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BASMATI Glossary
Term/Acronym Definition
Mobile cloud
services

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 report provides the main design principle and the structure of the use cases, including the
scenarios, the infrastructures and platforms that are utilized and the use of BASMATI
technologies.
o
o
o

The scenario definition and design for the mobile virtual desktop uses case.
The scenario definition and design for the large event use case, DAS FEST.
The scenario definition and design for the TripBuilder use case.

The main objective of this deliverable is to provide implementation details of the use cases that
need to be considered (or have been considered) during the integration of the BASMATI
platform with the applications.
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1 Introduction
The main purpose of use case in BASMATI is to integrate the outcomes of the research and
development work packages of BASMATI, verifying their applicability through three
representative use case scenarios and providing useful feedback about the BASMATI concepts
and technologies. In particular, the use case focuses on:
•
•
•
•
•
•

Bringing the results of the development work packages into a real context.
Showing the feasibility of the main BASMATI innovations and perform a qualitative and
quantitative validation of their realization.
Identifying and designing a set of real-life scenarios where the BASMATI propositions
can be exploited in a real-world environment.
Implementing and experimenting with a demonstrator for each of the scenarios.
Testing the functionality, effectiveness and quality of the developed technologies.
Supporting and enriching the BASMATI dissemination and exploitation activities with
the developed demonstrators.

This report presents the main design principle and the structure of the use cases, including the
scenarios, the infrastructures and platforms that are utilized and the use of BASMATI
technologies.

1.1 Relation to Other Deliverables
The D6.1 report will provide the design and structure of the use cases which integrate the
outcomes of the research and development work packages of BASMATI. Considering the
interaction of the use cases with the BASMATI platform defined in the global architecture design
of BASMATI (deliverable D2.3), this report will take into account the following as shown in
Figure1.: (i) the role of analysis and modelling of users and applications in the deliverable D3.1;
(ii) application data of BASMATI Data Management Framework in D5.1; (iii) evaluation
methodology and evaluation criteria in D6.5.

Figure 1 The relationship of D6.1 report to other deliverables
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1.2 Outline of Deliverable
The Deliverable document is organized as follows: Section 2 of the document includes the main
design principle and the structure of the mobile virtual desktop use cases including the
scenarios, the infrastructures and platforms and the use of BASMATI technologies. Section 3 and
4 describe the main design principle and the structure Das FEST (Large Event) and TripBuilder
use case in the same way as the previous chapter. And section 5 presents conclusion and the
future plans related to the use cases.

2 Use Case 1: Mobile Virtual Desktop on BASMATI
2.1 Overview
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[1][2]. It includes company-specific business applications with high level security,
software to handle various document formats, and even favourite personal applications and has
three core entities: (i) the VDI client, such as a thin clients, a zero clients or a 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[3].
The implementation of the mobile virtual desktop use case based on BASMATI to provide virtual
desktop service guaranteeing stable QoS to users as a service in the federated cloud
environment and enables the users to access their virtual desktop anywhere and anytime with
the wide variety of terminals[4]. The objective of virtual desktop use case is to enable scalability
and deployment in a federated cloud environment to improve the degraded QoS of VDI services
as users move from one location to another. Through this use case, mobile virtual desktop
service can be freely transferred among the federated clouds, according to the user location.
However, since the existing VDI service was provided based on bare metal server[5] and most
CSP provides the virtual server to application provider not bare-metal server, we need to change
the service platform structure. Also, it is a drawback for VDI to expand into public cloud services.
To provide the VDI service based on virtual server, we use the nested virtualization[6]. Also, to
provide the service migration based on federated clouds with BASMATI, we research and
develop the service flow and platform architecture about the existing MVD.

2.2 Design Description
To provide the mobile virtual desktop service 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
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Also, this section includes use case service scenario, infrastructure and platform structure design
about the mobile virtual desktop use case based on BASMATI Platform
2.2.1 Scenario Definition
The Scenario of mobile virtual desktop service user is driven by a specific class of user. Common
user types that benefit mobile virtual desktop service are mobile workers, task workers (such as
factory floor and call center workers), contractor/offshore workers, and remote workers in
branch offices[7].
•

Mobile Workers: If an organization needs to support employees who are mobile, work
from home, or work from other countries, a mobile virtual desktop service solution can
enable employee productivity anywhere and increase effective user collaboration
without compromising security. Mobile virtual desktop service can offer secure access
to desktops and applications over low- bandwidth connections without requiring new
applications to be distributed to mobile virtual desktop service users. Employees will see
a consistent set of applications and can access their own data regardless of location. If
employees need access to a comprehensive desktop experience, they can be assigned a
personal virtual desktop within the confines of the corporate data center. This improves
the mobile virtual desktop service offering available to users while keeping the
environment securely managed. With the wide adoption of mobile wireless networks
like as nethird-generation (3G), users are even more capable of experiencing a fullfidelity desktop remotely.

