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Abstract- Software Defined Data Center (SDDC) provides morepwn

resource management flexibility since everythingdéfined as a
software, including the network as Software Definedwii
(SDN).Typically, cloud providers overlook the netwowhich is
configured in static way. SDN can help to meet appibas goals
with dynamic network configuration and provide bebes for QoS.
Additionally, SDDC might benefit by instead of mmposed by
heavy Virtual Machines, use light-weight OS ContanBespite the
advantages of SDDC and OS Containers, it brings ncoreplexity
for resource provisioning. The goal of this projécto optimize the
management of container based workloads deploye®&ajtware-
defined Data Centers enabled with heterogeneousonetfabrics
through the use of network-aware placement algmstithat are
driven by performance models.

INTRODUCTION

The widespread adoption of cloud is driving the way
which computing solutions are delivered, allowirasier on-
demand scaling of resources and pay-as-you-go
approaches. While the core of cloud computing shamme
ideas with previous approaches like utility and dgri
computing, its growth and the maturity of technadsglike
virtualization make it much more efficient in terro$ cost,
maintenance, and energy consumption [2]. The clmicnly
provides automated, large-scale resource managgeimantt
also embodies a different notion of software desighas the
ability to collect, transport, process, store, autess data
from anywhere [3], and empowers the use of sereigented
architectures, which are becoming the de facto aaar used
to increase agility and introduce best practicesatterns.

System virtualization plays a key role in cloud qating
platforms, but it is not an entirely new paradiggome of its
foundational research dates back to the early 19¥0sThe
core of system virtualization relies on providingseftware
layer that appears equivalent to a physical machiieese
virtual environments are called VMs (Virtual Mackg) and
provide the same inputs, outputs, and behaviorwoatid be
expected from physical hardware, and can emulaterdine
OS (Operating System) [5].

Although virtual machines have plenty of benefitgy also
suffer from an inherent overhead introduced by tise of
multiple operating system stacks. A possible sotutthat
addresses this kind of overhead and provides a mo
lightweight virtualization has emerged over thetfaw years:
OS-level virtualization, more commonly called conéas [6].
Containers rely on the idea of wrapping, limitingplating,
controlling, and accounting the resource usage akta of
processes without the need to simulate an entire Vdfat
results in better performance than VMs and very fasot
times. The design of containers encompasses the dde
processes grouping. This approach leads to a neywrpeess
model for applications, the so-called Microservice
Architecture. In such a model, each container s an
independent and small application component thas rits

s

(few) processes and communicates with other
components using a lightweight mechanism [7]. Ohé¢he
advantages of splitting the application into snealinponents

is to efficiently manage each component based fferent
requirements.

Containers address some problems related to theleity
of Virtual Machines. But this is not the only prebi that
Clouds facilities need to face: they have overlabf@ years
the importance of taking into consideration netwpréperties
when making workload placement decisions. Anything
beyond providing isolation between workloads is aliyu
ignored and therefore deployments are not netwaikra,
what results in usual problems of performance, iagfbn
interference, and performance variation [8] due pwor
placement decisions. Therefore, workload managerisest
sk that requires the use of control knobs noty diolr
rkloads but also for network fabrics.

Fortunately, network management has been making
progress over the last years through the developiethe
Software-defined Networks (SDN) paradigm, whiclowallfor
more  efficient, flexible and controllable network
environments. In particular, SDNs provides veryevaht
mechanisms for network aware management of workload
such as resource limits [9], flow control [10] andtwork
slicing techniques [11]. However, since SDN is vaew, the
integration with cloud management technologiegils® its
early stages of development. The success of SDiwifield
of networks has been empowering the growing monmerdfi
more general "Software Defined Environments” or fidare
Defined Everything” environments, in which everyngmonent
of the Data Center is managed from a centralizdtivace
logic. The result is the paradigm of data centéastructures
defined by software (SDDC - Software Defined Datni€r),
including the network (SDN), storage (SDS) and cotap
(SDC) infrastructure. More specifically, SDDC alldar the
underlying hardware to be utilized as generalizedlp of
compute, network, and storage [12, 13] resourcesrel are
many aspects of SDDC that boost its resource mamage
such as the ability to programmatically create, eyadelete,
snapshot, and restore an entire data center cochpoke
Bftware-defined compute, storage, and network.

In conclusion, the result of the intersection betwe strong
emergence of SDDCs and the growing momentum of
container-based workload deployments in the Cleual iange
of new opportunities for developing new Data Center
optimization strategies that need to be studied! s is the
research space that this PhD project plans to cover

PROPOSAL

The thesis statement of this PhD proposal is thiewng:
It is possible to optimize the management of contaér



based workloads deployed on Software-defined Data [1] L. M. Vaquero, L. Rodero-Merino, J. Caceresd a. Lindner, “A break
Centers enabled with heterogeneous network fabrics
through the use of network-aware placement algoritims

that are driven by performance models.

