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Abstract: The aim of this deliverable is to provide NOVI developers with the overall
software architecture strategy and developers’ guidelines. The “System metaphor”
section summarizes the methodology for integrating NOVI components developed
within Work Packages 2, 3 and 4. In the “Software developers’ guide” section, guidelines
are proposed to NOVI software developers, taking into account the requirements of an
integration framework and initial plans on how to address them. However, specific
choices are not imposed on NOVI developers that would affect their prototype internal
design and development. It rather provides a project-wide framework of software
engineering suggestions and recommendations for each stage of NOVI's development
process, ranging from defining requirements to testing of prototypes. The document also
presents the NOVI test-bed configured to enable NOVI software developers run, test,
refine and validate their software components and prototypes, according to the
proposed experimentally driven methodology.
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EXECUTIVE SUMMARY

The aim of this deliverable is to provide an experimentally driven methodology and software
engineering guidelines for integrating NOVI software components into NOVI’s software
framework software prototype. These components implement the algorithms and methods
of the NOVI Innovation Cloud.

The “System Metaphor” section provides the requirements that need to be addressed for
integrating the NOVI developments in an overall software prototype. The specific
architecture and code design of the various components are outcomes of the efforts of the
software development teams, which have being formed within the technical Work Packages
2,3 and 4.

The “Software Developers’ Guide” section describes the methodology that will be used
throughout the duration of the project NOVI in order to deliver the federation framework.
It provides specific proposals and recommendations tailored to each stage of the project, i.e.
from the requirements’ definition phase to the final prototype testing phase.
Recommendations for models, techniques and tools are also provided. Finally, this section
provides additional information that may be used for further analysis, together with
examples to help readers understand the specific topics being addressed.

The section “NOVI’s Experimentation Environment” presents the NOVI test-bed that has
been configured, operated and maintained in order to enable NOVI software developers run,
test, refine and validate their software components and prototypes, according to the
experimentally driven methodology proposed by WP4 and reported in this document. NOVI
developers are able to request operational slices within the NOVI test-bed (the combined
private PlanetLab/FEDERICA environment) whose topology and network connectivity aspects
are reported in this section.

The “Conclusions and Future Work” section concludes the document and discusses
directions for further work within Work Package 4.
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1 INTRODUCTION

NOVI’s research concentrates on algorithms and tools to enable federation of Future
Internet platforms at their data, control, and management planes. NOVI's research
outcomes will be validated by deploying early prototypes on two virtualization platforms,
PlanetLab Europe and FEDERICA. However, the goal of the project is to provide an open and
extensible federation framework, thus the software development efforts should provide an
open and extensible set of components within the NOVI Innovation Cloud.

Crucial elements that will help the project to realize its goals are the definition of technical
objectives, timetables, milestones and the establishment of a software development process
before starting the coding efforts. The Software development methodology forms a
framework to plan and control the software development process. It consists of guidelines,
which provide best practices and suggestions for all parties involved in the software
development. A number of software development methodologies evolved over the years.
For instance, the ad-hoc methodology, allowing developers to code with nota clear
framework and fixing bugs found while the software is being used, is too costly, not to
mention the quality of the result. On the other hand, software development methodologies
based on the waterfall [Royce70] or on the spiral model [Boehm88] can be proven useful
towards achieving the overall implementation. However, in Task T4.1 within WP4, we found
that the aforementioned software methodologies have limitations that prevent them from
being directly applicable to the project. The reason is that NOVI is a research project whose
system design and requirements are anticipated to change several times, because there are
many unknown factors when starting from scratch, devising novel algorithms and designing
novel tools using the algorithms. Unfortunately, the models discussed earlier do not take
these issues into account. To overcome these shortcomings, we propose to adapt practices
from agile methodologies [XP99]. These methodologies assume that requirements and
designs may change at any moment. However, agile practices are very lean. It is difficult to
adapt them without guidelines tailored for a specific project.

Another important element of the software development process is the need for a common
vision on how the system that will be finally developed should work. The system metaphor
suggests the key structure for perceiving the problem and its solutions. It is a set of
guidelines for architecting the system. These guidelines form the requirements for the
integration framework. The NOVI Control and Management plane architecture design is
being done by Work Package 3, within task T3.2. Subtask 3.2.1 "Research on Control and
Management Planes for heterogeneous resources and on allocation and scheduling
algorithms". However, due to the fact that the Control and Management plane plays a vital
role in NOVI other work packages, like WP2, have also collaborated in its discussion. The
Data plane architecture and design is being done by Work Package 4, within task 4.2
“Planning and early experimentations”.

The intent of this document is to provide guidelines for the software development process in
the NOVI project and architecture. The target audiences are work package leaders, task and
subtask leaders, architects, designers, programmers, and testers. Most of the practices
address general concepts, but there are also language-specific topics covered as well.
Whenever possible, the recommended tools are also provided. The document contains two
main chapters: System metaphor, and Software Developers’ Guide. The first one provides
guidelines for the architecture of the system, while the latter addresses best practices from
requirements gathering, planning, development to testing.
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However, the list of the recommended practices and tools is not complete and will change
throughout the duration of the project. Within WP4, Task T4.1 is devoted to software
governance. One of the objectives of this task is to continuously follow the development
activities carried out in WP2, WP3, and WP4 and provide assistance to all software
development teams for the project’s duration. Initial results of the work carried out within
this task are reported in this deliverable.

Choosing which standard Web Services interface (e.g. WSDL, REST API, XML-RPC) and which
Events Queue technology should be used in NOVI, is the subject of WP3’s sub-task 3.2.1
“Research on architectures of control and management planes for combined network and
computing resources”. The architecture of NOVI Innovation Cloud will be delivered in
deliverable D3.3 “Control, Management and Monitoring of Federated Architectures”, which
will be delivered in month 18 of the project. In this deliverable, we only focus on the
guidelines for components integration.
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2 SYSTEM METAPHOR

"The system metaphor is a story that everyone - customers, programmers, and
managers — can tell about how the system works" [XP99]. Apart from suggesting the
structure of the problem and its solution(s), it also provides a shared vocabulary for experts.
The metaphor shapes the system, but it is not the architecture of the system. It identifies
requirements for the integration framework.

