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Opening Comments

SAVI 2014 Annual General Meeting (AGM): Student Posters

th
| am pleased to present the poster booklet derived from posters and demonstrations at the 2014 (Year 3) SAVI AGM held on the 7/8 of
July. Over 100 people attended including SAVI Partners, SAVI Board members, Principal & Theme Leads, Researchers and students from
many of the participating SAVI universities.

We are just about to reach the end of year three of SAVI, a year in which we planned and saw the integration of several important
activities involving the multi-tier cloud structure, the creation of applications that run over both the edge and core cloud resources, the
extensive use of software-defined infrastructure (SDI) and the introduction of wireless activities including small cells and the delivery of
radio frequencies over optical fibre. This poster booklet demonstrates all of these research activities. As you work through these
posters you will be able to see that that year 3 has brought together the disparate activities of years 1 and 2 into a more cohesive set of
focussed activities.

I am also pleased at the levels of participation of researchers and the quality of posters this year. We have almost 30% more posters in
year 3 than in year 2 and all major themes are comprehensively covered.

As we move into year 4, the SAVI research plan calls for us to focus our activities on: Teasing out the advantages of SDI that are made
possible through a one-to-many core to edge infrastructure; and using this architecture to address the massive explosion in smart
devices that within a few years are forecast to deliver data flows in multi-gigabit per second rates. With this in mind we have to drive
into aspects of latency, network performance, and the impacts of small error rates on behaviours built into current monolithic
networks. Network autonomic behaviour will be key in examining self-optimizing aspects of the smart edge.

| look forward to another year of innovation, experimentation and participation of all SAVI players.

Alberto Leon-Garcia
SAVI Scientific Director
July 2014

Towards Gigabit Smart Devices

As industry liaison and advisor to SAVI since its inception, | have been keeping an eye constantly on new advances being made within
our ICT industry and can confidently say that SAVI has been a very early adopter of OpenFlow, OpenStack, Software-Defined
Networking and the notions of multi-tier cloud as potential breakthrough architectures for future network deployments. In the first
three years of SAVI, industry has gone from moderate interest to extreme interest with many innovations emerging around all of these
technologies. Available market estimates indicate that the market for SDN enabled services will exceed $25B per annum by 2018.
Additionally, the availability of R&D funds through venture capital alone into SDN focused companies has grown from $10m in 2009 to
just over $500m in 2013. This is a fifty times growth of funding in four years. This industry spending and investment confirms that
Software-Defined Networking is here to stay. The most important takeaway for SAVI is the need to keep ahead of the curve. What
needs to be considered in staying ahead of the curve?

In my opinion the EDGE of the network and the relationships between EDGE and CORE structures will define the next generation of
architectures. | hold this opinion because | see and read about the massive capacity expansion required within the next five years to
satisfy data flows from smart devices that embody smart applications. The Wi-Fi Alliance already has in the market devices that can
operate at three different frequencies (Tri-Band Devices at IEEE802.11ad) and these devices are capable of 7 Gbit/s data throughput.
The Wi-Fi Alliance is already contemplating next generation devices at data rates of 30 Gbit/s for the 2020 time horizon.

In parallel with this, the telecommunication wireless giants are working diligently on 5G wireless networks with a focus on 1000-times
capacity growth over todays 4G wireless networks. This growth is driven by the rapid evolution and population of smart devices,
sustained emergence of machine-to-machine communications (including vehicles) and by the Internet of things. The most conservative
of estimates indicate ~50B Internet-enabled devices by 2020. The focus of all this data production & consumption will be on the EDGE
of the network with many forms of small to ultra-small dense cells that will embody architectures and virtualization strategies that will
evolve over the next five years or so. In the Ericsson presentation at the 2014 AGM, Pierre Boucher talked at length about the
challenges faced as these networks take shape. We should take heed of his comments not only about the massive scaling of the
networks around us but also the socio-economic issues he addressed such as power efficiency and carbon footprint.

| believe in the SAVI concept and in particular two aspects, firstly: Software-Defined Infrastructure that enables both network
infrastructure and compute resources to be seen as one, and secondly: Two tier Core and Edge deployment. In my view we will soon
see the emergence of large-scale networks with massive deployment of edge capabilities to be the initial point of connection for the
large number of data producing & consuming devices in the network of the future. This will be essential to manage latency and the
impact of latency on device designs and the quality of experience the user will demand. SAVI has a critical role to play for Canada in
ensuring that we can participate in this fundamental change in networks driven by real user experiences and device demand.

David Mann
SAVI Industry Liaison and Scientific Advisor
July 2014
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1.1 Soda: A Case for Software-Defined Networking at the Application
Layer

Younan Wang, Baochun Li, U. Toronto

Due to constraints on current SDN switches, existing solutions at the network layer may not be able
to support traffic demand changes with a large number of flows. Catering to the needs of multi-party
multimedia applications such as video conferencing, in this poster, we make a case for a new software-

defined network architecture at the application layer.

We propose Soda, our new application-layer SDN architecture and traffic engineering solution, designed
for the efficient utilization of the network capacity with a large number of flows, while maintaining utility
max-min fairness. An important and salient advantage of Soda is its ability to support both real-time
multimedia and traditional bulk transfer applications. Soda has been implemented and deployed in the
Amazon EC2 inter-datacenter network, and its effectiveness has been evaluated with both simulations and

real-world experiments.
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Soda: A Case for Software-Defined Networking at the
Application Layer Q wsEnc

Younan Wang, Baochun Li CRSNG
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Due to constraints on current SDN switches (such as the rule In the K-th iteration, we maximize the K-th smallest common utility
count limit), existing solutions at the network layer may not be able to and fix relevant flows:
support traffic demand changes with a large number of flows.

Catering to the needs of multi-party multimedia applications such as max miniey ¢i (].EZP bij)

video conferencing, in this poster, we make a case for a new software-

defined network architecture at the application layer. We St N
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Amazon EC2 inter-datacenter network, and its effectiveness has been
evaluated with both simulations and real-world experiments.
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This work is funded in part or completely by the Smart Applications on Virtual Infrastructure (SAVI) project funded under the National Sciences and
Engineering Research Council of Canada (NSERC) Strategic Networks grant number NETGP394424-10

FIGURE 1.1: Soda: A Case for Software-Defined Networking at the Application Layer from Younan Wang
and Baochun Li at University of Toronto (Theme 1)
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1.2 Consistency Models in Distributed Controller Architectures for Soft-

ware Defined Networks

Heng Xu, Baochun Li, U. Toronto

Despite the merits of a logically centralized control plane in software-defined networks, it has the requirement
to be implemented by physically distributed controllers to allow scaling up for larger networks. Such
a problem of scalability becomes an even more pressing concern with application-layer software-defined
networks. Such a physically distributed state naturally needs a way to keep the control planes working in
unity, rather than just a number of independent networks. There are two broadly categorized models to
synchronizing the physically distributed control plane, strong consistency and eventual consistency. In this
poster, we show our recent work on an in-depth comparison study between these two models of consistency,

with respect to a variety of performance and quality metrics.
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Heng Xu, Baochun Li
Department of Electrical and Computer Engineering, Faculty of Applied Science
and Engineering, University of Toronto

Despite the merits of a logically centralized control plane
in software-defined networks, it needs to be
implemented by physically distributed controllers in order
to scale up to a larger network. Such a problem of
scalability becomes an even more pressing concern with
application-layer software-defined networks. Such a
physically distributed state naturally needs a way to keep
the control plane to work in unity, rather than just a
number of independent networks. There are two broadly
categorized models to synchronizing the physically

distributed control plane, strong consistency and phsyical instance of the controller will maintain its own
eventual consistency. In this poster, we show our recent NIB, which corresponds to its own view of the entire
work on an in-depth comparison study between these network. Since by default each controller will only be
two models of consistency, WIFh respect to a variety of updated by the event in the segment of the network
performance and quality metrics. under its direct control, overtime the NIBs will evolve to
different views. Therefore, there is a need to synchronize
Motivation the NIBs contents, so that t_he_ views of the instances of
controller will not be conflicting with each other.

There are quite a number of SDN
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l l all the information about
@ €}
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B~ ~ ~ B |oad balancers, middle boxes,
g 090 firewalls. We have chosen the load

Although a single instance of today’s virtual machine (VM) balancer as our SDN application. As
can handle a large number of network events, but it still shown on the left, a number of clients
has its limitations. As a network grow, a single physically send data to the backend servers.
centralized controller will eventually met its scalability In-between the servers and
and reliability problems. Moreover, as the network grow, clients, the load balancer will 4
the physical placement of the control will be critical to make an attempt to distribute the [ [
the performance of the whole network. For example, as traffic evenly across all the paths,
shown in the left, if we only have one physical instance of so that no link in the network is -~ ~ @
the controller, and two sites, no matter which site the congested. The topology is here: GEE

controller is in, the switches located at the other site is
going to incur large communication latency, and the
cross site link may be congested. On the other hand, Performance Evaluation
what if we have one instance of the controller for each
site as whom on the right. This gives rise the idea of
logically centralized, physically distributed network
control plane.
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1) Onix: A Distributed Control Platform for Large-scale

Production Networks, T. Koponen et al. in OSDI, 2010 We plotted network link imbalance measure boxplots.

2) HyperFlow: A Distributed Control Plane for OpenFlow, Under an exponential distributed workload with )

A. Tootoonchian and Y. Ganjali, in INM/WREN, 2010 parameter alpha = 32_. The eventual consistency case is
3) Towards an Elastic Distributed SDN Controller shown on the Igft, while the strong consistency case is
(ElastiCon), Advait Dixit et al. in HotSDN, 2013 shown on the right. Both cases used 6 different |

4) Logically Centralized? State Distribution Trade-offs in synchronization periods between the controllers’ NIBs and
Software Defined Networks. D. Levin et al. in HotSDN the distributed data store. We see the strong consistency
2012 ’ ’ model does better in terms of balancing link loads. This is

just 1 out of many trails we performed.