•

Contractor/Offshore Workers: Many companies are leveraging workforce experience
from around the world. Organizations will need to provide access to applications for
users located both remotely and internationally. In order to provide access to resources
while respecting corporate policies, providing a mobile virtual desktop or mobile virtual
desktop pool becomes very attractive for organizations. This allows users to receive a
first-class client on the network while allowing the organization to control where the
mobile virtual desktop is running, how the mobile virtual desktop is accessed, how data
is being run on the client computer, and where data is stored.

•

Remote Workers in Branch Offices: In an environment that relies on remote or branch
offices, A mobile virtual desktop service can provide enhanced capabilities to these sites
and reduce the network bandwidth that the required applications use. For example, a
bank might have essential financial software applications that would not be costeffective to deploy and maintain in every branch. With mobile virtual desktop service,
the software can be available at a central headquarters and accessed as needed by
employees in different locations. A centralized-applications strategy often results in a
reduction of application server infrastructure at various branches or locations, requiring
much less maintenance and on-site support from the home office information
technology (IT) staff.
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Figure 2 Scenario of Mobile Virtual Desktop Service

2.2.2 Infrastructure Design
In order to provide a mobile virtual desktop service based on the BASMATI platform, a virtual
desktop service should be provided based on a virtual server rather than a conventional bare
metal server based virtual desktop service.
Figure 2 shows the infrastructure for mobile virtual desktop service based on the BASMATI
platform to support the federated cloud environemt. The service infrastructure is based on a
traditional client-server model and mainly consists of a mobile virtual desktop client, a
connection manager, BASMATI platform, VM infrastructures on cloud, and a mobile virtual
desktop service provider. Detailed interaction among these mobile virtual desktop components
are described as follows.

Figure 3 Service Infrastructure for Mobile Virtual Desktop Use Case

• Mobile Virtual Desktop client
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Mobile Virtual Desktop service users can be provided with their virtual desktop
remotely through their Mobile Virtual Desktop clients. To access a Mobile Virtual
Desktop server, Mobile Virtual Desktop service users can employ one of methods
among dedicated software, general-purpose web browser, and firmware depending on
the type of Mobile Virtual Desktop client.
• Connection manager
This logical component is responsible for connecting a Mobile Virtual Desktop service
user to a virtual desktop available and suitable. Connection manager’s tasks include
(i)end user authentication and license verification to validate the user and user’s
application, (ii)assignment of a virtual desktop, (iii) coordination of a delivery protocol
to be used between a Mobile Virtual Desktop service client and a server, and (iv)the
necessary storage allocation. In addition, the connection manager is responsible for load
balancing and managing the number of users per server, reconnecting a user to the
virtual desktop.
• VM infrastructure on cloud
VM infrastructure on cloud is an abstraction of VM resources. The main role of the VM
infrastructure is to support hardware and software resources and create Guest VMs. In a
virtual desktop environment, a virtualization function, called a hypervisor, is highly
desirable to employ hardware resources efficiently. A Host hypervisor can abstract
physical hardware resources and assign them dynamically to a host vm on host
hypervisor. A Guest hypervisor can abstract virtual hardware resources and assign them
dynamically to a Guest vm on guest hypervisor[8]. Consequently, the end user’s
application runs on the virtual desktops provided by the VM infrastructure on cloud.
• Virtual desktop delivery
This component is responsible for encapsulation and delivery of either access to an
entire information system environment, or the environment itself to a remote Mobile
Virtual Desktop client through the network. A protocol for the virtual desktop delivery
provides the communication channels between the Mobile Virtual Desktop client and the
server in order to transfer all the interaction information. The interaction information
includes display information, control and configuration information, monitoring
information etc.
2.2.3 Platform Design
The private cloud-based virtual desktop service system is based on a physical server, installs a
host hypervisor on a physical server, and provides a virtual desktop service. But, The BASMATI
platform-based virtual desktop service system is based on a virtualization server and installs a
guest hypervisor on a virtualization server and provides a virtual desktop service. The
virtualization server is provided through the BASMATI platform which request the resource to
the IaaS of the cloud service provider.
Figure 4 shows a structure of a service platform based on federated cloud which is managed by
BASMATI platform. The service platform is based on the virtualization server provided by the
BASMATI Deliverable D6.1
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BASMATI platform and consists of virtualization hardware and guest hypervisor, virtual desktop
transport layer, and virtual desktop layer. Host hypervisor is a server virtualization technology
that abstracts the computing resources (CPU, Memory, I / O devices) of the physical server
system to dynamically configure and allocate necessary resources to the upper software[9]. It is
a structure that is installed on the host OS and creates a virtual machine based on it. The virtual
machine is configured as a virtual desktop service server. In order to install the guest hypervisor
in the virtual machine, the host pass-through function must be activated so that CPU resources
can be directly allocated. Install a virtual desktop transport layer library on the host hypervisor
virtual machine, create a guest virtual machine for the virtual desktop service, and provide the
virtual desktop service to the user through the network based on that.

