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BASMATI Glossary
Term/Acronym Definition
Mobile
services

cloud Online services offered by cloud resources to support mobile apps. The
backend of the mobile apps.

CP

Cloud Provider. The actor that provides the cloud infrastructure/resources, such
as VMs

CSP

Cloud Service Provider. The actor that provides cloud services on top of a rent
infrastructure from a CP

Cloudlet

Limited capacity infrastructures with virtualization capabilities, often used to
support a limited amount of users or perform a limited set of operations on
behalf of the central cloud infrastructure that hosts the complete application

Edge resources

Resources aimed to operate specialized functionality, located at the "edge" of
the network infrastructure, thus, closer to the end users. Examples are (clusters
of) RaspberryPis or cloudlets

BUDaMaF

BASMATI Unified Data Management Framework

KE

Knowledge Extractor

DM

Decision Maker

RB

Resource Broker

MVD

Mobile Virtual Desktop

DASFEST

An 3-day long music festival taking place in Karlsruhe, Germany every July

ACE

Amenesik Cloud Engine. The cloud service deployment tool through which
actual federation is achieved

BEAM

BASMATI Enhanced Application Model. An extension of the TOSCA
specification

ASP

Application Service Provider. A Federation user that rents resource services in
order to provide an Application services to End-users

Brokering

The matchmaking support provided by BASMATI platform to decide about the
best cloud resources to exploit for the execution of the back-end of BASMATI
applications. This activity regards the placement of the services or data on
computational resources and storages belonging to the cloud data centre and
the cloudlets within the federation.

End user

A user who benefits the various application and infrastructure services provided
by the Cloud. Within BASMATI, the most typical example is exploiting the
Cloud federation via a mobile device (possibly a laptop) using specialized apps
or a web browser.

Offloading

The ability of BASMATI platform supporting the runtime placement of the
components composing the front-end of BASMATI applications on edge
resources available nearby the end user. This activity takes place both when
edge and mobiles exchange one each other their own workload or when such
devices transfer some workload to the clouds or cloudlets. In BASMATI we
often distinguish Front-end offloading, related to the mobile part of application,
from Back-end offloading, concerning the server side of applications. The latter
roughly translates to the known concept of Cloudbursting.

QoE

Quality of experience. It is a measure of a customer's experiences with a
service. It may be related to some aspects of the QoS and QoP, but can also
take into account other metrics.
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Service
handover

Service handover refers to the activity of transferring an active service between
two computational resources (e.g. Cloudlets) with minimal or no disruption on
the availability of the service. Ideally, service handover is transparent with
respect to the user.

Situational
Awareness

The ability of the BASMATI platform to recognise the “situation” characterising
the actual combined status of users, applications and resources, aimed at
achieving an effective and efficient management of applications and resources.
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Executive Summary
This document provides an overview of the BASMATI project goals and major
outcomes/achievements. Its intended audience is the general public but it assumes that the
reader will master some level of technical expertise in the field of Cloud computing. The
document starts with an overview of the BASMATI project vision, continues with a report on the
evaluation of its objectives, refers to the project’s major achievements and finally lists the
impacts that it achieved in various aspects.
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1 BASMATI Project
Mobile app users are expecting a constant delivery of service from their mobile apps
disregarding their location. This fact results in two major problems for the application
developer: a) increased network latency between the client and the backend infrastructure,
especially in long distance movements and b) fluctuating load patterns to the backend
infrastructure due to the non uniform distribution
of user concentration in an area over time.
The ubiquitous provision of backend
functionality to modern mobile apps
To battle those two problems, application
implies the utilization of resources
developers may turn to mixed cloud/edge
(cloud or edge) that are closer to the
environments to host the mobile app backends.
users.
This allows the dynamic invocation of cloud
resources in various locations where the users
appear but also the effective distribution of the load between edge and cloud resources.
BASMATI advocates that there is room for improvements in this model, especially with the
minimization of the cost of QoS provisioning leveraging on the facts that: a) Cloud providers are
not offering the same resources, at the same price and under the same availability in every
location; b) the edge resources are not efficiently utilized based on the user concentration.
As such, BASMATI embraced the concept of cloud federation and computation offloading and
implemented tools that facilitate the needs of the application developer for the deployment of a
mobile application with minimized SLA violations and costs.
Towards this direction, BASMATI implemented the following key-enabling artefacts:
•

•

•
•

Tools to dynamically deploy application components across highly heterogeneous
resources in mixed multi-cloud/edge environments (Cloud & Edge Providers
Management, Resource Broker)
Decision making tools to proactively deploy application components and optimize
resource utilization (Decision Maker, Knowledge Extractor, Federation Data
Management, Federation Monitoring)
A business model for a sustainable cloud federation and tools to support it (Federation
Business Logic, Decision Maker)
A specification of the application characteristics but also requirements that initiates the
orchestration of the abovementioned tools (BEAM specification, Application Repository)

2 Objectives
The list of BASMATI objectives includes a wide range of technical, research and business aspects
including:
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•

•
•
•
•
•
•
•

Objective - 1: Mobile cloud services enablement and portability to exploit brokerage
and offloading to cloud federations and / or other devices (i.e. device-to-device) based
on application typology
Objective - 2: Situational knowledge acquisition and mobility patterns understanding
providing the ground for real-time adaptations of federation and brokerage decisions
Objective - 3: Development, deployment and configuration of abstracted and integrated
federated cloud environments based on multi-objective optimized federation logic
Objective - 4: Dynamic brokerage for placement and offloading through runtime
adaptable deployment patterns of the brokerage platform
Objective - 5: Ultra-scalable hybrid infrastructure management for mobile
heterogeneous resources and cloud federations
Objective - 6: Multi-provider and multi-tenancy functional and non-functional
guarantees for mobile cloud services
Objective - 7: Effectiveness of BASMATI outcomes validated and communicated through
three real-world scenarios from different application domains
Objective - 8: Exploitation, effectiveness and standardisation of BASMATI outcomes
through tangible identified plans for a wide set of BASMATI technologies

