











IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED SYSTEMS, VOL. X, NO. X, MONTH YEAR

(6]

(7]

8]

[9]

[10]

[11]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[29]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

This is the author's version of an article that has been published in this journal. Changes were made to this version by the publisher prior to puk

The final version of record is available atttp://dx.doi.org/10.1109/TPDS.2018.2870389

S. Spinner, G. Casale, F. Brosig, and S. Kouney, “Evaluating Ap-
proaches to Resource Demand Estimation,” Elsevier Performance
Evaluation, vol. 92, pp. 51 — 71, October 2015.

H. Bal and more, “A Medium-Scale Distributed System for Com-
puter Science Research: Infrastructure for the Long Term,” |IEEE
Computer, vol. 49, no. 5, pp. 54-63, May 2016. T
N. Herbst and more, “Ready for Rain? A View from SPEC
Research on the Future of Cloud Metrics,” CoRR, vol.
abs/1604.03470, 2016.

S. Spinner, G. Casale, X. Zhu, and S. Kouney, “LibReDE: A library
for Resource Demand Estimation,” in ACM/SPEC ICPE 2014.
ACM, 2014, pp. 227-228.

S. Spinner, J. Walter, and S. Kounev, “A Reference Architecture
for Online Performance Model Extraction in Virtualized Environ-
ments,” in ACM/SPEC ICPE 2017. ACM, 2016, pp. 57-62.

R. J. Hyndman and A. B. Koehler, “Another Look at Measures of
Forecast Accuracy,” International Journal of Forecasting, pp. 679—
688, 2006.

R. J. Hyndman and Y. Khandakar, “Automatic Time Series
Forecasting: The Forecast Package for R,”Journal of Statistical
Software, vol. 26, no. 3, pp. 1-22, 2008.

X. Wang, K. Smith-Miles, and R. Hyndman, “Rule Induction for
Forecasting Method Selection: Meta-learning the Characteristics
of Univariate Time Series,” Neurocomputing, vol. 72, no. 10 - 12,
pp. 2581 — 2594, 2009.

J. Grohmann, N. Herbst, S. Spinner, and S. Kouney, “Self-Tuning
Resource Demand Estimation,” in IEEE ICAC 2017, July 2017.

M. Arlitt and T. Jin, “A Workload Characterization Study of the
1998 World Cup Web Site,” IEEE Network, vol. 14, no. 3, pp. 30—
37, 2000.

D. Benz and more, “The social bookmark and publication man-
agement system bibsonomy,” VLDB, vol. 19, no. 6, pp. 849-875,
2010.

J. R. Bunch and J. E. Hopcroft, “Triangular factorization and inver-
sion by fast matrix multiplication,” Mathematics of Computation,
vol. 28, no. 125, pp. 231-236, 1974.

B. Urgaonkar et al., “An Analytical Model for Multi-Tier Internet
Services and its Applications,” in ACM SIGMETRICS, 2005.

W. Igbal, M. N. Dailey, D. Carrera, and P. Janecek, “Adaptive
Resource Provisioning for Read Intensive Multi-tier Applications
inthe Cloud,” Future Generation Computer Systems, vol. 27, no. 6,
pp. 871-879, 2011.

H. Fernandez, G. Pierre, and T. Kielmann, “Autoscaling Web
Applications in Heterogeneous Cloud Infrastructures,” in  IEEE
IC2E, 2014. T
T. Chieu and more, “Dynamic Scaling of Web Applications in a
Virtualized Cloud Computing Environment,”in  IEEE ICEBE 2009.
IEEE, 2009, pp. 281-286.

A. Ali-Eldin, J. Tordsson, and E. Elmroth, “An Adaptive Hybrid
Elasticity Controller for Cloud Infrastructures,” in IEEE NOMS
2012. |EEE, 2012, pp. 204-212.

B. Urgaonkar and more, “Agile Dynamic Provisioning of Multi-
tier Internet Applications,” ACM TAAS, vol. 3, no. 1, p. 1, 2008.
A. Papadopoulos and more, “PEAS: A Performance Evaluation
Framework for Auto-Scaling Strategies in Cloud Applications,”
ACM ToMPECS, vol. 1, no. 4, pp. 1-31, August 2016.

H. A. David, “Ranking from Unbalanced Paired-Comparison
Data,” Biometrika, vol. 74, pp. 432-436, 1987.

A. llyushkin and more, “An Experimental Performance Evaluation

of Autoscalers for Complex Work ows,” ACM Transactions on
Modeling and Performance Evaluation of Computing Systems
(TOMPECS), vol. 3, no. 2, pp. 8:1-8:32, 2018.