Figure 4 Service platform architecture for Mobile Virtual Desktop Use Case

2.3 Related BASMATI Technologies
The application data for mobile virtual desktop use case belongs to the category of cloud
services and provides user’s mobile desktop functions that should be configured, managed,
stored, executed, and delivered. The application data is described by mobile virtual desktop
service provider and transferred to the BASMATI Unified Data Management Framework
(BUDaMaF) which manage the application data for mobile virtual desktop service. The
aforementioned actions take place by the Mobile Virtual Desktop in a way that minimizes the
cost of the hardware infrastructure. The Knowledge Extractor in BASMATI is responsible to make
predictions such as the user trajectories, the applications that will be used by each user, the
frequency and the number of sessions between users with the applications.
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When a user moves from a country to another country and uses his virtual desktop, a relocation
of his virtual desktop is likely to be carried out. There are various parameters that should be
taken into consideration before the decision of the relocation such as the QoS, legal issues, cost,
and the geographical location of the users.

3 Use Case 2: Das FEST (Large Event) on BASMATI
3.1 Overview
All case studies refer to the large event Das FEST in Karlsruhe (Germany). Das FEST is an open-air
event held since 1985, which annually attracts 200 to 400 thousand visitors. The music festival is
the main part, but unlike other festivals, an extensive sport, children's and family program is
also provided. In addition to sponsoring, Das FEST is mainly financed by the sale of beverages.
Due to its increasing popularity, the entrance to the site had to be stopped for the first time in
the season 2006.
The implementation of Das FEST requires the provision of an extensive infrastructure. The
continuously high number of visitors places demands on security, which has an effect, for
example, on the division of the terrain. The festival site itself is a closed area. Access to the
festival site is through several entrances around the festival grounds. This makes it possible to
accurately determine the number of users. The festival is easy to reach by public transport. Also
the journey by bike or on foot is possible. Parking spaces for cars and buses are available in
limited numbers.
YellowMap has written in cooperation with the organizers of Das FEST the official app. It is
available for Android and iOS and displays information about the bands and artists, the calendar
of events and other things, such as emergency information. Tens of thousands of festival visitors
have installed the app. The app also includes an offline-capable terrain plan (map), which serves
for orientation on the 180 thousand square meter terrain. It shows, among other things, the
positions of the five stages, the event locations, the stands (food and drink), toilets and
emergency doctors. In the future, it is planned to expand the app further and make it more
interactive. In particular, the position data of the festival visitors are to be used for different
scenarios, which makes the stay more pleasant and safe. It is planned to supplement the
BASMATI multi-cloud with a new cloud-based service, which can manage and evaluate tracking
data of visitors.

BASMATI Deliverable D6.1
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3.2 Design Description
3.2.1 Scenario Definition
The scenarios are best described in the case studies, for which the most common examples are
given:1
a)
b)
c)
d)
e)
f)
g)
h)
i)

Have a picnic on the day of the Classic-Breakfast.
Visit an event.
Eat at a food stand
Find the nearest toilet.
Meet friends on the festival grounds.
Switch between concerts or events.
Leave the festival grounds as soon as possible.
A visitor faints and needs first aid.
Find the quietest place to relax.