In what follows we provide an account about how BASMATI work was carried out towards the
achievement of each listed objective.
The project aimed at developing tools that allow the intelligent a) use of specialized devices and
cloudlets at the edge of the computing and storage infrastructure brining about mobile services
while being closer to the end user (thus alleviating network constraints), and; b) migrating
services and data to cloud resources owned by different providers under different provision
policies and business models. The consortium refers to the first case as “offloading” and to the
second as “federation”, seeking mainly cost-effective approaches to implement them in the
frame of the pilot scenarios: Offloading (Large Events), Cloud Federation (TripBuilder & Mobile
Virtual Desktop).
Considering the application context in order to predict the required resources is within the
centre of the research work in BASMATI. Offloading and federation need to take place
dynamically and ensuring that the mobile services will be operating in a cost-effective way (no
SLA violation, minimization of operational costs, etc). However, the cost of enabling or deploying
mobile services or even moving data is high to be performed in real time, therefore the
BASMATI Toolkit need to be intelligently proactive. The Knowledge extractor component,
together with the Decision Maker ensure that all parameters are taken into account in order to
estimate the resources needed for a task by a specific end user and under specific
circumstances. The approach followed was decided to be data driven in order to be able to
investigate models of possible very high dimensionality. (Objectives 2,4 & 5).
According to the BASMATI terminology, a cloud federation is a result of –primarily- a business
agreement between resource providers (not necessarily resource owners like Amazon) who
BASMATI Deliverable D8.4
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team up in order to make their resources available to other members of the federation at a cost.
Thus, the implementation and use of a cloud federation needs to attain a plethora of –often
conflicting- objectives. The Cloud Provider Management, the Federated Resource Broker, the
Federation Data Management (including Federated SLAs) and -mainly- the Federation Business
Logic are the primary components dealing with this goal. (Objectives 3 & 6)
The extent to which the BASMATI toolkit and the individual components met their goals was
tested during the pilot operations of the 3 use cases. The selected BASMATI components were
integrated to the respective applications and their performance was measured against the
predefined metrics, either in real or lab conditions (Objective 7).
Finally, the BASMATI consortium has been very productive in terms of research activity. 20
papers have been published, disseminating the project to the respective communities in both
Korea and EU. The exploitation activities were deployed according to the plan set during the 1st
year of the project. The standardization effort focused on promoting the Cloud Service
Brokerage and BEAM in the respective standardization bodies. (Objective 8).

3 Use cases
Three use cases were selected to drive the development of innovative solutions from BASMATI
and also to evaluate the components and concepts developed. The details about those
applications and the pilots that were executed in the frame of the project are presented below.

3.1 Large Events Use Case
The large event application was tested evaluated in a large-scale experiment on DAS FEST 2018
[1]. Following a preliminary request of the organizer the use case was shifted towards a passive
crowd sensing application. Latest news about the vulnerability of mass events lead to a much
stronger focus on security related issues. That even lead to the decision to double the ticket
price for the closed concert area from 5 to 10 EUR in 2018. DAS FEST already applies technology
to measure and limit the people flow at the entry points for years. But those don’t provide
information on occurrences within the festival area. Due to certain topological characteristics of
the area the visitors in some zones are unable to see if places they are heading to are already
overcrowded. This applies for the rear side of the hill as well as for the place around the food
corner. Regarding the first they already apply a signalling using large traffic lights. The current
situation is therefore observed manually using cameras. However, an automated measure and
early warning system would be better. Therefore, DAS FEST asked if such an application could be
used for the BASMATI demonstration as well. The crowd sensing technology was found as an
interesting validation scenario. Firstly, the detection of movement within BASMATI is not only
used in the backend to plan and spatially assign resources but also turned into a valuable
outcome itself. Secondly, the complexity in combination with fluctuating load provides an
optimal setting to show BASMATIs capability to flexibly allocate more resources when required.
Thirdly the implementation shows the achievable cost savings in comparison to a dedicated and
fix backend infrastructure.
BASMATI Deliverable D8.4
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Initial idea
The idea of the new use-case setup came up after the analysis of a relatively simple field
experiment conducted during DAS FEST 2017. The setup was prepared by CNR and supported by
YellowMap and CAS. It was originally meant to collect some more data about the movement of
people on the festival besides the tracking function within the app. Therefore, 4 Raspberry PI
SOCs were prepared to detect WIFI signals from end user devices at different points on the
festival area. Those PIs simply stored the measurements locally – the analysis required collecting
the data to be read from their SD-card and manual transformation into the form to be analyzed.
YellowMap planned, arranged and supported the placing shown in Figure 1.

Figure 1 Locations of Raspberry Pi in 2017

It was explicitly intended to analyse peoples primary target after entering the festival area after
passing the main stage, which was expected to change over time. That’s why one PIs was
placed: (1) At the main entrance, (2) next to the path to the family and food area. (3) next to the
main stage and (4) at the entrance to the food corner (restaurant area). With up to 4500
individual signals per detection interval and PI and given the fact that due to the relative
BASMATI Deliverable D8.4
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position and the distance of PIs a double counting (by two PIs receiving the same signal) was
almost impossible, the presentation of the results at the KEG received a lot of attention.
Moreover, the curve of measurements (see Figure 2) plausibly reflected the course of the
festival from Saturday to Sunday (e.g. the second peak is exactly synchronized with the
Klassikfrühstück (classical music breakfast) – a traditional and very popular program item on
Sunday morning.

Figure 2 Time-signal-count-chart produced for the main entrance

Following the presentation, the KEG suggested to apply a similar technology to create a realtime picture of the crowd. In cooperation with YellowMap the KEG presented their
requirements in the Seoul meeting in November 2017. BASMATI decided to take up this as the
main pilot for the evaluation and derived the first technical requirements:
-

Significant increase of sensors.
Capability to enable a better localization of the source device.
Real-time-processing using a (BASMATI-cloud-managed) backend.
A e.g. heatmap-based visualization of the real-time situation.
(A live monitoring to enable recognition of failing sensor hardware.)

Experiments to detect mass movement based on passive WIFI detection conducted by the TU
Delft dealt as an inspiration for the general setup.1 The aim was to setup a similar experiment
but reduce the efforts for the application and infrastructure setup and operation to a minimum
while still having a guaranteed stable, secure, scalable and reliable solution. This should be
achieved by utilizing the BASMATI infrastructure and hence being able to move any computation
and storage besides the sensor part to the cloud.
Planning and preparation

1

https://www.heise.de/newsticker/meldung/Menschenmengen-lassen-sich-nur-bedingt-per-WLANmessen-3935690.html
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The plan was further prepared and further detailed by YellowMap and CAS until the meeting in
Barcelona. There the draft architecture was discussed, components were identified and
assigned to the different partners.:
-

-

-

-

-

-

CNR provides an improved version of the Raspberry PI sensor application, enabling
an automated time synchronization, an on the fly conversion into a simpler target
format ({PI-ID}{Signal-ID}{Timestamp}{MAC-Address}{Signal Strength}) to be
processed by the backend.
YellowMap prepares the Raspberry Pi computers, arranges their physical setup
together with the KEG and develops one backend function to group recordings
describing the same signal received by multiple raspberry PI SOCs to enable the
trilateration. Moreover, YellowMap was responsible for the heatmap-visualization
of the festival.
ICCS develops the pipeline for the real-time, scalable trilateration that included the
trilateration, load-balancing and data store (aggregator) components along with the
subsequent API for the visualization component.
Amenesik sets up the BASMATI-infrastructure, provides the cloud machines and
provides the BEAM document describing the components and treats the Raspberry
PI SOCs as manageable edge devices. Furthermore, Amenesik provides the data
exchange between Raspberry PI and backend via file transfer and a physical satellite
link.
CAS writes an application to take probes from all machines covering CPU, memory
from all machines (and additionally temperature from the raspberry Pi SOCs) and
displays it in a dedicated monitoring screen.
All partners support the adaption of dedicated BASMATI-components to effectively
enable the BASMATIzation of this target application.

