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Fig. 1 Timeline --- We are here.

The posters in this booklet have been developed by students working under the umbrella of the NSERC funded SAVI
strategic network. These posters were presented at the year 2 AGM, held on July 5™ 2013 in Toronto and attended by a
large audience of SAVI partners, affiliates, students, researchers and key theme leads. The timeline picture above
shows the points that SAVI had (and still has) to intercept to enable the research goals set for the network. As you work
through these posters you will see the great progress that has been made in examining the hypothesis of SAVI. You will
also be able to observe the level of integration that has occurred and the progress made to date in all aspects of the
network.

This booklet has been put together to become a permanent record for all SAVI engaged partners showing the scope and
reach so far attained. As we go into year 3 of SAVI, we plan even greater levels of integration across themes and
between academia and industry partners.

Alberto Leon-Garcia
SAVI Scientific Director
August 2013
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Below is the ‘List of Student Posters’ presented at the SAVI AGM held on July 5t, 2013 at the University of Toronto.
The poster numbers are shown along with the theme, the name of the theme lead and their affiliated university
within the SAVI Network.

Poster Number and Title Professor(s) University

THEME 1 - FUTURE APPLICATIONS
Team Members: Profs. Li (Lead), Muller and Stroulia

1. Optimizing Video Delivery OVEr SAVI ........eocuvecieieeeeee et se et see e seee e Li Toronto
2. ASoftware-defined Application-layer Networking Platform..........cccoceeeveenienieeneennee. Li Toronto
3. MobileView - Mobile Video Conferencing over Bellini and SAVI Testbed.................... Li Toronto
4. Design Patterns for Spatio-temporal Applications on HBase .........cccccevvervieeniienieennnen. Stroulia Alberta
5. SAVI Billboard Post-it M@sSage CENTET .......cccueiiriuiiiiiiiieeiiieecireeeeiee et e eevee e e vaeeeseaee s Muller Victoria
6. SAVI Context Based Face RECOGNITION .......cccvieiiiiiiiiiiie ettt Muller Victoria
7. SAVI PALTask - Personal Context ASSISTANT .....ccevvereueerierieenienie e see e see e e see e Muller Victoria
7A. SAVI NewsCast — Customized VIideo FEEM.......coivrierienieine vt ees Muller Victoria

THEME 2 - RESOURCE CONTROL & MANAGEMENT
Team Members: Profs. Litoiu (Lead), Chinnek, Woodside and Salem

8. Supporting Application Development with Structured Queries in the Cloud . Litoiu York
9. Model Predictive Resource Management for Cloud ..........ccccceeveviieiniieeicieecciee e, Litoiu York
10. Pattern-based Deployment Service for Next Generation Clouds.........cccceeevvveeeiineenns Litoiu York
11. Towards Cloud-aware Multi Class Adaptive Models............ccceoueeeiiieieiieeiiiee e Litoiu York
12. Algorithms for Task Allocation considering Communication Delays .. ... Chinneck/Woodside Carleton
13. Impact of Network Latency on Cloud Performance ........cccoccvevveevcerevreseninenns Chinneck/Woodside Carleton
14. Simulation of Core-edge Cloud NEtWOTKS ......c..cc.eveveeirererireencreeneireseriereieeeenenn Chinneck/Woodside Carleton
THEME 3 - SMART CONVERGED EDGE
Team Members: Profs. Boutaba (Lead), Leon-Garcia and Ganjali
15. Dynamic Controller Provisioning in Software-defined Networks........c..ccccceevveenieennnen. Boutaba Waterloo
16. Greenhead - Virtual Data Center Embedding

Across Distributed INfrastrUCTUNES.......cvivierrieeie e Boutaba Waterloo
17. HARMONY - Dynamic Heterogeneity-aware Resource

Provisioning in the ClOUd ........cciiiieeiieceeee et e e nnes Boutaba Waterloo
18. On Achieving High Survivability in Virtualized Data Centers VO6..........ccccecvevveecveennnnn. Boutaba Waterloo
19. VDC Planner - Dynamic Migration-aware Virtual Data Center Embedding

70 01 T¥ T L3S Boutaba Waterloo
20. Reliable Virtual Data Center Embedding in Clouds .......cccceecveveercieenieseesee e Boutaba Waterloo
21. Network-aware Job Placement in Data Center Environments........cccccceveveeeniiveesnineenn. Williamson Calgary
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Poster Number and Title Professor(s)

THEME 4 - INTEGRATED WIRELESS/OPTICAL ACCESS
Team Members: Profs. Le Ngoc (Lead), Rusch, Ghaderi and Williamson

22. Wireless Access Point Virtualization Testbed.......c.cccvverniiniiiiieeniieniienieceenceee e,
23. Wireless Virtualization Perspectives and Framework..........ccccovcveeiiiieeniieecciee e,
24. Full-duplex In-band Channel OOK-DL OFDM-UL Transmission
25. Optical Integration of Radio Services using Tandem Optical SSB Modulation

and DSP-assisted Coherent DeteCtiON ......cccueeicieeeeiiiee et Rusch

26. Distributed Base-station Activation for Energy-efficient
Operation of Cellular NetWOrKs .........oocviiiiiiii it e Ghaderi

THEME 5 - SAVI APPLICATIONS PLATFORM TESTBED

Team Members: Profs. Leon-Garcia (Lead), Boutaba, Ganjali, Chow/Steffan and Litoiu

27. Graph-based Network Topology Management for SAVI Testbed ..........ccccecvvrvvverunnnnee. Leon-Garcia

28. SAVI Testbed Control/ Management of Converged Virtual ICT Resources Leon-Garcia
29. Software-defined Networking (SDN) in SAVI Testbed Converged Cluster ................... Leon-Garcia

30. NetThreads - Virtualizing FPGA Accelerators for SAVI

THEMES 1 TO 5 - SAVI SYSTEM WIDE CONCEPTS
Profs. Leon-Garcia, Boutaba, Li, Litoiu and Rusch

31. Identity Management in Software Defined Infrastructure .......ccccccceevvveeiiieeicineeenen. Leon-Garcia
32. Information Centric Data Management for Smart Transportation..........ccccceeecuveeennnen. Leon-Garcia
33. Scalable Content Networking over SAVI ........coccvvveeviiieeiiieeeeiieeenne ....Leon-Garcia
34. Software-Defined Infrastructure and the Future CO .......ccceevieevieereeniieenee e Leon-Garcia
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Research Team

Baochun Li (lead), University of Toronto
Hausi Muller, University of Victoria

Eleni Stroulia, University of Alberta
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1. Airlift: Optimizing Video Delivery over SAVI

Yuan Feng, Zimu Liu, Baochun Li, U. Toronto

In this poster, we propose that video conferencing, even with its stringent delay constraints, should also be
provided as a SAVI service, taking full advantage of the SAVI core and edge platform. We design Airlift,
a new protocol designed for the SAVI network, tailored to the needs of a cloud-based video conferencing
service. Airlift delivers packets in live video conferences to their respective destination SAVI nodes, with the
objective of maximizing the total throughput across all conferences, yet without violating end-to-end delay
constraints. In order to simplify our protocol design in Airlift, we use intra-session network coding and the
concept of conceptual flows, such that the optimization problem that can be conveniently formulated as a
linear program. Our real-world implementation of Airlift has been deployed with the assistance of Bellini,
our application-layer networking platform. We have shown that Airlift delivers a substantial performance
advantage over state- of-the-art peer-to-peer solutions. This work has been published as a full research

paper at the IEEE International Conference on Network Protocols (ICNP 2012).
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SAVI

Motivation: Conferencing over the Cloud

Preliminary experiments to investigate the benefits of video delivery

Airlift: Optimizing Video Delivery over SAVI

Yuan Feng, Zimu Liu, Baochun Li

pd
[&.] UNIVERSITY
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network coding. The problem of maximizing throughput can be
solved nicely as a linear program.
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Cloud/P2P Throughput (Mbps) Delay (msec) Vp € Pj, Vi, j=1,...,k;, Vee€&.
Toronto-Beijing 2.202/0.179 171.6/148.8
Cambridge-San Paulo 1.687/1.432 103.4/204.6

When data are routed through the cloud, all three pairs have enjoyed
higher throughput values, yet with similar or even shorter end-to-end
delays, as compared to the overlay link in a P2P solution.

> Performance. We should achieve the higher video flow rates, while
still maintaining an acceptable end-to-end delay, so that user
experience can be significantly improved using Airlift.

> Simplicity. Airlift should be conceptually simple to use, and work as
a full-service broker. A participating user in a conference should only
need to connect to the Airlift, and to start transmitting video packets.
> Scalability. Airlift should support a large number of concurrent
conferences, so that can be routed through the inter-datacenter
network efficiently and without much fanfare.

Design Objectives

Maximizing Aggregated Multicast Throughput

Aggregated multicast sessions: All the video flows from different
participants need to be aggregated, provided that these participants
connect to the same source, and are destined to the same subset of
destinations, which, in turn, are responsible for delivering them to all
other participants in each of the conferences. Each of these aggregated
sessions is inherently a multicast session.

Feasible paths satisfying a delay bound: To ensure that video packets
are delivered within certain time constraints, we need to exclude paths
that violate the delay bound in a multicast session, and only consider
the set of feasible paths:

P = {p| p is an acyclic path from S* to R}

S.t. Zd(e) < Dmax}-

ecp

Conceptual flows maximization: Instead of maximizing multicast tree
using traditional Steiner tree packing, an NP-complete algorithm, we
propose to use the concept of conceptual flows, in the context of

Network coding has been adopted in the Airlift, to execute the
conceptual flow multicasting. Furthermore, since random linear codes
are rateless erasure codes, we can easily decode the original data, as
long as sufficient linearly independent packets are received from
different paths in the multicast tree.
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To realize the conceptual flows in Airlift, we need to carefully handle
coded packets in an intermediate node: (1) packets are to be replicated
to multiple outgoing edges; (2) packets are to be forwarded to

different edges with different portions; (3) packets are to be merged
and forwarded to an bottleneck edge.
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Performance Evaluation

We compare our Airlift protocol with an state-of-the-art peer-to-peer
protocol, called Celerity, in real-world networks.

