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1. Introduction

LCCC workshops are organized in a 3-day for-
mat. About 20-25 speakers from academia and
industry are invited for the workshop, selected
for excellence and for an optimal coverage of
the theme. The speakers are also encouraged
to extend their stay beyond the workshop for
further interaction with the local research en-
vironment. For each workshop, the research
theme is chosen strategically to support the
vision of a LCCC, usually with a cross-disciplinary
perspective. An international scientific commit-
tee is responsible for the program.

1.1 WORKSHOP THEME

The Cloud Control Workshop was aimed to
foster research in the multidisciplinary area of
Cloud Control, leveraging expertise in areas
such as distributed systems, control theory,
autonomic computing, systems management,
mathematical statistics, energy management,
performance management, etc, to manage the
cloud. The aim was to gather researchers from
both academia and industry, and thereby pro-
mote new collaborations and ideas.

1.2 SCOPE

The workshop addressed challenges regarding
the management and control of large-scale
cloud infrastructures by bringing together the
computer science community doing cloud ma-
nagement with the control community dealing
with large-scale computing systems.

1.3 ORGANIZATION AND VENUE
The workshop was initiated by Maria Kihl (Dept.
of Electrical and Information Technology, Lund
University), Karl Erik Arzén (Dept. of Automatic
Control, Lund University) and Erik Elmroth (Dept.
of Computer Science, Umea University).

The scientific committee consisted of Maria
Kihl (chair), Karl Erik Arzén, Erik Elmroth, Tarek

Abdelzaher (University of lllinois at Urbana-
Champaign), Jie Liu (Microsoft Research), Bruno
Sinopoli (Carnegie Mellon University), Vladimir
Vlassov (Royal Institute of Technology), and Gio-
vanni Toffetti (IBM Haifa Research Lab).

The local organization and interactions with
workshop speakers and participants was hand-
led by Eva Westin.

The workshop was held at the Bishop's Palace
at Lund University, May 7-9 2014.



GROUP DISCUSSIONS

2. Group discussions

During the workshop, there were four group
discussions on important issues in Cloud
control. A short summary of each discussion
follows.

2.1 OPEN PROBLEMS (FROM AN
INDUSTRY PERSPECTIVE) IN CLOUD
CONTROL
In this discussion, the focus was on research
problems in Cloud control that are particularly
interesting from an industry perspective.
The discussion was mainly focused on ener-
gy, which was believed as an important issue
for industry. However, several of the industry
representatives did not believe that turning
off physical machines is a feasible solution for
energy optimization. Instead, moving jobs to
servers with low loads may be a better solu-
tion. Some types of jobs, for example big data
jobs, can be placed wherever there is spare
capacity. Also, real-time power optimization
introduces one more complexity that may not
be optimal for the system. Further, VMWare
for example, has a solution for power reduc-
tion, but few customers use it. Also, there
has been some work on virtualized batteries,
which would be a way to make energy con-
sumption sellable, that is, customers may buy
a certain amount of power for their jobs.
Further, there was some discussion on
application aware placement and infinite
cloud architectures. For example, in Sweden,
telecom operators are moving base station
intelligence in to the cloud. Another example
is cloud gaming applications. This will require
new architectures with application-aware pla-
cement of components, which is a difficult
challenge to solve.

2.2 CENTRALIZED VS. DECENTRALIZED
CONTROL FOR LARGE-SCALE
COMPUTING

This discussion was focused on issues related
to centralized vs. decentralized control for
large-scale computing. One general conclu-
sion was that there is no single rule to apply
on all of the problems. Also, when you want
to design a system to either be centralized
or decentralized, different aspects and trade-
offs need to be considered such as flexibility
vs. agility and robustness, and scalability vs.
optimality.

Generally speaking, the problems that we
are dealing with in a cloud resource manage-
ment domain are in principal so complex that
centralized solutions will have their limitations
no matter what. Instead, a feasible point of
optimality should be found, and find decen-
tralized solutions that benefits, for example,
scalability and flexibility.

It was also mentioned that at some level of
abstraction every system is naturally decentra-
lized. The suggested solution should be a little
bit of centralization and a lot of decentraliza-
tion. From a design perspective, computation
is better to be as decentralized as possible,
while the data can be stored centrally.

2.3 ENERGY MANAGEMENT FOR DATA
CENTERS

This discussion focused on several issues
related to energy management for data cen-
ters. Much of the discussion was once more
focused on the question of turning off and
on machines. Also, it was discussed how
exhaust energy and heat from data centers
can be stored using batteries and water, re-
spectively. The saved energy can be used to
power surges in demand, and to flatten the
energy usage curve. Additionally, there are



examples of where exhaust energy has been put
to good use, heating adjacent homes, facilities,
and waterbeds. However, taxation can make it
unprofitable to sell exhaust energy.

It was agreed that data centers are not an
efficient mean to generate heat and should not
be considered a part of the energy infrastruc-
ture. Rather, effort should be directed towards
reducing energy consumption through heat
profiling and heat-aware placement. The discu-
ssion of VM placement and migration as a heat
optimization parameter, and how challenging
scaling down is, was reignited. Although it was
agreed that migrating VMs would most likely
require more energy in the proportion to the
heat gained.

From a data center management perspective,
the discussion came to evolve around the fact
that different applications have different energy
profiles that do not necessarily translate into
what they pay for the service, depending on
the type of workload, time of day, and the type
en energy used. Thereafter the discussion was
focused on how energy costs are transferred to
the customer, and how application adminstra-
tors are primarily concerned with overall per-
formance. From where the session ended with
a discussion on various energy saving schemes,
ranging from energy aware hardware in the mo-
bile industry to energy pricing profiles. It was
proposed that energy should be provisioned
and purchased separately by the application
developer, but it was agreed that such a model
would inhibit data-center flexibility and distract
from the cloud paradigm.

