE WK

(1]

[4]

TEMGHE, HBREM:, Sk SR — s S R R IT
S 1. B A, 2022, 4:15-18. DOI: 10.3969/.
issn.1671-3060.2022.04.004.

REN P Y, TIAN K Y, ZHANG M. Cloud Computing: A
New Golden Period of Development[J]. China Telecom-
mun Trade, 2022, 4: 15-18. DOI: 10.3969/j.1issn. 1671-
3060.2022.04.004.

JAYANETTI A, BUYYA R. J-OPT: a Joint Host and Net-
work Optimization Algorithm for Energy-efficient Work-
flow Scheduling in Cloud Data Centers[C]//Proceedings of
the 12th IEEE/ACM International Conference on Utility
and Cloud Computing. New York: ACM, 2019: 199-208.
DOI: 10.1145/3344341.3368822.

YANG J C, JIANG B, LV Z H, et al. A Task Scheduling Al-
gorithm Considering Game Theory Designed for Energy
Management in Cloud Computing[J]. Future Gener Comput
Syst, 2020, 105: 985-992. DOI: 10.1016/j.future.2017.03.024.
DING D, FAN X C, ZHAO Y H, et al. Q-learning Based
Dynamic Task Scheduling for Energy-efficient Cloud
Computing[J]. Future Gener Comput Syst, 2020, 108: 361—
371. DOI: 10.1016/j.future.2020.02.018.

DUAN L D, ZHAN D Y, HOHNERLEIN J. Optimizing
Cloud Data Center Energy Efficiency via Dynamic Pre-
diction of CPU Idle Intervals[C]//2015 IEEE 8th Interna-
tional Conference on Cloud Computing. IEEE, 2015: 985—
988. DOI: 10.1109/CLOUD.2015.133.

GUO L Z, ZHANG Y F, ZHAO S G. Heuristic Algorithms
for Energy and Performance Dynamic Optimization in
Cloud Computing[J]. Int Compu Inform, 2017, 36(6): 1335—
1360. DOI: 10.4149/cai_2017_6_1335.

PAYA A, MARINESCU D C. Energy-aware Load Bal-
ancing and Application Scaling for the Cloud Ecosystem
[J]. IEEE Trans Cloud Comput, 2017, 5(1): 15-27. DOI:
10.1109/TCC.2015.2396059.

KHORSAND R, RAMEZANPOUR M. An Energy-efficient
Task-scheduling Algorithm Based on a Multi-criteria
Decision-making Method in Cloud Computing[J]. Int J
Commun Syst, 2020, 33(9): e4379. DOI: 10.1002/dac.4379.
PANDA S K, JANA P K. An Energy-efficient Task
Scheduling Algorithm for Heterogeneous Cloud Computing

[10]

[11]

[12]

[14]

[16]

[17]

Systems[J]. Cluster Comput, 2019, 22(2): 509-527. DOI:

10.1007/s10586-018-2858-8.

WANG Z J, SU X X. Dynamically Hierarchical Resource-
allocation Algorithm in Cloud Computing Environment[J].
J Supercomput, 2015, 71(7): 2748-2766. DOI: 10.1007/
s11227-015-1416-x.

LI J, LIU X, ZHAO Z, et al. Energy Consumption Pre-
diction Based on Time-series Models for CPU-intensive
Activities in the Cloud[M]//Algorithms and Architectures
for Parallel Processing. Cham: Springer International
Publishing, 2015: 756-769. DOI: 10.1007/978-3-319-
27140-8_52.

DONG T T, XUE F, XIAO C B, et al. Task Scheduling
Based on Deep Reinforcement Learning in a Cloud
Manufacturing Environment[J]. Concurr Comp-Pract E,
2020, 32(11): e5654. DOI: 10.1002/cpe.5654.

SINGH H, BHASIN A, KAVERI P. SECURE: Efficient
Resource Scheduling by Swarm in Cloud Computing[J].
J Discrete Math Sci Cryptogr, 2019, 22(2): 127-137. DOL:
10.1080/09720529.2019.1576334.

ZHANG XY, LI K Q, ZHANG Y. Optimising Data Access
Latencies of Virtual Machine Placement Based on Greedy
Algorithm in Datacentre[J]. Int J Comput Sci Eng, 2019,
18(2): 186-194. DOI: 10.1504/ijcse.2019.097945.