The preparation and implementation were organized and coordinated by CAS and YellowMap.
Therefore, it was flanked by an additional dedicated and regular Skype meeting, to report on the
individual progress, discuss and solve issues and decide on technical and organizational details.

3.2 Mobile Virtual Desktop Use Case
MVDI (Mobile Virtual Desktop Infrastructure) service provides the virtual desktops to users as a
service in the cloud environment and enables the users to access their virtual desktop anywhere
and anytime [2]. It includes company-specific business applications with high level security,
software to handle various document formats, and even favorite personal applications and has
three core entities: (i) the VDI client, such as thin clients, a zero clients or PC clients, (ii) the VDI
server in which user’s virtual desktop are executed and stored, and (iii) the VDI manager that
orchestrates the overall virtual desktop system.
Most CSP provides the virtual server to application provider not bare-metal server. But, the
existing VDI service was provided based on bare metal server. So, it presents drawbacks for VDI
to expand into public cloud services. To provide the VDI service based on virtual server, we use
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the nested virtualization. Also, to provide the service migration based on federated clouds with
BASMATI, we research and develop the following items:
•
•
•
•
•

•

Modify the service flow and platform architecture
Develop the Connection Manager to manage the service connection
Support the user and admin portal in the Connection Manager
Managing user information for service authentication and migration
Modify and Develop the Service platform architecture
o Design of BASMATI-based mobile virtual desktop service structure and service
flow
o Analysis of the nested virtualization technology to support the federated cloud
environment
o Implementation of prototype for desktop service platform based on nested
virtualization
Modify the service flow and Develop the manager architecture
o Develop the Connection Manager to manage the service connection
o Support the user and admin portal in the Connection Manager
o Managing user information for service authentication and migration

•

•

Figure 3: The Service Structure of MVDI based on BASMATI

Analysis of optimal deployment technology and performance for mobile virtual desktop
service based on nested virtualization
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•

•

Figure 4: The Environment and Result of Performance analysis for MVD based on nested virtualization

Design and Develop the virtual desktop migration of MVDI
o Design of BASMATI-based mobile virtual desktop migration service flow
o Design and Develop the fast migration of service image based on backing image
o Implementation of the virtual desktop migration engine of MVDI

Figure 5: The Service Architecture of MVD migration based on BASMATI

•

•

Design and Develop the API to deploy MVD based on BASMATI
o Implementation of MVD’s installation script to support deploying connection
manager and service platform based on BASMATI automatically
o Design and Develop of the MVD’s API to interact with BASMATI like as service
platform deployment, scale-up and down
o Implementation the API module to deploy MVD based on BASMATI
Develop the MVD client application to use the MVD service based on BASMATI
o Design and Develop the MVD client application based on android and iOS
o Implementation the prototype of desktop service client to connect the service
platform

BASMATI Deliverable D8.4
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Figure 6: Android and iOS device-based MVD service user workspace

To evaluate the results of MVD development, we have conducted 2 interviews with experts we
have in our project. Generally they have satisfied with the test results of MVD use case on
BASMATI toolkit. They experienced some difficulties during composing the BEAM for MVD use
case. Even they were provided BEAM manual and BASMATI documents, but the examples of
actual BEAM they can reference were limited in number.
Thanks to the multi-region, multi-provider supporting feature of BASMATI, the MVD application
could utilise the resources from different openstack-based providers in different-regions to
optimise user experience in terms of response time. While the management of the application’s
deployment was very easy and convenient because it needs only the BEAM to be tackled by the
user.

3.3 TripBuilder Use Case
TripBuilder is a tool supporting tourists to build their own personalized sightseeing tour of a city
or touristic area [3]. Given a target touristic area, the time available for the visit, and the
tourist’s preferences rating different interests, TripBuilder provides its users with a ad-hoc tour
that maximizes tourist’s interests and takes into account both the time needed to enjoy the
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attractions and the time to move from one Point of Interest to the next one.
For the sightseeing tour generation TripBuilder exploits publicly available sources (Linked Open
Data) to build a knowledge base and infer user interests. The sources include many different
data sources, such as Wikipedia, Flickr and Google Maps.
TripBuilder is currently under evaluation for commercial exploitation. Its implementation is thus
considered as an industrial prototype. No source code is made available for the essential, core
service, which is provided instead in executable format. Exploitation rights are reserved except
for the project’s sake as a use case.
TripBuilder has been a valuable use case for the BASMATI project for several reasons.
TripBuilder represents a typical application for people travelling and accessing a service that can
be duplicated and/or relocated to a different Cloud. The service is mostly accessed through
mobile devices.
The client part is currently browser-based, but a very simple application structure allows for
additional functionalities as well as easy integration with the cloud brokering and computation
offloading mechanisms of BASMATI.
The TripBuilder application for BASMATI consists in an online server that can be decomposed
into a web front-end, a back end knowledge base and a module solving the combinatorial
problem implied by each user query. The query computational latency is significant and critical,
as it is part of the user perceived delay and thus directly impacts the quality of experience.
6

I.R. Brilhante et al. / Information Processing and Management 51 (2015) 1–15
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account several user-related features, resource availability and application QoE.

4. Building the knowledge base

The use case research addressed deploying both the batch server and the online server through
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budget that are finally scheduled on the user agenda by the fourth component ‘‘Scheduling’’.
In order to assess TRIPBUILDER we generate – in a complete unsupervised process – a knowledge base covering three Italian
cities which are important from a sightseeing point of view and guarantee variety and diversity in terms of size and richness
of public user-generated content available for download: Rome, Florence, and Pisa. The generation of the knowledge base for
each of the cities is a multi-steps process that we are going to detail in the following.
PoIs. The first step is to identify the set of PoIs in the target geographical region. Given the bounding box BBcity containing
Deliverable
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we download
all the geo-referenced Wikipedia pages falling within this region. We assume
each
erenced Wikipedia named entity, whose geographical coordinates falls into BBcity , to be a fine-grained Point of Interest. For
each PoI, we retrieve its descriptive label, its geographic coordinates as reported in the Wikipedia page, and the set of categories the PoI belongs to. Categories are reported at the bottom of the Wikipedia page, and are used to link articles under a
common topic. They form a hierarchy, although sub-categories may be a member of more than one category. By considering
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The implementation effort, instead, addressed mainly the online server part. A key goal was to
show that scale up and on demand allocation over all clouds exploited by BASMATI was
possible, in order to show the business advantage of an intercontinental federation.
The TripBuilder use case implementation focuses on the adaptation of the user front-end of
TripBuilder, exploiting its deployment of top of BASMATI in order to achieve:
§

Load distribution by dispatching queries to different server replicas.