FicUrRe 1.2: Consistency Models in Distributed Controller Architectures for Software Defined Networks
from Heng Xu and Baochun Li at University of Toronto (Theme 1)
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1.3 Repairing Erasure Codes Cooperatively in Storage-Intensive Appli-

cations

Jun Li, Baochun Li, U. Toronto

Storage-intensive applications store a substantial amount of data in a large number of commodity servers.
Due to the large number and their commodity nature, servers are subject to failures. To maintain data
integrity in spite of server failures, storage-intensive applications store redundant data, in a form of either
replications or erasure codes or both. Since erasure codes can consume much less storage space than
replications while maintaining the same level of failure tolerance, storage intensive applications have been
increasingly deploying erasure codes (such as Reed-Solomon codes) to replace replications. However, when
the storage-intensive application needs to repair missing data after failures, erasure codes also incur a
significant amount of network traffic and disk I/O. Since storage-intensive applications are usually designed
to tolerate multiple failures of servers, we can repair missing data of multiple failed servers in batches,
rather than independently. In this manner, both network traffic and disk I/O can be saved with the
corresponding erasure codes. In this paper, we present new erasure codes for storage intensive applications,
called cooperative repairing (CR) codes that can repair missing data of multiple failed servers cooperatively
while consuming the optimal network traffic. We show that the construction of CR codes is systematic
and CR codes can be repaired exactly. Though CR codes incur more storage overhead than MDS codes
like Reed-Solomon codes, we show that this overhead is marginal in storage-intensive applications. Our
simulation results show that repairing multiple failures with CR codes can reduce network traffic by up to
20% and disk I/O of repairs by 75%.
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Repairing Erasure Codes Cooperatively in Storage-Intensive Applications

Jun Li, Baochun Li
Department of Electrical and Computer Engineering, University of Toronto

SAVI

Background: Tolerating Failures in

Storage-Intensive Applications

failures, in a form of either replications or erasure codes.

3-way replication (4, 2) erasure code

replications.

4 Storage-intensive applications, such as Hadoop and OpenStack,
rely on redundant data to maintain data integrity in spite of server

4 Erasure codes consume much less storage space than
replications, while maintaining the same level of failure tolerance.
Hence, storage-intensive applications have been increasingly
deploying erasure codes (such as Reed-Solomon codes) to replace

Motivation

intensive application needs to repair missing data after failures.
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multiple failures are repaired in a cooperative way.

failure at a time.

network traffic.

4+ However, erasure codes can also incur a significant overhead of
network traffic (esp. over switches) and disk I/O, when the storage-

4 We have known that network traffic and disk I/O can be saved if

4 Server failures are usually correlated, and thus there are many
opportunities to repair multiple failures in batches, instead of one

4+ However, there has been no general construction of erasure codes
that support to repair multiple failures in batches with the optimal
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4 We design new erasure codes for storage-intensive applications,
called cooperative repairing (CR) codes.

4 CR codes can repair missing data of multiple failed servers
cooperatively while consuming the optimal network traffic with a
marginal storage overhead.

4 CR codes is systematic and CR codes can be repaired exactly.

Highlights of Code Design

4 CR codes have four parameters: (n, k, d, t):

n the number of blocks to be generated
k the minimum number of blocks that can recover the original data
d the number of existing blocks needed to repair the missing data

t the number of failures repaired at the same time

4 CR codes are constructed in two parts:
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This work is funded in part or completely by the Smart Applications on Virtual Infrastructure (SAVI) project funded under the National Sciences and Engineering Research

Council of Canada (NSERC) Strategic Networks grant number NETGP394424-10.

FIGURE 1.3: Repairing Erasure Codes Cooperatively in Storage-Intensive Applications from Jun Li and
Baochun Li at University of Toronto (Theme 1)
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1.4 Ready, Set, Go: Coalesced Offloading from Smart Applications to
the Cloud

Liyao Xiang, Baochun Li, U. Toronto

With an abundance of computing resources, cloud-computing systems have been widely used to elastically
offload the execution of computation-intensive smart applications on mobile devices. This leads to per-
formance gains and better power efficiency. However, existing efforts have so far focused on one smart
application only, and multiple applications are not coordinated when sending their offloading requests into
the cloud. In this poster, we propose a new technique of coalesced offloading, which exploits the potential for
multiple applications to coordinate their offloading requests with the objective of saving energy on mobile
devices. Our intuition is that, by sending these requests in “bundles,” the period of time that the network

interface stays in the high-power state can be reduced.

We present two online algorithms, collectively referred to as Ready, Set, Go (RSG), that make near-optimal
decisions on how offloading requests from multiple applications are to be best coalesced. We show, both
analytically and experimentally, using actual smartphones, that RSG is able to achieve incremental energy

savings whilst maintaining satisfactory performance.
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When multiple applications send their offloading requests to the
cloud independently without any coordination, the cellular or Wi-
Fi network interface needs to be activated to transmit these
requests, entering the high-power state at arbitrary times.

In this poster, we propose coalesced offloading, which exploits the
potential for multiple applications to coordinate their offloading
requests with the objective of saving additional energy on mobile
devices. Coalesced offloading realizes the intuition that, by
sending code offloading requests in “bundles,” the period of time
that the network interface stays in the high-power state can be
reduced, thus saving additional energy.

The Coalesced Offloading Problem

Since bundling offloading requests may incur additional
offloading delays, we formulate the problem as a joint
optimization problem, with both the energy cost and the response
time considered. The offloading requests arrival time sequence is
aj, a, . . . , a9, and the granting time sequence is g1, g2, ..., gs. Let T
be the duration of the tail time after the completion of
transmission.

High-power State Low-power State

Power State

Tail Time T
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Since the actual energy cost is nearly linear to the duration that
the network interface stays at the high-power state, we use that
time duration to represent the energy cost. The joint optimization
problem of coalesced offloading can be formulated as follows:

minfcost :Zmln{g] 7gj71aT}+OKZ Z (gj 70/2’)
J J g9j-1<a;<g;

The first term represents the energy cost while the second term
denotes the total latencies.

Ready, Set, Go: Algorithms

Optimal Offline Algorithm: The optimal offline algorithm, in
which the arrival time sequence are given a priori, serves as the
benchmark for us to design and evaluate our online algorithms.
We use dynamic programming to obtain an optimal offline
algorithm with a time complexity of O(n).

Liyao Xiang and Baochun Li
Department of Electrical and Computer Engineering, University of Toronto

NSERC
CRSNG

RSG Online Algorithm: Our algorithm A is defined as a
randomized algorithm that selects 6 between 0 and 1 according to
a probability density function p(0) = €% (e — 1). Let R(t, t”) be the
number of requests that arrive between time t and t’, and g1, g2, ...,
gi, ... be the times at which requests are granted and transmitted.

Algorithm Ag grants the next request at gi, such that there exists
a time Tiy1, gi < Tir1 < 8iv1 , that satisfies

R(gis Ti+1)(git1 — Ti1) = (0/a)Si,
where S; is essentially the amount of energy cost increment due to
the additional transmission. The intuition is given the previous
transmission occurring at time g, the additional transmission
happens at ti;1 will reduce the latency cost by the increment of
energy cost.

Performance Analysis: We proved the Deterministic Online
Algorithm A, is 2-competitive, and the competitive ratio between
the expected cost incurred by the Randomized Online Algorithm
Ag and the optimal cost is e/(e — 1), both of which are proven
optimal in respective cases.

Performance Evaluation
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In real-world experiments, we emulate different types of
offloading requests generated from applications and their transfers
to the cloud. We also look into how the energy costs vary with the
tradeoff configuration parameter a. Further, we record the
network traffic of three typical mobile applications offloading to
the cloud. Our experiments have revealed that by performing the
RSG algorithm with our real-world traces, the energy
consumption is reduced by 20.71%.

100 150
Time (s)

FIGURE 1.4: Ready, Set, Go: Coalesced Offloading from Smart Applications to the Cloud from Liyao Xiang
and Baochun Li at University of Toronto (Theme 1)
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1.5 Blossom: Content Distribution across Multiple Geographic Loca-

tions

Yangyang Li, Baochun Li, U. Toronto

Cloud service providers are building out geographically distributed networks of datacenters around the
world. It is customary for cloud service providers to distribute their data replicas at multiple geographic
locations to mitigate user latency and to increase service availability. In this poster, we treat the content
distributed from one datacenter to multiple datacenters as a multicast session. We investigate the problem of
maximizing the capacity utilization of inter-datacenter networks while maintaining fairness among multiple
multicast sessions. A bandwidth allocation algorithm based on max-min fairness is developed, named
Blossom. Blossom leverages a fully polynomial time approximation scheme to accelerate the bandwidth
allocation, while achieving an approximation that is (1-epsilon)-optimal. Through trace-driven simulation,

we show that our approach is substantially more efficient than prior work.
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Blossom: Content Distribution across Multiple Geographic Locations

SAVI

Introduction

Nowadays, it becomes a common practice for cloud service providers
to build geographically distributed datacenters worldwide. In order to
mitigate user latency and to increase service availability, it is necessary
to distribute contents to multiple physical locations closer to users.
With the proliferation of bandwidth-intensive applications, such as
online video and file sharing, the scale of content distribution among
these datacenters grows exponentially. The management of inter-
datacenter traffic has drawn much attention in academia.

In this poster, we view that massive content distribution among
datacenters as a bandwidth allocation problem for multiple multicast
sessions. Rather than using the standard LP solvers, we are interested
in developing an approximation algorithm that can solve the problem
in polynomial time while achieving (1-epsilon)-optimality. In
particular, we develop an algorithm called Blossom, which allocates
bandwidth to multiple multicast sessions in a weighted max-min fair
way. Our trace-driven simulation shows that Blossom outperforms
existing multi-concurrent multicast solutions.

We first use a toy example to illustrate the motivation for our idea.

Si=({D1,D>}, D1,1) - -
$;=({D1,D2,Ds}, Dy 1) ——
S3=({D3,D4,Ds}, D3, 1)

>Session 1: Datacenter 1 to Datacenter 2, demand 1 unit.
>Session 2: Datacenter 1 to Datacenter 2 and 3, demand 1 unit.
>Session 3: Datacenter 3 to Datacenter 4 and 5, demand 1 unit.

Achieving optimized capacity utilization while maintaining
proportional fairness among multicast sessions will result in a
bandwidth allocation as (1, 1, 1). However, the bandwidth which is
allocated to Session 3 can be as high as 1.5 units without decreasing
the allocation of a session with smaller or equal rates. This motivates
us to choose max-min fairness as the criterion of bandwidth
allocation for multiple multicast sessions.

Achieving weighted max-min fairness

According to the definition of max-min fairness, we have the
following formulation for the max-min fair multi-tree multicast
problem.

P2 : lexmaz,cp (A)
subject to fi(x) > N\; - dem;, Vi

n

|75 )
Y al - 6.(t)) <ce,Vee &
i=1j=1

i > 0,27 >0,i,Vj

Yangyang Li, Baochun Li
Department of Electrical and Computer Engineering, University of Toronto

NSERC
CRSNG

Traditionally, based on the linear programming formulation, the
problem can be solved by using a standard LP solver. However, as the
number of multicast trees can be very large, finding the exact
solutions by standard LP solvers can be slow and expensive. Instead,
we developed a fully polynomial time approximation scheme
(FPTAS). Below are highlights of our algorithm.