Deliverables D2.1 and D3.1 discussed that in a NOVI federation, member platforms can be
autonomous domains, implementing their own management and control plane software.
Both deliverables presented a way to model a NOVI federation as a graph, whose vertices
represent the virtualized infrastructures that participate in the federation as its members.
Directed arrows represent the management relationship between pairs of federation
members, i.e. between pairs of autonomous management domains.

“peer-to-peer”’ “peer-to-peer”
C D E

“hierarchical” “hierarchical” “peer-to-peer”
A B F

Figure 1: Federation Structures using “peer-to-peer” and “hierarchical” relations

Figure 1 visualizes, at the conceptual level, a federation of six different virtualized
infrastructures (platforms); each one managed using its own management and control plane
software, tools and policies. The overall federation is structured to reflect the relationships
amongst the members of the NOVI federation [Lymber11]. Example relations are the “peer-
to-peer” and “hierarchical” relations. In a peer-to-peer relation, peer platforms can interact
between each other and act as equal entities, following the Peer-to-Peer network
communications paradigm. In a hierarchical relationship a number of "lower-level" platforms
provide their virtualized capabilities to a "higher-level" platform, which can offer to its
clients’ baskets of services and resources, drawn from the "lower-level" platforms.

Software components that will form the NOVI Innovation Cloud may communicate in
various ways. For some components, the synchronous communication model will be
sufficient, but for other components that have Event-Condition-Action type of logic, a good
way could be an Event Driven Architecture (asynchronous communication). Furthermore,
asynchronous communication may provide better performance than synchronous, because
more requests can be serviced in the given period of time, using the same amount of
resources. It also enables loose coupling of components, promoting the extensible set of
components. However, the Event Driven Architecture has limitations. To efficiently handle
the events, receivers should register for some given types of events to the subjects that
generate the events. It requires a mechanism for events registration and notification.
Moreover, if not designed in a correct way, the Event Driven Architecture may decrease the
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performance of the system. This can happen if there are a vast amount of events sent by the
components. For these reasons, for the integration of components of the NOVI Innovation
Cloud, we propose the Service Oriented Architecture complimented with the Event Driven
Architecture.

Within Work Package 4, in Task 4.1 — Software governance, a survey was carried out
amongst the NOVI participants (see Appendix). The main goal was to reveal
the programming languages in which partners will write their components within the NOVI
Innovation Cloud. The evaluation indicated three programming languages: Java, Python and
C/C++. Detailed results of the survey are available in the Appendix. It means that each
component may be written in a different programming language. Therefore, the NOVI
Innovation Cloud should be a programming-language neutral framework as much as
possible.

2.1 Programming language independence

Since components written in different languages should be able to communicate, the
solution should not be focused on one programming language only, but it should also
address a broad range of object-oriented languages. There are two approaches to solve this
problem:

e Inter-process communication
e Specific bridges

In the inter-process communication approach, each component (possibly written in different
programming language) runs as a separate process (in a separate virtual machine). To
communicate with other components, it uses Web Services interfaces, like WSDL, REST,
XML-RPC and others. The drawback of this approach is the higher consumption of operating
system resources and its lower performance.

The latter approach uses the features of the runtime platform to bridge components written
in different programming languages. For instance, the Java platform provides Java Scripting
API| [JSAPI] that allows execution of programs written in various programming languages
within the same Java Virtual Machine instance. There are implementations of the Java
Scripting API like Jython — a Python engine for Java, or JRuby for Ruby language. For
components written in C/C++, the Java Native Interface API [JavaJNI] may be used to bridge
with Java programs.

Whenever it is possible, we recommend using the Java Scripting APl to integrate
components. For the Python language, we recommend to use the Jython implementation.
Contrary to the CPython [CPython] interpreter, it provides a true threaded model, allowing
to bridge with Java components, and has better performance [Jython]. In order to integrate
C/C++ components with Java, we recommend using Java Native Interface [JavalNI]. Inter-
process communication should be used only when components need to communicate with
remote components and for situations where specific bridges cannot be provided.

2.2 Complex federation structures

The federation members are autonomous domains, implementing their own management
and control plane software. Federation can be implemented in NOVI in various ways like
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peer-to-peer or hierarchical where components may communicate synchronously or
asynchronously, depending on particular needs.

The discovery of components should be realized through the Components registry. The
Components registry should address both the peer-to-peer and the hierarchical approaches.
In any case, NOVI components should be able to communicate with each other with the help
of the components registry that provides them an instance of required components.

We recommend using the Web Services interface for synchronous communication and the
Events Queue for asynchronous communication. Events Queue delivers events to listeners
interested in particular types of event. The latter are generated by event-senders.

Components in NOVI may use incompatible types of message formats. PlanetLab SFA
components use XML-RPC, while the Control and Management plane may use WSDL. Thus,
the NOVI integration framework should include message normalization and routing
mechanisms. Overall, the NOVI Innovation Cloud should address all the above listed
requirements and it should provide the integration framework for NOVI.

NSwitch Control & Management Resource Discovery
Persistence layer Intelligent Resource Mapping Policy Manager

9 Logger Monitoring Request Handler
Daﬁalfase £\

Enterprise Service Bus

Normalized Message Router Components registry Events Queue

SFA @

Slice Manager Aggregate Manager NSwitch driver

Component Manager

Figure 2: NOVI Innovation Cloud overview

Figure 2 depicts the concept of the NOVI Innovation Cloud. The system is divided into three
types of components:

e control and management plane

e integration framework

NOVI-D4.1-26.08.2011-v3.1 Page 14 of 96



e infrastructure components

Blue boxes represent the integration framework. Pink boxes represent the test-bed
infrastructure components, while green boxes represent NOVI’s Control and Management
plane components. Note that the green and pink boxes are used here only to illustrate and
provide guidelines for the integration framework. They do not intend to present the Control
and Management plane architecture.

2.3 Control and Management plane

NOVI’s Control and Management plane together with infrastructure components are being
designed and implemented within Task 3.2 of Work Package 3. They will be reported in
deliverable D3.3 in month 18. Below follows a short description of each component of
NOVI’s Control & Management Plane.