Achievable Throughput
Celerity - Airlift
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FIGURE 1.1: Airlift: Optimizaing Video Delivery over SAVI from Yuan Feng, Zimu Liu and Baochun Li at
University of Toronto (Theme 1)
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2. Bellini: a Software-Defined Application-Layer Networking Platform

Zimu Liu, Yuan Feng, Baochun Li, U. Toronto

Implementing and deploying resource-hungry smart applications, such as streaming and conferencing, on
the SAVI platform requires a flexible and reusable software framework that provides customizable elements
shared by these applications, such as choices of transport protocols, routing policies, and rate allocation
strategies. In this poster, we present Bellini, a flexible and reusable software framework supporting a wide
variety of prototype implementations targeting different application scenarios. Customized protocols and
algorithms can be plugged in using the provided delegate interface, or loaded from a configuration file with
ease. Besides flexibility, Bellini is also optimally designed for efficient resource utilization in the VM-based
SAVI core and edge nodes. We are currently working on decoupling the control plane from the data plane
in Bellini, so that an OpenFlow-like central controller can be used to control the routing policies in Bellini.
With case studies on video conferencing, we demonstrate the benefits of Bellini with respect to supporting
and simplifying the development process of SAVI smart applications. A research paper on Bellini has just

been accepted to IEEE Globecom 2013.
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Bellini: A Software-defined Application-layer Networking Platform

. . . b4
SAVI Zimu Liu, Yuan Feng, Baochun Li & UNIVERSITY
Department of Electrical and Computer Engineering, University of Toronto & o TORONTO

The Evolution of Application Networking

Client-Server: Users are served by one or a set
of servers. Limited server capacity and reliability.
Hard to serve geo-distributed users.

Peer-to-Peer: Users have to

contribute a part of their bandwidths to
alleviate the server workload. Complex
algorithms needed.

e L
e

Implementing and deploying resource-hungry smart applications,
such as streaming and conferencing, on the SAVI platform requires a
flexible and reusable software platform that provides customizable
elements shared by these applications, such as choices of transport
protocols, routing policies, and rate allocation strategies. To achieve
this, we have designed and implemented Bellini, a flexible and
reusable software framework supporting a wide variety of prototype
implementations targeting different application scenarios. Customized
protocols and algorithms can be plugged in using the provided
interface, or loaded from a configuration file with ease. We are also
working on decoupling the control plane from the data plane in
Bellini, so that an OpenFlow-like central controller can be used to
control the different policies in Bellini.

f‘“ /) S

Cloud: Excellent
connectivity between users
and nearby datacenters.
Dedicated high-capacity
links are used between
datacenters.

Control Plane
Data Plane

> Instrumentation. Bellini is also designed to validate and evaluate
new media transmission protocols and algorithms using deployments
in SAVL It should instrument application performance at runtime,
and report the results for further analysis.

Design Objectives

> Flexibility and reusability. Bellini should support shared elements
of a variety of media-rich smart applications. Applications will able to
use different transport protocols, routing policies, and rate control
strategies.

> Decoupling between data plane and control planes. Bellini should
provide an easy-to-use control plane to configure different QoS
parameters, routing policies, and etc. Afterwards, data plane will
execute these decisions accurately.

> Performance. Bellini should achieve the best possible performance
to utilize virtualized resources efficiently, so that incurred costs are
minimized. When the system scales up, Bellini should be capable of
handling a large number of concurrent transmission sessions.

Implementation Highlights

Flexible source routing and adjustable flow rates. To support various
smart applications in SAVI, Bellini is designed to allow sophisticated
routing policies. Beside direct transmission, a packet can be
forwarded at relays in a multi-hop path, or duplicated in any
intermediate node in a multicast path. Furthermore, Bellini supports
dynamic routing at the granularity of packets, so that the rate of each
sub-flow can be adjusted dynamically.
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(75%) e

Concurrent media conferences and sessions. In order to support a
large number of concurrent media sessions, Bellini components are
carefully designed to administer all ongoing transmission sessions.
Among multiple concurrent sessions, each session is allowed to have
its own set of routing and other policies.
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Instrumentation and supporting scripts. Bellini includes an extensive
set of instrumentation modules and deployment scripts that provides
“turn-key” solutions when it comes to deploying multiple executable
instances and configuration files to their respective datacenters,
launching them for execution, and collecting logs after they are
terminated.

Performance Evaluation
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FIGURE 1.2: Bellini - A Software-defined Application-layer Networking Platform from Zimu Liu, Yuan Feng
and Baochun Li at University of Toronto (Theme 1)
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3. MobileView: Mobile Video Conferencing over Bellini and the SAVI Testbed

Zimu Liu, Baochun Li, U. Toronto

In order to demonstrate the power and customizability of the Bellini software framework over the SAVI
testbed, we have developed a video conferencing application on the iPhone (10S) platform, that uses Bellini
to send and receive traffic via the SAVI testbed. A video conferencing application is bandwidth demanding
and delay sensitive, and will be used to test the viability and effectiveness of new protocols to control the

deployment of new smart applications in SAVI.
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FIGURE 1.3: MobileView - Mobile Video Conferencing over Bellini and SAVI Testbed from Zimu Liu and

Baochun Li at University of Toronto (Theme 1)
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4: Design patterns for Spatio-temporal Applications on HBase
Dan Han, Eleni Stroulia, U. Alberta

Cloud-based infrastructures enable applications to collect and analyze massive amounts of data. Whether
these applications are newly developed or they are being evolved from existing RDBMS-based implemen-
tations, NoSQL databases offer an attractive platform with which to address this challenge. However,
development methodologies and tools for these platforms are practically non-existing. Focusing on spatio-
temporal applications, as big-data systems with distinct data types and usage patterns in need of scalability,
this thesis develops general guidelines for the design of HBase storage, and a specific three-dimensional H-
Base “schema” for geospatial applications. These guidelines have been evaluated with the migration of an

existing geospatial application to the cloud.
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A Framework for Big Data Analytics on HBase

The Problem

+ Big Data originates from
+ Mobile applications
« Ubiquitous sensors
«  New breed of archive-style applications
+ Big-Data Challenges
+  Volume: the size of the data
« Velocity: the latency of data processing
« Variety: the diversity of sources, formats, and
structures
+  Existing and new applications can now take
advantage of more data
+ By collecting additional data
« By analyzing existing historical data in new ways
+ Big-Data Analytics requires
+  Scalable data-management system
« Support for multiple data types
+  Support for batch processing and/or real-time
data streams

Examples of Datasets from Spatio-Temporal
Applications

Dataset/ space.
Dimension size

Tme | Object | Object | Object
Length | Variety | Behavior | Complexity

‘Cosmology Large | small | Small Low

(N-Body.
Simulation)

Bixi (bke-station
data in Montreal)

small [ Long | smal

canbe
Large

Cap |iom

(nome sensor)

HCAT (moblle | Small | Long | Large

care aides)

Three-Dimensional Data Model for Time-Series
Data (4
+ Row Key: Timestamp period-Object ID
« Acoarse granularity of time, e.g. day,
week, month
« Column Name: Object attribute
« Version: Timestamp unit
+ Afine granularity of time, e.g. second,
minute, hour

The HGrid Data Model for Geospatial Data (4

* HGrid Index Construction
« Anew hybrid spatial index structure
* Row key: QTId-Rowld
« Z-value of quad-tree tile in the 1% tier
index
« Row index of its regular-grid cell in the
2n tier

@
&
Ky
>

H
L3
5
o

+ Column Name: Columnid-Objectid
. goﬂlumn index of regular-grid cell in the
nd tier

« Version: Object Attributes

An appropriate data schema relies .
on the data usage pattern

How much unrelated data is examined

in a query matters a lot

Performance can be improved with

data localty from 3rd dimension

HBase Best Practices 12
« Data Organization
« Short Row key and Column names
« Better to have a single Column Family
Not “too large” amount of data in one row
The 3" dimension should also be used
The Bloom Filter should be configured to prune rows
and columns
+ Query Processing
« “Scan” is better than “Get” for retrieving discontinuous
keys, in spite of the irrelevant data scanned
“Scan” is preferable for small queries, while
Coprocessor for large queries
Better to split one large query into multiple sub-queries
than use one query with row filter mechanism

FIGURE 1.4: Design Patterns for Spatio-temporal Applications on HBase from Dan Han and Eleni Stroulia

Dan Han and Eleni Stroulia

University of Alberta
{dhan3, stroulia} @ualberta.ca

Architecture and Data Model NoSQL Challenges

« Various Data Sources + Component Level Architecture *  Schema Design
« Data from applications in SAVI Edge « Hadoop, HBase, Oozie, Sqoop +  No systematic way to organize the data in
+ Data from public Cloud Data Migration NoSQL databases
+ Data from applications outside of Cloud = Analytics Engine +  Data schema substantially impacts query
« Various Data Formats Analytics Visualization performance
+ Data in file format (txt, csv, xml, etc)
« Datain RDBMS *  Query Implementation
+  Fewand Simple APIs (Get and Scan)
+  Co-processors

« Aggregating Data from Different Sources
«  Migrate the data incrementally without any
performance impact
+  Schedule the data migration process for
different sources or edges

+ Apache Sqgoop
+ Atool for efficiently transferring bulk data between Apache
Hadoop and structured data stores such as relational
databases
+ However, it does not natively support customized HBase
Schema
« Apache Oozie
A workflow scheduler system to manage Hadoop jobs
Workflow jobs: Directed Acyclical Graphs (DAGs) of
actions
Coordinator Jobs: Recurrent Oozie Workflow jobs
triggered by time (frequency) and data availability
Bundle Jobs: a set of coordinator jobs
Scalable, Reliable and Extensible

Tadle Moraton WokSow

* HCA-T Application
« amobile application that communicates with a scheduling
service to tell home-care aides where to go and what to do
+ HCAs visit the patients based on the appointment and update
the service status scheduled in the appointment
Dataset
100,000 patients, 22,000 HCAs in each province
Each day, four working blocks (AM, Noon, PM, Supper)
In each appointment, 10 to 20 services should be done, and
5-10 pictures/notes will be uploaded
In a year, for one province/edge, the meta data (excluding
pictures) is around 180GB
« Environment Setup
+ Core: 8-node Hadoop and HBase Cluster, 1 node for HCAT migration with Oozie and Sqoop, 1 node for HCAT
Analytics Engine, 1 node for HCAT Analytics Console
+ Edges: Two edges with HCAT server installed on it

Future Work

+ How to configure the Hadoop and HBase
cluster based on a certain amount of data

Related Publications

[1] Dan Han, Eleni Stroulia, A three-dimensional data model in HBase
for large time-series dataset analysis. MESOCA 2012: 47-56
[2] Dan Han, Eleni, Stroulia, HGrid: A Data Model for Large Geospatial

* How to make HBase work in real-time data
Data Sets in HBase. (To appear) CLOUD 2013

processing

owledgments: NSERC (SAVI), IBM, Cybera, U of Albert

at University of Alberta (Theme 1)
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5. SAVI Billboard
Sudhakar Ganti, Hausi A. Miiller, U. Victoria

The objective of Billboard is to provide a virtual public post-it message center for users to post Text
Messages on. The concept is identical to public peg-boards. Each virtual Billboard is associated with a
geographical location. Users who are geographically near the virtual Billboard can read and post messages

on the board.