>Theorem 1. The running time of Blossom is
O(e %log|&|(2n2logn|E||V| + n|E[?V)]))
> Theorem 2. The resulted satisfaction ratio vector (\*) is indeed
max-min fair.

Performance Evaluation

Simulation settings:

> Available bandwidth trace from 7 Amazon EC2 datacenters
>10 multicast sessions are randomly created

>Session demand range: [1, 10] Mbps

>The number of datacenters involved in each session: [2, 7]

AVAILABLE BANDWIDTH (MBPS) FOR MICRO INSTANCES BETWEEN EC2
DATACENTERS. VA, CA, EU, SG, BR, OR AND JP CORRESPOND TO
VIRGINIA, CALIFORNIA, IRELAND, SINGAPORE, BRAZIL, OREGON AND
TOKYO, RESPECTIVELY

VA CA EU SG BR OR Jp

VA 24 354 16 26 19.1 182
CA | 311 243 314 19 69.7 43,7
EU | 110 9.65 217 138 146 7.3
SG | 114 279 16 9.42 15 20.8
BR 29 154 168 138 184 424
OR | 254 854 255 118 131 314

JP 31 359 169 124 385 544

We evaluate the efficiency of Blossom compared to the multiple
concurrent flow (MCF) algorithm which is using a proportional
fairness criterion.

50 = MCF
o Blossom|

Session Rates (Mbps)
Average Capacity Utilization (%)

Session Index Approximation Ratio

400 ; 100000
—=—MCF50%
—o— MCF60%
300 F —a—MCF70%
[| —~—MCF80%
—+—MCF90%

80000

60000

0%
40000

o
- Blossom70%
- Blossom80% |

o

z g
T

20000

Accumulative MSTs Count
g o
Number of MST Calculations

:

L{

Approximation Ratio

Session Index

Conclusion

Our main contribution is an approximation algorithm that achieves
max-min fair bandwidth allocation for competing multicast sessions
in polynomial time. We carried out trace-driven simulation to
evaluate the performance of Blossom, and showed that the algorithm
can achieve high capacity utilization while maintaining inter-session
fairness.

FIGURE 1.5: Blossom: Content Distribution across Multiple Geographic Locations from Yangyang Li and
Baochun Li at University of Toronto (Theme 1)
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1.6 Towards an Architecture for Mobile Social Video-Sharing Apps

Hu Zhang, Diego Serrano, Eleni Stroulia, U. Alberta

The typical architecture for web-based applications today involves a RBDMS back end, a middle tier im-
plemented in a variety of programming languages and increasingly in the service-oriented style, and a web
server listening for client requests and routing them to the appropriate service(s). Increasingly, these ap-
plications come with mobile clients that enable users to share and exchange multimedia content and access

location- and time-aware services.

In this poster, we describe an architecture for developing such types of systems, on the SAVI cloud. The
architecture includes components for (a) real-time social sharing of multimedia content; (b) data storage in
cloud-based repositories, appropriately configured for different media types; (c) massively parallel processing
for feature extraction; and (c) analytics services on the cloud. This work is motivated by the HSaT project,
in the context of which we will be developing a system to support the caregivers of people with developmental

disabilities.



13

Theme 1 Smart Applications

DONSHI Va\'A) == =
2HISN e e— = ‘Woddns ainjonusesjul papirold sey eieghk)
— ——— — ‘0L-¥2yy6EdOLIN J8quinu
juelb sylomeN 216siens (DYISN) EpeueD Jo [1ouno) yoseasay Buuesulibug
pue seoualdg [euolleN oy} Japun papuny jodfoud (JAYS) ainjoniselu)
ddy pews ayy Aq Aj@ye|dwod Jo ped ul papuny si YIOM SIy L

2dAy s41 04 buIpJ02ID)| 219041X3) |enuiA UO suoneo| | ] |
S4JDYD Ul PaZIJDWWINS 24D sbuipul Ppauoys si (s240pdn x__cu_tquSuv mwu mmc 1| e«

04904-4s0d ‘254n02s1p
‘'D{DPDI2W WL pUD)
200ds ‘032pIA) D4DQ

LININIOATTMONMIV

‘sjybisu|big o
‘JNOYe o
Bujuies| suiyoew pue Bujuiw uleped a|qeless e
'salnjesy 0apIA
pue abew! joeuxe Ajjeanewoine o} (YIS Pue LIS Yim) AQuado o
"JUBJUOD MEJ WO} UonoeIXa ainjes) Joy Buissasoud |ojjesed Ajoaisse|y e

AJlWDJ 0f paWDa.LS
0S|D S1 02PIA 2Y |

290|d 211gnd D uI S2ADY2gSIW
S2141]1GDSIP Y4IM Uosdad v

SOILATVYNY d3sva-ano1d

S3SIAPD pUD 225 2Ys ‘2sUnU
04 PaWD2U4S SI 02PIA Y|

_mLo_>u:unm_E U suJa440d 4no 24nbi1} o) pazAoup s Eun_ _ww.s:uuw 19DU4X2 04 PAZA[DUD PUD P2ADS S! [DII24DUI 2Y ._,_

‘sydeub Joj [yoaN o
'SjuswiNoop Joj ggoBuopy o
"EJep |euofjejal-jsow|e Joj asegH o
"JUSJU0D JuaIayIp Jo} sadA) Jualayiq e
‘sap0)isodal paseq-pnojo TOSON

OI-MVNZOS

s oo Joon s

saueaqi]

‘Buiweans Aepano (dzd) 1ead-0)-1ead o
‘Bulleys Jusju0) eIpaWN|\ PESEG-}IOM}ON-|eI00S e

£MOU 818y 0} 8S0|2 SI OUAA ©

Huibbel-on
. ‘K1an0osip dnoib-iead e

uoneanbyuo)d
E E

ECRITEY ]
s10suas

uol3033ag a4njedy

S3AJIANY3S FNIL-TVIY

SOIMAIPY |eldos

uonesado 03pIA

‘PNOID |AVS 8Y} UO ‘swiayshAs

Jo sadA} yons Buidojansp Jo} ainjos)yose ue aquIsap am ‘Jaysod sy u|
saloyisodal

491sn|D w.0ls TOSON paseg-pnojo uo sonAleue ybnoayy Ayandepe auinbas Asyy (q)
"JX8}U09 [e100s pue |eiodwa) ‘[eneds
sonAjeuy aulyjo juswabeuely ejeq uonejouuy pue ejep eipawinw buos|jod suslo ajiqow aidynw aAey Asyy (e)
:Buinjons si ainosyyole uonesldde paseg-qgam ‘YOS ‘1an-¢ [eaidA) ay |

FHNLOALIHOYUV aNNOYyOMOVvE

B0’BUSJIENDEINO0I]S, ‘B0 EMAJ|BND)SOUBLISS, ‘B0 Blagen@gbue

celnoAg 1us|g ‘;oueuss obaiq ¢, bueyz :_._ <rhmmm—1ﬂ< PEED

sddy Bulieys-o0apiA |eI20S 3|IqOIA 10} 91NJI3}YIIY UB SPIEMO | 40 ALISHYIAINN

F1GURE 1.6: Towards an Architecture for Mobile Social Video-Sharing Apps from Hu Zhang, Diego Serrano,
Eleni Stroulia at University of Alberta (Theme 1)
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1.7 A Case Study on Multimedia Gaming Applications in Clouds

Preston Rodrigues, Ahmad Ferdous Bin Alam, Fariba Taheri, Roch Glitho, U. Concordia

Multimedia gaming applications are becoming ubiquitous. However, they still face several challenges (e.g.
scalability, elasticity, easy development and deployment) that can be tackled with cloud computing princi-
ples. Several cloud based frameworks for multimedia gaming applications were proposed in the recent past.
Nevertheless the vision of scalable, elastic, easily developed and deployed multimedia gaming applications

remains quite elusive.

This case study focuses on multimedia multiparty games. An architecture that relies on fine grained gaming
substrates is proposed. The substrates include multimedia conferencing substrates. They are sharable and
can be assembled on the fly to develop and deploy new multimedia gaming applications. We have built an
early prototype using Openstack at the IaaS layer, and Cloud Foundry at the PaaS layer. We also show
how the proposed architecture can be deployed on SAVTI test bed.
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FI1GURE 1.7: A Case Study on Multimedia Gaming Applications in Clouds from Preston Rodrigues, Ahmad

Ferdous Bin Alam, Fariba Taheri, Roch Glitho at Concordia University (Theme 1)
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1.8 Smart Applications with Green Deployments

Andreas Bergen, Hausi A.Miiller, U. Victoria

A significant body of research exists to measure, monitor and control the resource utilization of virtual
machines within data centers. However, within SAVI, we propose to investigate and monitor the energy
consumption of smart applications at runtime. Energy consumption profiles are created by taking mea-
surements at the server rack’s power distribution unit (PDU) instead of using server internal hardware
components. The resulting energy profiles of these virtual machines, hosting applications of users from
around the globe, provide an improved understanding of “greenness” of the application within the context
of the new “Green” initiatives. This allows us to make energy usage predictions as well as deployment
decisions within SAVTI.

We propose to measure the energy consumption of various applications running within the SAVI network
to build energy profiles and models of these applications. Since the abundance of applications in existence
makes it unfeasible to profile every single one, we separate applications into categories depending on their
resource usage: CPU intensive, memory intensive, intensive, disk I/O intensive. These profiles can then
be used to determine the most energy friendly or “green” location to deploy smart applications within the

virtual infrastructure of the SAVI Testbed.
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FI1GURE 1.8: Smart Applications with Green Deployments from Andreas Bergen and Hausi A.Miiller at

University of Victoria (Theme 1)
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1.9 Slicing Applications in the SAVI Pie

Przemek Lach, Ron Desmarais, Thiago Lima, Hausi A.Miiller, U. Victoria

Modern applications are designed with performance, redundancy, scalability, and cost saving in mind. The
arrival of the cloud and multi-cloud models has offered better tools for implementing these characteristics
but at the cost to the developer: building a multi-cloud application is complex. One such modern application
is Yakkit Chat. Yakkit Chat is location based chat application that can take advantage of the multi-cloud
architecture. Our demonstration shows how SAVT eases the burden of development for a multi-cloud model

and how that translates to cost savings for the developer and an improved experience for the user.
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SLICING APPLICATIONS IN THE SAVI PIE

P

Yakkit is a

rzemek Lach, Ron Desmarais, Thiago Lima, Hausi Miiller

University
of Victoria

framework for building context aware applications.

Yakkit Chat is an application, built using the Yakkit Framework, that allows you to communicate instantly with those around

you. One of the goals of Yakkit Chat is to deliver a social experience that is similar to a face to face conversation. This goal

necessitates a certain level of responsiveness from the application that is susceptible to latency. Using SAVI, Yakkit Chat

has the ability to make better run-time decisions that help mitigate latency.