Resource Discovery

Resource Discovery should be able to find efficiently resources based on their context, i.e.
“find a computer resource (i.e. a sliver) which has CPU utilization less than 30%, available
RAM more than 1Gbyte and available hard disk space more than 2Gbytes”. Within Work
Packages WP4 and WP2, it is within our research plans to investigate the problem of how
scalable and fault-tolerant resource discovery can be achieved within a NOVI federation
comprising of a large number of virtualized platforms. Hierarchical clustering schemes could
be evaluated, while novel schemes could be introduced extending distributed database
techniques suggested for peer-to-peer semantic overlay networks [Molina2004]. Such
approaches could resolve queries on resources described with multiple attributes with a
logarithmic complexity on the number of platforms within a large-scale Future Internet
federation.

Intelligent Resource Mapping

The Intelligent Resource Mapping component supports Virtual Network Embedding of user
requests within the physical substrate. To efficiently allocate the virtualized resources i.e. to
solve the Virtual Network Embedding problem, the Intelligent Resource Mapping component
may consider various alternatives. For example, requests concerning individual resources —
slivers — may lead to adoption of a greedy node-mapping algorithm, but user requests for
baskets of resources — slices — would require solving the full VNE problem via appropriate
heuristic algorithms. This component will also use information about the virtual resources,
which will be provided by the Monitoring component. Within Work Packages WP3 and WP2,
we plan to investigate various heuristics to solve the VNE problem.

Policy Manager

The Policy Manager provides the functionality of a policy-based management system, where
policies are used to define the behavior governing the managed environment. We intend to
provide support for:

e event-condition-action policies
e role-based-access control policies

Event-condition-action policies will enforce Control &Management actions upon certain
events within the managed environment, which may re-trigger calls on other NOVI
components. For instance, an event-condition-action policy rule may re-trigger the
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Intelligent Resource Mapping component to re-allocate resources at run-time upon failures
or congestion.

Role-based-access control policies could be used to define different classes of users,
receiving different usage priorities on specific virtualized resources.

Monitoring

The Monitoring component will have two main objectives. On one hand, it will provide an
experimenter with information about his/her slice's resources. On the other hand, it will
deliver information about the overall pool of shared resources. Furthermore, it will be in
charge of notifying the Policy Manager about failures occurring within a slice.

The Monitoring component is expected to store most of its information in the database
allocated to the NOVI Control and Management plane. WP3 is responsible for the design
and implementation of the Monitoring component.

Request Handler

The Request Handler component provides the interfaces to request resources from the
federated platforms; it also channels these requests to the Policy Manager for further
processing. The interesting challenge for the Request Handler is to provide rich semantics to
users to express their needs. The service and resources ontologies in WP2 are the supporting
models for this.

WP2 has identified three types of requests to support in NOVI: Named Requests, Mixed
Requests and Service Requests. These requests are in increasing order of technical
complexity. At the same time, the use cases are in decreasing complexity for the users.

With a Named Request a user can request specific resources, where the mapping between
the virtual and building block to describe and harmonize monitoring and measurement
data originating from member platforms of a physical has already been done by the user. In
this case, the Resource Discovery component is responsible only for checking the state of the
requested resources, and their availability. With a Mixed Request, a user can request a
virtual topology, where available resources will be discovered and an instantiation of the
topology will be provided. QoS constraints can also be expressed in this type of request.

With a Service Request, a user can request a service, which must be mapped to a topology
by the NOVI Resource Discovery component, before the Intelligent Resource Mapping
component can instantiate the relevant resources. This requires more complex
decisions, involving identifying the resources capable of supporting the requested type of
service. The Request Handler requires that the software developed in WP4 guarantees
the integration of the Information and Data models developed in WP2 and the Control &
Management plane developed in WP3.

NSwitch Control & Management

The Control &Management plane of NOVI’s NSwitch will be provided by the “NSwitch
Control & Management” component. A set of NSwitch instances will be deployed, while
Separate NSwitch drivers will be implemented for both the PlanetLab and FEDERICA
platforms. The deliverable D4.1bis: “NSwitch Functional Specification” will provide more
information about the NSwitch concept.
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2.4 Infrastructure components

Infrastructure components are designed in Work Package 3. Work package 4 is responsible
for the design and the implementation of the NSwitch drivers. The results of the work will be
provided in month 18 in deliverables D3.3 and D4.3 respectively. More information of the
NSwitch concept may be found in the deliverable D4.1lbis: “NSwitch Functional
Specification”. Below, a short description of each of these components is provided.
However, we would like to stress that these components are used here only to illustrate and
provide guidelines for the integration framework.

Slice-based Federation Architecture (SFA)

Slice-based Federation Architecture (SFA) [SFA2] is an API specification and a software
system for federating different test-beds. More on federation approaches can be found in
the deliverable D3.1: ”State-of-the-Art of Management Planes”. SFA specification is
implemented by PlanetLab ([PlanetLab], [SFAcode], and [SFAimpl]). However, it is not
implemented on the FEDERICA test-bed, so it was decided that a prototype will be
developed within the project. The SFA Wrapper will be placed on top of the FEDERICA to
adapt it to the SFA architecture and thus be able accept SFA calls. The first step to adapt
FEDERICA to SFA is to define an RSpec for the FEDERICA platform. This task will involve both
WP2 and WP3.

NSwitch driver

The control and management plane of the NOVI NSwitch will communicate with the data-
plane NSwitch drivers, while a set of NSwitch instances will be deployed within platforms
within the NOVI federation. Separate NSwitch drivers will be implemented for both
PlanetLab and FEDERICA. As we discussed previously, the deliverable D4.1bis: “NSwitch
Functional Specification” provides more information about the NSwitch concept.

2.5 Components integration framework

The components integration framework consists of the following components:
e Database engine
e logger
e Persistence
e Normalized Message Router
e Components Registry
e Events Queue

Normalized Message Router together with Components Registry and Events Queue forms an
Enterprise Service Bus (ESB). An ESB provides fundamental services for synchronous and
asynchronous communication between the components. Below, a short description of the
integration framework components is provided.

Normalized Message Router

NOVI components may use incompatible types of message formats. PlanetlLab SFA
components use XML-RPC, while Control and Management plane may use WSDL. There is a
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need for message normalization either by promoting one standard for the format of the
message or by providing a component responsible for transforming one message format to
another. Normalized Message Router is responsible for transformation and delivery of
messages between components. It consists of a set of adapters for particular message
formats like: XML-RPC, WSDL etc.