A. losup, N. Yigitbasi, and D. Epema, “On the Performance
Variability of Production Cloud Services,” in CCGrid 2011, 2011,
pp. 104-113.

G. Galante and L. de Bona, “A Survey on Cloud Computing
Elasticity,” in IEEEUCC 2012. IEEE, 2012, pp. 263-270.

B. Jennings and R. Stadler, “Resource Management in Clouds: Sur-
vey and Research Challenges,” Journal of Network and Systems
Management, vol. 23, no. 3, pp. 567-619, 2015.

C. Qu, R. N. Calheiros, and R. Buyya, “Auto-scaling web
applications in clouds: A taxonomy and survey,” ACM Comput.

R. Han, L. Guo, M. M. Ghanem, and Y. Guo, “Lightweight Re-
source Scaling for Cloud Applications,” in IEEE/ACM CCGrid

2012. IEEE, 2012, pp. 644-651.

Copyright (c) 2018 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permis:

(32]

(33]

(34]

(35]

(36]

[37]

(38]

Surv., vol. 51, no. 4, pp. 73:1-73:33, Jul. 2018. [Online]. Available:
http://doi.acm.org/10.1145/3148149 <\
;/

14

M. Maurer, |. Brandic, and R. Sakellariou, “Enacting Slas in Clouds
Using Rules,” in Euro-Par 2011. Springer, 2011, pp. 455-466.
Q. Zhang, L. Cherkasova, and E. Smirni, “A Regression-based
Analytic Model for Dynamic Resource Provisioning of Multi-tier
Applications,” in IEEEICAC 2007. |EEE, 2007, pp. 27-27.

P. Padala and more, “Automated control of multiple virtualized
resources,” in ACM European Conference on Computer Systems.
ACM, 2009, pp. 13-26.

G. Tesauro, N. K. Jong, R. Das, and M. N. Bennani, “A Hybrid
Reinforcement Learning Approach to Autonomic Resource Allo-
cation,” in IEEEICAC 2006. IEEE, 2006, pp. 65—73.

J. Rao and more, “WCONF: a Reinforcement Learning Approach
to Virtual Machines Auto-con guration,” in ~ ACM ICAC 2009.
ACM, 20009, pp. 137-146.

G. Pierre and C. Stratan, “ConPaaS: a Platform for Hosting Elastic
Cloud Applications,” |IEEE Internet Computing, vol. 16, no. 5, pp.
88-92, 2012.

A. Biswas, S. Majumdar, B. Nandy, and A. El-Haraki, “A hybrid
auto-scaling technique for clouds processing applications with
service level agreements,” Journal of Cloud Computing, vol. 6,
no. 1, p. 29, Dec 2017.

Andr € Bauer is PhD student at the chair of soft-
ware engineering at the University of Wirzburg.
He serves as elected newsletter editor of the
SPEC Research Group. His research topics in-
clude elasticity in cloud computing, auto-scaling
and resource management, autonomic and self-
aware computing, and forecasting.

Nikolas Herbst is a research group leader at the
chair of software engineering at the University of
Wiurzburg. He received a PhD from the Univer-
sity of Wirzburg in 2018 and serves as elected
vice-chair of the SPEC Research Cloud Group.
His research topics include elasticity in cloud
computing, auto-scaling and resource manage-
ment, performance evaluation of virtualized envi-
ronments, autonomic and self-aware computing.

Simon Spinner is a software engineer at IBM
and an associate researcher at the Chair of Soft-
ware Engineering at the University of Wirzburg.
He received a PhD in computer science from
the University of Wirzburg. His research in-
terests include run-time performance and re-
source management, performance model ex-
traction, performance modeling and analysis, vir-
tualization and Cloud Computing.

Ahmed Ali-Eldin  Ahmed Ali-Eldin is a postdoc
at Umea university and UMass, Amherst. He
obtained his PhD in 2015 from Umea University,
Sweden.His research interests lies in the inter-
section of Computer Systems and Performance
Modeling.

Samuel Kounev is a professor and chair of soft-
ware engineering at the University of Wirzburg.
His research is focused on the engineering of
dependable and ef cient software systems, sys-
tems benchmarking and experimental analysis;
as well as autonomic and self-aware computing.
He received a PhD in computer science from TU
Darmstadt. He is a member of ACM, IEEE, and
the German Computer Science Society.