Theme 1: Smart Applications

.0.:..__.-_0* QTOE
mD juaaia ul :.O.:U.-&QO T.@DC.#COU

‘UOlDZI|DIO|
uoiypaiddo pupn Ajijiqojoas
Joyo sayIDy pasnq UOHDIOT

..b:._n__._x@m uoyo.1Biw
pup uoypjuswnysu| TAVS

‘SOLIDUBIS ppo| mo| Burinp
os|p ynq sawy yoad Buunp Ajjiqojoag

‘Buiuospau
juswAojdap pup uoyoiBiw uoyodiddo
19yy9q 104 uoyDjUBUWINYSUl PNO|D)

‘aousiiadxs
485N BAISIBWIWI UD JOJ SWOQE UDY 553)
awy esuodsal uoyodijddy S3BUSJOYD

ojuouoy |

Jajnw 1snoy Jups) Joyoypng
._UTUEB*MDU .u:whﬂ_d ..._w_._OM{u“DE.:D—*D._. Duip ;_...m_mn__WE
Ipuy ‘Uipf jyold ‘sibJowsaq uoy ‘YIo] yewezid WOHS]

BLIOIDIA

sy mr——

‘waysAs BuiBpssew pasoq uoybIO|
ssajuiboj o :ABojouyday oA U0 §jing

JX3ju0d [DjusWUOLIAUS puD sjpob
13SN UO pasDq jUSJUOD PIZIDUOSI3Y

‘uoypdijddp pioogjjiq
[oNjHIA pasog uoypdo| b ‘piboq|ig

~ Sy
8 ©
<2
0
=~
2
=3
S
g R
ar
53
g =
73
=
Q.
o 3
3
[Sfiaw
-~
= S
Q
g
S B
<
20
D~
N &
~ =
<2
S
S wn
ST
<
~
g%
g g
O %
<
)
8 =
S]
= 5
-
T
+~
-z
o X
S
S g
= 5
o=
—_ =
g
2
w8
— &
Ee
= M
D=
S|
9 =
o <g

Victoria (Theme 1)




Theme 1: Smart Applications 12

6. SAVI Context Based Face Recognition
Nina Taheri, Sudhakar Ganti, Hausi A. Miiller, U. Victoria

During the past several years, face recognition in video has received significant attention. For the video
monitoring and artificial vision, real time face recognition has very important meaning. The current method
is still very susceptible to the illumination condition, non-real time and very common to fail to track the
target face especially when partly covered or moving fast. In this work, we propose to use AdaBoost Cascade
for face detection and then in order to recognize the candidate faces, they will be analyzed by the PCA.
The implementation shows that the algorithm has quite good performance in terms of real-time and the

tracking procedure is triggered accurately.
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F1GURE 1.6: SAVI Context Based Face Recognition System from Nina Taherimakhsousi, Lorena Castaneda,
Pratik Jain, Przemek Lach, Ron Desmarais, Andreas Bergen, Hausi Miiller and Sudhakar Ganti at University

of Victoria (Theme 1)
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7. SAVI PALTask
Andreas Bergen, Lorena Castaneda, Pratik Jain, Sudhakar Ganti, Hausi A. Miiller, U. Victoria

PALTask is a chat based tool which integrates personalized context in order to perform automation of
web tasks such as: simultaneously searching for resources on the internet (video, websites, images, audio
files) among different providers; facilitating sharing of web resources. To achieve this personalized automated
search, a user’s personal context-sphere is taken into account, as well as an analysis of the chat context. The
concept is similar to existing chat applications where two users enter into communication with each other.
Fach instance of the chat client application is associated with a fixed geographic location. However, chat
client users can benefit from dynamically migrating instances of the chat server application to a location
that improves the users’ experience (e.g. via improved latency and/or bandwidth). In principle this is
similar to Skype’s approach of nodes and supernodes. However, while Skype’s nodes are positioned at fixed
geographic locations and user requests are redirected to connect to specific nodes, PALTask dynamically
migrates lightweight instances of the server to locations which improve the experience of its users on a case
by case basis. The locations of lightweigth PALTask server instances are determined dynamically based on

the geographic location of its users.
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7A. SAVI Newscast
Ron Desmarais, Przemek Lach, Sudhakar Ganti, Hausi A.Miiller, U. Victoria

The objective of the Newscast application is to provide a customized video feed for each region of the
country. The newscast is recorded in front of a green screen and stored at the core. When the newscast is
broadcast the video is streamed from the core to each edge. The edge removes the green screen and replaces
it with a background that is suitable for the given location. For example, viewers in Vancouver will have a

backdrop of Vancouver while viewers in Calgary will have a Calgary backdrop.
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F1GURE 1.8: SAVI NewsCast - Customized Video Feed from Dr. Hausi Muller, Ron Desmarais, Przemek
Lach, and Sudhakar Ganti at University of Victoria (Theme 1)
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8: Supporting Application Development with Structured Queries in the Cloud
Michael Smit, Bradley Simmons, Mark Shtern and Marin Litoiu, York U.

We present a structured query language for the cloud, Cloud SQL, along with a system and methodology
for acquiring and organizing information from cloud providers and other entities in the cloud ecosystem
such that it can be queried. It allows developers to run queries on data organized based on their semantic

understanding of the cloud.



21

B9 NYI0A"3s0@Iew ‘o' nYI0A{NIo}jw‘suowwisq‘ywsw} :jiewy
wo9'sqe|selad" MMM //:dny :qapn

mng

Eztended Cloud Comput

Theme 2

'3|} }INSal 8Y} SUIN}aI pUe ‘S| Qd S} U0 Paseq MaIA
By} sp|ing ‘SMaIA Uo salenb 1 93733 sydeooe Jossaoold Alsnp v ¢
‘pajebaibbe pue pauiof
ale s]Qd Moy pue ‘suoljewlojsuel) pue sajpadold sy} ‘Smain
fyoads o) pasn s| abenbue| uoneoyoads maIn paseq-TNX UY ¢

‘Alleonewwelboud 1o ‘@injonus a|qe) e 0} S|[ed |dY Woly
sanjea uinjal Buiddew ‘NOSF Buisn pauyap aq 0} S| Qd SMO|lY ¢

uonejuawa|duwij

"1ad 8y} ul 8jqissod si siy} i saljdde Ajuo uieby ‘MaiA e
woyy splooal Buyojew )R 1t EMEHM CCC WOMA @IATHC

"SMBIA UIBHD 1o} paulap Ajuo si uonesado siy| ‘MaIA B
0} pJodai B ppy :+ (TBA) SHATYA +(TO2) *** OINI IJHASNI &

‘pejeindod sem MaIA BU} BWI} JSE| B} WOy SYNSal S8sn jng
103713S O 1T TMEHM (T WOWd ' QEHOVD IDATAS ¢

‘Jow 81 SUOKIPUOD UBAIB USUM ‘SMBIA paweu wodj (, Jo) suwnjod
poweu ay} aunboy ' EIHEHM G WOMA  CCC LOETHES &

70S pnoj

‘abpajmouy| oi10ads-pnojo ssa| Ajlenueisgns pue apod
JO saul| Jama} palinbas TOSPNOID ‘(19X04q PNOJO B pue BoIAISS
uopebaibbe Buliojuow pnojo ) paloyine am s|oo} pnojo snoiraid
Jo Ayijeuonouny ay) ajeoljdas 0} salanb pue SMaIA PajONIISUOD NN ¢

PO SOLANAPNOL) - pautof

‘paweual os|e pue papnjoul ale siapliaoid olads Woly suwnjo
'9Z|g90UB)SU| (SONUBWSS S,JadOojoASp 8y} O} paweual S| pal
pauiol ay) ‘Sweu::souBNAPNOID pue 8zIS::SePONISIT:ISPNOIOr
uo paseq Sulof 1S09 AlINOY pue Ssouejsul MOUS O} MAIA B Jjing &

‘Burold uo uonewloul 10} |4y Wod 'saLNAPNOID
8U} U0 paseq puodas B pue ‘siapiAcid SNOLEA UO SBUIYOEW [enHIA
Bujuuni JNOgE UONHEWIOMI 10} SPNOJDM UO paseq |dd auo jjing ¢

Apnis ase)

f@S°T < 3503 3JY3IHM S@OUBISUT SUTUUNJ WOY¥4 Adowdw 350D ‘Bweu dduelsuT 11313S
*(PaAjoAul aq 3snwi 1adojanap uonesidde ayy alaym
dals Ajuo ayy si siyy) afengue| axII-1OS e Suisn pajejndiuew pue pauanb sI MalA SIYL p