Meeting friends on the festival is a standard requirement, although not an easy task for the
system. This scenario is described in more detail, taking into account the specific BASMATI
requirements.:
Title
Actor
Special Stakeholders
Use Case Description
Pre-Conditions

Success and Failure
Frequency
Personal Data
Environmental Data
Real-time Trajectory
Data
Statistical Data

Issues
1

Meet friends on the area of DAS FEST
Any visitor
Other visitors
A person wants to meet with a couple of friends on the area of DAS
FEST.
Actors are aware that a meeting spot cannot be identified in advance,
because of the amount of people and their movements. All persons
have smartphones with Wi-Fi/WLAN and GPS capability.
Friends have met.
Very often (standard requirement)
Crucial Description
no
Yes, if handicapped person
yes
• Wi-Fi/WLAN access points?
• Bluetooth low energy beacon?
yes
• GPS position every 30 seconds
• Total number of visitors on the area
• Occupancy of potential meeting spots
yes
• Particularly important are characteristics of the
terrain to avoid crowds of people and confusing
places.
• GPS signals are weak or the geographical position is not

A detailed description of these scenarios is given in D2.2 Use Case Analysis.
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Expectations

•
•
•

accurate.
The system suggests a meeting spot between or near the
location of the visitors.
The system indicates the distance and the route time to the
meeting place.
The system calculates the optimal meeting time.

To illustrate the problems that may arise on site, a few considerations are listed:
•

•
•

•
•
•

As soon as the festival site is overcrowded, the remaining visitors must be temporarily
denied access. For this to be possible, the entry and exit of the terrain must be
registered at each of the access points provided for this purpose and the information
must be known to all inspectors without a time delay.
The distribution of the toilets must be arranged in such a way that they are close to each
event and can be reached quickly from all event locations without any congestion.
Since on the days of the event the mobile network of the various network operators is
generally overloaded, the coordination on the spot is difficult. If you lose sight of just
before a concert, you usually do not have the opportunity to find the companions again.
Communication via instant messaging software is however often still possible. It is also a
good strategy to set the exact time points before the events, to which all the persons of
a group can find themselves in a specific place.
Some events take place outside the fenced area, so you have to leave and enter the
fenced area frequently.
After the main event, there are often longer congestions in public transport.
Places for wheelchair users are limited and thus occupied early. If this is determined on
the spot, this is an extremely unsatisfactory situation for the visitors.

All scenarios assume that the distribution of users on the site of the festival is known and the
position of each user is assigned to a distribution cluster.
3.2.2 Infrastructure Design
The final setup of the infrastructure on DAS FEST 2018 is planned to integrate data from any
existing measuring facility of DAS FEST and combine it with information originating from the
enhancements built within BASMATI. It builds upon the infrastructure in 2017 but integrates
significant enhancements.
The existing infrastructure of DAS FEST consists of counting mats in front of the main stage, the
ticket scanners at all entries to the closed area and since this year laser curtains at the entries to
the festival area as well as a dedicated weather station on top of mount Klotz. The strong focus
on the closed part of the festival area results mainly from regulatory reasons. Das FEST is obliged
to control the number of people in this area to ensure that the average density does never
exceed 4 people per square meter. Moreover, as this area is covers the main stage, it’s regularly
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the most frequented especially during the concerts of the headliners. The BASMATI-specific
enhancement to the infrastructure so far mainly built upon the GPS tracking of visitors using the
app and providing data. The recent analysis years data shows that even though the proportion
of those visitors is relatively low their behavior can be considered as a good estimate of the
behavior of the whole crowd. However, they showed also are two major issues. The first one in
inaccuracy. While generally the accuracy of GPS is within a range of 2 to 20 meters, the results
also contained outliers with a much higher bias. This is aggravated by the fact that BASMATI
needed to choose relatively long intervals between GPS measurements to keep the battery
consumption on a tolerable level. The second one is the unsteady connectivity – especially at
peak times. Even though the app stores data and transmits it when connectivity is available a
real-time processing is thereby hindered. Therefore, BASMATI in 2017 introduced Raspberry-Pibased WIFI proximity detection at 4 points on the festival area. Those devices detect signals sent
out from WIFI-enabled smartphones in range covering timestamp, MAC-address of the device
and the signal strength. This installation was able to detect the approximate position at least
40.000 individual users within a period of about one festival day. Inspired by that results
BASMATI considers placing a larger number (30-50) of identical sensors on DAS FEST in 2018
which would firstly enable a much more precise localization (triangulation), secondly enable
coverage of the whole area, thirdly may span a local network providing connectivity to a
dedicated festival network for users running the DAS FEST-app and finally provide additional
edge resources to the BASMATI cloud available to host data, computation and end user
applications.
The main advancement in comparison to the setup on 2017 will be the setup of the
computational infrastructure. All applications and data from each of the sources will be hosted
on a BASMATI cloud consisting of a federated environment including internal edge and backend
as well as external cloud resources when necessary. The planned overall setup is shown in the
diagram for the overall platform.
3.2.3 Platform Design
The platform consists of the clients, the on-site infrastructure and the BASMATI cloud servers.
The servers include the storage unit, the analysis software and the micro-services, which are
responsible, for example, to cluster the track points. Statistical data from previous years should
be available for predicting user behavior and for submitting proposals. The following Figure 5
presents the components involved and developed in the frame of the DAS FEST demonstrator.
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Figure 5: Planned DAS FEST components in 2018