528 P

Yakkit Chat

Anyone around?
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Im looking for a good place to eat.
son
“Try Nibbles
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Oregon Users (West Coast)

Virginia Users (East Coast)

The setup is composed of four servers: two on the West Coast and two on
the East Coast. The Victoria Edge and Carleton Edge servers are part of the
SAVI infrastructure and are running the Yakkit Chat server. The Amazon
EC2 Oregon and Amazon EC2 Virginia servers are part of the Amazon EC2

cloud and they are running bots that simulate users engaged in

Since Carleton is further away form Oregon than it is from Victoria, Oregon
users should see lower latencies using the Victoria Edge rather than the
Carleton Edge. We observed that on average it took a message 0.2178

seconds to be delivered via the Victoria Edge and 0.2410 seconds through

the Carleton Edge. These results indicate that at that point in time users

Since Victoria is further away form Virginia than it is from Carleton, Virginia
users should see lower latencies using the Carleton Edge rather than the
Victoria Edge. We observed that on average it took a message 0.1843
seconds to be delivered via the Carleton Edge and 0.2590 seconds
through the Victoria Edge. These results indicate that at that point in time

users would observe a better experience using the Carleton Edge.

conversations using the Yakkit Chat app.

would observe a better experience using the Victoria Edge.

Figure 1: Connection Setup for Potentially Low Latency Scenario.

Figure 4: Connection Setup for Potentially High Latency Scenario.
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Figure 2: Oregon to Victoria with ten bots and five 150 second runs.

Figure 3: Virginia to Carleton with ten bots and five 150 second runs.
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Figure 5: Oregon to Carleton with ten bots and five 150 second runs.

Figure 6: Virginia to Victoria with ten bots and five 150 second runs.
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F1GURE 1.9: Slicing Applications in the SAVI Pie from Przemek Lach, Ron Desmarais, Thiago Lima and

Hausi A.Miiller

at University of Victoria (Theme 1)
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1.10 MobileView: Optimized Mobile Video Conferencing over the SAVI
Testbed

Zimu Liu, Baochun Li, U. Toronto

With the proliferation of mobile devices with high-speed cellular networks and high-resolution cameras,
there is a great potential that mobile video conferencing could greatly enhance the socialization and com-
munication among users. In this project, we aim to provide a “smart” video conferencing service across
geo-distributed SAVI edges, to offer the best possible service. As the cornerstone of our smart application,
we first conduct thorough measurements on the SAVI infrastructure to study its inherent characteristics.
Compared to traditional video conferencing, we discovered that the SAVI infrastructure could significantly
boost the streaming throughput, while keeping both delay and delay jitter low. Based on our measurement
insights on SAVI, we carefully design a suite of dedicated algorithms to stream mobile video flows through
SAVI edge nodes, and our algorithms consider various critical factors, including streaming rate, latency,
and operational costs. To validate our design for the smart mobile video conferencing, we have developed a
video conferencing application on the iOS platform from the scratch, named MobileView. Our experiments
reveal that the MobileView application is able to take full advantage of the SAVI testbed and offer a smooth

and high-quality conferencing experience in mobile devices.
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1.11 GLINT — A Horizon based Image Distribution System

Ronald Desmarais, Colin Leavett-Brown, U. Victoria

Glint is a cloud image distribution service built using the django framework. Glint currently supports Open-
stack clouds. Glint extends Horizon to add image distribution functionality to Horizon’s Image Management
interface. Glint uses Openstack’s Glance Image Management API to manage images on multiple Openstack
clouds in a consolidated way. Glint offers two main services: the Site Management and User Credential
Service, and the Image Distribution Service. The Site Management and User Credential Service enables
users to identify other Openstack sites. It also allows users to store their credentials for sites, which Glint
uses for authorization to modify that site’s Glance repository. The Image Distribution Service uses Glance
to identify all images across all sites and creates a simple table for the user to easily select which images
they want to have on selected sites. Glint uses Glance to transfer images from source sites to destination

sites using the Glance API.
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HEP Group, UVic

July 2,2014

GLINT

R.Desmarais | C.Leavett-Brown | F.Berghaus | .Gable | R.Sobie | A.Lam | C.Dremiel | RTaylor | M.Paterson

Objective

Provide an image replication
service managed through
Openstack's Horizon Interface, to
aggregate image management
over multiple cloud sites
including Openstack, EC2
(Amazon) and GCE (Google).

Motivation

The popularity of cloud software
has increased the number of
cloud providers. For users to take
advantage of these sites, they
require credentials for access.
This requires an administrative

burden to users in setting up
their VM images across many
sites. Such a process requires the
user to login and push or remove
their images on every site they
have access to. Users that have
access to many sites, such as HEP,
be burdened by image
management.

University of Victoria

FIGURE 1.11:

QG | Clance SRC Clance DEST

Openstack Based Design

We decided to heavily rely on the Openstack framework for the

following:

1. To use Openstack's Glance service and API to manage image

distribution.

2. To take advantage of Openstack’s development and

deployment architecture.

3. To use Openstack's keystone service to provide user

authentication.

4. To use a secure mechanism to copy images.

Simple User Interface

Supported by CANARIE

N7

canarie

1.User Adds Openstack Sites
they have credentials on.

2. User Adds their Credentials
for each site they added.

3.User selects/unselects sites
they wish to push their images.

Dept. of Physics and Astronomy

GLINT — A Horizon based Image Distribution System from Ronald Desmarais, Colin

Leavett-Brown, at University of Victoria (Theme 1)
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2.1 Task Assignment Across Clouds by Graph Partitioning

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

Task assignment in cloud computing normally ignores inter-task communications on the assumption that
this is a minor effect, but communications latency can have a big impact in newer cloud architectures where
the cloud consists of multiple computing centers of various sizes and the inter-cloud communication times
are not negligible. We study the case of task partitioning between a main “core” cloud and a smaller “edge”
cloud closer to the end user, where the edge-core communication time is not negligible. Transactions having
heavy interaction with the user are best placed in the edge cloud, and those requiring heavy computation
with less communication are best placed in the core. We propose iterative graph partitioning methods that
assign tasks in the task graph to the edge or core by minimizing a cut related to communication volumes

and processing capacity. Initial experimental results are promising. of the cloud.
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F1GURE 2.1: Task Assignment Across Clouds by Graph Partitioning from Ravneet Kaur, John Chinneck,
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2.2 Simulation of Future Application-Aware Multi-Clouds

Derek Hawker, John Chinneck and Murray Woodside, Carleton U.

We have extensively modified the DCSim cloud simulator for use in examining the impact of latency on
the response times of applications running on multi-cloud architectures. The main new features are the
integration of the analytic Layered Queuing Network Solver (LQNS), and an expanded application model
based on Layered Queuing Networks (LQN).

Together these provide response times based on an LQN application model that reflects how the underlying
VM deployment creates latencies between tasks. Also new is support for the creation of a variety of multi-

cloud architectures.
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2.3 Relational Edge Caching for Edge-Aware Web Applications

Hemant Saxena and Kenneth Salem, U. Waterloo

Web application latencies can be reduced by migrating all or parts of the application to the network edge,
closer to end users. However, web applications normally depend on a back-end database, and moving the

application to the edge without moving the database is of little value.

To address this problem, we present preliminary work towards an edge-aware dynamic data replication
architecture for relational database systems. Our architecture is designed to support applications that rely
on substantial amounts of end-user-generated content. To do so, it must allow database updates as well as

queries, to be handled at the edge.



31

Theme 2 Extended Cloud Computing

ONSHI
JYISN

01-¥Crr6EdDLAN
Toqunu jueIS SYIomjdN o15oeng (DYASN) BpeUR) JO [IOUNOD [OIBISAY
Suueouiduyg pue sooudIOg [BUONEN AU Jopun papunj 103fo1d (JAVS) SImonnseyup
Tenaip uo suonedrddy irewg oy £q Aperordwioo 10 jred ur papunj SI oM SIYL

“s215M]2 40f
Aoyod 1d pup suoyp.ado of €a1j0d YY) ApI2AP UPD M UOHDULIOJuU]
Suwoyy.vd pup 1nb: ‘add; do ayy uaald ‘adofaidy] o

*2100) 9} 0} 0F P[NOYS ‘0I0JAIAY) AIUASISUOD FuOI}S SPIsU pue
1038n]5 o[qeuonned-uou & Surssoooe st dyd'moNAngai0)g uoneradQ “swnuni je o03po
dyy 0} parow oq (1M ¢)) Jo suonnied pue 93pg oY) 18 Po[pUBY 9q UED )1 ‘DI0JOIAY)
‘gD 191sn]d sassoooe dyd-A10)SIHpIgMaIA uonerddp — samred swmuny 7% MeIS <

“$2]qD] YY) 4240
sarianb utof ayy Aq paurfop syunyo oput pauoyipd 2q UD> SIISNID YONS ‘U024 o
‘Suruonnred

‘uonesrjdde qom oy Aq uonEZITIN SFPH WNWIXEW OJUT S[NSAI JeY) AINJONISLIJul
o8pg ue ur eep oy aoe[d Ajewndo o) A3o[opoyjoul B SpIEMO) SUDNIOM I8 A <«

‘0oueuLI0}Iad Wa)SAS Ay} 10] [BIONIO SAUW00q
oSpg pue a10) UGaMIeq dseqelep Jo juswadeld oy ‘drmonysenul ofpg ue U] «

“[[oM SE JUUOD JTUIRUAD
105 Kouoye[ SIOMIOU MO UT J[NSAI UBD SIY], [OAJ] a5pH Je sormedy aseqejep apraoid
0) amonyseyur 93pg Sunsixo Apeaife Yy SIZIN AMOAIYDIL AFPF PuB 310D Y <«

JUSJUOD qIM J1JE)S AYIBD AJUO SYI0MIOU 2FPH PuE IOJUD BIRP JUBISIP © J& PAISOY
SI 9seqejep oYy jey) Suraq UOSeaI oY) ‘OSeqeIEp I9A0 S)nsar A1onb se yons Gusjuod
onweuAp 103 Adudje] y10Mpu yS1y Jo worqord e doey [us suonesndde gom [eqolD <«

‘ASojens Juoweoed 1saq oy 1no pury 0) ‘widjqoid SururwerSory reaury
1089u] ue oy1| ‘wojqoid uoneziwndo € 0) 31 110AU0S 0) ST wojqoxd ay) Jo 1ed puodds «

‘wdjqoid TS € 0jul pauIojsuen oq ued red 1o1snj)
-uoneradQ yoed 10y jurensuod jndul oY) uo paseq s[oqe| SuruSisse Jo wajqoid Ay «