*SOJUBLUSS UBALP-13sn payiun ul Sunynsas ‘ASojouiwia) Japiaoid 0} souewas
Jasn sdew malA 8yl ‘sajqe} asay) Sunegaige pue Sujuiof Aq paleald SI MAIA Y '€

'S9|qe) 9SaY) WOy Ul pa)salalul ale Aay) erep saiuapl Jadojaaap uoneosydde ayy '

‘IdV Ue yam sapiaoad Aue Jo ‘siapiroid 21njonsiseljul pnojo aq Ued SIapIAoid
‘(.I9POIN BYeQ, 99S) Jewo) dYI-9|qe) PainjanAs e ul pajuasaidal ale s|dy J9pInoid T

‘poddns 1apiroid Jnoyum 1o yum ‘Ajjeanjewoine pue A|ssajwieas ‘soljuewas palyioads
-13sn yum palied sa21n0sal pnojd SuiSeuew 10j Xejuks piepuels e yum saxejuis pue

sojjuewas ayoads-1apirnoad doejdas 0} swie 1OSpPholD

‘uted ayy Ajdiinw spnojo-ijnw °9)d ‘SoIjUBLISS ‘SUOIIB}IWI| ‘SaIN}ea) SNOMEA SUIAJOAUI
‘Injured aq ued si1apiroid ainjoniisedjul pnojd suisn Aljeay
*J9PUOM pue dIFew aiow YHm Ing ‘pnojo ayy Suisn 81| sl pnojo-ijinw ayj uisn pue
‘InjIdpuom pue |eaigew sl ,phojd ayy, Suisn :uondasiad

NIONT ULBIAl pUe ‘uidiys Ye ‘suowwiis Asjpeig ‘Jwis |9yl

pPNoj9H 3yY3} ul saudNY painionaiS yum juswdojaaaq uonesijddy buipoddng

'868- 168 'dd ‘2102 (@N070) Bunndwiog pnojo uo eouesejuod
JeuOyBLIGM| 4G FIFT| U1 ,'BINIBS JOX0IQ PNOID Y :SOLYHLS BUINPOIUI, ‘THSAONUEI 'S PUE ‘N W WS W SUOWWIS ‘g niMed d
'dd '8002 ‘3331 90,309 8002
“doyssom spewuosnu3 Bupnduio puo v ,'Bundwod pnop jo ABojowo payun & pIEMOL, ‘BAIS BQ ‘Q PUB '00UING ‘W JISNOA
sple-pueq Aselodwa} aie s1ake| uoloelsge pue salbojojuo [eqojo
0002 ‘€04 — 56 ‘dd ‘91 “0U ‘¢ ‘oA ‘SHOMBN JaIndwoD ,'qam sy} 1o} abenBuel Asenb panjonsis € :(esnbs, ‘UIeIS v ] puE sneds 3
104 “1sAg eseqejeq ‘suei)
NWys ‘0 pue poludouoy ‘q

WOV, WaisAs SDEM au) pue 96enbue| A1anb TOEM 9U) :GoM aPIM -PLOM 8L U BUIBUIED.
021-191 ‘dd ‘0402 'OV YSN AN HOA MaN ‘0L, MM
U} o SBUIPeBODId Ul ,'GoM AU} UO Yoseas Kl

pajuapaoald s| ejep painjoniisun abeuew o) sauenb Buisn &

'$oz-6vZ "dd "pL61 WOV YSN ‘AN HOA MaN 10400 pue 58908 ‘U0jdLosap ejeq uo doysxiom (QOWSIS
Mou) 13AIFOIS WOY #1614 aul jo SBUPesde u1 ,'@Benbue| Alanb usiBUI painfonis ¥ TAND3S. ‘99K08 4 ¥ PUE UINAQWRYD '] '

'90IN0S BJEP B YJIM ,UONEOIUNWILIOD SAIJ0SYS
ojul Jasn |euoissajold-uou sy} Buug, o3 pasodoid TINDIS ¢

YIOM paie|ay

(930 '10373S ‘313130 'LYISNI) suoesado papoddns
fyoads jsnw pue suonewlojsuel} eyep Ajoads Aew maIA v ¢

‘A||eayewoine awun ye pajeindod ale sanjea {(s|ad)
sa|qe)} ejep Japinoid Buiebaibbe Jo/pue Buiuiof Aq Jjing SI MBIA v ¢

“Jasn 8y} Aq paulyep 81NjoNJ}s UWINJOO/MOI B SABY OS|E SMAI/A ¢

‘Ayunwwod ayy Aq Jo Ajjearjewone pajonisuod aq Ued pue ‘ejep
|dY Bululejuod suwn|od pue SMo. paulap SIe Sa|qe] ejep JopINCid ¢
‘wa)sAs0o8 pnojd ayy ul Ayjua Aue st sepinoidy *

‘sojjuewas Jopiroid 0} aBpajmouy Jasn woly sdew [ppow ejeq ¢

I9POIA Bled

‘pauenb aq ued
J1 Jey} yons (wa)sAsood pnojo 8y} ul saljjua Jayjo pue) siapiroid
pnojo woJj uoijewlojul buiziueBlio pue Buuinboe ioy ABojopoylaw
pue wajsAs e osje Jnq ‘ebenbue| Aienb e isnl jou salinbay &
“BJEP 40} PIP TOS 81| ‘siadojanap Jo J8s Japeolq
B 0} 9|qISS900E PNOJO-INW Y} SYew pue s}sod juswdojansp
aonpal obenbue| painonis oAljeIE[OSp B OASIRq I\ ¢
'suoljdaoxa olyoads-sapinoid pue ABojojuo Buiajons ue
Buiuies| sasinbai (q pue ynoiip si (e ABojojuo uowwod e bupeal) ¢

anno Buluies| desjs ((xejuhs) seoepalul Jasn pue s|dy Jusiayip
se ||am se (sonuewss) sjgpow Buoud pue ‘ABojoulws) ‘sbuliayo

Buifien eney siopinoid  (See|)  9oIAISs-B-SE-2INjONUISELU| ¢

UONIBAIIO

epeue) ‘oju

'A)SIDAIUN HIOA

tion Development with Structured Queries in the Cloud from Michael Smit,
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9: Model Predictive Resource Management for Cloud

Hamoun Ghanbari, Brad Simmons and Marin Litoiu, York U.

We present a method of optimizing the cloud infrastructure for a set of applications. In this context, a data
center provider attempts to meet all service level objectives (SLO) with its clients (i.e., for offered services)
while minimizing its own infrastructural cost. Meeting these objectives can be expressed as an Optimal
Service Placement (OSP) problem that we address by using Model Predictive Control (MPC).
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10: Pattern-based Deployment Service for Next Generation Clouds
Hongbin Lu, Mark Shtern, Bradley Simmons, Michael Smit and Marin Litoiu, York U.

We present a flexible deployment service for cloud computing. The service facilitates the specification and
the execution of cloud deployment plans for applications. An application is described through a pattern, an
abstract view that captures the logical view of the application and its mapping into cloud resources. The

service instantiates the pattern in the cloud and allows for runtime updates of the deployment.
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FIGURE 2.3: Pattern-based Deployment from Marin Litoiu at York University (Theme 2)
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11: Towards Cloud-aware Multi Class Adaptive Models
Cornel Barna, Mark Shtern and Marin Litoiu, York U.

We present a method to automatically synchronize and keep synchronized a multi-class performance model
with an application deployed in the SAVI cloud environment. The model can be used for runtime manage-

ment decisions by an autonomic manager.
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12. Algorithms for Task Allocation Considering Communication Delays

Ravneet Kaur, John Chinneck and Murray Woodside, Carleton U.

In a distributed computing system like a cloud, tasks should be assigned taking into account communication
latencies as well as execution or power costs. We are exploring graph algorithms for allocating tasks to the

core or edge while considering communication delays due to inter-task communication.
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13. Impact of Network Latency on Cloud Performance

Adnan Faisal, Dorina Petriu, Murray Woodside, Carleton U.

Cloud computing provides computing resources (both hardware and software) as a utility. However cloud
data centers could be located at physically distant locations from the end-users, which might cause longer
than expected response times. A way to reduce this response time is to partition some applications and
data and place them in edge clouds that are located near to the end-users, possibly in the same city. In
reality, the extra network latency added by the edge clouds might reduce the overall system performance
quite unexpectedly in some cases. The impact of network latency on cloud performance (using edge clouds)

is studied, with the help of a health-care related case study.
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Effect of Network Latency on Cloud
Performance

Adnan Faisal, Dorina Petriu and Murray Woodside
Dept. of Systems and Computer Eng
Carleton University
{faisal | petriu | cmw}@sce.carleton.ca
July 2013

In cloud computing, an “edge cloud” may be introduced close to
some of the end users, to give faster service for very demanding
applications.
Parts in the core and edge may then have to communicate,
introducing associated network latencies.
We use a Layered Queueing Network performance model to
explore the impact of network latency and some possible
deployment choices on the responsiveness of a distributed
health-care application called HCAT.

From Functional Model to Performance Model (1)
Two Transaction classes

In the performance model, we
do not separate classes based
on their functions but rather
on their service demands )
We have regrouped the four ~ large service demand
services to create four classes 2. Light transactions:
of traffic -
—  Includes home care information
management and scheduling

1. Heavy transactions:
— Represents Central Analysis Service

Represents all light transaction services

Time-criical

Steaming
_
o Two Video Streaming classes
e .
”a" == ) |1, Conference video streaming:
-“— ~ —  Transmit/view conference video

- Time critical

e~ N\ Core |
(HEAVY) Z
Dot Storage and e

N

. Video retrieval streaming
—  View archived video
—  Videos might be available for review
— _Added by us to HCAT capabilities

Experimental results(1)

Impact of network latency

Point of saturation

e

Varying $me and $mc has a small impact
Changing $ec has a large impact on
performance as there are many edge to
core requests

R_acceptX increases as we increase Sme
R_getVideo slightly decreases because
acceptXact uses fewer common resources
due to higher congestion

We modeled one edge and

one core cloud

All 10 of the edge processors .
are saturated at 170 mobiles. .
Core is very lightly utilized

The context of the work

Evaluate the impact of communication mechanisms on the
performance in a distributed application
A range of mechanisms exists
— Network latency: different deployments
— Transport protocol: TCP / UDP
— Middleware support: CORBA/ RMI / SOAP
Larger goal:
— Build a library of performance models for communication mechanism

— automate the process of composing mechanism to performance
models

— run the composed model to take informed decision about choices that
meet performance requirements.