There are four nodes in the architecture with the following responsibilities:

Node

Responsibility

Collector

collects user mobility data from the Das FEST app and stores it on the
storage node (i.e. MongoDB)
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Node

Responsibility

Storage

Stores raw data from all data sources and interpreted cluster data from
Miner

Miner

•
•

Calculates clusters of user mobility from raw data (-> Cluster Analysis)
Interprets clusters (e.g. "queue-like cluster of 56 persons in front of the
toilet on the area of Feldbühne") (Cluster Interpretation)

SearchEngine

Handles user search requests for most suitable POIs (e.g. toilets).

DensityPrediction

Provides a density forecast based on clustered data history and current
movement of visitors.

The tracking data is stored temporarily on the mobile device. This is not only necessary to
reduce network traffic, but also to bridge the times during which the internet is not available. To
enable fast storage of the large amounts of data, the data are written to an object-oriented
database. The validation and processing is carried out in a different step, following BASMATI
guidelines. The processing does not have to be done in real-time, but very quickly in order to
make the results available to the clients in the shortest possible time.
To summarize the platform requirements and software modules, necessary for processing
tracking data:
•
•
•
•
•
•

Anonymization of user
Validation of data after storage
Extrapolation of tracking points (PI and App)
Accumulation of tracking points (PI and App)
Indexing of data
Encryption of data

Additional steps to query the data:
•
•
•

Clustering of the geographic points.
Prediction of user behavior associated with a particular situation
Visualization of data (Crowd Monitor - application)
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3.3 Related BASMATI Technologies
Front-End Application Manager and a Front-End Service: Application manager and front-end
service will be used to load BASMATI services. The user interface will run on the user’s mobile
devices. As the computing power of modern mobile devices is sufficient, resource issues are not
expected from executing the user interface.
Application & User Data Collector: The Application and User Data Collector is informed about
the tracking activity. According to the operator’s policy and the current privacy guidelines the
user’s position data are not to be related to any identifying personal information, not passed on
to any third party and only processed for the purpose of managing the cloud, predict
distribution of people and queue length and determine the geo-fence for information provision.
Server-Side Scaling: The backend system can benefit from the BASMATI platform by means of
scalability and re-location. The backend consists of different loosely coupled components
•
•
•
•
•
•

Data mining process
Search
Data collector
Monitoring/dashboard
Storage
Each component can be dynamically load-balanced and scaled by the BASMATI
platform during high peaks of activity. Especially the data mining process and the
search need to scale horizontally because the resource consumption in these
components grows in relation to the actual amount of users. Since it cannot be
foreseen how many visitors will use the tracking functionality of the DAS FEST App,
we will rely heavily on the scalability in this context.

Application Description: As the core components of the DAS FEST server are to be deployed and
scaled differently, it is necessary to describe them in a human readable and machine
interpretable way. The language to describe the application and its components should be
expressive and rich enough and at the same time easy to learn and use. The use of application
description templates is nice-to-have.
Multi-Cloud: The deployment on diverse cloud providers is relevant especially in event
management: If all usage and business is performed in several days only, the availability of a
service within that short period is much more relevant compared to cases where a service is
used the whole year (an unavailable service for some hours is relatively unproblematic).
Edge Computing: BASMATI platform enables the application to infer relevant insights where
they occur by allocating locally available computing resources. Like in modern data
architectures a huge benefit of BASMATI is to bring the computation to the data avoiding
unnecessary data movements. A local cloud storage would be nice to have for DAS FEST. It will
not be introduced in 2017.
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Deployment of docker Containers: An additional, optional requirement within this use case is to
make it possible to deploy docker container2. This would make the reduce necessary VM
configuration effort even more compared to the deployment of jar files that typically require
additional scripts to be executed before/during the deployment. Since a docker container
contains and the docker file describes all artifacts required for the deployment environment,
scaling becomes even more flexible and easy to manage.
Monitoring: In order to enable an automatic server-side horizontal scaling, monitoring
information needs to be collected within to be scaled VMs and additionally on the application
level to gather as much relevant and informative.
•
•
•
•