§

Guaranteed QoE by exploiting BASMATI SLA mechanisms to activate new replicas

The application server is set up within a single VM, it contains both the actual TripBuilder code
and data, and the application front-end serving the web user interface (built with HTTP, CSS and
JavaScript) to the end-user.
The single-VM module is encapsulated within a distributed application architecture via the
BEAM language. Within the application, a load-balancing VM distributes TripBuilder
connectionless queries to multiple server replicas. Replicas can be automatically spawn over
resources from the Clouds exploited by BASMATI, and this is achieved by exploiting a set of
mechanisms provided by BASMATI.
The QoE constraint translates to an SLA constraint on the time required for each query. The
response time of each query to each server is monitored and triggers an SLA violation if it
exceeds the bounds. The opposite scale-down behavior can be triggered either by observing
that the interval between received queries at a replica is too low, or that the load balancer
module does not receive enough queries per unit of time.
The evaluation of the TripBuilder use case has been performed both via interviews and by a
concrete evaluation organized on four axes: functional evaluation, quality of experience,
multiple instances enablement and load balancing. The results assessed the benefits provided
by BASMATI to the automated management of the Quality of Experience for the TripBuilder
application when the frequency of user requests varies.

4 Major Outcomes
In what follows we present the major outcomes of the BASMATI project along with references
where the reader can seek more details.

4.1 BASMATI Toolkit
Rather than seeking the universal solution for all mobile app requirements, BASMATI followed a
more realistic solution and developed a set of loosely coupled software components (Figure 7).
The application developers can pick those that better meet their business and technical
requirements and “BASMATIze” their application. The integration is possible through a
middleware called Amenesik Cloud Engine (ACE) which implements the OCCI standard and
allows for a pub/sub interaction protocol.
BASMATI Deliverable D8.4
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Figure 7: BASMATI Toolkit stack

The BASMATI architecture is organized in multiple layers. The Federation Layer represents the
core part of the BASMATI infrastructure, and it is further decomposed in the two following
logical layers. The Application Back-End Management, which manages the runtime execution of
application on top of federated resources, and the Federation Management, which provides the
specific features of BASMATI federation by building on top of standard (multi) Cloud features.
The Adapter Layer contains those software modules designed to interface BASMATI federation
with different Cloud providers. Finally, the Resources Layer groups together actual resources
and services from different Cloud providers, Cloudlets and edge resources. More information
can be found in [4]–[7].

4.2 BASMATI Enhanced Application Model
The Application Modelling and the BEAM (detailed in [8]) definition have been greatly improved
in the second year of the project, in accordance with a more detailed definition of requirements
from the use cases. Ultimately, all data and metadata composing the BEAM are stored within
the Application Repository component, which has been improved in the second year of the
project.
One of the most important traits of the BASMATI toolkit is the realization of an application
modelling that allows an effective answer toward the restructuring of the application backend
to support user mobility. The design of the BASMATI’s application was designed to be (i) simple
and compatible for the application provider, (ii) expandable, and (iii) decomposable. These
considerations were the basis for the concept of BASMATI Enriched Application Model (BEAM).
The BEAM specification is a derivative work that is based on the international standard known
as Topology and Orchestration Specification for Cloud Applications (TOSCA).
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TOSCA is an open-source XML-based language that describes the relationships and
dependencies between services and applications running on cloud computing platforms,
independent of the specific cloud platform considered. From a practical point of view, the BEAM
is a collection of information, materialized as documents, that describes the application as a
collection of services and defines hints on the resources its deployment. Additionally, the BEAM
specification defines non-disruptive extensions to TOSCA format, for the management of the
Service Life Cycle, in line with the semantics defined by the international standard, known as WS
Agreement.

4.3 Federation Business Logic
Federation Business Logic enables applications to deploy and execute across provider resources,
manages federation level SLAs, and specifies revenue sharing methods among federation
members.
Revenue sharing is the distribution of profits and costs between stakeholders of a business or an
organization. Although it is an existing concept, it has been transformed and popularized due to
the introduction of platform-based content provisioning over the Internet. The content can
comprise, for example, applications, advertisements, music, and videos.
These revenue sharing mechanisms (i.e., business models) need to be investigated to become
the basis for the implementation of cloud federations [9]–[12]. A successful revenue sharing
mechanism is the requirement for cloud providers to cooperate. That means:
•
•

The revenue sharing mechanism must ensure that they are able to perceive a
benefit from their participation in a federation.
Moreover, a fair system is needed, ensuring that all cloud providers are properly
recompensed for the amount of resources that they invest into the federation.

The objectives of these mechanisms are:
•

•

To maximize profit for the entire federation, every member of the federation
obtains a profit higher than it would have achieved without joining the federation.
Policies of fairness can be incorporated to ensure this [13].
To share risk (cost) among the federation partners

The revenue sharing part of the federation agreement (contract) needs to transparent and
include information about:
•
•
•
•

Name of sharing parties
Amount of resources provided per period
Sharing scheme with functions for calculating cost and revenue
Sharing period, such as the expiration of the federation agreement
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In addition to this, for specific revenue sharing schemes, there are conditions that need to be
fulfilled with respect to pricing and distributions of shares [28] [29] [30] [32]. These conditions
are:
•
•

Percentage of revenue to be allocated to each member of the federation
Price of resources to be set.

BEAM is also the tool to store and communicate the innovative pricing models for cloud
federations that have been designed within the BASMATI project. The pricing models that have
been considered for BASMATI range from simple cost-based pricing models to sophisticated
Shapley-value-based pricing models. Considering the requirements of BASMATI, one pricing
model has been investigated in detail and comprehensive measurements conducted. The results
show that federations with the appropriate pricing plans can be sustainable and efficient [13].
Cloud Service Level Agreements (Cloud SLAs) form an important component of a contractual
relationship as SLAs are binding contracts among cloud application consumers and cloud service
providers (CSPs). Service Level Agreements specify cloud service provider and cloud service user
consensus in the cloud-based services to be provided. SLA terms must be defined in a way that
all parties have the same understanding of what is being provided and which objectives need to
be meet (SLOs), standardizing aspects of SLAs improves the clarity and increases the
understanding as nowadays different CSPs and deployment models will be required for different
approaches to managing the SLAs, the ETSI Cloud Standards defines the principles for the
development of SLA standards for cloud computing with the objective of handling the SLA
management complexity.
The Basmati SLA Manager receives the documents describing the Customer’s requirements (as
part of the BEAM) and performs their preliminary processing and their storage in the
Application Repository (also known as BEAM repository). The SLA Manager is responsible for
the processing of the Business Value defined behaviour response to signalling, received from
both the Federation Cloud Deployment and the Federation Monitoring, concerning incidents
and violations detected during the management of monitoring of Application Guarantees and
Objectives.