Components Registry

Components Registry provides a registry of all components, including the components on
remote test-beds within a NOVI federation. When a client asks for components, the registry
provides the requested instances, possibly by optimizing the performance, while hiding the
actual component deployment from the client. Since federation can be implemented in
NOVI in various structural patters, like the peer-to-peer or the hierarchical ones, the
scalability and fault-tolerance requirements should play important role in Components
registry design.

Events Queue

To support asynchronous communication between heterogeneous components, the Events
Queue has to be deployed within the integration framework. It is responsible for sending
events only to components that registered for the particular type of event. It does not act as
a hub, but as a switch, optimizing the number of events sent over the bus.

We recommend that the Events Queue should implement the Java Messaging Service
standard [JAVAJMS]. It defines the API for the asynchronous communication. Despite the
fact that it is a Java specific API, there are many client implementations for other
programming languages, like Python or C/C++. These implementations use the OpenWire
[OpenWire] or STOMP [STOMP] protocols to communicate with the Events Queue. We
recommend choosing the technology that implements the Java Messaging Service and uses
the OpenWire and STOMP protocols for communication.

Logger

This component provides logging facility for all components. Logs should be divided into
different levels to ease the administration of the NOVI Innovation Cloud. We recommend
using at least three log levels:

e DEBUG
e INFO
e ERROR

DEBUG level is used to log information that is necessary for programmers to find bugs. This
level will be turned off by NOVI administrators in the production environment.

Log on INFO level contains contextual information about the behavior of NOVI. It helps to
trace the execution at a coarse-grained level in the production environment. An
administrator may decide to switch off this level if the size of the log is crucial for the
system.

ERROR logs are used to communicate the NOVI administrator about potential problems in
the NOVI Innovation Cloud. For instance, problems with database connectivity are falling
into the umbrella of ERROR logs.

Programmers are usually interested in logging the information about the method entry and
method exit. In the Object-oriented paradigm, code would have to be duplicated for every
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method that programmer wishes to debug. Instead of copying and pasting the debug code,
we recommend using Aspect oriented programming [Kiczales97] for DEBUG log level. Such
cross-cutting concerns — aspects of program — like debug logging code, affect other parts of
the system, and thus cannot be cleanly decomposed from the rest of the system either
during the design or the implementation phase. Aspect oriented programming aims to
encapsulate cross-cutting concerns into aspects to retain modularity. Aspect oriented
programming implementations provide different cross-cutting expressions to encapsulate
aspects. One of the implementations, Aspect) [Aspect)] — aspects for Java platform provides
a special class aspect, which combines advices — additional behavior at various join points —
points in a program, specified by quantification or query called a pointcut, that evaluates
whether the given join point matches the test.

Persistence

Components may need to store some data to the relational database. This may be done
either by using low level SQL commands or via Object-relational mapping. The latter is
preferred if the performance is acceptable, because it eases the development process.
The programmer provides a declarative description of the mapping of classes into some
database tables. The Persistence component communicates with the relational database
engine and transforms an object model into SQL commands and vice versa.
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3 SOFTWARE DEVELOPERS’ GUIDE

A software development methodology forms a framework to plan and control the software
development process. It consists of guidelines, which provide best practices and suggestions
for all parties involved in the software development process. A wide variety of software
development methodologies evolved over the years, each having its advantages and
limitations.

Historically, the “code-and-fix model” was the first model used when developing software. It
is often called the ad-hoc methodology. In this model, there are no practices defined and the
development is based simply on coding and using the software. If there is a bug discovered
while using the application, it is fixed afterwards. The quality of code is questionable.
This development model can only be applied for very small problems. In the case of complex
systems, it is not efficient to develop the system with this model. Furthermore, the resulting
code may not be usable in a later development effort, possibly by a different software
development team.

Winton Royce proposed in 1970 the “waterfall model” [Royce70]. This software
development process was broken into five steps: requirements definition, system and
software design, implementation and unit testing, integration and system testing, operation
and maintenance. Each step uses artifacts developed in previous steps. There is no means to
return to a previous step, once the current one is completed. Unfortunately, requirements
typically change, so the whole system needs to be re-implemented.

The lack of feedback loops of the waterfall model motivated to “spiral model” [Boehm88]. In
this approach, requirements definition and design are still performed once, while
implementation and testing are done iteratively. The system is divided into components
which are then assigned to developers for implementation, integration and testing. This is a
big improvement compared to the waterfall model. However, the requirements and the
design cannot be changed, something that is often a requirement of research projects where
there are many unknowns at their beginning.

Shortcomings of the above models build the foundations of the “agile software
development methodologies”. One representative of this set of methodologies is “Extreme
Programming - XP” [XP99]. All the steps from the waterfall model are done incrementally
and very often. For instance, it is common to cycle several times between design,
implementation and testing within one working hour. The requirements can be changed and
the cost and schedule are manageable.

Based on the above, our proposal is to adapt the practices from the XP methodology as the
software development model for NOVI. In the following sections, we briefly describe not
only the practices adapted from XP and how they should be put into practice, but we also
add practices from other methodologies as well in the areas where we think additional
feedback on the programmers work is needed.

3.1 Software Quality Assurance

Software Quality Assurance establishes organizational procedures and standards in order to
ensure a high level quality of the software development. The “Verification & Validation — VV
process” is one of the main tools to achieve this goal. According to the International
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Software Testing Qualifications Board (ISTBQ) Glossary of terms [ISTBQO7], Verification is
“confirmation by examination and through provision of objective evidence that specified
requirements have been fulfilled”. It answers the question: “Do we build the system right?”
In its turn, Validation is “confirmation by examination and through provision of objective
evidence that the requirements for a specific intended use or application have been
fulfilled”. It answers the question: “Do we build the right system?” These questions are
evaluated during each stage of the software development process.

Two main techniques used by the Verification & Validation process are inspections and
testing. The first one is a static analysis of the artifacts and applies to all kinds of artifacts
including the requirements and the code. The latter is dynamic and is based on executing the
computer program in a given state with a given input and comparing the actual output with
the expected behavior. However, it is applicable only to programs. In the following sections,
we provide recommendations for these two techniques.