In this poster we show the impact of network latency for

HCAT when it is deployed in edge and core clouds

HCAT (Home Care Aides Technology):

a distributed health-care application with 4 services

1. Information of
clients care plans,

Maobie HEAT Application 3. Analyze and

manage HCAs
HCAs availability, Reged |
schedule of visit a5
N
. vower
\ g
.« _d 4 Combereny|

2. Suggest scheduté
(heavy)

4. Video conferenci

, viewing,
annotating and archiving P S

Issues in the present study

1. The impact of network latency on performance
— Performance impact of latency variation
(between user and edge, between user and core
and between edge and core) is analyzed
2. Compare 3 deployments
— Deploy to both edge and core
— Deploy fully to edge
— Deploy fully to core
3. The impact of data partitioning
— Data are moved between edge and core
— This affects the core data accesses from the edge

Functional Model to Performance Model (2)
Mapping HCAT services to LQN tasks

Heavy transactions (doAnalysisC)
~ Represented by DataAnalaysis task
— Requires access to DataStorage task
Light transactions handling (acceptXact)
— Represented using front-end task HandleXact, supported by a back-end
DataAnalysis task.
— Requires access to DataStorage task
Conference video steaming (captureStream)
~ Modeled by the AVInOutStream task
— This task receives a video stream from one mobile and redirects it to a set of
($nVC-1) other mobiles
~ $nVC = average number of participants in a video conference.
Video retrieval streaming (getVideo)
~ modeled by the task AVOutStream task

— This task retrieves a video file from storage and sends it to one mobile that
receives it via the GetVideo task.

Experimental results(2):
Different deployments
Response time of video retrieval

Response time of light transactions

[EP——

$mc has long latency (200 ms) comparing
to $me and Sec (50 ms each)

Before saturation, AllEdge deployment is
fastest due to its lowest latency

Before saturation, AllEdge is only slightly
better than Split deployment

From saturation, AllEdge is worse than
Split deployment, because Split
deployment forwards some requests to
core, which helps reducing response time.

Similar to getVideo class, AllEdge deployment
gives the lowest response time for
R_acceptX
Split deployment is the worst of the 3
deployments, which is contrary to our
expectation of performance using the edge

« Too many edge to core requests cause

the split deployment to perform worst

LQN Model: our view of HCAT

Experimental results(3):
Data partition effect

Requesting more data from edge
to core (i.e., increasing $nSDA)

Moving data from core to edge

Xact data access | R_accept | R_System
i ratio between | [ms] [ms]
yomm Edge:Core
o 10:200 10,2387 35,599
- 200:10 746.098 | 26,266

We show the impact of having large edge
database.

We exchange the values of SnEDA and $nSDA
from (10:200) to (200:10)

Having a large edge database has huge impact
on performance on acceptXact class (e.g.,
R_acceptX reduces from 10 st0 0.7 s)

+ Edge can not accommodate a huge
database
+ Asmall edge database causes an
increment of $nSDA.
« which increases R_acceptX and
R_System.
- Data distribution requires a balance

Model variables

$N = number of mobiles per edge (nominal 150)
$hX = demand to handle a transaction (nominal 10 ms)
$doSA = demand for a small transaction backend operation (e.g., a scheduling query, small
analysis query) (nominal 100 ms)
$doBA = demand for a large business intelligence-type operation (nominal 0.5 min)
$hXD = demand to get or store data for a simple transaction in the archive (nominal 200 ms)
$hvf = demand to handle a video frame (compress/decompress, display) (nominal 10 ms)
$hVF = demand to get and send or receive and store a 5-minute video file (nominal 12 s)
$nvf (videoFrames) = number of frames in a video (nominal 7200 ms)
$dvf = duration of a single video frame (nominal 42 ms)
$captureExec=Snvf*$hvf, execution time taken to capture a video file (nominal 72 s)
$captureTotal=Total time a video is captured (nominal video conference duration 5 min)

P ink = $cap! - Camera’s wait time between processing two
consecutive frames, so a frame can be viewed by the mobile users. (nominal 228 s)
umber of data transaction per small analysis (nominal 200)
umber of data transactions per big analysis (nominal 10,000)
$nVC = the number of participants in a video conference (nominal 3)
$hinOut = Time taken to process a frame at cloud. Formula ($nVC - 1)*$hvf (nominal 20 ms)
$nEDA = No. of edge data access for a computation that takes place partially in edge and core
(nominal 10)
$me = Mobile to edge latency (nominal 50 ms)
$mc = Mobile to core latency (nominal 200 ms)

$ec = Edge to core latency (nominal 50 ms)

Conclusion

* We created a model for a distributed health-care application to check whether
it meets response time requirements.

* Edge-core latency and deployment were considered

Summary of Results:

* The default assumption that a Split deployment is better (in terms of
performance) than AllCore or AllEdge deployments is over-ambitious.

* To gain performance using the edge, it needs to be sufficiently powerful.

* Edge should have large enough database to process locally the queries
submitted to it. Too much edge-cloud interaction causes performance
degradation.

* The most sensitive latency is Edge to Core. This is especially true for cases
when the edge requires accessing the core for retrieving large amount of data.

Future works for SAVI:

* Evolve and validate the model against actual HCAT data.

*  Analyze scalability of deployed HCAT system.

* Integrate the model with the strategy to optimize deployment.

FI1GURE 2.6: Effect of Network Latency from Adnan Faisal, Dorina Petriu and Murray Woodside at Carleton

University (Theme 2)
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14. Simulation of Core-Edge Cloud Networks
Derek Hawker, John Chinneck and Murray Woodside, Carleton U.

A Cloud simulator (DCSim) is being evaluated for modeling the proposed SAVI core-edge cloud architecture.
Several modifications will be required to represent latencies introduced by the geographical distance between
core and edge cloud networks. The goals of simulation are to provide testing of Virtual Machine allocation

policies on a variety of deployed network configurations and scales.
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15. Dynamic Controller Provisioning in Software Defined Networks

Submitted to IEEE/ACM/IFIP Conference on Network and Service Management (CNSM 2013)

Md Faizul Bari, Arup Raton Roy, Shihabur Rahman Chowdhury, Qi Zhang, Mohamed Faten Zhani, Reaz
Ahmed and Raouf Boutaba, U. Waterloo

Software Defined Networking (SDN) has emerged as a new paradigm that offers the programmability re-
quired to dynamically configure and control a network. A traditional SDN implementation relies on a
central controller that runs the control plane. However, in a large-scale WAN deployment, this rudimentary
centralized approach has several limitations related to performance and scalability. To address these issues,
recent proposals have advocated deploying multiple controllers that work cooperatively to control a network.
Nonetheless, this approach drags in an interesting problem, which we call the Dynamic Controller Provi-
sioning Problem (DCPP). DCPP dynamically adapts the number of controllers and their locations with
changing network conditions, in order to minimize flow setup time and communication overhead. In this
work, we propose a framework for deploying multiple controllers within a WAN. Our framework dynamically
adjusts the number of active controllers and delegates each controller with a subset of Openflow switches
according to network dynamics while ensuring minimal flow setup time and communication overhead. To
this end, we formulate the optimal controller provisioning problem as an Integer Linear Program (ILP) and
propose two heuristics to solve it. Simulation results show that our solution minimizes flow setup time while

incurring very low communication overhead.
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16 Greenhead: Virtual Data Center Embedding Across Distributed Infrastructures
Transactions on Cloud Computing (Under revision)

Ahmed Amokrane, Mohamed Faten Zhani, Rami Langar, Raouf Boutaba and Guy Pujolle, U. Waterloo

Cloud computing promises to provide on-demand computing, storage and networking resources. However,
most cloud providers simply offer virtual machines (VMs) without bandwidth and delay guarantees, which
may hurt the performance of the deployed services. Recently, a number of proposals have suggested reme-
diating such limitation by offering Virtual Data Centers (VDCs) instead of providing only VMs. However,
they have only considered the case where the VDC components are embedded within a single data center.
In practice, infrastructure providers should have the ability to provision requested VDCs across their dis-
tributed infrastructure to leverage the abundance of resources they possess and to achieve multiple goals
including revenue maximization, operational costs reduction, energy efficiency and green IT, or to simply

satisfy geographic location constraints of the VDCs.