•
•

Central for all nodes belonging to a dedicated cluster
Flexible definition of parameters on VM and application level
Flexible Def. von Parametern auch auf App Ebene (VM)
Response time (The DAS FEST App sends “fire and forget request” in many
cases, a dedicated implementation to enable networkingmeasure and react on
the network throughput is also to be done in these cases.)
Automatic and manual react (server start/stop/scale …)
Monitoring the costs (optional)
o Set budget
o Use cost calculations for scaling decisions
o Provider selection

Monitoring for Application Reconfiguration: As an extension to the horizontal scaling based on
monitoring information, a more fine-grained scaling on application level is considered. It will be
investigated to what extent it is possible to reconfigure the application, e.g. replacing a
clustering algorithm calculating with lower precision but higher performance.

4 Use Case 3: TripBuilder on BASMATI
The TripBuilder application and Use Case are described in Deliverable D2.2. We summarize in
the following the information provided in D2.2. and then provide in depth information about the
overall application scenario, application design and implementationm, and discuss the features
of BASMATI that this use case leverages.

4.1 Overview
TripBuilder [Brilhante et al., 2015] is a system helping tourists to build their own personalized
sightseeing tour. Given a target touristic area, the time available for the visit, and the tourist’s
profile (a set of preferences rating different categories of interest), TripBuilder provides its users
2

https://www.docker.com/what-container

BASMATI Deliverable D6.1

Page 20 of 27

Public
© All Rights Reserved

with a time-budgeted tour that maximizes tourist’s interests and takes into account both the
time needed to enjoy the attractions and the time to move from one Point of Interest (PoI) to
the next one.
The knowledge base feeding the sightseeing tour generation algorithm of TripBuilder is entirely
mined from publicly available sources of Linked Open Data (LOD), namely, Wikipedia, Flickr and
Google Maps. We do not describe in detail the algorithmic steps that allow to gather the
information in the Knowledge Base (KnB) from multiple sources, process it in a form that makes
it suitable for supporting user queries, and exploit it to compute the plans answering specific
user queries. Research works listed in the references describe the algorithms and heuristics
employed as well as the resulting complexity, plus the actual parallel solutions adopted. We will
focus instead on the overall application structure, on how it interacts with the BASMATI
platform and what are the requirements following from the different usage examples of this use
case.
The overall TripBuilder service can be distinguished in three main parts
l

l

l

A batch server, which produces a knowledge base relevant to a specific geographic area (a
GPS rectangular bounding box). The batch server crawls different LOD sources, and
processes the raw data with multiple, time consuming algorithms of streaming- and batchcomputation oriented nature. For the sake of speed, the batch server is a designed as a
parallel application running on a cluster of nodes, and it is built on top of Apache Storm,
Apache Spark and the HDFS file system. The batch server is a heavyweight app that must
be rerun only when the TripBuilder service provider wants to update the set of POIs in the
KnB.
An online server, the actual TripBuilder Engine exploiting the KnB in order to answer user
queries. The online server is designed as an ordinary web service, it 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 QoE. When
the KnB is not huge the online server can fit in a single VM and is thus amenable to a
typical parallelization via well known replication and load-balancing mechanisms.
A mobile client allowing the user to submit queries and visualize the travel agendas
returned from the TripBuilder online server. The mobile client is a very simple mobile
application that can be fully implemented inside a web browser environment, or become
part of a full-fledged mobile application.