2.4 RESOURCE OPTIMIZATION OF BURSTY
WORKLOADS IN CLOUDS

This discussion was focused on topics related to
resource optimization in clouds when there are
bursty workloads with spikes. First of all, it is
not easy to define a bursty workload. Load can
be measured in several ways and requests can
generate very different amount of processing.
Also, bursts come at different time-scales and,

GROUP DISCUSSIONS

therefore, it is not feasible to ask an “oracle”
every millisecond. Interesting bursts are the
ones that cannot be handled by “ordinary”
control. Proactive (predictive) techniques should
be used to detect spikes. Queuing theory could
be used to analyze bursts, however few people
use it and the question is how accurate M/M/Q
models are. One input is that it is better to do
something based on M/M/Q queues than just
use ad-hoc methods.

Also, the topic of centralized vs. decentra-
lized control came back. Centralized control
should be used as much as possible, and then
be complemented with decentralized control.



3. Panel Disscussion on "Challenges for Cloud
control

The workshop ended with a panel discussion on
“Challenges for Cloud control”. The members of
the panel were John Wilkes, Simon Tuffs, David
Breitgand, and Geir Horn. A short summary of
the discussion topics is give here.

Most of the discussion was focused on what
challenges and problems the universities, and
in particular PhD students should work on. A
general conclusion was to always reach out to
industry and solve real problems. One argument
was that universities should work on fundamen-
tal problems that industry does not have time
to solve. Availability is really important. Optimal
solutions are not so important, better to have
suboptimal solutions that are scalable and im-
prove availability.

Another challenge is the lack of real data.
Companies do not share data. One solution for
this is to buy cloud capacity (which is very cheap)
and run experiments directly on the cloud. Ho-
wever, this will not work for all research topics,
for example scheduling. Another solution is to
build your own cloud and bombard it with traf-
fic, real or synthetic.

Part of the discussion was devoted to the no-
tion of “Cloud”. One argument was that the
term “Cloud” will disappear in a few years,
instead everything will be called “Big Data” or
something else. However, the fundamental chal-
lenges will remain so the future is bright.



Appendix A

PROGRAM

Wednesday, 7 May
09:30 Registration and coffee
10:00 Opening — Maria Kihl

10:15 Deploying complex applications to Google Cloud using Google Deployment Manager
Olia Kerzhner, Google
Cloud Control Systems - Real Time Analytics
Simon Tuffs, consultant
Energy and Resource Management Challenges in Data Centers
Tarek Abdelzaher, University of lllinois at Urbana Champaign

12:00 Lunch

13:00 Group Discussions
13:30 Group Presentation

14:00 Elasticity Manager for Elastic Key-Value Stores in the Cloud
Vladimir Vlassov, Royal Institute of Technology
Principles and Methods for Elastic Computing
Schahram Dustdar, Vienna University of Technology

15:00 Coffee

15:30 Exploring Autonomics for Clouds
Manish Parashar, Rutgers University
Thinking parallel: Multi-cores, virtual elasticity, and the application programmer
Geir Horn, University of Oslo, Norway
Simplified Cloud Control Using Dimension Reduction
Jianguo Yao, Shanghai Jiao Tong University
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Thursday, 8 May

09:00

10:00

10:30

12:00

13:00
13:30

14:00

15:00

15:30

17:30
18:30

Real-time Performance Control of Elastic Virtualized Network Functions
Tommaso Cucinotta, Bell Labs, Alcatel-Lucent, Ireland

An Adaptive Utilisation Accelerator for Virtualized Environments
Giovanni Toffetti, IBM Haifa Research Lab

Coffee

Dynamic Power Management in Data Centers: Theory & Practice

Mor Harchol-Balter, Computer Science Department, Carnegie Mellon University
Reducing Power Delivery Costs for Cloud Data Centers

Bhuvan Urgaonkar, Penn State University

Brownout: Building More Robust Cloud Applications

Cristian Klein, Umea University

Lunch

Group Discussions
Group Presentations

RT-Xen: Real-Time Virtualization for the Cloud

Chenyang Lu, Washington University in St. Louis

Service Level Agreement for Cloud Computing: Towards a Control-Theoretic Approach
Sara Bouchenak, University of Grenoble

Coffee

Performance-Energy Trade-off in Multi-Server Queueing Systems with Setup Delay
Samuli Aalto, Aalto University

Buses leave from Bangatan (green arrow on map)
Workshop Dinner at Turning Torso, Malmo
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Friday, 9 May

09:00

10:00

10:30

Control

12:00

13:00

14:30

15:00
15:30

LCCC activities in Cloud Control
Maria Kihl, Lund University
Capacity Management in laaS Cloud
David Breitgand, IBM Research Haifa

Coffee

Deadline scheduling for big-data jobs and fault-tolerance of datacenter applications
Peter Bodik, Microsoft Research

Control issues in warehouse-scale datacenters

John Wilkes, Google

Application Performance Management in the Cloud using Learning, Optimization, and

Xiaoyun Zhu, VMware Inc.
Lunch

Modern Infrastructure: The Convergence of Network, Compute, and Data

Jason Hoffman, Ericsson

Event-based control: a way to reduce reconfiguration in autonomic computing
Nicholas Marchand, GIPSA lab, France

Guided tour through a cloud datacenter - The Umea University approach to cloud
resource management

Erik ElImroth, Umea University

Coffee

Panel Discussion: Challenges in Cloud Control
Final Remarks and End of Workshop
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PARTICIPANTS

Appendix C

PRESENTATIONS

DEPLOYING COMPLEX APPLICATIONS TO GOOGLE CLOUD
USING GOOGLE DEPLOYMENT MANAGER
Olia Kerzhner, Google

Deploying dynamic distributed applications in the cloud is hard.
Google Deployment Manager is the new Google Cloud service
that provides a simple templating mechanism that allows you to
declaratively describe your solution, and then deploy it with a
single command. Deployment Manager then provisions, scales,
and monitors your solution. In this talk | will introduce Google
Deployment Manager and demonstrate how it can be used to
easily and repeatably declare and deploy dynamic systems in
Google Cloud
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CLOUD CONTROL SYSTEMS - REAL TIME ANALYTICS
Simon Tuffs, consultant