In this work, we propose Greenhead, a holistic resource management framework for embedding VDCs across
geographically distributed data centers connected through a backbone network. The goal of Greenhead is to
find the best trade-off between maximizing the revenue, reducing energy costs and respecting environmental
considerations as well. To evaluate the effectiveness of our proposal, we conducted extensive simulations
for four data centers connected through the NSFNet topology. Results show that the proposed framework
improves requests’ acceptance ratio and revenue by up to 40% while ensuring high usage of renewable energy

and minimal carbon footprint.
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17. HARMONY:: Dynamic Heterogeneity-Aware Resource Provisioning in the Cloud

In the 33rd International Conference on Distributed Computing Systems (ICDCS), Philadelphia (USA),
July 08-11, 2013

Qi Zhang, Mohamed Faten Zhani, Raouf Boutaba, J. L. Hellerstein, U. Waterloo

Data centers today consume tremendous amount of energy in terms of power distribution and cooling.
Dynamic capacity provisioning is a promising approach for reducing energy consumption by dynamically
adjusting the number of active machines to match resource demands. However, despite extensive studies of
the problem, existing solutions for dynamic capacity provisioning have not fully considered the heterogene-
ity of both workload and machine hardware found in production environments. In particular, production
data centers often comprise several generations of machines with different capacities, capabilities and energy
consumption characteristics. Meanwhile, the workloads running in these data centers typically consist of
a wide variety of applications with different priorities, performance objectives and resource requirements.
Failure to con- sider heterogeneous characteristics will lead to both sub-optimal energy-savings and long
scheduling delays, due to incompatibility between workload requirements and the resources offered by the
provisioned machines. To address this limitation, in this work we present HARMONY, a Heterogeneity-
Aware Resource Management System for dynamic capacity provisioning in cloud computing environments.
Specifically, we first use the K-means clustering algorithm to divide the workload into distinct task classes
with similar characteristics in terms of resource and performance requirements. Then we present a novel
technique for dynamically adjusting the number of machines of each type to minimize total energy con-
sumption and performance penalty in terms of scheduling delay. Through simulations using real traces from
Google’s compute clusters, we found that our approach can improve data center energy efficiency by up to

28% compared to heterogeneity-oblivious solutions.
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18. On achieving high survivability in virtualized data centers
Submitted to IEICE Transactions on Electronics.
Md Golam Rabbani, Mohamed Faten Zhani, Raouf Boutaba, U. Waterloo

As businesses are increasingly relying on the cloud to host their services, cloud providers are striving to
offer guaranteed and highly-available resources. To achieve this goal, recent proposals have advocated offer-
ing both computing and networking resources in the form of Virtual Data Centers (VDCs). Subsequently,
several attempts have been made to improve the availability of VDCs through reliability-aware resource al-
location schemes and redundancy provisioning techniques. However, the research to date has not considered
the heterogeneity of the underlying physical components. Specifically, it does not consider recent findings
showing that failure rates and availability of cloud data center equipments can vary significantly depending
on various parameters including their types and ages. To address this limitation, in this paper we propose
an availability-aware management framework that takes into account the heterogeneity of data center equip-
ments to dynamically provision backup resources in order to ensure the required VDC availability. Hence,
we first propose a technique to compute the availability of a VDC that considers both (1) the heterogeneity
of the networking and computing elements of the data center in terms of failure rates and availability, and
(2) the number of redundant virtual nodes and links provisioned as backups. We then leverage this tech-
nique to propose an allocation scheme that jointly provisions resources for VDCs and backups of virtual
components with the goal of achieving the required VDC availability while minimizing operational costs
(notably energy costs). Through simulations, we demonstrate the effectiveness of our framework compared

heterogeneity-oblivious solutions.
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19. VDC Planner: Dynamic Migration-Aware Virtual Data Center Embedding for Clouds

In Proceedings IFIP/IEEE Integrated Network Management Symposium (IM 2013), Ghent, Belgium, May
2013.

Mohamed Faten Zhani, Qi Zhang, Gwendal Simon, and Raouf Boutaba, U. Waterloo

Cloud computing promises to provide computing resources to a large number of service applications in an
on- demand manner. Traditionally, cloud providers such as Amazon only provide guaranteed allocation
for compute and storage resources, and fail to support bandwidth requirements and performance isolation
among these applications. To address this limitation, recently, a number of proposals advocate providing
both guaranteed server and network resources in the form of Virtual Data Centers (VDCs). This raises the
problem of optimally allocating both servers and data center networks to multiple VDCs in order to maxi-
mize the total revenue, while minimizing the total energy consumption in the data center. However, despite
recent studies on this problem, none of the existing solutions have considered the possibility of using VM
migration to dynamically adjust the resource allocation, in order to meet the fluctuating resource demand
of VDCs. In this demo, we present VDC Planner, a migration-aware dynamic virtual data center embed-
ding framework that aims at achieving high revenue while minimizing the total energy cost over-time. Our
framework supports various usage scenarios, including VDC embedding, VDC scaling as well as dynamic

VDC consolidation.

In this poster, we show how cloud users can define their VDC specifications and monitor their resources
through a Web interface. We implemented VDC Planner as a plugin module to OpenStack to efficiently
allocate computing and networking resources for VDCs while achieving the intended objectives including

revenue maximization, dynamic server consolidation and energy costs minimization.
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20. Venice: Reliable Virtual Data Center Embedding in Clouds
Submitted to IEEE/ACM/IFIP Conference on Network and Service Management (CNSM 2013)
M. F. Zhani, Q. Zhang, M. Jabri, R. Boutaba, U. Waterloo

Cloud computing has become a cost-effective model for deploying online services in recent years. To improve
the Quality of Service (QoS) of the provisioned services, recently, a number of proposals have advocated
to provision both guar- anteed server and network resources in the form of Virtual Data Centers (VDC-
s). However, simply guaranteeing the quantity of provisioned resources is not sufficient for achieving high
service quality, as the service quality is also dependent on (1) the failure characteristics of physical compo-
nents on which the service is hosted, (2) the impact of individual failure on service availability, given the
complex dependencies among the virtual components. However, despite efforts towards designing efficient
VDC allocation algorithms, existing work has neither considered the heterogeneous failure characteristics
of physical components in data centers, nor the dependencies among VMs in different failure scenarios. As
a result, existing VDC embedding algorithms are often insufficient for achieving high VDC availability in

practical settings.

To address this limitation, in this work we first develop a technique for computing VDC availability that takes
into consideration heterogeneous hardware failure rates as well as dependencies among virtual components.
We then propose Venice, an availability-aware virtual data center embedding framework for achieving VDC
availability while minimizing total operational costs over time. Through realistic simulations, we show Venice
can significantly improve the availability of VDCs while incurring the same energy costs as availability-

oblivious solutions.
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FIGURE 3.6: Venice: Reliable Virtual Data Center Embedding in Clouds from Mohamed Faten Zhani, Qi

Zhang, Maissa Jabri and Raouf Boutaba at University of Waterloo (Theme 3)
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21. Network-Aware Job Placement in Data Center Environments

Yang Li, Carey Williamson, Mea Wang, U. Calgary

This project focuses on strategies for efficient placement and execution of jobs in data center environments.
Since network bandwidth is sometimes a scarce resource in multi-tenant data centers, several virtualiza-
tion abstractions have been proposed to avoid oversubscription of data center networks, and to provide
predictable QoS performance for users. In our work, we have built a simulation environment to study job
placement and scheduling strategies in data center networks. In particular, we model the Time-Interleaved
Virtual Clusters (TIVC) algorithm, and study its sensitivity to different job characteristics. Preliminary
results indicate that careful management of a delay queue for pending jobs can help achieve high system
utilization. Ongoing work is exploring the impacts of job migration, VM consolidation, and dynamic wireless

bandwidth augmentation.
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22. 802.11 Wireless Access Point Virtualization Testbed
Heming Wen, Kevin Han, Michael Smith, Tho Le-Ngoc, McGill U.

This poster showcases some of the features integrated in the wireless access point firmware for the SAVI
testbed based on the OpenWrt image and the Stanford OpenFlow Wireless image (Debian-based). One of
the main features currently supported is OpenFlow. Notably, a mobile handover scenario is demonstrated
by using OpenFlow to detect wireless clients on access points and provision a video stream over a fully
OpenFlow-enabled network infrastructure. Open VSwitch is used as the wireless gateway on the wireless
access point firmware. A flexible control and data path separation is made by using virtual interfaces
(veth) and tunneling interfaces (tap). A discussion of some of the integration of other modern WLAN
functionalities (VLAN, multiple SSID, RADIUS, etc.) in the context of the SAVI testbed will be provided.
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23. Wireless Virtualization Perspectives and Framework
Heming Wen, Prabhat Kumar Tiwary, Tho Le-Ngoc, McGill U.

The objective of this poster is to survey and compare recent works in the field of wireless virtualization in
order to identify potential applications, common trends and future research directions as well as formulate a
sustainable wireless virtualization framework. First, different wireless virtualization architectures as well as
both enabling and enabled technologies related to wireless virtualization are explored. Then, a classification
of wireless virtualization approaches based on the type of virtualized resources and the depth of slicing is
proposed. The three main perspectives identified are the data and flow-based perspective, the protocol-based
perspective and the spectrum-based perspective. The challenges and requirements of a sustainable wireless
virtualization framework are discussed. Finally, a hypothetical multi-dimensional virtualization framework

for wireless virtualization is presented.
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24. Full-Duplex In-Band Channel OOK-DL/OFDM-UL Transmission up to 80 km of SMF in RSOA-Based
Radio-over-Fiber System Using Carrier Reuse and DL Modulation Tuning
Kim Lefebvre, An Nguyen, Leslie A. Rusch, U. Laval

We study the working principle of RSOA-based carrier remodulating WDM-PON networks, and apply this
architecture to the implementation of a full-duplex digital/analog radio-over-fiber system that is suitable
for FTTx applications. Experiment of transmitting full-duplex OOK-DL and WiFi OFDM-UL up to 80 km
of SSMF is carried-out to demonstrate the feasibility of the proposed scheme.
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FIGURE 4.4: Full-Duplex In-Band Channel OOK-DL/OFDM-UL Transmission up to 80 km of SMF' in
RSOA-Based Radio-over-Fiber System Using Carrier Reuse and DL Modulation Tuning from Kim Lefebvre,

An Nguyen and Leslie A. Rusch at Université of Laval (Theme 4)
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25. Optical integration of multiple radio services using tandem optical SSB modulation and DSP-assisted
coherent detection
Chul Soo Park, An Nguyen, Leslie A. Rusch, U. Laval

Tandem optical single sideband (OSSB) modulation with DSP-assisted coherent optical detection is pre-
sented to integrate multiple radio services. 2- and 5-Gbps BPSK signals are tested as a proof of concept.
Tandem OSSB modulation technique carries two BPSK signals on each optical sideband. Coherent optical
detection with offline digital signal processing is applied to evaluate the system performance. Q-factor above

6 is measured after 80-km single-mode optical fiber transmission.
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F1GURE 4.5: Optical Access for SAVI Project: Optical Integration of Radio Services from Chul Soo Park,
Guang Chen, An Nguyen and Leslie A. Rusch at Université of Laval (Theme 4)