A typical usage cycle of Tripbuilder is thus the following
l

Select a city or geographic area and employ an instance of the Batch server to produce the
KnB; the amount of hardware resources employed is a primary factor in the time needed
to build a new KnB.
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l

l

Propagate the KnB to a (set of) online servers and let them provide the service to the endusers. The quantity and speed of the online servers shall be proportional to the
expected/observed amount of user activity.
Monitor the online servers to perform adaptive scaling of the resources employed
(optimize computation latency) as well as migration of some of the online servers closer to
the users (optimize network latency)

4.2 Design Description
4.2.1 Scenario Definition
The Scenario in which we analyze TripBuilder usage within BASMATI is that of
•

•

•
•

a service provider willing to provide the Tripbuilder service related to one or more
cities/geographic areas to a large number of end-users; the service provider will need to
rent cloud resources and deploy instances of the Tripbuilder servers according to the typical
usage cycle shown in previous section;
a crowd of users which may travel, or have traveled, from very far away in order to visit one
or more of the places available on the Tripbuilder service; the users are free to move, may
end up concentrated in a relatively small area and may spur burst of requests as a
consequence of events occurring in the physical world.
a set of primary POIs for each mapped area that are known not to change significantly over
the service timescale
a set of POI (and routes) that can dynamically change over time, leading to different travel
plans being proposed to the users

Most of the scenario settings we described are realistically provided by the use of Tripbuilder in
the same scenario as the Das Fest use case. Providing Karlsruhe and festival planning services via
Tripbuilder triggers most of the special cases described in the following. However we underline
that some of the BASMATI features are actually appreciated when providing services to large
number of users who are nomadic at a world scale, for a significant time, thus the adoption of
the Das Fest settings in D2.2 should not be always seen as the only or a typical usage.
From the viewpoint of the TripBuilder application structure the cases of use TB1-TB6 of
Tripbuilder in D2.2 can be summed up to combinations of the following features:
1.
2.
3.

Exploiting a Static POI set versus Recognizing Dynamic POIs
Allowing the users to set their preferences
Allow replanning when the conditions (e.g. user preferences, transfer time among the
selected POIs) happen to change

Of those, properties 2 and 3 are fully managed by the Tripbuilder online server, while property 1
requires some update to the KnB, hence the use of the Batch server and a degree of adaptation
of the application.
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The scenario for use of Tripbuilder on the Basmati platform has two fundamentally independent
sets of parameters and choices, which relate to the online server and to the batch server. In
addition, some implementation choices can be made about the mechanism to export a new KnB
toward a (set of) Tripbuilder online server(s). The interaction among the mobile part of the
application and the Tripbuilder servers, on the other hand, does not need to be tailored to
BASMATI.
Concerning the online server, exploiting BASMATI means to allow flexible replication (as well as
possibly migration) of the server to manage load peaks related to the number of users and to
their behavior. The BASMATI platform can be exploited to help provide real time adjustment of
the degree of server replication, and its federation as a source of suitable resources.
The batch server has a more complex set of requirements, as it is internally parallel, but can also
be replicated when building new KnB instances over distinct areas. It thus exploits a larger set of
features of the BASMATI platform. The execution can be tuned in terms of the amount of
resources used to deploy the service, as well as in terms of their location. The choice of
resources made available through BASMATI allows to fine-tune the tradeoff between resource
costs and the time needed to produce a new KnB.

Figure 6 The Architecture and Platform needs for the basic (left) and improved (right)
Online Server of TripBuilder

4.2.2 Infrastructure Design
A basic version of the online server is a simple, single-VM server encapsulated as a BASMATI
application, to be deployed to resources gathered on demand. Already in this first scenario, the
BASMATI infrastructure can provide increased flexibility and a wider array of options in locating
a resource based on metrics of cost and location (relative to the end users).
The improved version of the online server is based on a slightly more complex app description.
A proxy/load balancer service is added to the app, allowing seamless replication of the basic
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server units to match the location and number of users. The infrastructure provided by BASMATI
is now a cluster of interconnected VMs, possibly brokered from and hosted by different
providers. The options for dynamic optimization via the BASMATI mechanisms are greatly
increased in this case, allowing for more efficiently dealing with a large number of users from
different areas of the network and of the real world. A further improvement that may be
developed during the timeframe of the project is to refine the implementation by allowing
multiple instances of the online server to share a common KnB (which is for them read-only).
Depending on the actual load of the different modules of the server this may improve overall
resource-efficiency of the deployed service and exploit even more the BASMATI platform.

Figure 7 The Architecture and platform needs for the basic Batch Server of TripBuilder.
Each Layer is a set of parallel resources for storage and computing, to be deployed on a
suitable portion of the infrastructure available to BASMATI

The batch server even in its basic form has stronger infrastructural constraints, as it requires a
deployment on a set of resources that
•
•

Is suitable for parallel execution (e.g. using Apache Spark),
it employs a distributed storage based on HDFS (which has to be either located or also
deployed on the fly).