For that purpose, the thesis will address thre@nmapgearch
challenges further described as following:

(1]

Research Challenge 1: Develop novel performance
models for workloads running in containers.
Although containers are getting an increasing
attention by all major Cloud providers, it remaass
an still unexplored space. In particular, this Ehaie
will be split in the following specific objectives:

in the clouds: Towards a cloud definition,” SIGCOMKomput.
Commun. Rev., vol. 39,n0. 1, pp. 50-55, Dec. 2Q08line]. Available:
http://doi.acm.org/10.1145/1496091.1496100

[2] R. Buyya, C. S. Yeo, S. Venugopal, J. Broberd,& Brandic, “Cloud

computing and emerging flTgplatforms: Vision, hy@ad reality for
deliveringcomputing as the 5th utility,” Future Geation Computer
Systems, vol. 25, no. 6, pp. 599 — 616, 2009. [@dpli Available:
http://www.sciencedirect.com/science/article/pil68739X0800197

T. Erl, R. Puttini, and Z. Mahmood, Cloud Contipg: Concepts,

Technology & Architecture, 1st ed. Upper Saddle eRivNJ, USA:
Prentice Hall Press, 2013.

[4] R. P. Goldberg, “Architecture of virtual mack®” in Proceedings of the

Workshop on Virtual Computer Systems. New York, NOGA: ACM,
1973, pp. 74-112. [Online]. Available:
http://doi.acm.org/10.1145/800122.803950

_ Study of novel designs for dep|0y|ng app]ications[5] M. Pearce, S. Zeadally, and R. Hunt, “Virtualibn:lssues, security

based on the container per-process models.

— Build performance models for containers to
analyze scalability, overhead and
associated to their use.

— Perform a detailed comparative study between
deployments based on the use of bare-metal
machines, containers and virtual machines.

— Evaluate and quantify the impact of containers on
different representative workloads.

Research Challenge 2: Develop resource provisioning

threats, and solutions,” ACM Comput. Surv., vol, #6. 2, pp. 17:1-
17:39, Mar. 2013. [Online].
http://doi.acm.org/10.1145/2431211.2431216

Available:

delayd6] R. Dua, A. R. Raja, and D. Kakadia, *Virtualin vs containerization to

support paas,” in Proceedings of the 2014 IEEE rhat®onal
Conference on Cloud Engineering, ser. IC2E '14. Mfegon, DC,
USA: IEEE Computer Society, 2014, pp. 610-614. [}l Available:
http://dx.doi.org/10.1109/IC2E.2014.41

7] J. Lewis and M. Fowler, “Microservices,” 201dgcessed in: 21-January-

2015. [Online]. Available:

http://martinfowler.com/articles/microservices.html

[8] A. Gupta and D. Milojicic, “Evaluation of hpagpalications on cloud,” in

Open Cirrus Summit (OCS), 2011 Sixth, Oct 2011,2#-26. [Online].
Available: http://dl.acm.org/citation.cfm?id=228709

strategies for workloads run in containers. Thego] B. Raghavan, K. Vishwanath, S. Ramabhadrany&cum, and A. C.

strategies will be driven by high-level objectives,
expressed in the form of SLAs. In particular, this

Snoeren, “Cloud control with distributed rate limg,” SIGCOMM
Comput. Commun. Rev., vol. 37, no. 4, pp. 337-3A8g. 2007.
[Online]. Available: http://doi.acm.org/10.1145/22827.1282419

challenge will be split in the following specific [10] R. Sherwood, M. Chan, A. Covington, G. Gibb, Fajslik, N. Handigol,

objectives:

— Design novel SLA-driven provisioning strategies
based on user profiles and data center conditions.

— Build an automated provisioning engine for

vertical and horizontal scaling of container—baseqll]

workloads.
— Propose machine learning mechanisms to support

the provision decision maker based on previousl)ylz]

developed performance models.

Research Challenge 3: Develop network-aware

placement algorithms that leverage the previousl¥13]

developed performance models and provisioning
strategies. The algorithms will take into considera
network properties (feature-wise and performance-
wise) and workload characteristics to optimize the
operation of SDDCs. As this is an NP-hard problem,
heuristics will be used to provide approximate sohs

to the optimization problem. In particular, this

challenge will be split in the following specific

objectives:

— Develop heuristics for addressing the problem of
making network-aware placement decisions on
SDDCs.

— Build an automated network-aware placement
engine, supporting different approaches for
provisioning in container-enabled SDDCs.
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