Theme 4: Integrated Wireless/Optical Access 60

26. Distributed Base Station Activation for Energy-Efficiency
Ali Abbasi, Majid Ghaderi, U. Calgary

Our work is focused on distributed algorithm design for dynamic base station activation in dense small
cell networks. Distributed solutions are particularly desirable in small cell networks due to importance of
self-organization and self-optimization in such networks. The goal is to achieve an optimal trade-off between
network operator’s revenue and operational cost while guaranteeing coverage for network users. In our work,
this problem is posed as a network utility maximization aiming to find the optimal activation schedule of
each base station. Using the Lagrangian duality technique and controlled message passing among base
stations, we design a distributed algorithm for the problem. We have simulated the proposed algorithm to

demonstrate its behavior in terms of utility and cost trade-offs in various network scenarios.
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FI1GURE 4.6: Distributed Base-station Activiation for Energy-eficient Operation of Cellular Networks fromAli

Abbasi and Majid Ghaderi at University of Calgary (Theme 4)
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27. Graph-based Network Topology Management for SAVI Testbed
Joon-Myung Kang, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

In SAVI Testbed a network topology consists of many converged heterogeneous resources for computing and
networking as a form of physical and virtual. However, the network topology is dynamic due to various
physical and logical activities such as addition of new racks, VM addition/deletion/migration, and network
creation/modification/deletion. In this research we show a graph-based management approach for the
dynamic network topology in SAVI Testbed. A graph is one of the best models for representing converged
heterogeneous resources and their associations. We use a graph database to enable us to efficiently store

resources and query based on graph traversing and indexing.
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Graph-based Network Topology Management for SAVI Testbed from Joo-Myung Kang, Hadi

FIGURE 5.1

Bannazadeh and Alberto Leon-Garcia at University of Toronto (Theme 5)
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28. SAVI Testbed: Control and Management of Converged Virtual ICT Resources
Joon-Myung Kang, Hadi Bannazadeh, Hesam Rahimi, Thomas Lin, Moe Faraji, Alberto Leon-Garcia,
U. Toronto

This research introduces the SAVI testbed control and management for converged virtual ICT resources. The
SAVI testbed attempts to create an open applications marketplace that operates on converged virtualized
computing and networking infrastructures and that supports experimentation with emerging Future Internet
protocols and applications. SAVI addresses a major obstacle in experimental network research namely the
inability to test and deploy new protocols and applications at scale. In this research we briefly review the
Smart Applications on Virtual Infrastructure (SAVI) network and the Virtualized Application Networking
Infrastructure (VANI) which are the basis for the SAVI testbed. We then present the system architecture
and design of the SAVI testbed. Finally, we report on the current status of development and share our

experience with the SAVTI testbed.
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SAVI| Testbed: Control and Management
of Converged Virtual ICT Resources

Joon-Myung Kang, Hadi Bannazadeh, and Alberto Leon-Garcia

SAVI

Department of Electrical and Computer Engineering
University of Toronto, Toronto, ON, Canada
{ioonmyung.kang, hadi.bannazadeh, alberto.leongarcia}@utoronto.ca

INTRODUCTION

This paper introduces the Smart Applications on Virtual Infrastructure
(SAVI) testbed (TB) for control & management of converged virtual ICT
resources. The SAVI TB attempts to create an open applications
marketplace that operates on converged virtual computing and
networking infrastructures and supports experimentation with emerging
Future Internet protocols and applications.

SAVI NETWORK AND TESTBED

O Design of future application platforms built on flexible, versatile and
evolvable infrastructure that can readily deploy, maintain, and retire the
large-scale distributed applications that will be typical in the future
applications marketplace. http://www.savinetwork.ca

O SAVI Research by 9 Canadian Universities: Smart applications, Extended
Cloud Computing, Smart Converged Edge, Integrated Wireless Optical
Access, SAVI Application-Platform TB

Q Virtualized Application Networking Infrastructure (VANI) TB developed
at the University of Toronto, that allows researchers to utilize virtualized
resources to rapidly create and deploy networked systems and
distributed applications [1].

~
\

’ Experiment/
SAVI TB Elg(;e ,33;2 EA Application X!
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= | Legend
SAVI Dedicated/ virual
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Access Access
Node Node
Access Access Access
Node Node Node

Fig. 1. SAVI TB main entities, hosting two sample applications

O Core Nodes provide conventional cloud computing resources
(compute, storage, and basic networking)

0 Edge Nodes provide more advanced and quality-sensitive resources
such as reconfigurable hardware resources and are deployed on sites
located at participating universities

0 Access Nodes are deployed on various universities and connected to
an edge node
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Fig. 2. SAVI TB basic reference architecture

O C&M Plane: allocating and securing a slice of virtualized resources to
an application: virtualizing resources, allocating resources to an
experiment or application, managing allocated resources, monitoring
the allocated resources and facilitating measurements, and conducting
clearinghouse functionalities

O A&E Plane: researchers can run their application on a set of virtualized
resources allocated by the C&M plane.

SAVI TESTBED DESIGN

Researcher & Application Provider

-

Control
Layer OpenStack
(Nova, Swift, Network Manager
Glance (Quantum API +
Virtualization ) Openflow)
Layer

e @ O
Resources -

Edge Node Network

Cloud Computing Resources Other SAVI Resources
Fig. 3. Conceptual design of SAVI TB for Edge Node
O Cloud Computing Resources: conventional compute, storage, and
networking resources
O Edge Node Network: Software Defined Network (OpenFlow)

O Other SAVI Resources: reconfigurable hardware resources (FPGA,
NetFPGA), acceleration resources (GPU), and so on

SAVI TESTBED DEPLOYMENT AND TESTING

O SAVI TB Hands-on Workshop for fifty researchers (July 2012)

pEh S @ SOMIReST
!¢ S ‘ P/REST
N saviTB R getfile, put file
ssh_ {: Client SAVI \ e ]
e @cerpun @™ | |
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Fl GetSum
: °

L
Read object

> 4 -
| Swap Case ~§) Object
Write object Storage

Open

REST

Edge 7 HTTP
*ﬂ @ python
SAVI Edge 1

NetFPGA

Fig. 4. Deployment of SAVI TB client
and SAVI Edge Nodes

CONCLUSION

This paper has presented a novel approach to controlling and managing a
converged computing and networking infrastructure in a multi-tier cloud
to support future applications. Currently, we have extended the SAVI TB
architecture by focusing on more heterogeneous resources. We have
introduced Software-Defined Infrastructure and useful cases for future
Central Office such as Content Centric Networking, Smart Transportation,
IP Multimedia Subsystem for Next Generation Networks, or other smart
applications [2].

Fig. 5. Block diagram for cloud-
based applications on SAVI TB

REFERENCES

[1] H. Bannazadeh, et al. “Virtualized application networking infrastructure,” in
TRIDENTCOM, LNCS vol. 46. Springer, 2010, pp. 363—382

[2] J.M. Kang, et al. “Software-Defined Infrastructure and the Future Central
Office,” IEEE ICC'13 - CNDC 2013, Budapest, Hungary, June 9-13, 2013

F1GURE 5.2: SAVI Testbed Control and Management of Converged Virtual ICT Resources from Joo-Myung
Kang, Hadi Bannazadeh and Alberto Leon-Garcia at University of Toronto (Theme 5)
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29. Software-Defined Networking (SDN) in SAVI Testbed Converged Cluster

Hesam Rahimi, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

In this project, we introduce advanced networking features in SAVI Testbed software-defined infrastructure
by utilizing SDN approaches. Our goal is to improve SAVI Testbed Converged cluster networking perfor-
mance by addressing two main issues: 1) Use of proactive openflow rule installations to maximize utilization
of networking resources and decreasing rule setup time 2) Control the broadcast messages in the system
by handling ARP messages in the SDN controller. In this project, we first show how we can block all
broadcast messages and how the controller, knowing the physical and virtual topology of the network, can
directly reply to ARP requests, preventing the network from carrying broadcast packets. Furthermore, we
present how the controller can proactively install all necessary rules to all OpenFlow switches based on user-
specific requirements. We will also discuss major advantages of this approach including higher utilization

of resources, more effective fault recovery and better QoS control.
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FIGURE 5.3

Hadi Bannazadeh and Alberto Leon-Garcia at University of Toronto (Theme 5)
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30. NetThreads - Virtualizing FPGA Accelerators for SAVI
Stuart Byrma, Greg Steffan, Paul Chow, U. Toronto

FPGAs excel at high speed packet processing applications. However, not all users who require high speed
applications have the required skills to develop complicated digital systems; for others, it is too time con-
suming and error prone. This work aims to provide a framework for the SAVT testbed that virtualizes FPGA
resources—giving researchers a relatively quick and painless method of implementing hardware accelerators
for packet processing, without the hassle of manually programming an FPGA.

With this system, users can view accelerators as cloud-based resources: accelerators can be set up and
torn down quickly and on-the-fly, with the illusion of unlimited resources. We accomplish this using partial
reconfiguration of the FPGAs. Accelerators could provide high speed applications such as encryption, pro-
tocol conversion, or video or audio stream processing. The virtualization system is designed to interact with
the SAVI command line tools, enabling users to boot and delete accelerators similar to virtual machines in
the SAVI Testbed.

NetThreads is an FPGA-based multithreaded multicore architecture, designed specifically for packet pro-
cessing applications. Originally implemented and tested on the NetFPGA, the system was comprised of
two MIPS-based cores with four threads each, executing in a round-robin fashion, with hardware-based
locks for critical sections. A 10-slot packet input/output buffer holds packets for processing by the system.
NetThreads abstracts away the base FPGA architecture, allowing non-hardware expert users to implement
fast, gigabit speed packet processing using C programming. We aim to familiarize SAVI researchers with
NetThreads: how to use it, and how to write packet processing applications for it. The demo will use
NetThreads-10G, a recently ported and upgraded version of NetThreads running on the NetFPGA-10G.
Attendees will learn the basic NetThreads architecture and programming model, and how to set up and
use the system in the context of the SAVI testbed. A sample application will be developed, compiled and

demonstrated.
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Virtualizing FPGA Accelerators

UNIVERSITY OF

TORONTO

Motivation

» SAVI testbed contains FPGA resources, capable of
low-latency, fast packet processing - much faster than
general purpose machines

» Many flavours of FPGAs and boards - difficult to build
portable, scalable, share-able applications

» By virtualizing SAVI FPGA resources, we can afford all users
simple, flexible access to cloud-based hardware acceleration

What is Virtualization?