3.1.1 Inspections

As mentioned earlier, one of the techniques of V&V process is inspections. Inspection is a
static analysis of the artifacts being developed in the project from architecture to code. They
can be performed on any type of artifacts, at any stage of software development process.
Within a single inspection, many faults can be found. Unfortunately, the main limitation of
the inspection technique is that it cannot check non-functional requirements, like the
performance of the software system.

Code inspections should be performed either on daily basis with the help of tools and pair
programming practices (see below) or at least once a month per iteration. Inspections’
evaluations will be performed once a month by teams composed of individuals that did not
implement the code. Task’s T4.1 leader will assign people to participate in the review team.
Although the purpose of inspections is to assure the quality of the software, they also
improve the skills and the communication amongst the partners. A detailed course of
inspections will be delivered by Task 4.1.

Code inspections may be automated by tools like Findbugs [FB11] or PMD [PMD11]. Usually,
these tools are executed in the build scripts after compiling the code, but before building the
distribution. They analyze the source code and the binaries to detect the fragments of code
that require improvement either from possible fault detection or because of an improper
code structure. We highly recommend using automated inspection tools on the daily basis,
because they detect many faults with small effort. The list of tools for automated code
auditing will be provided within Task 4.1. Inspections that cannot be fully automated and
require human analysis will be carried with the Crucible tool [CRU11]. When the inspection is
set up by its leader, the team can review the code using the Crucible tool that allows reading
the code, marking places for refactoring, comments on particular sections of the code etc.
This means that the team does not have to physically meet. Furthermore, every review is
well documented with comments and discussions saved by the tool. More details on how to
use Crucible are available on [CRU11].

Pair programming

Inspection may reveal many faults for any artifact. Inspections do not have to be performed
after a given artifact is created, but they may be evaluated while the code is being
implemented. The pair programming practice combines two programmers to work together
on the same piece of code. One developer acts as a driver, while the other acts as the
navigator. The role of driver is to write the software, while the navigator takes care about
faults, directions etc. He is performing the quality assurance on the fly. Of course, roles are
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interchangeable. If the navigator knows better how to implement a given aspect of code,
then developers may switch their roles. Pair programming does not imply that two
developers have to be on sight sitting next to each other. It is possible to perform a
distributed pair programming. Although pair programming may raise the cost of
implementing the given part of code, it may lower the cost at other stages of the software
development process. The pair programming practice may also be implied for other kinds of
artifacts e.g. documentation.

3.1.2 Testing

Software Testing is executing the code with a given test data, at a given system state,
observing the actual output and comparing it with expected output. This limits testing only
for code validation, while inspections may be used for any type of artifact. However, for
requirements’ validation, it is possible to apply testing provided that the prototype, which
implements the requirements, is available. Contrary to the inspections, testing is the only
technique to validate non-functional requirements, like the performance. In NOVI, we will
use three types of testing:

e unit testing
e integration testing
e system testing (functional testing)

The aim of unit testing is to find faults at the lowest (class) level. Unit testing is performed by
the developer of the code. Unit tests are written in the form of executable code. In most
cases, it is easier to write the code to test a class than to execute the program manually in
the debugger and analyze its behavior. We recommend using the xUnit [xUnit] family of
frameworks for writing unit test cases. There is a port of this framework available for most
modern languages. For instance, there is an implementation for Java called JUnit [JUnit],
while CppUnit [CPPUnit11] is the port for C/C++ programming language.

If the class depends on other classes, they are substituted with Mock Objects. In NOVI, we
use the Test Driven Development (TDD) practice, where test cases are implemented before
the actual code is being written. More information on TDD and Mock Objects is provided in
Test Driven Development section. However, Unit testing cannot prove that the module will
work after being integrated with the modules on which it depends.

In Integration testing, developers aggregate the modules in larger groups and apply test
cases that exercise whether all components interact correctly. Modules have to be unit-
tested before being integrated. Integration testing is done by developers with a possible
help of testers that did not implement the components being integrated. Integration testing
requires the low level knowledge of the APIs of components being integrated. To perform
the test, developers have to either run the debugger or write a test case script. The latter is
the recommended approach. It is often easier to write a test case in the xUnit framework
than to exercise the code in the debugger.

System (functional) testing evaluates the system’s compliance with its specified
requirements. System testing takes the modules that have successfully passed integration
testing and exercises their conformance with the specification. It is performed by testers.

Acceptance tests are prepared by the testers. They are executed to evaluate whether the
provided system fulfills their expectations. System tests should be a superset of the
acceptance tests. Otherwise, the final result may be of poor quality.
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V&YV process implements the V model (depicted on the Figure 3), where at each stage
corresponding test cases are being identified. All test cases from unit to system tests should
be accessible for all participants of the NOVI project including developers, and possibly
automated, provided it is time-efficient to do so.

Operation

Requirements,
functional
design

Acceptance
tests

Technical

. System tests
design v

Unit and
Realization integration
tests

Figure 3: V model overview.

In NOVI, unit testing and integration testing will be performed on a daily basis, while
implementing the software. System and acceptance testing will start in month 18 of the
project, within Task T4.3 in WPA4. It will be performed at least one time at the end of each
iteration. However, if these test cases are automated, they could also be performed on a
daily basis. People involved in Task T4.3 in WP4 will be assigned the Tester role for a given
component by the Task leader of Task T4.3 at the beginning of each iteration.
The responsibility of the Tester is to prepare test cases, possibly automate them, execute the
code and provide a report for NOVI. Bugs that will be found should be inserted as tickets
within the JIRA [JIRA] tool by the Tester. More information on the JIRA tool is given in the
following of this section. Then, the Leader who is responsible for the specific development
accepts them and assigns developers to solve the problem. When the developer solves the
problem, he sets the issue to fixed state.

Use cases provided in Deliverable D4.2 within Task T4.2 of WP4 will serve as a basis to
prepare test cases that will be used for System Testing. Performance and load testing
within System testing will start within the integrated prototype in month 24, within Task
T4.4 of WP4.

Testing using JIRA

Every issue found during the Verification & Validation process should be tracked on JIRA.
This will assure that developers are well informed about the quality of the software they

NOVI-D4.1-26.08.2011-v3.1 Page 23 of 96



provide and that they will have a full feedback for code improvement. Moreover, it ensures
that leaders may track the components for which they are responsible and it helps
addressing possible problems at early stage. Leaders also are able to make simple data
mining on the progress of the component development and consider release of policy
modifications, if it is needed.