Event Driven, Service-Oriented Cloud Systems can be viewed
as systems of multi-variable time-series data. This makes them
amenable to analysis using discrete-time signal-processing and
feedback control systems analytic techniques. Some illustrative
examples from a real-world Cloud System are presented: Anomaly
detection and classification using statistical tests, correlation, and
causal inference based on service dependencies; Qualification of
new code deployments into production, automated failure detec-
tion and recovery; and Auto-scaling challenges and remedies,
with use of feed-forward predictors to survive outages, A general
architecture for Cloud Systems Analytics is presented, together
with a view of the interesting challenges ahead.
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ELASTICITY MANAGER FOR ELASTIC KEY-VALUE STORES
IN THE CLOUD
Vladimir Vlassov, Royal Institute of Technology

The increasing spread of elastic Cloud services, together with
the pay-as-you-go pricing model of Cloud computing, has led to
the need of an elasticity controller. The controller automatically
resizes an elastic service in response to changes in workload, in
order to meet Service Level Objectives (SLOs) at a reduced cost.
However, variable performance of Cloud Virtual Machines and
nonlinearities in Cloud services, such as the diminishing reward
of adding a service instance with increasing the scale, complicates
the controller design. First, we briefly discuss challenges and some
approaches to automation of elasticity of a cloud-based storage,
and, then, present the design and evaluation of ElastMan, an elas-
ticity controller for Cloud-based elastic key-value stores. ElastMan
combines feedforward and feedback control. Feedforward control
is used to respond to spikes in the workload by quickly resizing
the service to meet SLOs at a minimal cost. Feedback control is
used to correct modeling errors and to handle diurnal workload.
To address nonlinearities, our design of ElastMan leverages the
near-linear scalability of elastic Cloud services in order to build a
scale-independent model of the service. We have implemented
and evaluated ElastMan using the Voldemort key-value store
running in an OpenStack Cloud environment.

Our evaluation shows the feasibility and effectiveness of our
approach to automation of Cloud service elasticity.
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PRINCIPLES AND METHODS FOR ELASTIC COMPUTING
Schahram Dustdar, Vienna University of Technology

Elasticity is seen as one of the main characteristics of Cloud
Computing today. Is elasticity simply scalability on steroids? In
this talk I will discuss the main principles of elasticity, present a
fresh look at this problem, and examine how to integrate people,
software services, and things into one composite system, which
can be modeled, programmed, and deployed on a large scale in
an elastic way.
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EXPLORING AUTONOMICS FOR CLOUDS
Manish Parashar, Rutgers University

A grand challenge for verification of control systems could be
stated as follows: Given requirement Cloud computing has
emerged as a dominant paradigm that is being widely adopted
by enterprises. Clouds and Cloud federations are also rapidly
joining high-performance computing system, clusters and Grids
as viable platforms for scientific exploration and discovery. Clouds
offer on-demand access to computing utilities, an abstraction of
unlimited computing resources, customizable environments, and
a pay-as-you-go business model. They also provide a potential
for dynamic scale-up, scale-down and scale-out, and support IT
outsourcing and automation. As a result, it is possible to create
hybrid federated cloud infrastructures integrating private clouds,
local data centers, and public clouds. However, developing and
managing cloud applications/services to appropriately use the ca-
pacities and capabilities offered by these cloud federations can be
challenging — for example, applications/services need to be man-
aged according to pricing policy, quality of service requirements,
budgets, etc. In this talk, | will explore autonomic application
execution and management in federated Cloud infrastructures.
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THINKING PARALLEL: MULTI-CORES, VIRTUAL
ELASTICITY, AND THE APPLICATION PROGRAMMER
Geir Horn, University of Oslo, Norway

CPUs can offer a large number of cores and dedicated accelera-
tors. Large data centres offers large number of virtual machines
in the Cloud. At the exception of some highly optimised eScience
applications, these resources are used to support high throughput
computing of data parallel applications. Mixing true parallelism
with the cloud is inherently complicated, and the application
programmer cannot think parallel. This talk will discuss the issue
and present some possible ways forward, hopefully stimulating
an interesting discussion on future research directions.
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SIMPLIFIED CLOUD CONTROL USING DIMENSION
REDUCTION
Jianguo Yao, Shanghai Jiao Tong University

Automated management of complex information technology ap-
plications such as cloud systems requires dynamic configuration of
both application-level and system-level parameters. The existence
of large number of tunable parameters makes it difficult to design
a feedback controller that adjusts these parameters effectively
in order to achieve the application-level performance targets. In
this talk, we will summarize our recent work which introduces a
new approach for simplified control architecture of large-scale
complex systems based on dimension reduction techniques. It
combines the online selection of critical control knobs through
LASSO -- a powerful L1 -constrained fitting method, and Com-
pressive Sensing (CS)-- a L1-optimization method, and the design
of adaptive control of the identified knobs. We use evaluation
results to demonstrate the effectiveness of this new approach.
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REAL-TIME PERFORMANCE CONTROL OF ELASTIC
VIRTUALIZED NETWORK FUNCTIONS
Tommaso Cucinotta, Bell Labs, Alcatel-Lucent, Ireland

Controlling end-to-end service quality, and particularly real-time
performance and reliability, of time-sensitive applications in cloud
environments is overly challenging. The problem is even harder
when trying to switch from the earlier world of network func-
tions shipped as physical boxes, to the emerging paradigm of
virtualized cloud-ready elastic network functions, where still the
"5 9s" and tight sub-second real-time performance requirements
as coming from precise SLAs have to be met. This talk provides
an overview of past and ongoing research carried out at Bell Labs
on these challenging issues.
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AN ADAPTIVE UTILISATION ACCELERATOR FOR
VIRTUALIZED ENVIRONMENTS
Giovanni Toffetti, IBM Haifa Research Lab

One of the key enablers of a cloud provider competitiveness is
ability to over-commit shared infrastructure at ratios that are
higher than those of other competitors, without compromising
non-functional requirements, such as performance. A widely rec-
ognized impediment to achieving this goal is so called "Virtual
Machines sprawl”, a phenomenon referring to the situation when
customers order Virtual Machines (VM) on the cloud, use them
extensively and then leave them inactive for prolonged periods
of time. Since a typical cloud provisioning system treats new VM
provision requests according to the nominal virtual hardware
specification, an often occurring situation is that the nominal re-
sources of a cloud/pool become exhausted fast while the physical
hosts utilization remains low.