Figure 8: 2 screenshots from the BASMATI SLA Manager Dashboard
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The SLA Manager exposes this information to the Decision Maker and Application Controller
during the processing of signalling received from Federation Cloud Deployment and or
Federation Monitoring during the management of incidents and violations detected during
delivery of service to the Customer.
In BASMATI the Federation Service Level Agreement used is a derivation, or specialization, of
the international standard known as WS-Agreement. The extension describes a new service
description element that will be used to describe the technical and commercial details of a
mono or bi-direction relationship between two federation members. The framework has been
used to implement the SLA Management module, although some of the core functionalities
(enforcement or assessment) were available during the first period, the module has been
adapted during the second period to interact with other BASMATI modules and support WP6
experiments.
The aforementioned adaptations include:
•
•
•
•
•

Receive customer requirements from the BASMATI toolkit.
Work in conjunction with the BASMATI Service Description topology based on TOSCA
specs.
Support federated scenarios thanks to the specialization of the standard specifications
used.
Be able to inject incident signalling (instead of monitoring information) from both the
infrastructure and the application layers.
Translate incident signalling in recovery actions exposed to the BASMATI modules in
charge of the workload optimisation at run time.

More details can be found in [14].

4.4 Mobile App user context and cloud/edge resource utilization
Among the ambitious goals of BASMATI was to link the user context of a mobile application to
the resource utilization at the cloud and edge level. The component responsible for inferring the
future utilization is the Knowledge Extractor and operates together with the Federation
Monitoring so as to be aware of the current resource utilization and the user context [15].
The Knowledge Extractor (KE) is the component that provides predictions concerning the
application resource demands, the distribution of users into Point of Interests (PoIs) of an area
and evaluate candidate deployment plans.
The predictions of the user mobility and the application resource demands developed in the
subcomponent prediction producer and the Evaluation of a deployment document developed in
the subcomponent Deployment Resolver as mentioned in the first year periodic report. A set of
auxiliary subcomponents also developed these are the KE controller which is responsible to
orchestrate the functions of KE, the data unified representation subcomponent that is
responsible to fusion, refine and normalize the data observations in predefined structures, and
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the Knowledge Base subcomponent that keeps the data of the previous events in a compatible
form based on applied supervised machine learning techniques.
The predictors and the auxiliary functionalities of the KE have been designed based on machine
learning techniques that have been combined, and specified to address the specific needs of the
Basmati project. Experiments and research have be carried out with state of the art techniques
in combination with two datasets that constructed based on the large music festival that took
place between 20.07.2017 - 22.07.2017 and 20.07.2018 - 22.07.2018 in Karlsruhe in Germany.
The results of our research lead us to implement the most appropriate techniques.
We used multi machine learning frameworks such as scikit, weka, deeplearning4j to test various
techniques, parameters and configurations. We carried out research to estimate the latent
applications behaviours and the trend of people to gather together. As far as concerned the
most important parameters that we examined, we found the impact of the time, the amount of
users, the weather conditions and the distribution of PoIs in the area of interest. We examined
the Multicollinearity, Autocorrelation, Heteroscedastic, and Outliers of the incoming data. We
concluded that the resource demands can be predicted by linear regression techniques and we
estimated the functions of the VM resources for the CPU, Memory, Throughput and Response
time of the deployed application in a dynamic way.
The distribution of users among the PoIs designed using a Markov chain model in which the
users can stay to the same position based on a probability value or move to the neighbour PoIs
based on different probabilities values. In addition new users can be added or removed from the
model. In the end, for each timestamp we can estimate the number of users that are grouped in
each PoI based on the Markov chain and the previous state.
The evaluation of the deployment plan takes place comparing the recorded application
observations, the workload and the edge devices with previous deployments plans. A K-nn
approach estimates the k most similar previous deployment plans. The degree that the previous
k-most similar deployments violated the SLA constitutes a foresee for the validity of the current
deployment Using a metric such as the Euclidean, Manhatan, or Minkowski distance, we gauge
the k most-close deployment plans. The evaluation acceptance of a candidate deployment plan
is the harmonic mean value of their SLA violations.
To conclude to the most accurate model we used ten-fold cross validation and the evaluation
metrics of Standard error of Regression. The most accurate model is incorporated in the KE. KE
runs as a web service and provides a RESTfull API with which it exchanges JSON files to take the
current status of the parameters of interest and it outcomes the predictions.

4.5 Federation Monitoring
The Federation Monitoring component [16] periodically collects the usage of virtual resources to
monitor virtual resources within the BASMATI environment and stores them in the database.
The Federation Monitoring component provides an environment to monitor the status
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information of resources according to user's request. The internal architecture of the
component is depicted in Figure 9.

Figure 10: Federation Monitoring Environment

The virtual resource usage measurement uses Host sFlow inside the virtual machine. The
amount of virtual resources measured by the Host sFlow Agent is collected by the Monitoring
Collector. Monitoring Collector uses sFlow-RT, and it is executed in each container unit by CSP
using Docker. Monitoring values collected by sFlow-RT are stored in Monitoring DB, and
Monitoring DB uses InfluxDB.
Cloud service providers that provide virtual machines are connected to the ACE, a cloud
management platform that interacts directly with the CSPs. There is a Monitoring Metadata DB
that periodically synchronizes and stores metadata information such as CSP information of the
cloud management platform. Monitoring Agent collects monitoring information in each CSP 's
virtual machine and sends it to Monitoring Collector. The collected monitoring data is stored in
Monitoring DB. The Real-Time Analysis Module provides real-time monitoring information and is
presented to users through the Monitoring DashBoard. The Monitoring Metadata API Module
provides an API for integration with other external modules. The alarm module provides a
function to notify the user when the usage of the virtual resource becomes a specific condition.
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When an alarm for a VM is registered, the Real-Time Analysis Module periodically checks and
sends an alert message.
Federation Monitoring provides an API to receive information about the VM. When the VM is
created, the federation monitoring agent install script calls the API. The federation monitoring
agent can receive the collector address via the API. API can also be used to view information
about VMs currently being monitored externally. Detailed request information is shown in
Figure 11.