‘punuidp U0 23pa ub 01 PaAOUL S1

o118 Aavwarad s uonn.aod ay) puv ‘pauonn.iod si 42)sn)d Y] PQeISPH
"$a3pa a1y} 1 Juasaid

2q [ Lippuodas pup ans Livwirid 2yy 2q [jIm 2400 Y] 310D Y
"2]18 2400

2y} v pup sa31s 23pa ayy v 10 parodaL s 421snjd 2y -payedNdoy
:191SN]0 YoB3 0 [9qe] SuIMO[[0] dY) JO duo uSisse -ndinQ <«

(0IDP YSa4f padu uonv.ado 2y) S20( o

(21qpuonirind 42)sn)> 2Y) ST«

(A215]2 2y} U0 sa1ppdn 40 Spva.s Sututiofiad uonyv.ado 2y) S|«
:1red 10)snjo-uonerado Yoes Jnoqe UoHEBULIOFUT SUIMO[[0] oY) —UIALD) «

“paziwrxeus st a5pe ay) 1e pauiojiad oq ueo jey) suonesado Jo Jaquinu Ay Jey)
05 ‘2109 pue sa5po uLaMIaq S1)sN]d Jo Judwdsed [ewmndo ue s dn dwWO9 0) — WY <«

101 10901 SAOY US1210] BIA PAJe[aI SI[qE) SUIARY SIAISN]D AU [ — Sutuonnied <«

“sarionb urof
A woyy $52000  suoyv.iado
Spuajsnpd uo ur 42y12301
mnd 2q pnoys sajqur asyp .
*sKoy uS1010] BIA
Paje[al AIB ‘SpIg puB SWA)[ ‘SJUdUIO))
pue s10s() oY1] sared 9[qe], - SulISN) <«
Yoy 29 Uvd 23p3 Y1 1v VP pasunbal dyj fo
Anpiqojwan ayy ‘1sanbas JrJ 241 ur anppa aajpun.and ayy 1v Suryoo) Aq isnl ‘adofaidy]
*K19nb 7OS Surkjropun ay) Jo
deorpaid oy ur 1ojowered o[3urs asn suonerado JHJ Y} JO ISOI - Jajweded 3uI§ <«

:SUOISN[IUO)) 2P SUONBAIISYQ

>

*SWA)I UO JUSWILOD pue
PIq ‘Anq ‘mata ued 1asn A1ym ‘voneoridde qam oxi Aeqq ue st SigNY — Adwrexy

$310D) pue AP UIIM)IQ SI[qE) JO JudwdIe[d IPIIIP IM 0p MOH

*98pa jerp e pautojiod
aq ueo uonerado uoneordde ue IoylOUM SUIIGEP 0} PAsN Al LIEPLIOUI OSAY ]
*o101) payoeo suonnied oY) SUIQLIOSSP BIEPEIOW SUTEIUTEW IFPS YORF BIBPEIA <«

"POMO][E 10U JIE SUOTIOBSUEI) PAINQLUSI(] :UONIBSUBL], «
's9)Is A1epu09as 0} sajepdn spuas Ajsnouoryoudse ayis Arewrid :sapepdn <«
‘sojepdn
Surppuey 10 ojqisuodsar st yoym ‘s Arewrid e sey uonnred yoeq :9is AlewiLig <
-aseqeiep ay) Jo suonnied pasn Apuenbaly jsow ayoeo seSpg Buryoe) <«

*93pa oy 1e paurioyrad oq
0} Ju2)u0d orureukp uo puadap jer) suonerddo Moj[e 0) Juem am ‘Tenoned uj JUANU0D
Q1E)S ORI URY) 10U Op 0) AFPd yToMIeU oY) J[qeuD 03 ST 102[01d SIY} JO BIPT YL, <
"JUSJUOD GOM ONeIS
Buryoed pue s19sn 0} 3S0[0 SUMIS SIOAIS ATe (SND) SHOMIIN AIAIRQ JUANUOD <«
*SI9SN 2]} WOIJ JULISIP IOW W0 IARY SINUID BIEP
‘uodnoiny pue isisSrer) ‘Keqg ayij suoneosrdde qam jo uorsuedxa [eqo[S oY) I <

w00 280wy

wsysae .
- s )

19ABS 1UBWIOD UISNIO 7

4 L]
. i
O R
o s
pb O

&
34

(oJont-ENA /U

40 ALIS¥3AINN

W8[eS y1ouusy| ‘eusxes JueLusH

suoneolddy gep a1emy-abp3 Jo) Buiyoen abp3 jeuone|sy

VAN 4)

I Edge Caching for Edge-Aware Web Applications from Hemant Saxena, Kenneth

Relationa.

FIGURE 2.3

Salem at University of Waterloo (Theme 2)
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2.4 Optimal Service Replica Placement via Predictive Model Control

Hamoun Ghanbari, Przemyslaw Pawluk, Cornel Barna and Marin Litoiu, York U.

We present a model and an algorithm for optimal service placement (OSP) of a set of N-tier software systems.
The placement is subject to dynamic workload changes, Service Level Agreements (SLAs) and administrator
preferences. The objective function consists of resource costs, trashing costs and SLAs’ satisfaction. The
optimization algorithm is predictive: its allocation or reallocation decisions are based not only on the current

metrics but also on the predicted evolution of the system.

The solution of the optimization, in each step, is a set of some service replicas to be added or removed from
the available hosts. These deployment changes are optimal with regards to overall objectives defined over

time.
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Optimal Service Replica Placement via Predictive Model Control from Hamoun Ghanbari,

Przemyslaw Pawluk, Cornel Barna, Marin Litoiu at York University (Theme 2)

FIGURE 2.4
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2.5 An Architecture for Mitigation Low and Slow Application DDoS
Attacks

Mark Shtern, Roni Sandel, Vasileios Theodorou, Marin Litoiu York U., and Chris Bachalo Juniper
Networks

Distributed Denial of Service (DDoS) attacks are a growing threat to organizations. As defense mechanisms
are advancing, hackers in turn are aiming at the application layer. For example, application layer Low and
Slow Distributed Denial of Service attacks are becoming a serious issue because they are harder to detect

due to low resource consumption.

In this poster, we propose a reference architecture that mitigates the Low and Slow DDoS attacks by utilizing
Software Defined Infrastructure capabilities. Further, we propose two implementations of the reference
architecture based on a Performance Model and Off-The-Shelf Component, respectively. We present the
Shark Tank concept, a cluster under close scrutiny, where suspicious requests are redirected for further

filtering.
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FIGURE 2.5: An Architecture for Mark Shtern, Roni Sandel, Vasileios Theodorou, Marin Litoiu at York

University and Chris Bachalo at Juniper Networks (Theme 2)
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2.6 Model-driven Elasticity and DoS Attack Mitigation in Cloud Envi-

ronments

Cornel Barna, Mark Shtern, Hamoun Ghanbari, Michael Smit, Marin Litoiu York U.

Workloads for web applications can change rapidly. When the change is an increase in customers, a common
adaptive approach to uphold SLAs is elasticity, the on-demand allocation of computing resources. However,
application-level denial-of service (DoS) attacks can also cause changes in workload, and require an entirely

different response. These two issues are often addressed separately (in both research and application).

This poster presents a model-driven adaptive management mechanism which can correctly scale a web
application, mitigate a DoS attack, or both, based on an assessment of the business value of workload. This
approach is enabled by modifying a layered queuing network model previously used to model data centers

to also accurately predict short-term cloud behavior, despite cloud variability over time.
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2.7 Cloud bursting for MapReduce jobs: A dream or a reality?

Rizwan Mian, Mark Shtern, Saeed Zareian, Marin Litoiu York U.

Cloud-bursting has been mostly explored for computational workloads, or assumes that the data already
exists in the public clouds. We take a step towards data-intensive job bursting between clouds. In particular,
we explore the practicality and usefulness of MapRedce (MR) job bursting between clouds assuming that
there is high bandwidth between clouds. The experiments for MR bursting are conducted in a hierarchical

cloud infrastructure, namely SAVI, in which edge and core are interconnected by high bandwidth links.
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NSERC
CRSNG

Towards Cloud Bursting for

YORK

Connected Vehicles and

CVST '

Smart Transportation

5} Ontario

SAVI

MapReduce Cloud Bursting (MR Bursting) Data Access Mechanisms

Edge: resource-constrained

MapReduce Jobs

Rizwan Mian, Mark Shtern, Marin Litoiu, Saeed Zareian * ASRL * CNIVERSTTY
Adaptive Systems Research Lab

Local Access: intra-cluster data

cloud access
- Core: resource-abundant — .
cloud - Remote Access: inter-cluster data

access

( wqu core m - Remote Copy: inter-cluster data

access and storage
’ N /

- Edge and core connected by
high bandwidth link

- Burstinto core with Data

Architecture Bursting Heuristics Rough Estimates

MR Burst Component - Greedy: if edge idle submit job at
edge, or else submit at core.

NN

Local execution = outstanding

Controller mappers + new mappers
. - Remote access execution = new
Cost Model - Cost-based: determine costs of
. . mappers + remote access
executing job at edge/core with ]
Performance different access mechanisms, and - Remote copy execution = new
Model proceed with least costing option. mappers + remote copy

- Data set: Free e-books 52GB
(Gutenburg: www.gutenberg.ca)

- Workloads: distributed grep,

term vector, inverted index
(PUMA: sites.google.com/site/farazahmad/)

- Two separate Hadoop clusters
of three VMs in core and edge.

- Workload profiling on 1GB of
data to determine unit
execution time of a single
mapper (T)

edge busy, core idle

3. Worth bursting to core

Benchmark T (m)

grep 1.06
term vector 4.77

inverted index 6.21

Discussion Future Work

- Observe benefits of MR bursting - Extend cost models to include reducers, sorting and shuffle
- Estimated costs are similar to observed, but - Explore performance models to predict cluster metrics

not always - Study MR bursting with different bandwidths
- High bandwidth is a key to MR bursting - Replicate data a priori to reduce cost of replication

Fi1cURE 2.7: Cloud bursting for MapReduce jobs: A dream or a reality from Rizwan Mian, Mark Shtern,
Saeed Zareian, Marin Litoiu, York University (Theme 2)
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2.8 Crowd-sourcing Sensor Data

Cornel Barna, Mark Shtern, Hamoun Ghanbari, Michael Smit, Marin Litoiu York U.