We present IBM adaPtive UtiLiSation AcceleratoR (IBM PUL-
SAR), a cloud resources scheduler that extends OpenStack Nova
Filter Scheduler. IBM PULSAR recognises that effective safely
attainable over-commit ratio varies with time due to workloads’
variability and dynamically adapts the effective over-commit ratio
to these changes.
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DYNAMIC POWER MANAGEMENT IN DATA CENTERS:
THEORY & PRACTICE

Mor Harchol-Balter, Computer Science Department,
Carnegie Mellon University

Energy costs for data centers continue to rise, already exceeding
ten billion dollars yearly. Sadly much of this power is wasted.
Servers are only busy 10-30% of the time, but they are often
left on, while idle, utilizing 60% of more of peak power while in
the idle state. The obvious solution is dynamic power manage-
ment: turning servers off, or re-purposing them, when idle. The
drawback is a prohibitive “setup cost” to get servers back on.
The purpose of this talk is to understand the effect of the “setup
cost” and whether dynamic power management makes sense.

We first turn to theory and study the effect of setup cost in an
M/M/k queue. We present the first analysis of the M/M/k/setup
queueing system. We do this by introducing a new technique
for analyzing infinite, repeating, Markov chains, which we call
Recursive Renewal Reward (RRR).

We then turn to implementation, where we implement and
evaluate dynamic power management in a multi-tier data center
with key-value store workload, reminiscent of Facebook or Am-
azon. We propose a new dynamic algorithm, AutoScale, which
is ideally suited to the case of unpredictable, time-varying load,
and we show that AutoScale dramatically reduces power in data
centers.

Joint work with: Anshul Gandhi, Alan Scheller-Wolf, and Mike
Kozuch
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REDUCING POWER DELIVERY COSTS FOR CLOUD DATA
CENTERS
Bhuvan Urgaonkar, Penn State University

Power-related costs are significant and growing components of
overall data center expenditure (both capital and operational).
In this talk, | will provide a brief overview of the sources and
complexities of these costs, and of our work on using batteries
and several IT knobs for reducing these costs. | will then provide
a more detailed description of our use of stochastic control tech-
niques for optimizing the data center’s monthly electric utility bill.
Finally, I will discuss complementary related work, open problems,
and future directions.
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BROWNOUT: BUILDING MORE ROBUST CLOUD
APPLICATIONS
Cristian Klein, Umea University

Resource allocation in clouds is mostly done assuming hard re-
quirements, applications either receive the requested resources
or fail. Given the dynamic nature of workloads and the risk of
cascading failures, guaranteeing on-demand allocations requires
large spare capacity. Hence, one cannot have a system that is both
reliable and efficient.

To solve this issue, we introduce brownout, a new paradigm
to improve the robustness of replicated cloud applications.
Brownout applications contain some optional code that can be
dynamically deactivated as needed. Although this idea is simple
and fairly non-intrusive to application code, properly supporting
it required changes in several components. First, at the replica
level, we synthesize a replica controller to decide when to execute
the optional code and when to skip it. Second, we propose a
resource manager to decide allocations among multiple brown-
out applications in a fair manner. Third, we propose two novel
load-balancing algorithms, specifically designed for brownout
replicas, to maximize the amount of optional content served. We
theoretically prove properties of the overall system using control
and game theory.

To show the practical applicability, we implemented brownout
versions of RUBIS and RUBBoS with less than 170 lines of code.
The load-balancing algorithms were implemented on top of
lighttpd with less than 180 lines of code. Experiments show that
brownout may enable considerable improvements in withstanding
flash-crowds or hardware failures. Brownout opens up more flexi-
bility in cloud resource management, which is why we encourage
further research by publishing all source code.
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RT-XEN: REAL-TIME VIRTUALIZATION FOR THE CLOUD
Chenyang Lu, Washington University in St. Louis

Recent years have witnessed increasing demand of running re-
al-time applications in the cloud. However, existing virtualization
platforms cannot provide real-time performance guarantees to
virtual machines. This talk will introduce RT-Xen, a real-time vir-
tual machine scheduling framework in the Xen hypervisor. Built
based on compositional real-time scheduling theory, RT-Xen
realizes a suite of real-time schedulers spanning the design space
including global and partitioned multi-core scheduling, fixed and
dynamic priority, and different budget management schemes.
Our experimental study shows RT-Xen schedulers deliver signif-
icant improvement in real-time performance over Xen's existing
credit scheduler and explores the tradeoff in real-time scheduler
design in virtualized platforms. RT-Xen has been released as open-
source software at https://sites.google.com/site/realtimexen/.
Work is underway to incorporate RT-Xen in the Xen distribution
and to integrate RT-Xen with the OpenStack cloud management
system. RT-Xen represents a promising step toward real-time
cloud computing for latency-sensitive applications.
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SERVICE LEVEL AGREEMENT FOR CLOUD COMPUTING:
TOWARDS A CONTROL-THEORETIC APPROACH
Sara Bouchenak, University of Grenoble