Figure 12 VM API Information

Federation Monitoring provides an API to receive the VM Monitoring Data. Provides VM
monitoring data for a specific time period. Detailed request information is shown in Figure 13.
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Figure 14 VM Monitoring API Information

Federation Monitoring provides an API to receive alarm information. The user calls the
corresponding API when the alarm is generated. Detailed request information is shown in Figure
15.
Category N ame
Canonical N ame
Resource Identifier
Description

Alarm
alarm
alarm_id
describing Alarm

Request M ethod
Request Description
Request Format:
parameters
alarm_id

GET
getting Alarm's information
type
UUID

Required?
no ( in address )

vm_id

UUID

no ( in address )

Description
Alarm's id and parameters. If not
given, will return all Alarm's.
must not be given a alarm_id

Example

Example Request:
curl "$BASE_URL/federation_monitoring/alarm/e0c54c59-672b-47c6-87c4-ba3a5835aba3/" \
-X GET \
-H "Accept: application/json"
curl "$BASE_URL/federation_monitoring/alarm?vm_id=7e99cc54-c529-4c27-b531-7a785c1df12f" \
-X GET \
-H "Accept: application/json"
Response Format:
parameters
id
alarm_id
vm_id
name
alarm_type

type
integer
UUID
UUID
UUID
UUID

operator
check_cycle
check_count
value

string
float
float
float

description

string

Description

Example

cpu / mem / bytes_in / bytes_out
bytes_read / bytes_written
lt / le / gt / ge
check cycle time : min
threshold count
alarm_type :
cpu , mem : percent
bytes_in, bytes_out : byte
bytes_read, bytes_written : byte

Figure 16 Alarm API Information
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4.6 Decision Maker
The Decision Maker module is entitled of taking
decisions about application placement, taking into
account requirements, previsions as well as all the
available information on the footprint generated by
applications on resources during their past
executions. All this information is then consolidated
into the BEAM. It is also in charge of making major
adaptive offloading decisions at runtime that were
not resolved at provider level. A description of the
Decision Maker is presented in Deliverables D2.3 and
D4.3 [4], [17].
In the first year the Decision Maker has been
designed and a prototype that dealt with the
application placement in static scenarios was implemented. With respect to the prototype of
the fist year, the following has been added to arrive to a complete version of the Decision Maker
component.
•

•

•

The design, implementation and testing of an improved metaheuristics for the geoplacement of application resources on multiple cloud providers. The metaheuristics is
implemented as a genetic algorithm (more details are in the Deliverable D4.3 [17]).
A design of the interaction with the other components that define the collaboration
necessary to deploy and manage BEAM applications, including their runtime and
adaptive management.
A revision of the REST interfaces, to best reflect the support for adaptive offloading and
placement decision.

4.7 Resource Broker
The Resource Broker is responsible to collect the list of supported Cloud Service Providers and
available resources from Cloud Provider Management Component and build resource
repositories to save the list and its detailed information [18]. After building the repositories, it
evaluates the resources using the monitoring data and SLA violation information and changes
priorities of the resources dynamically.
During the procedures for generating deployment plans which are conducted by the Decision
Maker, it searches and makes lists of the best-fit resources for each elements of applications
from its resource repositories. The Decision Maker will compose deployment plan based on the
list of best-fit resources.
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Figure 17: Deployment Structure of Resource Broker

It uses the REST-based OCCI interface of the Cloud Provider Management component to collect
list of supported resources and their detailed information. It saves them using its embedded
database. It supports REST APIs to be signalled the SLA violation information from the SLA
Manager and reflects it to evaluation priorities of resources.
It is input the BEAM of applications and analyse it to extract various requirements of each
elements of applications. (e.g., price, required specification, region, availability, and previous
performance) Then, it scans available resources met with the requirements and generates lists
of best-fit resources sorted with cost. Finally, it stores the lists as decomposition documents in
the Application Repository and notifies to the Decision Maker.
The Resource Broker of BASMATI has been built based on Django-REST framework and Docker
Container technology. Therefore, it can be deployed on various OSes easily and provide fault
tolerance and scalability using Docker’s restart policy and container replication technology.
Thanks to its efficient optimization mechanism, it can deliver the results for various
requirements under 10 seconds.

4.8 Application Controller
The Amenesik Cloud Engine (ACE) has been adapted to include an instance of the Basmati
Application Controller (AC) component. This component presents an industry standard OCCI
interface describing the application controller category and the application state category.
Application controller instances are created for a specific BEAM document which is processed to
produce the WS-agreement descriptions of the individual application states and the technical
manifests describing the corresponding deployment plans.
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Application state instances are created for each of the WS-agreements and attached to the
application controller.
Application life cycle events are issued to the application controller allowing application instance
start-up, shutdown and directional and conditional application state change.
The state change life cycle action events are exposed by the Application Controller for use by
the Basmati Service Level Agreement Manager component in response to incident detection
resulting from the real time scrutiny of the compliance of the application monitoring stream
with the require service performance criteria.

4.9 Cloud Provider Management
The placement engine of the Amenesik Cloud Engine (ACE) responsible for the Cloud Provider
Management functionalities of the BASMATI toolkit has been adapted to allow the federation
relationship between two distinct commercial instances of the BASMATI toolkit to be described
by a service level agreement of the nature outlined in the deliverable “D4.1 Dynamic Cloud
Federation: Design and Specification” [13].
This adaptation allows selective exposure of IAAS, PAAS and SAAS resources by the “service
provider” party to the agreement for consumption, integration and aggregation by the “service
consumer” party to the agreement.
The adaptation also describes the commercial pricing of the offered resources and financial
transactions will be imputed to the account of the “service consumer” allowing appropriate
invoice preparation and emission by the “service provider” corresponding to the quantity and
duration of resources consumed.
The operation of the dynamic federation management component was demonstrated during
the Das Fast Use Case where it was successfully employed for the exposition of the Raspberry PI
edge device resources by the onsite BASMATI toolkit instance for integration into the WIFI
Sensor GPS coordinate calculation application framework deployed by the cloud instance of the
BASMATI toolkit that was responsible for the overall application control.
Furthermore, the cloud provider management has been extended to offer a new edge device
provisioning interface in addition to the collection of public and private cloud provider
interfaces. This provisioning interface has been demonstrated during the DAS FEST Large Events
Use Case in July 2018 for the configuration, allocation, attachment and life cycle management of
the Raspberry PI devices used for the sensing of WIFI data. Operational Temperature monitoring
of the active devices allowed detection of devices which were reaching critical temperature. This
allows substitution of imminent failures with alternative devices taken from the pool of
reserves.
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The Edge Provider interface was initially designed with the Raspberry PI in mind but has not
been limited to this device and could easily be used for the allocation, connection, configuration
and management of any other type of computerised IOT device.