From the tester’s point of view, JIRA is a place where all the bugs should be reported. Such a
report is an information workflow between testers and developers that can be observed by
their leaders. JIRA provides functionality that links Git [Git] commits with a report related to
the bug. During bug fixing, the report would have different statuses, which inform testers
and developers on the bug fixing progress. For more details about how to report a bug, the
reader may refer to the JIRA Issue description section.

3.2 Planning

In research projects, there typically exist many uncertainties. Thus, there is the need for
experimentation before a solution is found to a problem. Therefore, the software
development efforts will focus on implementing prototypes and then refining them into the
final one, to be delivered at the end of the project. NOVI plans to deploy two releases:

e Early Prototypes
e Integrated Prototype

In the first release, architectural concepts will be investigated. Early Prototypes will be
tailored to the use cases that will be identified in month 12deliverable D4.2 (task T4.2 in
WP4). Requirements will often change and they will be gathered throughout the duration of
the project. The prototypes will be evaluated by internal and EC reviews together with the
continuous feedback from NOVI’s Consultancy Committee. According to the project plan in
the Description of Work (DoW), the EarlyPrototypes should be completed in month 18 with
the Workshop D5.2 summarizing its results.

The results of the first release will guide the development of the Integrated Prototype. This
release will be deployed, validated and tested on FIRE facilities made available to the
project, mainly FEDERICA and PlanetLab Europe. In Section 5 of this document, we will
present the test-bed we have setup and configured to realize this goal, consisting of
FEDERICA and PlanetLab resources.

3.3 lteration planning

Each of the releases (Early Prototypes or Integrated Prototype) will be preceded with internal
releases — iterations. We propose that each iteration should take no longer than a month.
The one-month period will help to minimize the risk and will allow better steering the
project.

The requirements to be implemented will be divided into tasks. For each task, we will
identify its priorities and its estimated effort. The estimation will be based on historical
information and on estimation provided by the NOVI developers. Some tasks may be difficult
to properly estimate. In this case, the spike solution (a quick and dirty prototype that will not
be used in the code base) that could help with the effort assessment may be needed to be
implemented. We propose that each development task should take no longer than two
weeks. If a task requires more effort, it should be split into smaller tasks.
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Each iteration will consist of a set of tasks to be developed. Given a set of tasks with priority
and effort identified, the tasks will be grouped into one iteration. It will be a responsibility of
a leader of each (sub) task to decide which tasks will be implemented in a given iteration.
For each task there will be only one developer responsible. It does not imply however that
the task cannot be implemented by two developers using the pair programming approach
which we described earlier in this document.

3.4 Requirements definition

It is expected that the requirements often change at every stage of the project. It is not
efficient to try compiling an overall requirements document in the first place, but our
approach will be to gather the requirements throughout the duration of the project. The
behavior of the first prototypes of the NOVI Innovation Cloud will be written in the form of
use cases and will be provided in deliverable D4.2. Use Cases that is being developed within
WP4 in Task 4.2 — Planning and early experimentations. It will serve as a roadmap for early
experimentations in a combined FEDERICA — PlanetLab environment. Furthermore, it will be
used by development activities within WP2 and WP3. Early experimentations will be defined
and executed within WP4 in Task 4.2. Results will be delivered to WP2 and WP3 as
a feedback to support their developments. The results of the 1% Cycle will guide the
development of the Integrated prototype in the 2" Cycle and the experimentation plan
(deliverable D4.3 Experimentation plan) that will be executed in Task 4.4 — Scalable
experimentations.

Use cases provide a description of the possible sequences of interactions between the
system under deployment and its external actors, related to the particular goal
[Cockburn00]. This enables specifying functional requirements. However, use cases specify
only the behavior of the system, not covering non-functional requirements. Furthermore,
technical details are not addressed by use cases. These will be provided by the architecture
and the design of the system.

Usage scenarios (use case scenarios) on the other hand provide test cases for use cases.
They describe real-world examples of how users interact with the system. All steps, events
and actions that occur during the interaction are provided in their description. Use cases
refer to generic actors like Experimenter, while usage scenarios refer usually to specific like
John Doe (although it does not have to be the case). Furthermore, usage scenarios describe
a single path of logic, whereas use cases usually describe conditional situations. Usage
scenarios are usually applied when validating use cases. They are also very helpful for
defining use cases. We recommend preparing a collection of usage scenarios prior writing a
use case. Having the collection of usage scenarios it is easier to generalize them into a use
case. To validate the use case, we also suggest writing complementary usage scenarios
after the use case is defined.

In practice there is no template for writing use cases and usage scenarios. It is specific to the
given project and organizations contributing to the project. In NOVI, the Task Leader of
Task 4.2 — Planning and early experimentations, will provide a template for writing use cases.
We recommend that use cases should be as formal as possible, described in a procedural
way, numbering each step and using with a separate paragraph for extensions.
The number of steps should not exceed ten (10). If the use case contains more steps, it
should be divided into smaller use cases. Furthermore, use cases should be complimented
with use case diagrams. It will ease management of the use cases, finding missing use cases
and extracting the reusable ones.
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3.4.1 Use case diagrams

In this section, we will provide guidelines for compiling use case diagrams. However, this
document is not a UML guide [UML]. It is assumed that the reader is familiar with use case
diagrams.

A use case diagram presents a graphical overview of the functionality provided by
the system. It consists of actors, use cases and relationships between them. Actors can be
users, external systems, devices or time events. Actors may inherit the relations with use
cases from other actors. Relations between use cases may be: inclusion, extension, or
generalization. Association relations are used to denote the relationship between use cases
and actors. They may be supplemented with arity information on both ends, which
expresses the number of use cases that take part in a given relationship.

Inclusion relationship is used when one use case is an integral part of another. In other
words, the whole behavior of the included use case becomes a part of the including use
case. Typically, use cases are included to reuse the description of the behavior. Otherwise,
they would have to be duplicated. The other reason is to divide a use case to smaller in order
to increase its readability.

Extension relation is a conditional inclusion. It is used when ause case, in some
circumstances, may become a part of another use case.

The generalization relation is used when a given use case may have common behavior,
requirements, constraints, and assumptions with a more general use case. The differences
are described in the specialized cases. This relation is slightly different than the inclusion
relation. Inclusion relation is a form of composition, where the given behavior is actually
executed from the including use case, while generalization provides additional conditions
and assumptions, which constraints the given use case.