Cloud Computing is a paradigm for enabling remote, on-demand
access to a set of configurable computing resources. This model
aims to provide hardware and software services to customers,
while minimizing human efforts in terms of service installation,
configuration and maintenance, for both cloud provider and cloud
customer. A cloud may have the form of an Infrastructure as a
Service (laaS), a Platform as a Service (PaaS) or a Software as a
Service (SaaS). However, cloud’s ad-hoc management in terms
of quality-of-service and service level agreement (SLA) poses
significant challenges to the performance, availability, energy
consumption and economical costs of the cloud. We believe that a
differentiating element between Cloud Computing environments
will be the quality-of-service and the service level agreement (SLA)
provided by the cloud. In this talk, we will discuss the defini-
tion and implementation of a novel cloud model: SLAaaS (SLA
aware Service). The SLAaaS model enriches the general paradigm
of Cloud Computing, and enables systematic and transparent
integration of service levels and SLA to the cloud. SLAaaS is or-
thogonal to laaS, PaaS and SaaS clouds and may apply to any
of them. Both the cloud provider and cloud customer points of
view are taken into account. From cloud provider’s point of view,
we present autonomic SLA management to handle performance,
availability, energy and cost issues in the cloud. An innovative
approach combines control theory techniques with distributed
algorithms and language support in order to build autonomic
elastic clouds. Novel models, control laws, distributed algorithms
and languages will be proposed for automated provisioning,
configuration and deployment of cloud services to meet SLA re-
quirements, while tackling scalability and dynamics issues. On the
other hand from cloud customer’s point of view, we discuss SLA
governance. It allows cloud customers to be part of the loop and
to ba automatically notified about the state of the cloud, such as
SLA violation and cloud energy consumption. The former provides
more transparecy about SLA guaranties, and the latter aims to
raise customers’ awareness about cloud’s energy footprint.

PARTICIPANTS

131



PARTICIPANTS

132

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J11puaIds ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8So|
: suonesidde jo aSues apim

**"1JOSOUDIIAl ©O0YBA 4311IML ‘UIpaYUI] Yj0o0gade ‘Aega ‘Uozewy

: saluedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

Jse} ‘uonesijdas pue Sujuoniued ejep :sainieay dnewoINy
s493ndwod Aypowwod Jo s191sn|d uo uissadoud ejep
painquisip ajeds adie| <- wipeled seed e se $00z Ul (9]8009)
1eMewayn 'S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2Inpayde|\

uopanponu|

M ‘¥T02,0001

HOM
24nin4 pue suoisnpuo) ‘y

sa|dwexa |0Jjuo) —
94N12911YdJe |0J3U0D —
|apow unQ —
|onuo)y ‘g
SAUN —
$J01eN1IY / SI0SUdS —
dn1as |euawadxy ‘g
e 3y} Jo aeys —
2onpaydely eieq Sig —
uonpnposu| ‘T

uolejuasald ayj Jo 24n1oNJls YL

enoro 1 sweys usn

e onpadous

¢} 559204d M OP MOH ¢} 3103S 9M Op MOH

mucwE_\_wnxmmc_‘Svm\mn_._HOHQDUI._MZM_M_UI
2 & (say14 uol|iw 00T
‘Gd00T < sey 1s98.e|) S191SNP 00T < »
Aep/s1UsWWOd pue saxl| (0T X Z'E «
Altep u1 80| %06 ‘s13sn 3A1ROR OT X TT'T »
jooqgadeq —
Ajlep paiesauas elep Jo syunowe 1Sep
1wajqoid

“¥T020001

(g

=

)
()

/\f\ qel-esdib

2oueld ‘AJISIaAIUN BqOURID - DI - YSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eJes ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Si1g Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



133

PARTICIPANTS

WS ‘punt ‘pT0Z,0001

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J1lpuads ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8o|
: suonedjdde jo a8ues apim

***1JOSOUDI|A ‘O0YEA US11IM] ‘UIpaUIT Y00Qgade4 ‘Aega ‘uozewy

: saiuedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

yse} ‘uonesijdas pue Sujuonied elep :sainieay dnewoINy
sJ91ndwod Ay powwod o s193sn|d uo Suissadoud elep
painquisip ajeds adie| <- wipeled seed e se yo0z Ul (9]8009)
1eMewayn ‘S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2anpayde|n

uonNpony|

z uapam

punt ‘10z,

HHOM

ainin4 pue suoisnpuo) ‘t

sajdwexa [0Jju0) —
24N1093YdJe [0J3U0) —
|]apow unQ —

jonuo) g

SQYN —
$101eN1IY / SI0SUBS —

dn1as |euawadxy g

HEe 9y} o 3jels —
2onpaydely eieq Sig —
uoiPNpPoU|

uolejuasald ayj Jo a4n1onJis ayL

-

enorol sweus usa

w3

= SID0T0NHIAL =

o 1

¢} 559204d M OP MOH ¢ 3101S 9M Op MOH

syuawiIadxa Sulnp s/gd T 03 dn :JH1S,NYID —
(s3|y u 007
‘Gd00T < sey 1s98.e|) S191SNP 00T <«
Aep/s1USWWIOD pue s3I T X Z'E «
Altep u1 80] %05 ‘549N 9ANOR OT X TT'T «

uonanpony|

S ‘punt $10z,2001

S MQ ‘ Qm_.mmn_mM

3duel4 ‘ANISI9AIUN 3|GOURID - OIT - VSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eles ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Sig Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



PARTICIPANTS

134

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J11puaIds ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8So|
: suonesidde jo aSues apim

**"1JOSOUDIIAl ©O0YBA 4311IML ‘UIpaYUI] Yj0o0gade ‘Aega ‘Uozewy

: saluedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

Jse} ‘uonesijdas pue Sujuoniued ejep :sainieay dnewoINy
s493ndwod Aypowwod Jo s191sn|d uo uissadoud ejep
painquisip ajeds adie| <- wipeled seed e se $00z Ul (9]8009)
1eMewayn 'S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2Inpayde|\

uopanponu|

M ‘¥T02,0001

HOM
24nin4 pue suoisnpuo) ‘y

sa|dwexa |0Jjuo) —
94N12911YdJe |0J3U0D —
|apow unQ —
|onuo)y ‘g
SAUN —
$J01eN1IY / SI0SUdS —
dn1as |euawadxy ‘g
e 3y} Jo aeys —
2onpaydely eieq Sig —
uonpnposu| ‘T

uolejuasald ayj Jo 24n1oNJls YL

enoro 1 sweys usn

e onpadous

¢} 559204d M OP MOH ¢} 3103S 9M Op MOH

mucwE_\_wnxmmc_‘Svm\mn_._HOHQDUI._MZM_M_UI
2 & (say14 uol|iw 00T
‘Gd00T < sey 1s98.e|) S191SNP 00T < »
Aep/s1UsWWOd pue saxl| (0T X Z'E «
Altep u1 80| %06 ‘s13sn 3A1ROR OT X TT'T »
jooqgadeq —
Ajlep paiesauas elep Jo syunowe 1Sep
1wajqoid