Again, BASMATI allows effectively locating a suitable set of resources that match a given
tradeoff among being cheap, well-placed and reliable.
An improved version of the batch server (e.g. allowing to generate several KnB at the same
time) is motivated by the need of the service provider to serve a large number of cities and cut
down the KnB update times by exploiting multiple cluster, or the need to update a given KnB
with high frequency to track dynamic POIs. It will rely on the ability of BASMATI to locate
infrastructure clusters (likely from different cloud providers) and provide them the proper
storage, monitoring and scalability mechanisms in spite of the potential infrastructure
fragmentation.
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4.2.3 Platform Design
There is no huge distinction between the infrastructure needed to run the Tripbuilder service,
which was described in previous section, and the architecture of the service itself. We only add a
few remarks to the previous section.
•

•

•

•

Adding load balancers, proxies or other auxiliary application components to the online
server can exploit off-the-shelf software components, by deploying them as VMs or
microservices.
The same is in general not needed for the batch server, as separate batch servers do not
share any data, cannot balance load with each other and have no advantage in sharing the
same or a related IP address
To support the smart brokering mechanisms of BASMATI, (each instance of) the Tripbuilder
online server may provide to the federation anonymized information about the location,
destination and activity of its connected end users. This may help the knowledge extractor
to better figure out the end-users dynamic distribution and migration pattern, in turn
allowing BASMATI a more proactive resource planning and brokering
Detection and recognition of Dynamic POIs requires a computational power that is the
larger and larger as the time scale of the dynamicity is small. To support dynamic POI in the
context of the Das Fest, for instance, the set of POIs need to be recomputed every minute
or so, which poses a severe strain and constraint on the hardware resource, in addition to
the need of supporting (to some degree) parallel HDFS storage volumes.

4.3 Related BASMATI Technologies
Application Description: The Basmati application description language based on Tosca and its
BEAM extension will be used to describe all the TripBuilder servers and their variant
implementations, allowing to easily exploit the services of the platform with any combination of
Tripbuilder modules.
Front-End Application Manager and a Front-End Service: the TripBuilder Service provider will
use the front-end components of BASMATI to deploy the service and interact with it.
Multi-Cloud: both the online server (to improve user’s QoE) and the batch server (to mitigate
the cost of crawling to gather linked open data) can easily gain an advantage from the
opportunity to choose where to be deployed in large, widespread platform.
Application & User Data Collector, Knowledge Extractor: Both application data and, to some
extent, user data (e.g. user approximate locations or user anonymized travel plans) can be used
to evaluate and possibly foresee the server load as a consequence of the user interaction. This
can lead to better choices in the initial deployment as well as in more effective elastic scaling.
Server-Side Scaling: The online server is an easy target for horizontal scaling, as it has minimal,
easily replaced connection state, no writable database, and can be deployed in unit of a single
VM. The batch server, beside instantiation of a full server, allows for a second, more
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sophisticated strategy, as adding resources with a small granularity can be done via the HDFS,
Storm and Spark mechanisms. In order to achieve automatic server-side scaling these
functionalities need to be expressed in within BEAM and integrated within the BASMATI
components governing the scaling behaviour.
Monitoring: The aforementioned features heavily rely on the ability to monitor resource and
application behavior to drive the resource brokering phase.
Monitoring for Application Reconfiguration: Beside simple horizontal scaling, the use case can
benefit from allocation choices which move specific server or VMs closer to the user/the data
they need to access.
Data storage services: The batch server forwards to the online one the whole knowledge base
for a specific area. With the exception of the basic implementation of the online server, where
the KnB is encapsulated within a VM image with mechanisms beside BASMATI, the Tripbuilder
use case will exploit the option to exchange data via shared storage services designated via
BEAM and managed by BASMATI. It is expected that also distributed storages like HDFS will be
managed this way, greatly simplifying and speeding up the set up and control of a network of
online and batch TripBuilder servers.

5 Conclusions
In this deliverable, we presented the main design principle and the structure of the use cases.
We considered three use cases: One was the mobile virtual desktop use case, another one was
the the large event use case, DAS FEST, the other was the TripBuilder use case.
We defined the scenarios for each of the three in this deliverable. Also, we described the
infrastructures and platforms that are utilized and the use of BASMATI technologies. The
defined three use case scenarios will be useful to verify the outcomes of the research and
development work packages of BASMATI.
In future work, we will provide feedback about the BASMATI concepts and technologies for
improving the functionalities and measuring the degree of performance improvement by using
BASMATI.
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