The Connected Vehicles and Smart Transportation (CVST) project is establishing a flexible and open appli-
cation platform. It aims to integrate advanced wireless and sensor communications with mobile computing
techniques in a cloud-based environment. As one of the practical steps, we have built a mobile application
that interacts with a data management system to advise of travel conditions. Our aim is to alleviate trans-
portation issues faced by commuters and government through analyzing the data obtained by crowd-sourcing

of data from mobile users.

In our implementation, we use PlayFramework (http://www.playframework.com/ ) that uses Akka and
Netty for fast and lightweight scalability and response, alongside HBase for scalability in the data layer. In
addition, we use Apache Cordova in our mobile application for improved portability across different brands

of mobile phones.
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F1GURE 2.8: Crowd-sourcing Sensor Data from Cornel Barna, Mark Shtern, Hamoun Ghanbari, Michael

Smit, Marin Litoiu at York University (Theme 2)
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3.1 On Satisfying Green SLAs in Distributed Clouds

Ahmed Amokrane, Mohamed Faten Zhani, Qi Zhang, Rami Langar, Raouf Boutaba U. Waterloo

With the massive adoption of cloud-based services, high energy consumption and carbon footprint of cloud
infrastructures have become a major concern in the IT industry. Consequently, many governments and IT
advisory organizations have urged IT stakeholders (i.e., cloud provider and cloud customers) to embrace
green I'T and regularly monitor and report their carbon emissions and at the same time, put in place efficient

strategies and techniques to control the environmental impact of their infrastructures and/or applications.

Motivated by this growing trend, we are investigating how cloud providers can meet Service Level Agree-
ments (SLAs) with green requirements. In such SLAs, a cloud customer requires from cloud providers that
carbon emissions generated by the leased resources should not exceed a fixed threhold. We hence propose
a resource management framework allowing cloud providers to provision resources in the form of Virtual
Data Centers (VDCs) (i.e., a set of virtual machines and virtual links with guaranteed bandwidth) across a
geo-distributed infrastructure with the aim of reducing operational costs and green SLA violation penalties.
Extensive simulations show that the proposed solution maximizes the cloud provider’s profit and minimizes

the violation of green SLAs.
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FicUre 3.1: On Satisfying Green SLAs in Distributed Clouds from Ahmed Amokrane, Mohamed Faten
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3.2 CQNCR: Optimal VM Migration Planning in Cloud Data Centers

Md. Faizul Bari, Mohamed Faten Zhani, Qi Zhang, Reaz Ahmed, Raouf Boutaba U. Waterloo

With the proliferation of cloud computing, virtualization has become the cornerstone of modern data centers
and an effective solution to reduce operational costs, maximize utilization and improve performance and
reliability. One of the powerful features provided by virtualization is Virtual Machine (VM) migration, which
facilitates moving workloads within the infrastructure to reach various performance objectives. As recent
virtual resource management schemes are more reliant on this feature, a large number of VM migrations
may be triggered simultaneously to optimize resource allocations. In this context, a challenging problem
is to find an efficient migration plan, i.e., an optimal sequence in which migrations should be triggered in

order to minimize the total migration time and impact on services.

In this work, we propose CQNCR (read as sequencer), an effective technique for determining the execution
order of massive VM migrations within data centers. Specifically, given an initial and a target resource
configuration, CQNCR sequences VM migrations that efficiently reach the final configuration with minimal
time and impact on performance. Experiments show that CQNCR can significantly reduce total migration

time by up to 35% and service downtime by up to 60%.
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CQNCR: Optimal VM Migration Planning in Cloud Data Centers from Md. Faizul Bari,

FIGURE 3.2:

i Zhang, Reaz Ahmed, Raouf Boutaba at University of Waterloo (Theme 3)

Mohamed Faten Zhani,
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3.3 Design and Management of DOT: A Distributed OpenFlow Testbed

Arup Raton Roy, Md. Faizul Bari, Mohamed Faten Zhani, Reaz Ahmed, Raouf Boutaba U. Waterloo

With the growing adoption of Software Defined Networking (SDN), there is a compelling need for SD-
N emulators that facilitate experimentation with new SDN-based technologies. Unfortunately, Mininet
(http://mininet.org/), the de facto standard emulator for software defined networks, is unable to scale with
network size and traffic volume. The aim of this work is to fill this gap by presenting a low cost and scalable
network emulator called Distributed OpenFlow Testbed (DOT). It can emulate large SDN deployments
by distributing the workload over a cluster of compute nodes. Through extensive experiments, we show
that DOT can overcome the limitations of Mininet and emulate larger networks. We also demonstrate the
effectiveness of DOT on four Rocketfuel (http://rocketfuel.com/) topologies. DOT is available for public

use and community-driven development at www.dothub.org .
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3.4 A Simple Programming Model for Scalable SDN Control Applica-

tions

Submitted to IEICE Transactions on Electronics.
Soheil Hassas Yeganeh and Yashar Ganjali U. Toronto

Simplicity is a prominent advantage of Software-Defined Networking (SDN), and is often exemplified by
implementing a complicated control logic as a simple control application deployed on a centralized controller.
When it comes to practice, however, such simple control applications transform into complex logistics over
distributed control platforms, since they need to tolerate eventual consistency (because existing control
platforms favor availability) and implement complex coordination and partitioning mechanisms. As a result,
distributed control applications are polluted with boilerplates of distributed programming that are usually

more complicated than the control logic itself.

Here, we present a programming model that simplifies the development process of distributed applications.
It is familiar and intuitive, yet generic enough to implement different communication patterns (such as
Request/Response and Pub/Sub) and existing distributed controllers (such as ONIX and Kandoo). In
summary, we have implemented a highly efficient control platform and our evaluations indicate that the

proposed programming model does not impose an inherent scalability bottleneck.
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A Simple Programming Model for Scalable SDN Control Applications

Soheil Hassas Yeganeh & Yashar Ganjali @
SAVI University of Toronto
3 E3
AKu()H&
Introduction Design & Implementation
EXISTING DISTRIBUTED CONTROL PLATFORMS CONTROL APPLICATIONS
- Eventually consistent network graphs. - Actors that exchange messages.
« Push all complexities to control applications. - Modeled as map + recv
- Difficult to program. - Implemented as centralized applications
MOTIVATION DISTRIBUTED CONTROL PLATFORM
- Hiding these complexities behind a - Runs applications in a distributed fashion.
programming model. - Preserves correctness. .

| Controller

« Programming Model: map + recv - Instruments applications ! |
at runtime. | !
OVERVIEW i !
- map maps a message to a set of IDs. IMPLEMENTATION E[EvemManagerH Coordinator ]
« Messages mapped to the same ID are « C++ (50klocand +30kloc oo 1
received by the same instance. generated code)
Controller 1 Controller 2 — Centralized — Coordinated
R [P — --- Beacon (1.0.4) - NOX (Verity)
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IR By 4
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App B }Map E 1
0 |
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refixes, destinations - Easy to adopt
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. : Portland.
switch ID. virtual network ID.
KANDOO TRAFFIC ENGINEERING 200
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ONIX LOGICAL XBAR 0
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FIGURE 3.4: A Simple Programming Model for Scalable SDN Control Applications from Soheil Hassas
Yeganeh and Yashar Ganjali at University of Waterloo (Theme 3)
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3.5 FleXam: Flexible Sampling Extension for Monitoring and Security
Applications in OpenFlow

Sajad Shirali-Shahreza and Yashar Ganjali U. Toronto

Current OpenFlow specifications provide limited access to packet-level information such as packet content,
making it very inefficient, if not impossible, to deploy security and monitoring applications as controller
applications. In this poster, we present FleXam, a flexible sampling extension for OpenFlow designed to
provide access to packet level information at the controller. The simplicity of FleXam makes it possible
to implement it easily within OpenFlow switches and operate at line rate without requiring any additional
memory. At the same time, its flexibility allows implementation of various monitoring and security ap-
plications in the controller, while maintaining balance between overhead and collected information details.
FleXam realizes the advantages of both proactive and reactive routing schemes by providing a tunable
trade-off between the visibility of individual flows, and the controller load. As an example, we show how

FleXam can be used to implement a port scan detection application with an extremely low overhead.
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FleXxam: Flexible Sampling Extension for

Monitoring and Security Applications in OpenFlow

Sajad Shirali-Shahreza, Yashar Ganjali
Department of Computer Science, University of Toronto
shirali@cs.toronto.edu, yganjali@cs.toronto.edu

OpenFlow Information Channels

Flow Statistics
Collected by

switches
— Received Packets,
Received Bytes, Duration

Pulled by the
controller
¢ The only information

Event-based Messages
¢ Sent by switches

¢ Usually deliver
information about
network structure
and topology
changes

« No information channel about « Do not install any » Send a copy of each
i . . flow rule acket to a
about active active flows in ket will b P o .
connections in the — Every packet will be sent monitoring device

network to the controller
— The controller tells
switches what to do

¢ The controller sits

— Every packet will be sent
entirely to the
monitoring device

* High overhead for

network

No packet level

4 Packet-in Messages on packet delivery the network
+ Sent by switches path + Monitoring device
~ No matching rule for this packet — Possible bottleneck should handle large
— Send-to-controller action in matching rule « Switch may buffer
S . . volumes of data
» Provide limited access to packet level information the packet _ Even though it may only
-\Switch may send only part of the packet to the controller ~ Only parts of each packet need packet headers
may reach the controller

Network Controller

N

FleXam

 Aflexible sampling extension for OpenFlow
— Anew action that can be assigned to any flow
» Enables the controller to define:
— Which packets should be sampled
— What parts of each packet should be selected
— Where they should be sent to
» Simple enough to be done entirely in data path

Flexible for different applications

85 13 10108 T LA

Switch

R RR22R Y o mEm R SRR
Switch

Deterministic Sampling
Select m consecutive packets out of every k

consecutive packets, skipping the first 0

— m=1 is the normal one out of k, or every kth packet sampling
* m>1, large k — only sample first m packets

— Suitable for applications such as traffic classification
* 0 >0 — exclude small flows (mice flows)
* Implementation:

— Use received packet counter and sample packet if:
((Received_Packet_Counter-3) % k)<m,

Stochastic Sampling

« Select each packet of the flow with a
probability of p

* Implementation:

— Generate a random number
— Sample the packet if it is less than p

Advantages Sample Application: Port Scan Detection
 Easy implementation in the switch; no major changes in « Randomly sample packets from different flows
hardware or software — TCPSYN packet is sampled
. - » Install a deterministic sampling rule to sample the response ACK packet
* No Overhead fOI’ ﬂOWS WlthOUt Samplmg » If not received the ACK response, mark this as a failed connection
» Small networks: samples can be processed in the controller ~ Other packets are sampled: a successful connection
— simple security applications « Install rules to exclude heavy flows from sampling
+ Large networks: distribute sample processing « Details in our Hotl 2013 paper “Efficient Implementation of
* Network overhead tunable by the controller Security Applications in OpenFlow Controller with FleXxam”