“¥T020001

(g

=

)
()

/\f\ qel-esdib

2oueld ‘AJISIaAIUN BqOURID - DI - YSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eJes ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Si1g Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



135

PARTICIPANTS

WS ‘punt ‘pT0Z,0001

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J1lpuads ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8o|
: suonedjdde jo a8ues apim

***1JOSOUDI|A ‘O0YEA US11IM] ‘UIpaUIT Y00Qgade4 ‘Aega ‘uozewy

: saiuedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

yse} ‘uonesijdas pue Sujuonied elep :sainieay dnewoINy
sJ91ndwod Ay powwod o s193sn|d uo Suissadoud elep
painquisip ajeds adie| <- wipeled seed e se yo0z Ul (9]8009)
1eMewayn ‘S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2anpayde|n

uonNpony|

z uapam

punt ‘10z,

HHOM

ainin4 pue suoisnpuo) ‘t

sajdwexa [0Jju0) —
24N1093YdJe [0J3U0) —
|]apow unQ —

jonuo) g

SQYN —
$101eN1IY / SI0SUBS —

dn1as |euawadxy g

HEe 9y} o 3jels —
2onpaydely eieq Sig —
uoiPNpPoU|

uolejuasald ayj Jo a4n1onJis ayL

-

enorol sweus usa

w3

= SID0T0NHIAL =

o 1

¢} 559204d M OP MOH ¢ 3101S 9M Op MOH

syuawiIadxa Sulnp s/gd T 03 dn :JH1S,NYID —
(s3|y u 007
‘Gd00T < sey 1s98.e|) S191SNP 00T <«
Aep/s1USWWIOD pue s3I T X Z'E «
Altep u1 80] %05 ‘549N 9ANOR OT X TT'T «

uonanpony|

S ‘punt $10z,2001

S MQ ‘ Qm_.mmn_mM

3duel4 ‘ANISI9AIUN 3|GOURID - OIT - VSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eles ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Sig Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



PARTICIPANTS

136

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J11puaIds ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8So|
: suonesidde jo aSues apim

**"1JOSOUDIIAl ©O0YBA 4311IML ‘UIpaYUI] Yj0o0gade ‘Aega ‘Uozewy

: saluedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

Jse} ‘uonesijdas pue Sujuoniued ejep :sainieay dnewoINy
s493ndwod Aypowwod Jo s191sn|d uo uissadoud ejep
painquisip ajeds adie| <- wipeled seed e se $00z Ul (9]8009)
1eMewayn 'S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2Inpayde|\

uopanponu|

M ‘¥T02,0001

HOM
24nin4 pue suoisnpuo) ‘y

sa|dwexa |0Jjuo) —
94N12911YdJe |0J3U0D —
|apow unQ —
|onuo)y ‘g
SAUN —
$J01eN1IY / SI0SUdS —
dn1as |euawadxy ‘g
e 3y} Jo aeys —
2onpaydely eieq Sig —
uonpnposu| ‘T

uolejuasald ayj Jo 24n1oNJls YL

enoro 1 sweys usn

e onpadous

¢} 559204d M OP MOH ¢} 3103S 9M Op MOH

mucwE_\_wnxmmc_‘Svm\mn_._HOHQDUI._MZM_M_UI
2 & (say14 uol|iw 00T
‘Gd00T < sey 1s98.e|) S191SNP 00T < »
Aep/s1UsWWOd pue saxl| (0T X Z'E «
Altep u1 80| %06 ‘s13sn 3A1ROR OT X TT'T »
jooqgadeq —
Ajlep paiesauas elep Jo syunowe 1Sep
1wajqoid

“¥T020001

(g

=

)
()

/\f\ qel-esdib

2oueld ‘AJISIaAIUN BqOURID - DI - YSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eJes ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Si1g Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



137

PARTICIPANTS

WS ‘punt ‘pT0Z,0001

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J1lpuads ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8o|
: suonedjdde jo a8ues apim

***1JOSOUDI|A ‘O0YEA US11IM] ‘UIpaUIT Y00Qgade4 ‘Aega ‘uozewy

: saiuedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

yse} ‘uonesijdas pue Sujuonied elep :sainieay dnewoINy
sJ91ndwod Ay powwod o s193sn|d uo Suissadoud elep
painquisip ajeds adie| <- wipeled seed e se yo0z Ul (9]8009)
1eMewayn ‘S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2anpayde|n

uonNpony|

z uapam

punt ‘10z,

HHOM

ainin4 pue suoisnpuo) ‘t

sajdwexa [0Jju0) —
24N1093YdJe [0J3U0) —
|]apow unQ —

jonuo) g

SQYN —
$101eN1IY / SI0SUBS —

dn1as |euawadxy g

HEe 9y} o 3jels —
2onpaydely eieq Sig —
uoiPNpPoU|

uolejuasald ayj Jo a4n1onJis ayL

-

enorol sweus usa

w3

= SID0T0NHIAL =

o 1

¢} 559204d M OP MOH ¢ 3101S 9M Op MOH

syuawiIadxa Sulnp s/gd T 03 dn :JH1S,NYID —
(s3|y u 007
‘Gd00T < sey 1s98.e|) S191SNP 00T <«
Aep/s1USWWIOD pue s3I T X Z'E «
Altep u1 80] %05 ‘549N 9ANOR OT X TT'T «

uonanpony|

S ‘punt $10z,2001

S MQ ‘ Qm_.mmn_mM

3duel4 ‘ANISI9AIUN 3|GOURID - OIT - VSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eles ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Sig Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



PARTICIPANTS

138

Eaora - sweys wow

~+‘92ua8I||93ul ssauisng ‘Suizndwod
J1luads ‘sauidus yosesas gam ‘Suiuiw eyep ‘sisAjeue  So|
: suonedijdde jo aSues apim