Association relationship is the relationship between actors and use cases. The relation may
be uni-directional or may not be specified. Unfortunately, UML does not address bi-
directional associations. The direction informs about the control flow. The actor, initiating a
use case, is in uni-directional association where the arrow is drawn on the use case side
indicating the active actors. Passive actors may be perceived as actors that receive use cases.

Use cases may be bounded by a rectangle. It illustrates the boundaries of the system. Every
use case outside of the rectangle will not be addressed by the system developers.

At the design stage of the system, use case diagrams are used to identify and analyze
requirements. Due to the fact that they are relatively easy to be understood, these diagrams
are often used for communication between developers and clients. At the end of the design
stage, these diagrams become a type of contract between shareholders describing the scope
of the functionality of the system.
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Figure 4: Configure resources use case.

An example use case diagram is depicted in Figure 4. It describes a “Configure resources” use
case. In this example, an experimenter may want to configure a set of resources in the NOVI
federation. Note that arity is provided in the relationship between the “Configure resources”
use case and the “Test-bed actor” to denote that a NOVI federated test-bed may combine
many test-beds.

In NOVI, we address the configuration of three types of resources: a router, a link, and a
computational resource. To model this information, we use inclusion relationship. There are
two specializations of the Test-bed actor: FEDERICA and PlanetLab actors, each representing
the corresponding test-bed. Within FEDERICA, we may configure Virtual Machines, Juniper
routers, or software routers running within a Virtual Machine. The “Configure a Juniper
router” and “Configure a Software Router” use cases inherit (generalization relation)
constraints from the “Configure a router use case”, while the “Configure a VM” use case
inherits constraints from “Configure a computational resource” use case. The reason is that
a software router is run within a computational resource, so that resource has to be
configured as well. That is why there is the inclusion relationship between the “Configure a
Software Router” use case and the “Configure a computational resource use case”. The
extension relation is used for the “Configure a link use case”. Links that connect resources in
different test-beds are inter-domain links. This type of links requires more complex
configurations, like establishing tunnels between test-beds. The “Configure a federated link”
use case is used when a link interconnects resources in different test-beds.

We would like to recommend using specific type of relations complimented with arity
specification. It increases the readability of the diagrams and eases the verification of
missing use cases.

3.5 Architecture & Design

Developers often change the way a requirement should be implemented once they try some
approaches and get feedback on their completed work. That is why in the XP approach
mentioned earlier in this document, there is no need for compiling large design documents.
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The design is tailored only for what is needed at the current stage. Although the XP
methodology does not require so, we recommend compiling documentation describing
what was done in the release, after it is completed. The description of the design should
not be too detailed, it should only be conceptual. This is due to the fact that other artifacts
(i.e. source code, automated tests etc.) describe the solution in detail.

However, there needs to be a re-work and refactoring effort, since there is no “big design up
front”. However, this is more cost-effective than preparing detailed design documentation.
It means that the design will have to be continually improved for the whole lifecycle of the
project in a manageable way. Code refactoring is a disciplined way to restructure code in
order to improve its structure, while at the same time the behavior does not change
[Fowler99]. Usually it is done by applying series of refactoring techniques. Each technique
consists of a set of simple steps. In order to check whether a refactoring did not break the
code, the automated test cases are run after performing each step. We would like to stress
that Test Driven Development practice is important for NOVI. More on TDD is provided in
Test Driven Development section.

There are many motivations for refactoring the code. One of them may be that the given
structure is difficult to be extended with new features. Therefore, the code has to be
modified in a manageable way, so that the modification does not break the code. The other
reason may be the occurrence of the code smell. Code smell is the structure of the code that
limits the readability of the code, or may be a source of bugs. One of the well-known code
smells is Duplicated Code smell. These are code fragments that are duplicated in all
codebase.

In many areas of human activity, e.g. architecture or computer science, people face similar
problems. For the most common problems in each area, their standard solutions are called
design patterns. Although the name suggests that it applies only to the design phase, there
are also test design patterns, architectural patterns, etc. To further explore the topic, we
recommend the reader to refer to Bruce Eckel’s book Thinking in Patterns [Eckel11].

Since design patterns are standardized and well-known, using them improves the code
readability and its maintenance. Design patterns may be divided into creational, structural,
behavioral and concurrency patterns, that deal with object creation, realization of relations
between objects, communication between objects and multi-threaded programming
respectively.

3.5.1 The Analysis Process

In the Analysis Process, the requirements (gathered in the form of use cases) are
transformed in the language used in a putative solution. Note that this process should define
the solution no further as it is necessary to specify the requirements in the language of the
solution.

Usage scenarios are often used to move from use cases to sequence diagrams describing
the behavioral aspect of the code. An instance of the path through a use case or a portion of
a use case is written in the usage scenario. Then, the sequence diagram scenarios exploring
the implementation logic for each usage scenario are developed. The sequence diagram
scenarios are then generalized into the sequence diagrams where each argument values are
transformed into types and message sequences are generalized into loops and conditional
statements. Together with sequence diagrams, class diagrams are prepared. They describe
the information model of the system. Class diagrams may be created as a result of
generalization of the set of object diagrams, which model a specific case of an information
model.
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3.5.2 UML diagrams

UML diagrams are used to describe the system architecture. UML 2.0 specification provides
thirteen (13) kinds of diagrams [Amber00]. We suggest using at least four types of
diagrams: Use case, Class, Sequence and Collaboration diagrams. This is motivated by the
need to define a static representation of the code and its runtime behavior. Listed diagrams
are sufficient to fulfill this purpose. To create UML diagrams, either from scratch or by
reverse engineering of the application source code, we recommend use of the ArgoUML tool
[ArgoUML11].

In the following sections, we will provide guidelines for each type of the diagrams. However,
this document is not a UML guide. It is assumed that the reader is familiar with UML.

3.5.2.1 Class diagram

The class diagram represents a static structure of the code. It visualizes entities and relations
between them. In most cases, one diagram describes only a part of the system, e.g. it may
be a Java package. It may be difficult to model the whole system on one diagram, because it
may not be readable due to its large size. Class diagrams may be used to visualize NOVI's
Information Model as well as the static design of the components.