FIGURE 3.5: FleXam: Flexible Sampling Extension for Monitoring and Security Applications in OpenFlow
from Sajad Shirali-Shahreza and Yashar Ganjali at University of Toronto (Theme 3)
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3.6 Dynamic Virtual Infrastructure Provisioning in Geographically Dis-

tributed Clouds

Qi Zhang and Alberto Leon-Garcia U. Toronto

Large-scale online services today often span multiple geographically distributed domains and require signif-
icant storage, compute and networking resources. Furthermore, these services often need to be scaled up
and down dynamically according to service demand fluctuation. To facilitate efficient resource allocation
while allowing multiple online services to share to physical hosting infrastructure (e.g. data centers), there
is a emerging trend towards allocating resources to service applications in the form of virtual infrastructures
(VI) that consist of virtual machines, virtual routers and switches interconnected by virtual links. How-
ever, despite extensive study of virtual infrastructure scheduling algorithms, existing work has not studied
the problem of provisioning VIs dynamically according to demand fluctuations. To address limitation, in
this work we present a framework for virtual infrastructure provisioning that adjusts virtual infrastruc-
ture resource allocation according to demand fluctuations, while satisfying performance requirements. We

demonstrate the effectiveness of our framework through simulations in realistic application scenarios.
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3.7 Online Algorithms for Energy Cost Minimization in Cellular Net-

works

Ali Abbasi and Majid Ghaderi U. Calgary

Dynamic base station activation and transmission power control are key mechanisms to reduce energy
consumption in cellular networks. In this work, we consider employing these methods for the purpose of
minimizing long-term energy cost in cellular networks. Based on the two-timescale Lyapunov optimization
technique, we formulate an online control problem to ensure that we can achieve minimal energy cost
while stabilizing use queues. While the control problem can be solved in a centralized manner, we limit
our attention to distributed solutions which are highly attractive in the design of next generation mobile
networks. Due to the combinatorial nature of the problem and the complex relation of achievable rates
to interfering signals, the problem is non-convex. Consequently, conventional duality methods cannot be

employed to achieve the distributed solution.

Thus, we propose and design a distributed solution for the problem based on Gibbs sampling method. The
proposed algorithm can be implemented in a fully distributed manner, does not depend on the convexity or
continuity of the energy cost functions, and guarantees solution optimality. Numerical results are provided

to demonstrate the behavior of the solution in some example network scenarios.
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3.8 Greenhead: Virtual Data Center Embedding Across Distributed

Infrastructures

Aimal Khan, Ahmed Amokrane, Arup Raton Roy, Mohamed Faten Zhani, Maissa Jabri, Qi Zhang, Rami
Langar, Raouf Boutaba U. Waterloo

In our recent work, we proposed Greenhead, a holistic resource management framework for embedding
Virtual Data Centers (VDCs) across distributed infrastructure. Greenhead is able 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 demo, we show how SAVI users can define
their VDC specifications and how Greenhead allocates the required resources across the smart edges. In
particular, we implemented Greenhead as a testbed-wide management module that communicates with
local smart edge managers (VDCPlanner) to efficiently allocate computing and networking resources while

satisfying geographic location constraints (i.e., proximity of some VMs to end users).
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FI1GURE 3.8: Greenhead: Virtual Data Center Embedding Across Distributed Infrastructures from Aimal
Khan, Ahmed Amokrane, Arup Raton Roy, Mohamed Faten Zhani, Maissa Jabri, Qi Zhang, Rami Langar,

Raouf Boutaba at University of Waterloo (Theme 3)



Theme 3 Smart Converged Edge

60

Page for Notes



Chapter 4

Theme 4 Integrated Wireless/Optical

Access

Research Team

Leslie Rusch (Theme Lead), Université of Laval
Tho LeNgoc, McGill University

61



Theme 4 Integrated Wireless/Optical Access 62

4.1 Improving Throughput and Fairness in Virtualized 802.11 Networks

through Association Control

Mahsa Derakhshani, Xiaowei Wang, Tho Le-Ngoc, McGill U., and Alberto Leon-Garcia University of

Toronto

In virtualized 802.11 networks, it is challenging to provide service customization and fairness across multiple
service providers, who share physical infrastructure and network capacity. This is mainly due to the use of a
CSMA-based MAC, which couples flows of different virtual WLANSs (as a result of unavoidable collisions). In
a dense WLAN deployment, association control can facilitate a solution to control fairness and throughput
among different ISPs. In this work, STA-AP association control is investigated and an optimization solution
is formulated aiming to maximize overall network throughput while providing an airtime guarantee for
each ISP. Subsequently, an algorithm is developed to reach the optimal solution by applying monomial

approximation and using geometric programming iteratively.
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4.2 QoS-Oriented Slice Provisioning in Wireless Virtualized Networks

Vikas Jumba, Saeideh Parsaei Fard, Mahsa Derakhshani, Tho Le-Ngoc, McGill U.

Wireless network virtualization is a promising paradigm to increase the spectrum efficiency via allocating
bundles of physical-layer resources (e.g., power and spectrum) to different service providers, referred to as
slices. In this work, to efficiently utilize resources between slices, we propose a resource allocation algorithm
by maximizing the total throughput of a virtualized wireless network (VWN), while preserving a minimum
required quality of service (QoS) for each slice. Due to channel variations, VWN always encounters an
outage probability, i.e., the QoS does not hold. To prevent this issue, we present a dynamic admission

control algorithm. Via simulation results, we demonstrate the performance of our proposed algorithms.
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FIGURE 4.2: QoS-Oriented Slice Pro
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4.3 Management of Virtualized and Software-Defined Wireless Infras-

tructures: Issues, Requirements, Framework and Specifications

Prabhat Kumar Tiwary, Quang-Dung Ho, Tho Le-Ngoc, McGill U.

Virtualization of wireless infrastructures furnishes a rich variety of abstracted and sharable wireless re-
sources encompassing different wireless technologies and standards. On the other hand, the service-oriented
architecture model is affecting the tenant ecosystem by allowing tenants to own, share, borrow and manage
the virtual wireless resources in many desirable ways. The setup and management of such diverse virtual
resources is non-trivial. Moreover, supporting a service-oriented architecture and software-defined paradig-
m adds additional management complexity. In this regard, this poster first discusses the main existing
and foreshadowed management issues. Next, the management requirements for a virtualized and software-
defined wireless infrastructure are explored. In addition, a draft initial management framework (along with
a set of management specifications) has been put forward. The framework and the specifications have been
prototyped in Aurora (as Aurora-Manager and Aurora-Tenant), which is demonstrated through a flow-based

application scenario.
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4.4 Aurora: A Virtualization and Software-Defined Infrastructure Frame-

work for Wireless Networks

Prabhat Kumar Tiwary, Kevin Han, Hoai-Phuoc Truong, Quang-Dung Ho, Tho Le-Ngoc, McGill U.

This poster introduces Aurora, a virtualization framework and testbed platform for supporting multiple
types of virtualization techniques and architectures specifically applied to wireless technologies. After a
brief overview of the wireless virtualization perspectives, the Aurora resource abstraction model is dis-
cussed, and the software architecture and the design principles behind Aurora are explained. Next, the
current deployment of Aurora within SAVI is outlined and the prospects of Aurora in supporting different

virtualization perspectives and potential ways to extend to different wireless technologies are sketched.
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A Virtualization and Software-Defined Infrastructure Framework for Wireless Networks

Aurora
from Prabhat Kumar Tiwary, Kevin Han, Hoai-Phuoc Truong, Quang-Dung Ho, Tho Le-Ngoc at McGill
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4.5 Full-duplex WiFi Analog Signal Transmission with Digital Signal
Downlink in Radio-over-Fiber System Employing RSOA-based WDM-
PON Architecture

Truong An Nguyen, Leslie A. Rusch, U. Laval

We experimentally demonstrate bidirectional analog WiF1i signal transmission in a digital wavelength division
multiplexing passive optical network system employing reflective semiconductor optical amplifier (RSOA).
A downlink (DL) signal comprising a 1 Gb/s On-Off Keying (OOK) and a WiFi signal is transmitted
simultaneously with an uplink (UL) WiFi signal. The DL optical carrier is reused by the RSOA for UL
transmission. We transmit pass-band WiFi signals at 2.4 GHz band without frequency translation even
though the RSOA’s response is limited at 1.2 GHz. At the bit-error-rate (BER) threshold of 2.10-3 before
forward error correction (FEC), we achieve the transmission link up to 20 km (64-QAM), 30 km (16-QAM),
and 40 km (QPSK). In all cases, the 1 Gb/s digital downlink signal is always error-free.
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F1GURE 4.5: Full-duplex WiFi Analog Signal Transmission with Digital Signal Downlink in Radio-over-Fiber
System Employing RSOA-based WDM-PON Architecture from Truong An Nguyen and Leslie A. Rusch
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4.6 An Application of Aurora with 802.11 wireless networks and Flow-

based Virtualization

Hoai-Phuoc Truong, Kevin Han, Prabhat Kumar Tiwary, Quang-Dung Ho, Tho Le-Ngoc, McGill U.