» Adding an abstraction layer
> e.g. PC hardware virtualization
> Abstracts physical hardware, allowing "sharing” of
hardware by several virtual computers
» Goal: Virtualize FPGAs
> Allow multiple users to "share” the same FPGA fabric
> Enable easy, flexible programmability
> Make FPGA accelerators appear as cloud resources -
create and tear down on the fly
» Challenge - How to accomplish this?

[ Control/Management/Configuration/Programming? ]

¢

FPGA ()
User Logic 1
f ) User
User Logic 2 Data
: 0 In/
0 Out?
User Logic N
> \ J

Wait, What is an FPGA?

» Field Programmable Gate Array
> Tiled array of programmable logic blocks, interconnected
by programmable routing architecture
> Hard block RAMs, DSP Blocks (multipliers), high speed
transeivers
> Result: Fully reconfigurable hardware operating at speeds

>500 MHz
» Drawback - Requires complex CAD flow to map design to
the device

> Big learning curve to implement significant designs

Programmable
Logic Block
—H 1
1 i
1 1
| } Pr
T T | Routing

Basic modern FPGA architecture

Software Virtualization

» One or more virtual processors are implemented in the fabric
of an FPGA

» Allows programming of the FPGA in software than hardware
- much easier, more accessible

» Compiler toolchains enable fast, easy programming

» Generally bus-based, single-core, single-threaded designs.

» Commercial Products - Altera NIOS I, Xilinx MicroBlaze

bymastua®eecg.toronto.edu

for SAVI

Stuart Byma, J. Gregory Steffan, Paul Chow

Department of Electrical and Computer Engineering
University of Toronto, Ontario, Canada

NetThreads: A Soft Multicore for Packet Processing

» Expansion on software virtualization - Gigabit speed packet
processing in C
» NetThreads [1] is
> A soft, multithreaded multicore system for packet
processing
> Closely coupled to Ethernet hardware - no OS or copying
overhead as in a PC or VM
> Programmable in C - a cross compiler toolchain is available
> Threaded - Users could share the FPGA fabric via separate
threads
» However - NetThreads alone can't fully capitalize on the
FPGA's strengths - custom accelerators are faster
> Can we combine them?

FPGA

NetThreads Multicore

T

App.c

User Threads

eads Architecture

» 4 MIPS processors on Virtex 5 FPGA (NetFPGA-10G), 4
threads per core, round robin execution

» Shared data cache, hardware locks, private instruction caches

» Memory-mapped, shared, 20 packet capacity input output
buffer

» 64MB RLDRAM main memory

Sync (Lock) Unit

4Thread Proc 4 Thread Proc 4Thread Proc | | 4 Thread Proc
1S 15 I$ 15

Instr

Data

Pkt 10 mem

Pkt In

Pkt 10 Buffer Pkt Out i
[

To RLDRAM
!

NetThreads on NetFPGA-10G is Available!

» NetThreads [1] has been ported to the NetFPGA-10G, and is
available for use in the SAVI testbed

» We are looking for new applications and collaborators

» Possible applications include
> Deep Packet Inspection - see demo!
> Non-IP layer 3 routing

Programming Circuit ]

> Encryption, firewalls
» Email - bymastua@eecg.toronto.edu

& XILINX.
€Emc Q CRSNG

MICROSYSTEMS

Hardware ualization

» Soft processors don't allow sharing of FPGA fabric on
hardware level - not as fast as custom accelerators
» FPGA Partial Reconfiguration technology can allow sharing
of FPGA fabric on the hardware level
» What is Partial Reconfiguration (PR)?
> An architectural feature of an FPGA - allows
reconfiguration of predefined sections of the fabric
1> Allows fast reconfiguration of subcircuits, without
affecting other running sections of the FPGA
> A long-time research topic, recently becoming more
commercialized

FPGA PR
: ; 4 Design 4
Static Logic PR L 4
Design 1
PR
- ng YDesign 2
Design 3

Designs for the same PR region can be
dynamically reconfigured (“swapped”) at run time

A PR-Based FPGA Virtualization Framework for SAVI

» We envision a system that will

> Abstract away the FPGA fabric entirely
» As well as different devices, boards and vendors
» Make multiple FPGAs appear as one fluid, flexible

resource

> Use PR regions to run different users’ hardware
accelerators concurrently on the same device

> Interface with existing SAVI command line tools

> Provide a library of accelerators for common packet
processing functions

» There are still many questions:

> How complex will the abstraction layer be? How will it be
implemented? How will users, PR regions and PR designs
be tracked?

> How will the framework interface to the SAVI tools?

> How can user data (packets) be directed to the correct PR
region?

> Could we use NetThreads to implement exceptional path
handling for multiple users concurrently (e.g. dynamic
thread allocation)?

Host PC
Config Cntrl/Manage SAVI API| >
Software
FPGA(s?)
]
‘; | PR Regionl
Mico s—{ PR Region 2
Processor — lSJ
(NetThreads?) ‘ IPR Region N
DDR Cntrl —
|
1
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FI1GURE 5.4: Virtualizing FPGA Accelerators for SAVI from Stuart Byma, J. Gregory Steffan and Paul
Chow at University of Toronto (Theme 5)
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31: “Identity Management in Software-defined Infrastructure”

Moe Faraji, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

Software defined infrastructure (SDI) enables applications to create their resource layer through the web
service technology. This infrastructure leverages Service Oriented Architecture to decouple application and
resource provider e.g. compute, network, storage, etc. Applications use mainly RESTful APIs to send their
resource need to providers, where these requests are authenticated and authorized in the first place then
proceed with the provider to be addressed. Therefore, identity manager is a key component in this platform
which should be scalable, support different authentication mechanism, and more importantly provide a
fine-grained access control to maintain the flexibility of platform.

In this work, we introduce a new architecture for Identity Manager (idM) in SDI which has been implemented
on Smart Applications Virtual Infrastructure (SAVI) and built upon Openstack Keystone. SAVI IdM
protects APIs through a middleware named enforcement layer. This middleware intercepts user or resource
initiated requests before passing them to the next element in the pipeline. Consequently, the IdM receives
a large number of authorization inquiries that in turn positions the IdM to be the bottleneck of system.
SAVI IdM uses Attribute Based Access Control to bring flexibility and ultimate security to applications. In
this poster, we also describe caching and load balancing techniques which maintain the IdM performance

comparable to similar commercial solutions, while delivering all required functions to SAVI.
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32: “Information Centric Data Dissemination Platform for Smart Transportation”

Aakash Nigam, Elman Mansimov, Ali Tizghadam, Alberto Leon-Garcia, U. Toronto

Evolving mobile cloud networks in settings such as connected vehicles and smart transportation require
both content distribution as well as event notification and processsing support. Content Centric Networking
(CCN), built around named data, is a clean slate network architecture for supporting future applications.
Due to its focus on content distribution, CCN does not inherently support Publish-Subscribe-based event
notification, a fundamental building block in computer-mediated systems and a critical requirement for
smart tranportation applications. Semantics of content distribution and event notification requires different
functions from the underlying network infrastructure, but can still be united by leveraging similarities in the
routing infrastructure. We therefore have proposed a minimalistic extension to CCN architecture to provide
a lightweight publish-subscribe service at the network layer. As a proof of concept, we have designed and
implemented an open data sensing, aggregation, management and publishing system that gathers multiple
streams of sensor data and provides high quality data for a common smart transportation application

platform that supports ITS and privately offered applications.
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FI1GURE 5.6: Information Centric Data Management for Smart Transportation from Aakash Nigam, Elman

adam and A. Leon-Garcia at University of Toronto (Theme 5)
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33. Scalable Content Centric Networking over SAVI
TTang Tang, Alberto Leon-Garcia, U. Toronto

Content Centric Networking (CCN) is a novel network architecture in which host-naming in the current
Internet is replaced by content-naming: communication is resolved based on the relevant data transferred
instead of locations of the end-hosts. In this project we first evaluated CCNx, an open-source prototype
of IP-based CCN under realistic traffic load using SAVI virtualized resources. The performance bottleneck
of current CCNx implementation was identified, and a few alternatives towards designing a scalable CCN
router over virtualized infrastructure was proposed. We then developed and deployed a preliminary CCNx-
based prototype over SAVI, and its performance was analyzed and compared to that of the original CCNx

implementation.
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SAVI Application Platform Testbed
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FI1GURE 5.7: Scalable Content Networking over SAVI from Tang Tang and A. Leon-Garcia at University of
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34. Software-Defined Infrastructure and the Future CO
Joon-Myung Kang, Hadi Bannazadeh, Hesam Rahimi, Thomas Lin, Moe Faraji, Alberto Leon-Garcia,
U. Toronto

This research discusses the role of virtualization and software-defined infrastructure (SDI) in the design
of future application platforms, and in particular the Future Central Office (CO). A multi-tier computing
cloud is presented in which resources in the Smart Edge of the network play a crucial role in the delivery
of low-latency and data-intensive applications. Resources in the Smart Edge are virtualized and managed
using cloud computing principles, but these resources are more diverse than in conventional data centers,
including programmable hardware, GPUs, etc. We propose an architecture for future application platforms,
and we describe the SAVI Testbed design for the Smart Edge. The design features a novel Software-Defined
Infrastructure manager that operates on top of OpenStack and OpenFlow. We conclude with a discussion

of the implications of the Smart Edge design on the Future CO.
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Software-Defined Infrastructure and the Future CO from J.M.Kang, H. Bannazadeh and A.

FIGURE 5.8

Leon-Garcia at University of Toronto (Theme 5)
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