4.10 Federation Data Management
The BASMATI Unified Data Management Framework (BUDaMaF) [19], [20] is the component
tackling the federation data management requirements. This framework has been developed
using a Java Restfull Web Services architecture, providing an always evolving platform for data,
data store and data security management. In detail, it provides data migration, data replication,
data store scaling and anonymization or encryption services.
Data migration is needed in order to move the data closer to the physical servers of a hosted
application or a user, so that the data travel time through the network and its bottlenecks are
minimized. On the other hand, data replication can be used for the same purpose but it also
keeps the original data intact as backup or as needed by some use case, for example if two users
are working on the same data over long distances. In that scenario each user would have a copy
of the data close to her, minimizing the data request delays and a mechanism would be
responsible of synchronizing the two copies in semi-real time.
Data store scaling is needed to ensure that resource waste would remain bellow a certain safety
threshold, while keeping the application up and running according to the terms of its SLA. This is
needed because it is proven that application owners are most of the time overestimating greatly
the needs of their application, leading them to waste of resources and money. Finally,
encryption and anonymization are needed in most use cases, following the standards and laws
of the country that the data reside in at any time. For example, if a hosted application collects
personal data like the user’s location, then this information needs to be encrypted before it is
sent over the internet to a cloud server whose physical location may change at any time. These
security option are configured by the application owner through the BUDaMaF security module.
Four categories of modules have been developed, composing BUDaMaF; the security and
anonymization modules, the Core module, the Data Off-Loading modules and the Wrapper
modules. Each of these modules acts as a portal for Restful requests, corresponding to the goals
of the federation data management component. The Core module is acting as a BUDaMaF
dashboard, providing a common interface for accessing all other modules and at the same time
providing basic access control by connecting each request with its originator. The Data OffLoading and Wrapper modules handle all data and data store functionality by communicating in
the language that each data store server understands. Currently we have a wrapper for
MongoDB and a limited functionality wrapper for HDFS data stores. Finally, the security module
handles encryption, decryption and anonymization as configured by each application owner.
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5 Impact
BASMATI has made significant progress in terms of developing the concept of Cloud Service
Providers federation based on a clear business incentive that will potentially make a great
impact on the IT economies of both EU and Korea. Furthermore, implementations of the use
cases and integration with components from the BASMATI toolkit has demonstrated the
feasibility of the endeavor. The innovative nature of the offered solutions is evident through a
number of accepted scientific publications and the project’s contribution to standard bodies. In
what follows, we provide further details about the abovementioned topics to justify how the
project has made progress in achieving impact on a business and scientific level.
5.1.1

Credible demonstrations based on crossborder business and/or societal
applications of robust interoperable technologies for mobile applications on
cloud platforms.
Cloud service providers (CSP) are the vendors who undertake the deployment and support of
application services to the cloud. They mediate between application service providers (ASP) and
cloud infrastructure providers (or cloud providers-CP), ensuring that all non-functional
requirements are met by using the cloud infrastructure tools so as to ensure SLA compliance
while maximizing their profit margin by minimizing the cost for cloud resources. This
optimization process is of vital importance for the EU and Korean SME CSPs who operate with
small CAPEX and restricted customer base. On top of this, the capacity for expansion of those
CSPs is practically limited because of the need for advance payments for personnel and
specialized CP services so as to be able to maintain a large number cloud resources functional
(based on experience: about 100 VMs for Amazon). The latter is not sustainable by those CSPs
resulting in the need for collaborations. BASMATI introduces the concept of a Federation of
CSPs, that allows stakeholders to adopt a shared revenue scheme without the need for capital
investment directed towards the CPs. From a technical point of view, this model requires the
implementation of an abstraction layer on top of multiple CPs APIs that will allow the
deployment, monitoring and management of an application to a naturally multi-cloud
environment in a consistent and standardized way. Specific BASMATI components provide an
implementation of this abstraction layer to support the CSP federation model.
Among the tools that were developed by BASMATI were the BASMATI Enhanced Application
Model (BEAM) and the BASMATI version of the Amenesik Cloud Engine (ACE). Those two tools
are of particular importance as they are introducing a single formalism to describe applications,
including their particular requirements occasionally pertaining to the mobile nature of those
services, coupled with a mechanism that allows the deployment of the application services on
top of a mixed multi-cloud/edge environments. These two tools were used to demonstrate the
feasibility of the federation of three virtual crossborder CSPs (1 Korean: ETRI Openstack, 2
European: AMEN AWS) and the deployment of the Large Events and TripBuilder applications
to the federation.
What is noteworthy is that BEAM is an extension of the OASIS open standard for the Topology
and Orchestration Specification for Cloud Applications (TOSCA).
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5.1.2

Concrete implementations of interoperable solutions for Cloud resource
brokerage technologies that are candidates for standardisation.
BEAM and ACE, together with the Federation Monitoring and Federated SLAs allow for a
dynamic adaptation of the federation in the particular application requirements. Furthermore,
the Resource Broker coupled with the Knowledge Extractor can support the optimization of the
resource utilization given several objectives. The knowledge is orchestrated through the
Decision Maker who eventually selects the appropriate plan given the objectives and the
relevant constraints. Finally, the Federated Data component allows for the data management
within the federation.
BASMATI concluded the integration of the Resource Broker (ETRI) with the Decision Maker
(CNR) showcasing how those two tools can contribute to the efficient selection of resources
within the federation. This activity is accompanied by standardization activities related to cloud
resource brokerage in ITU-T SC13 with 16 contributions for the on concept of containers and
micro-services to another on-going item (details in section 1.2.7.2).
Furthermore, ICCS and ETRI jointly presented the BASMATI concepts, with an emphasis on the
Federation Business Logic and resource and cloud brokerage in ITU-T, Study Group 13-C326,
relevant questions Q17/13 on Cloud & big data ecosystems in Geneva, 6-17 November 2017.
5.1.3

Joint contributions to International Standardization and/or Forum activities.

Apart from the current contributions to ITU, the consortium has submitted a joint proposal
entitled: “Proposal of a general use case for cloud service customization in cloud service
brokerage”, for the meeting that was held on July 2017. The presentation was given by ICCS
accompanied by ETRI resulting in a fruitful discussion. The main conclusion was that this kind of
contributions need to come early in the process and that the group wanted to hear more once
the project finishes. It was agreed that BASMATI would share its final report with the
standardization group.
Critical contributions in the standardization bodies regarding Decision Maker, Resource Broker,
Knowledge Extractor and Federated SLAs and Monitoring took place, with the active
involvement of more partners from both consortia (attending together the ITU meeting in
Zurich in October), but also with the integration of the Knowledge Extractor and the use of real
data from the use cases, especially on the occasion of the DAS FEST event (July 2017).
5.1.4