HAO S S, QIE X C, JIN S F. Virtual Machine Allocation
Strategy in Energy-efficient Cloud Data Centres[J]. Int J
Commun Netw Distributed Syst, 2019, 22(2): 181-195.
DOI: 10.1504/ijcnds.2019.10018156.

PR, Z I, AL, & WA MR R R IR
14 25 FEALD LRI BE S0, 1L 22741, 2020, 44(4):370-
378. DOI: 10.3969/j.issn.1007-791X.2020.04.006.

LI J L, QIN B, LI W J, et al. Cloud Virtual Machine
Scheduling Strategy with Awakening Threshold and Semi-
sleep Mode[J]. J Yanshan Univ, 2020, 44(4): 370-378.
DOI: 10.3969/j.issn.1007-791X.2020.04.006

EREER, EFAE, 5KINLE, 55 . Fe TN, TYIRIROLEI =11
ST RERINE S ARALLT]. A ASETH, 2020, 30(8)805-
813. DOI: 10.3772/j.issn.1002-0470.2020.08.006.
WANG X C, WANG Y T, ZHANG LY, et al. Energy
Saving Strategy and Optimization of Cloud Computing
Centers Based on (N, T) Sleep Mechanism[J]. Chin High



AR LT Min(c, V) MR RIL AT BRI B 2 RE AU LA RE AL 1k 953

[18]

[19]

[20]

(21]

[22]

Technol Lett, 2020, 30(8): 805-813. DOI: 10.3772/].
issn.1002-0470.2020.08.006.

FEFFRL, MR . TR AL ORBRAILH] Y 2 55 8 B SR
MBI [T]. AR E I, 2018, 28(11): 907-914. DOL:
10.3772/j.issn.1002-0470.2018.11-12.003.

WANG X S, JIN S F. Research on a Cloud Task Sched-
uling Strategy Based on a Novel Sleep Mechanism[J].
Chin High Technol Lett, 2018, 28(11): 907-914. DOI:
10.3772/j.issn.1002-0470.2018.11-12.003.

TONG Z, DENG X M, CHEN H J, ef al. QL-HEFT: A
Novel Machine Learning Scheduling Scheme Base on
Cloud Computing Environment[J]. Neural Comput &
Applic, 2020, 32(10): 5553-5570. DOI: 10.1007/s00521-
019-04118-8.

QI W Q. Optimization of Cloud Computing Task Execu-
tion Time and User QoS Utility by Improved Particle
Swarm Optimization[J]. Microprocess Microsyst, 2021,
80: 103529. DOI: 10.1016/j.micpro.2020.103529.

WEI J, ZENG X F. Optimal Computing Resource Allo-
cation Algorithm in Cloud Computing Based on Hybrid
Differential Parallel Scheduling[J]. Cluster Comput, 2019,
22(3): 7577-7583. DOI: 10.1007/s10586-018-2138-7.
SAMRIYA J K, KUMAR N. Fuzzy Ant Bee Colony for

Security and Resource Optimization in Cloud Computing

(23]

[24]

[25]

[C]//2020 5th International Conference on Computing,
Communication and Security (ICCCS). New York: IEEE,
2020: 1-5. DOI: 10.1109/ICCCS49678.2020.9276898.
KUMAR J N, BALASUBRAMANIAN C. Hybrid Gra-
dient Descent Golden Eagle Optimization (HGDGEO)
Algorithm-based Efficient Heterogeneous Resource
Scheduling for Big Data Processing on Clouds[J]. Wire-
less Pers Commun, 2023, 129(2): 1175-1195. DOI:
10.1007/s11277-023-10182-0.

SHEN D, LUO J Z, DONG F, et al. Stochastic Modeling
of Dynamic Right-sizing for Energy-efficiency in Cloud
Data Centers[J]. Future Gener Comput Syst, 2015, 48: 82—
95. DOI: 10.1016/j.future.2014.09.012.

SHABEERA T P, MADHU KUMAR S D, CHANDRAN
P. Curtailing Job Completion Time in MapReduce Clouds
through Improved Virtual Machine Allocation[J]. Comput
Electr Eng, 2017, 58: 190-202. DOI: 10.1016/j.compel-
eceng.2016.10.009.

FE 55, SEAEAL . A K A SRR LA A M), JE st
Fref i RieL, 2002.

TIAN N S, YUE D Q. Quasi-birth and Death Process and
Matrix Geometric Solution[M]. Beijing: Science Press,
2002.