**1JOSOUDI|A ‘O0YBA UB3HM] ‘UIPBXUIT 000k ‘Aega ‘Uozewy £31553001d 3M OP MOH ¢11 2103 3M Op MOH

: saluedwiod 3523819 ay3 Aq pasn syuawiIadxa Sulnp s/gd T 03 dn :JH1S,NYID —
95UBI3|03 3NEy ‘SuUlNPaYdS (sally uoIIw 00T
¥ser ‘uonedydas pue Sujuonined elep :sainjesy dneWOINY 84001 < sey 35331e|) S115Nn> 00T <«

Aep/s1uswiiod pue saYi| 0T X T'E «
sJ91ndwod Ay powwiod Jo s193sn|d uo 3uissadoud elep Altep ul 80| %06 ‘s135N 3AIR OT X TT'T »

painquisip ajeds adie| <- wipeled seed e se y00g Ul (9]8009) j00q9%e4 —
lemewayp ‘s pue ueaq ' Ag pasnpoJjul [9pow SujwwesSold Ajiep pajesauas ejep JO sjunowe 3sep
S wiajgoid

2anpayde|n

uopanpoRY uomanpou

HOM

24nng pue suoisnppuo) 0000000000 9 11 =
so|dwexs |0Jju0) — QS- \4 wq ‘ .m
24Nn302)YdJE |0J3U0) — /\/\ qel-esdib Eﬂa‘
|]apow unQ —
|oauo) ‘g
SAYN — 9ouel4 ‘AlsIdAIUN B|GOUID - DT - VSdID
$101eNJIY / SI0SUIS —
dnias |eyuswiiadx3 ‘g nqoy uep8og ‘pueydieip sejodIN
Heay3 jo aies — “euayonog eles ‘ouelsas uelued ‘Lawalag Ajleyin

2onpayde|y eieq 8ig —
uoipnposu] T

swalsAg ejeq Sig Jo ad3uew.oyidd
uollejuasald ay3 4O 34n3dNIIS Y|

1o} yoeouddy josquo) v



139

PARTICIPANTS

WS ‘punt ‘pT0Z,0001

~*‘92ua8I||93ul ssauisng ‘Suizndwod

J1lpuads ‘sauius yosess gam ‘Suluiw eyep ‘sisAjeue 8o|
: suonedjdde jo a8ues apim

***1JOSOUDI|A ‘O0YEA US11IM] ‘UIpaUIT Y00Qgade4 ‘Aega ‘uozewy

: saiuedwod 1s9881q ay1 Aq pasn

92UeJ3|01 3nky ‘Sulnpayds

yse} ‘uonesijdas pue Sujuonied elep :sainieay dnewoINy
sJ91ndwod Ay powwod o s193sn|d uo Suissadoud elep
painquisip ajeds adie| <- wipeled seed e se yo0z Ul (9]8009)
1eMewayn ‘S pue ueaq ‘[ Aq paonposiul |apow SuiwwesSoid

2anpayde|n

uonNpony|

z uapam

punt ‘10z,

HHOM

ainin4 pue suoisnpuo) ‘t

sajdwexa [0Jju0) —
24N1093YdJe [0J3U0) —
|]apow unQ —

jonuo) g

SQYN —
$101eN1IY / SI0SUBS —

dn1as |euawadxy g

HEe 9y} o 3jels —
2onpaydely eieq Sig —
uoiPNpPoU|

uolejuasald ayj Jo a4n1onJis ayL

-

enorol sweus usa

w3

= SID0T0NHIAL =

o 1

¢} 559204d M OP MOH ¢ 3101S 9M Op MOH

syuawiIadxa Sulnp s/gd T 03 dn :JH1S,NYID —
(s3|y u 007
‘Gd00T < sey 1s98.e|) S191SNP 00T <«
Aep/s1USWWIOD pue s3I T X Z'E «
Altep u1 80] %05 ‘549N 9ANOR OT X TT'T «

uonanpony|

S ‘punt $10z,2001

S MQ ‘ Qm_.mmn_mM

3duel4 ‘ANISI9AIUN 3|GOURID - OIT - VSdID

nqoy uep3og ‘pueydieln sejodIN
“leuayonog eles ‘ouelsas uelued ‘Lawdaiag Ajleyiin

swalsAs eyeq Sig Jo dduew.oyidd
10} yoeouddy jo13u0) V¥



140

PARTICIPANTS

PERFORMANCE-ENERGY TRADE-OFF IN MULTI-SERVER
QUEUEING SYSTEMS WITH SETUP DELAY
Samuli Aalto, Aalto University

In this talk we review some recent results related to the per-
formance-energy trade-off in multi-server queueing systems,
where the servers have multiple energy states. In addition to the
normal BUSY and IDLE states, a server can be switched OFF to
save energy. However, switching the server again on results in a
SETUP delay which consumes additional energy and deteriorates
performance. For a single server system, we consider optimal
strategies to switch the server off and on. Multi-server systems
may have a central queue, or they may consist of parallel servers
with their own queues. Switching servers off and on in a reason-
able way is the main objective. In a system with parallel servers,
one should also consider the dispatching (a.k.a. task assignment)
problem: an arriving job is to be routed to one of the parallel
servers. Here we present a size- and energy-aware MDP approach
to solve the problem.
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LCCC ACTIVITIES IN CLOUD CONTROL
Maria Kihl, Lund University

Cloud Control is a large framework project with researchers from
both LCCC and the Cloud research group at Umea University.
The main objective with the project is to solve a range of cloud
management probelms with a control theoretic approach. In this
presentation,

| will give an overview of some of the current work in Cloud
Control within LCCC.
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CAPACITY MANAGEMENT IN IAAS CLOUD
David Breitgand, IBM Research Haifa

One of the promises of elastic cloud computing is relieving its
customers from capacity planning by adding just the right amount
of resources just in time when elastic applications need them.
While realizing this vision might indeed exempt the customer from
the complex and effort consuming capacity management task,
the cloud provider still needs to execute on capacity planning
to strike the right balance between SLA commitments and cost
efficiency. The cost efficiency is intimately related to statistical
multiplexing of workloads in the cloud, allowing over-commit-
ting cloud resources. Naturally, over-committing implies risk of
resource congestion.