This demonstration presents an application of the Aurora framework in a healthcare setting using the IEEE
802.11 wireless technology and flow-based virtualization. A centralized management topology is used with
the Aurora-Manager running on an Ubuntu 12.04 laptop and Aurora-Agents on the PC engines. A key
feature demonstrated is flexible ap-slice setup and management using Aurora APIs through Aurora-Client
dashboard. It is shown that ap-slices can share the same physical AP. Similarly, the advantage of Aurora
resource abstraction model (specifically wnet) in joint management of ap-slices is showcased. With regard to
this scenario, some relevant management statistics such as the status of a slice for the purpose of billing are
also shown. Finally, the internal management steps such as environment variable setup, API calls, parsing,
conflict management, resolution, database queries, message queuing, AP polling, status reporting, database
updates and response generation for the user (tenant) while execution of an Aurora command is explained

with the help of a timeline diagram.
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FIGURE 4.6: An Application of Aurora with 802.11 wireless networks and Flow-based Virtualization from
Hoai-Phuoc Truong, Kevin Han, Prabhat Kumar Tiwary, Quang-Dung Ho, Tho Le-Ngoc at McGill Uni-
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5.1 Virtualized Reconfigurable Hardware in the SAVI Testbed

Stuart Byma, Hadi Bannazadeh, J. Gregory Steffan, Alberto Leon-Garcia, Paul Chow, U. Toronto

This poster presents a novel approach for integrating virtualized FPGA-based hardware accelerators into
the SAVT testbed, with minimal virtualization overhead. Partially reconfigurable regions inside FPGAs are
offered as generic cloud resources through the testbed OpenStack management system, thereby allowing
users to “boot” custom designed or predefined network-connected hardware accelerators with the same
commands they would use to boot a regular Virtual Machine. The poster details the hardware and software
framework to enable this virtualization, and also shows two example use cases — a custom UDP load balancer
and an application used to give OpenFlow the ability to execute matching and actions on VXLAN tunneled

traffic. The latter application will be showcased in a demonstration.
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Virtualized Reconfigurable Hardware
UNIVERSITY in the SAVI Testbed

TORON O Stuart Byma, J. Gregory Steffan, Hadi Bannazadeh, Alberto Leon-Garcia, Paul Chow
Department of Electrical and Computer Engineering

AREOT University of Toronto, Ontario, Canada
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FIGURE 5.1: Virtualized Reconfigurable Hardware in the SAVI Testbed from Stuart Byma,Hadi Ban-
nazadeh, J. Gregory Steffan, Alberto Leon-Garcia, Paul Chow at University of Toronto (Theme

5)



Theme 5 SAVI Application Platform Testbed 78

5.2 Real-time Enhancement of IMS Quality of Service using SAVI SDI

Lilin Zhang, Jieyu Lin, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

Traditional IMS/VoIP services lack real-time bandwidth provisioning and/or reconfiguration to improve
the VoIP quality. In this work, we use SAVI SDI to prototype a novel method of enhancing VoIP quality
by using its converged and centralized manner of resource management. We will demonstrate that with a
reconfiguration operation from the SDI platform, a bandwidth thirsty HD video call can be elevated to a
higher QoS in real time to achieve visibly significant quality improvement compared to a call made over

best effort VoIP connection.
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FIGURE 5.2: Real-time Enhancement of IMS Quality of Ser

Lin, Hadi Bannazadeh, Alberto Leon-Garcia at University of Toronto (Theme 5)
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5.3 An Orchestration Service of SAVI Testbed; A Heat Approach

Honbin Lu, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

Heat is an OpenStack project for providing an orchestration service to facilitate the provisioning and man-
agement of OpenStack’s resources. A key feature of Heat is to provide a domain specific language (DSL)
for users to declare the list of cloud resources that they need. By integrating Heat into the SAVI Testbed,
users are provided with a tool to automate the resource provisioning process, and manage the complexities

of application deployment and management on the Testbed.
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F1GURE 5.3: An Orchestration Service of SAVI Testbed; A Heat Approach from onbin Lu, Hadi Ban-

nazadeh, Alberto Leon-Garcia at University of Toronto (Theme 5)
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5.4 Big Data as a Service for SAVI Testbed

Honbin Lu, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

Hadoop is a popular software framework that supports a simple programming model for Big Data process-
ing. Sahara is a service for supporting Hadoop at OpenStack clouds. Sahara reduces the complexities of
provisioning and managing Hadoop clusters by implementing the common provisioning and management
routines. By integrating Sahara into the SAVI Testbed, users are provided with a tool which facilitates the
provisioning of Hadoop clusters, and allows users to focus on the high-level specification of their Hadoop

clusters without distracting from the low-level workflow and configurations.
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5.5 Cloud-RAN on SAVI; a GSM approach

Mohammad-Sina Tavoosi-Monfared, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

This poster accompanied by a demo presents an implementation of OpenBTS (Open Base Transceiver
Station), a software defined GSM on SAVI Testbed. The equipment used includes an 8-channel OctoClock
clock distribution module, four USRP N210 and an integrated GSPDO kit. A phone conversation with two
cellular phones will be tested. To simulate C-RAN (Cloud-RAN) architecture, the transceiver module will
be implemented on a closer testbed edge while the OpenBTS module (i.e. routing) will be on a different

module that is not delay sensitive.
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5.6 Monitoring and Measurement as a Service in SDI deployed on SAVI
testbed

Jie Yu (Eric) Lin, Rajsimman Ravichandiran, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

IT infrastructure monitoring and measurement is an important aspect for Intelligent management and
autonomous infrastructure. In this demo, we will demonstrate the monitoring and measurement (M&M)
system in the SAVI testbed. Following the Software Defined Infrastructure (SDI) concept, this system
monitors both compute resources and network resources (including virtual and physical resources). It also
provides a mechanism for monitoring user specified metrics (e.g. web server status). The system takes care
of collecting, processing and storing all of the monitoring data including the historical records. It provides

both the admin and the user visibility to the status of the infrastructure.
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FIGURE 5.6: Monitoring and Measurement as a Service in SDI deployed on SAVI testbed from Jie Yu (Eric)

Lin, Rajsimman Ravichandiran, Hadi Bannazadeh, Alberto Leon-Garcia at University of Toronto

(Theme 5)



Theme 5 SAVI Application Platform Testbed 88

5.7 Efficient Multicast algorithm on SAVI network

Sai Qian Zhang, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

Group communication is widely applied in the daily computer network system. When more than one receiver
is considered in the data transmission mechanism, multicast is the most efficient and reliable solution. In
this poster, we propose an efficient multicast algorithm used among different virtual machines (VMs) in
the SAVI network. The algorithm best fits for the dynamic network topology so that when a new VM
joins the multicast network and the topology changes, we do not need to reconfigure the whole multicast
tree topology. In particular, the multicast tree is constructed based on the following objectives: 1) Saving
Bandwidth & 2) Minimizing Delay
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5.8 End-to-End Traffic Control in the SAVI Testbed

Thomas Lin, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

This demo will show an example of how the SAVI testbed enables end-to-end traffic control as managed by
the user. For the purposes of this demo, we have integrated a Wi-Fi access point (WAP) that also allows
mobile devices to be integrated into a virtual network. The SAVT testbed currently enables users to control
their own virtual networks using an OpenFlow controller running with a publicly accessible IP address. The
demo will showcase a scenario in which the mobile device is connected to the testbed and receives a live
video stream from a virtual server running within the testbed, while the network is being congested. With
the user’s own OpenFlow controller the user is able to direct traffic through a pre-configured queue that
guarantees a certain level of available bandwidth. The demonstration will aim to show the effect of queuing

on the quality of the displayed video on the mobile device.
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F1GURE 5.8: End-to-End Traffic Control in the SAVI Testbed from Thomas Lin, Hadi Bannazadeh,

Alberto Leon-Garcia at University of Toronto (Theme 5)
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5.9 L2/L3 Overlay Software Defined Network on SAVI Testbed

Khashayar Hoseinzadeh, Hadi Bannazadeh, Alberto Leon-Garcia, U. Toronto

In this work, we will utilize the SAVI testbed alongside a software defined switch (OpenVSwitch) to dynam-
ically create network topologies specified by the user. Similar to mininet, the users will be able to specify
the number of hosts and switches and specify how they want them to be connected. The goal is to create
a layer 2 or a layer 3 network, linking up the nodes as defined by the user topology. For this purpose, we
use the SAVI Test-Bed and VXLAN tunneling protocol to create arbitrary overlay networks. These overlay
networks could be used in variety of applications from deploying a large scale OpenFlow network in order
to test a SDN controller (and application) to running a large scale distributed application on a desired

topology.



93

Theme 5 SAVI Application Platform Testbed

ed>-yIomiaulres){Sje‘uepueds‘ipeyyseyy} :jrewy

B }JOMIBUIARS MMM /[:d13y

‘1o yoeisuadQ yum arelbayy|
‘ABojodoy Ajioads 01 JINVA @SN+

'ZD3 uozewy Yyum asn 0}

“yiomau Bunosuuod pue sNA Bunooq
woly uoneoyoads ABojodoy ajeledag
|

MJIOM\ @4n3nd

27118 Apoaiip seyopms
SAQ 108UU09 0} ‘sidxoed 4dn €7 ul sawey
Jowsyl3 z7 saensdeaus Buijpuun NYIXA *
"SHIOM}BU JUBIBHIP SSOIOB SNA
10} yjompau [e2160| B 81eaId 0} NYTXA SOSN *
" palisap se sjusuodwod S}o8uu0d
{S9YOIMGA uad ‘SINA SOIeald JBUIXe|
*fBojodoy
pue s|enuapald uonednuayine salloads Jasn «

94n})29}1Yaly

IAYS

QIZIYNLYIA o=

Q3L03NNQD s

eoInosal £y

jenpip S/

90In0sal
leaishud
|ooojoid 40

10SIAMO] 4

J8]|0U0D
mojquado

|o5uoo A4

Bunpompau

92In0S31

-~

20Inosal
Bugndwoo

Mo
Jabeuepy

ABojodo) I pesuedo 7

|pauo) omeN

JabBeuely sjnpopy

Jebeuep 1S

[ou0D pojd

BpoN
INVS

elouen

-uo0a7 o0)1aqIy

'¢03d pue INVS

9| ‘sainjonuselul pnojd agredwodul
usamiaq uonelbi SAI 10} MO *

"SAO EIA IS0y JO ssalppy JVIN pue

d| Buibueyd Aqianiss puayoeq abueyo
SWIBIsAs painquisip ajgeljal aiow syealr) «

203 uozewy pue |AYS uo Abojodol

adAiojaud |ojjered ued am ‘Aem onsoube
yomawely e ut Abojodoy Buikyoads Ag +
|

aseq asn

‘soibojodoy
xa|dwod pue ofile] AioA aeald 0)
pasn aq ued yodiym -s | JOMBU UOI[|IW
9l SMO|E UETXA ‘NVIA O} paedwo)
"S)IoMIaU
[eoiBo] e1ea1d 0} NV IXA Sos
‘'suonedidde pue seyolMS ‘sjLiey
|ear yum ‘sAejep pue indybnaiyy
onsifeal YIM ‘oMU B sojeal)
|

sabejuenpy Aoy

‘Abojodoy Aenique

Ae uo suonpeoijdde ajeos oabue|jo
uonngLasip ey 1sa) 03 Aljige ayL «
*suoped|jdde

pue si9||QQuod >MaWSN pauyad
2emyos 3sa)} 0} sanlunuoddo =
‘padqisan

IAVS °2yijo doy uo >pomiau
Mo|4uadD qeAud e pea)«
|

uo oNposU|

epeue) ‘03uo.i0] ‘oj3uoio] jo AjisiaAiun
‘Aquiag uepuedg ‘yapezeuueg IpeH ‘yapez tefeyseyyy

BunjiomiaN paulaq aiemijos buisn AelsanQ £7/Z21 3oUIXe\

FIGURE 5.9: L2/L3 Overlay Software Defined Network on SAVI Testbed from Khashayar Hoseinzadeh, Hadi

Bannazadeh, Alberto Leon-Garcia at University of Toronto (Theme 5)
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