Improving innovation capacity and integration of new knowledge

BASMATI has developed solutions for the integration of the BASMATI toolkit components with
the use cases. As mentioned above the ACE tool stands among the individual components of
particular value to the BASMATI toolkit as it performs the crucial role of Application Controller
(AC). The publication platform of the AC is conceptually based on the CompatibleOne project
but it is developed in the frame of the federation notion as introduced by BASMATI. Towards
that end, the BASMATI version of the CompatibleOne cloud provisioning model management
platform has been started using the Python language. The underlying service publication
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mechanisms and security procedure are complete and the full information management model
is now in place based on the standard OCCI categories, their members and their actions (more in
Section 1.2.5.2). It is intended that this version of the toolkit to be published on Open Source
under Apache 2 license providing support for the future Open Source community named “Fog
Hopper”.
Some individual components that relate to the ACE platform have also been released publicly as
by-products of the development process. Such is the Javascript/Nodejs client to the COOL API,
i.e. the scalability engine of ACE. This on itself is very useful as it allows application components
written in Javascript to leverage on the capabilities of the COOL engine and become scalable.
Furthermore, most of the components will be delivered as open source projects, while the
process to make the dataset that was created from the Large Events use cases (about 1.2 GB of
user location data, semantic trajectories, resource utilization) released under ODC Open
Database License (ODbL) (attribution & share-alike).
Finally, some of the BASMATI components were demonstrated in the context of another music
festival, called SENSORIA, showcasing the BASMATI capabilities to a larger audience.
Event

Participant

Place

Date

SENSORIA
2017

IJ Marshall,
CLT
Marshall

Sheffield

29/09/1701/10/17
&
508/10/17

Audience
Type
Potential
end users

Audience
Activity type
Size
1
Dissemination/
immediate Exploitation
end user,
hundreds
of
secondary
users

5.1.5 Scientific Impact
20 publications have been presented during the project duration. The list can be seen in the
following table:
Type
Journal

Conference

Conference

Title
Text
Classification
Using the N-Gram
Graph Representation
Model
over
High
Frequency
Data
Streams
User Behavior and
Application Modeling
in Decentralized Edge
Cloud Infrastructures
BASMATI:
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Venue or Journal
Frontiers in Applied
Mathematics
and
Statistics

Authors
J. Violos, K. Tserpes, I.
Varlamis, T. Varvarigou

Year
2018

Economics of Grids,
Clouds, Systems, and
Services
2017.
Lecture Notes in
Computer Science.
Cloud Advances in Service-

J. Violos, V. Monteiro de
Lira, P. Dazzi, J. Altmann,
B
Al-Athwari,
A.
Schwitenberg, Y-W. Jung,
T. Varvarigou, K. Tserpes
E. Carlini, M. Coppola, P.

2017

2017
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Conference

Conference

Conference

Conference

Conference

Conference

Conference

Conference

Conference

Brokerage
Across Oriented and Cloud
Borders for Mobile Computing
Users and Applications Communications in
Computer
and
Information Science
BASMATI:
An Economics of Grids,
Architecture
for Clouds, Systems, and
Managing Cloud and Services
2017.
Edge Resources for Lecture Notes in
Mobile Users
Computer Science

Dynamic
Resource International
Selection in Cloud Conference on High
Service Broker
Performance
Computing
Simulation
(HPCS)
2017
BUDaMaF – Data CLOSER 2018
Management in Cloud
Federations
Enabling
Business- Economics of Grids,
Preference-Based
Clouds, Systems, and
Scheduling of Cloud Services
2016.
Computing Resources
Lecture Notes in
Computer Science
Design of Multiple UBICOMM 2016
Clouds based Virtual
Desktop Infrastructure
Architecture
for
Service Mobility
BASMATI-A Brokerage CGW 2016
Architecture
on
Federated Clouds for
Mobile Applications
Effect of homophily on Communications in
network formation
Nonlinear
Science
and
Numerical
Simulation
Optimal
resource JCCI 2017
placement of Nested
Virtualization System
by using Performance
Degradation Analysis
Design of Application 2017 Spring KIPS
Controller
for Conference
BASMATI platform
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Dazzi, K. Tserpes, J.
Violos, Y-W. Jung, G.
Zulfa Santoso, et al.

J. Altmann, B. Al-Athwari,
E. Carlini, M. Coppola, P.
Dazzi, A. Juan Ferrer, N.
Haile, Y-W. Jung, J.
Marshal, E. Pages, E.
Psomakelis, G.Z. Santoso,
K. Tserpes, J. Violos
G. Z. Santoso, Y-W. Jung,
S. W. Seok, E. Carlini, P.
Dazzi, J. Altmann, J.
Violos, J. Marshall

2017

E. Psomakelis, K. Tserpes,
D. Anagnostopoulos, T.
Varvarigou
J. Altmann et al.

2018

D. Kang et al.

2016

J. Altmann et al.

2016

K. Kimet et al.

2016

S. Kim et al.

2017

S. Sok et al.

2017

2017

2016
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Conference

Conference

Conference

Journal

Conference

Conference

Conference

Conference

5.1.6

Study of Real-time
Monitoring
System
Applicable
to
Heterogeneous Cloud
Service Brokerage
Load balancing for
minimizing
the
average response time
of get operations in
distributed key-value
stores
Efficient Nested Cloud
System Configuration
using
Performance
Analysis
Evaluating
Investments
in
Portability
between
Software
Service
Platforms
Runtime
Adaptive
Resource Selection in
Cloud
Service
Brokerage
QoS Guarantees for
Network Bandwidth in
Private Clouds
A Holistic Approach for
High-level
Programming of Nextgeneration
Dataintensive Applications
Targeting Distributed
Heterogeneous
Computing
Environment
Self-optimising
Decentralised Service
Placement
in
Heterogeneous Cloud
Federation

2017 Spring
Conference

KIPS

B. Kim et al.

2017

ICNSC 2017

J. Altmann et al.

2017

12th FutureTech 2017

S. Kim et al.

2017

Future
Generation
Computer Systems

N. Haile et al.

2017

SerCo 2017 – HPCS

G. Z. Santoso et al.

2017

Cloud Forward 2016

Anastasi et al.

2016

Cloud Forward 2016

Carlini et al.

2016

IEEE SASO 2016

Carlini et al.

2016

Business Impact

There are two different markets tackled by the project: Europe and Korea, with some
similarities but with vast differences. While there is a well-established market in Europe,
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Cloud is something still novel in Korea. However, the CAGR in Korea in the last years
nearly double the European uptake.
For this reason, the project has identified two different paths for exploitation as reflected
in D7.3 [21]. First of all, the project identified a set of traditional business models for
getting revenue of project results that it is valid according to the European market. For
the Korean market, less research oriented, the project has identified a different set of
business models for directly commercializing results, selling BASMATI results to a third
party that can benefit of them or creating an entity that can oversee offering services built
on top of BASMATI Toolkit.
This last set of business models is based on the revenue sharing mechanisms identified in
the first period of the project, following the principles of sharing economy but changing
the scope to applied them into digital businesses. This opens the door to the creation of
new businesses, or the update of existent ones, aiming to leverage the Cloud market.
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