Therefore, there is a tradeoff between improving resource
utilization by increasing an over-commit ratio and exposing the
infrastructure provider and customers to the risk of resource con-
gestion. In this talk | am going to explore a number of approaches
to managing this trade-off.
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DEADLINE SCHEDULING FOR BIG-DATA JOBS AND FAULT-
TOLERANCE OF DATACENTER APPLICATIONS
Peter Bodik, Microsoft Research

I will describe two projects in the space of resource allocation
in large-scale datacenters: Jockey -- scheduling big-data jobs to
meet latency deadlines and application placement in datacenters
to survive large-scale hardware failures.

Many big-data jobs, running in Hadoop MapReduce or Micro-
soft's Cosmos, require completion by a certain deadline. Missing a
deadline might lead to reduced productivity of data analysts, stale
content presented by a search engine, or even a financial penalty.
However, today's cluster schedulers do not support specifying a
deadline for a job and provide no guarantees on job completion.
I will describe Jockey, a framework for providing deadline guar-
antees for big-data jobs. Offline, Jockey uses past executions of
a job to build a model of the job and then, during job execution,
uses the model in a control loop to adjust job resources to meet
the specified deadline.

In the second half of the talk, I will talk about improving fault
tolerance of applications deployed in datacenters. Datacenter
networks have been designed to tolerate failures of network
equipment and provide sufficient bandwidth. In practice, how-
ever, failures and maintenance of networking and power equip-
ment often make tens to thousands of servers unavailable, and
network congestion can increase service latency. Unfortunately,
there exists an inherent tradeoff between achieving high fault
tolerance for applications deployed in a datacenter and reduc-
ing bandwidth usage in network core. Spreading servers across
fault domains improves fault tolerance, but requires additional
bandwidth, while deploying servers together reduces bandwidth
usage, but also decreases fault tolerance. We present a detailed
analysis of a large-scale Web application and its communication
patterns. Based on that, we propose and evaluate a novel opti-
mization framework that achieves both high fault tolerance and
significantly reduces bandwidth usage in the network core by
exploiting the skewness in the observed communication patterns.
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CONTROL ISSUES IN WAREHOUSE-SCALE DATACENTERS
John Wilkes, Google

Google’s compute and storage clusters are managed by a raft of
different software systems that attempt to achieve multiple, par-
tially conflicting, goals simultaneously. | will present an overview
of some of these systems, and highlight some of the challenges
that we're facing along the way, on the grounds that many chal-
lenges also represent good research opportunities.
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APPLICATION PERFORMANCE MANAGEMENT IN THE
CLOUD USING LEARNING, OPTIMIZATION, AND CONTROL
Xiaoyun Zhu, VMware Inc.

Many businesses and organizations are increasingly relying on
cloud based infrastructures and platforms to deliver their busi-
ness-critical applications. In the meantime, a recent study shows
that 79% of companies are concerned about the hidden costs of
cloud services for their applications, citing “poor end-user experi-
ence due to performance bottlenecks” as their top management
concern in relationship to cloud services.Existing practices in
application performance management rely heavily on white-box
modeling or heuristics-based, manual diagnostic approaches to
find potential bottlenecks and remediation steps. However, the
scalability and adaptivity of such approaches remain severely
constrained, especially in a highly-dynamic, consolidated cloud
environment. These challenges present unique opportunities in
applying statistical learning, control, and optimization based tech-
niques to developing model-based, automated application perfor-
mance management frameworks. There has been a large body of
research in this area in the last several years, but many problems
remain. In this talk, I'll highlight some of the performance and
resource management techniques we have developed within VM-
ware, along with related technical challenges, and discuss open
research problems, in hope to attract more innovative ideas and
solutions from a larger community of researchers and developers.
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MODERN INFRASTRUCTURE: THE CONVERGENCE OF
NETWORK, COMPUTE, AND DATA
Jason Hoffman, Ericsson

The three pillars of our industry are network, compute, and data.
All trends come down to the convergence of these. The conver-
gence of network and compute resulted in the "the network is
the computer”; the convergence of network and data spawned
the entire networked storage industry and now we believe we're
in the technology push where we are converging compute and
data. In this talk, we'll cover the philosophical basis, the overall
architecture, and the deep details of a holistic datacenter imple-
mentation.
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EVENT-BASED CONTROL: A WAY TO REDUCE
RECONFIGURATION IN AUTONOMIC COMPUTING
Nicholas Marchand, GIPSA lab, France

My talk will focus on a new control techniques called event-based
control. This approach recently developed differs from classical
control in the sense that the control value is updated only when
needed. Reducing the number of control update often means for
systems in the computer science domain a reduction of system re-
configuration. The talk will focus on the practical use of this new
technique to control the service time of an Hadoop MapReduce
cluster. A comparison between classical control and event-based
control will be given.
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GUIDED TOUR THROUGH A CLOUD DATACENTER - THE
UMEA UNIVERSITY APPROACH TO CLOUD RESOURCE
MANAGEMENT

Erik Elmroth, Umea University

By taking a holistic approach to cloud resource management,
we aim to transform today’s static and energy consuming cloud
data centers into self-managed, dynamic, and dependable infra-
structures, constantly delivering expected quality of service with
acceptable operation costs and carbon footprint for large-scale
services with varying capacity demands. The presentation will pro-
vide the birds-eye’s view of our efforts as well as several glimpses
of selected completed, ongoing, and planned research efforts.
These efforts address fundamental and inter-twined self-man-
agement challenges assuming that there during execution are
stochastic variations in capacity need and resource availability, as
well as changes in system response and operation costs. Sample
challenges include how much capacity to allocate at any time
for an elastic application, where to allocate that capacity, if to
admit an elastic service with unknown lifetime and future capac-
ity demands, how to optimize the various management tools’
concerted actions, etc, while taking into account the need for
differentiated quality of service and the scalability requirements
of the management tools themselves. For further reading about
cloud resource management research at Umed University, Swe-
den, please visit www.cloudresearch.org.
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