Entities may be connected by relationships that describe how they cooperate. Many
developers only use generalization, realization and association relations. Generalization and
realization are used when one wants to model inheritance or wants to implement an
interface. Although class diagrams offer much more, the association relation is used for
other types of relations. We recommend using an appropriate type of relation whenever
possible. Furthermore, relations should be named with the verb phrase. Specification of
roles for entities that are associated in relations is also beneficial. Together with the arity
of the relations, it adds more information to the visual representation of the system. Arity
denotes the number of instances of a given type that take part in a given relationship. It
eases finding design faults and it allows providing less description within the diagrams.
Association is the weakest type of relation. It should be used only when the type of the
relation cannot be determined.
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Figure 5: Class diagram representing a slice.

The class diagram depicted in Figure 5 illustrates the usage of classes, interfaces
generalization, realization and aggregation relations. As shown, a slice consists of at least
one resource. The relation between the slice and the resource is modeled with the
aggregation relation. In this relation, the Slice class plays the role of the collection where
Resource class is an element of the collection. Resources may be linked with zero or more
resources. Resource class has an abstract method named isTest-bedLocal. It returns true if
the two resources are within the same test-bed. The implementations are provided in its
subclasses i.e. JuniperRouter, FEDERICAVM, PlanetLabSliver and SoftwareRouter class.
The motivation to create the interface named ComputationalResource is to provide flexibility
to the design. This way, it is possible to provide different implementations of computational
resources without theneed to modify the SoftwareRouter class. FEDERICAVM
and PlanetLabSliver are exemplary implementations of computational resources. The first
one represents a FEDERICA’s virtual machine while the latter implements the sliver on
PlanetLab test-bed. The aggregation relation between the SoftwareRouter class and the
ComputationalResource interface is one-to-one relation. Contrary to the previously
described aggregation (representing the element-collection type of relation), it indicates a
strong relation between a software router and acomputational resource. The
SoftwareRouter instance requires the ComputationalResource instance in order to be
created.

Object diagram

An object diagram, contrary to the class diagram, shows the state of the system or its
fragment at a given point in time. Instead of using static representation, instances of classes
are provided. These instances contain specific values of attributes. Operations are not
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depicted in the model, because they represent the static information of the system. Instead
of arity relations, actual relations are modeled. This kind of diagrams is used to explain class
diagrams. It is particularly useful when complex relationships need to be explained. Other
application of the object diagrams is the validation of class diagrams. Although ArgoUML
[ArgoUML11] is the recommended tool for UML modeling, it does not provide an Object
Diagram out of the box, but it is possible to create it. To create the Object Diagram, one
must create a Class Diagram, hide the operations and name the attribute with the attribute
name and provide its values after the equals sign, as shown below.

slice?: Slice

resources = [juniperRouter, nodet, swRouter, smilax ]

FEDERICA drivers | PlandiLab drivérs ‘
nodel : FEDERICAWNM smilax1 : PlanetLabSliver
links = [juniper] links = [ swRouter]

juniper : JuniperRouter swRouter  SoftwareRouter
links = [nodel, swRaouter] links = [juniper, smilax1 ]
node = smilax2

smilax? | PlanetLabSliver

links =]

Figure 6: Validation of the slice information model.

The diagram shown in Figure 6 is used to validate the slice model which was presented in
Figure 5. It consists of nodel connected with a JuniperRouter that is connected with nodel
and the SoftwareRouter that runs on the smilax2 node within a PlanetLab sliver and is
connected with the JuniperRouter and the smilax1 node, again running within a PlanetLab
sliver. The diagram illustrates that the SoftwareRouter contains information about links,
while smilax2 does not define any links. It may indicate a fault in the design. A workaround
would be to duplicate the links from swRouter, but the best solution should eliminate the
redundancy.

3.5.2.2 Sequence diagram

The sequence diagram is a form of a graphical description of an algorithm that shows how
processes operate with each another and in which order. A sequence diagram usually shows
a complete execution of a certain system operation. This kind of diagram consists of actors
and entities represented as vertical lines, and interactions between them are represented as
horizontal arrows. Synchronous communication between classes is presented as a solid
arrow to the object, whose method is invoked. Finally, a dashed arrow is drawn in the
reverse direction, back to the entity that issues the method call. Asynchronous
communication is presented as a solid arrow without a return arrow.

Developers usually avoid loops and conditional expressions in sequence diagrams, although
these expressions are an important aspect of each algorithm. We recommend modeling all
conditional and looping expressions unless they are obvious and their occurrence will dim
the diagram. Another common mistake is to put the whole algorithm in one sequence
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diagram. This typically ends with a diagram that is difficult to understand. For readability
reasons, it is better to divide the diagram into a set of simple diagrams. Sequence diagrams
are not scenarios. It means that they deal with classes, not objects. All message invocations
cannot contain objects as method arguments and messages can only be executed on
classes.

‘Scheduler Slice ‘Resource

configurey

"§|?'

T
1
1
1
1
'l
configure( b [far each resaurca in the slica]
|

j? isTesthedLocal (Resource)

[resources in different testheds)

3 federatewiith (Resource)

=]

l

__________________ —

Figure 7: Configure resources sequence diagram.

Figure 7 shows an algorithm for resource configuration. The Scheduler class asks the Slice
class to configure the slice. For each resource within the slice, the configure method is
executed and the Resource is configured. One of the aspects of configuration is linking
resources with other resources. If two resources being linked reside in different test-beds,
then the jsTest-bedLocal method returns false. Then, the method federateWith is executed.
It is responsible for federating the resources. The methods isTestbedLocal and federateWith
require arguments of type Resource. Thus, sequence diagrams provide only types, instead of
providing objects.

Sequence diagram scenario

Diagrams that are used to show sample executions of asequence diagrams are called
scenarios. The difference between a sequence diagram and the scenario is that the latter
contain requests’ parameters and results.

Sequence diagram scenarios may be used to describe an interesting aspect of the algorithm.
Another application of them is the validation of a sequence diagram. Furthermore, sequence
diagram scenarios are often used as testing scenarios for testing purposes.
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Figure 8: Validation of the Configure resources sequence diagram.

Figure 8 provides the scenario. This validates the sequence diagram depicted in Figure 7.
Slice slicel contains the following requested topology: nodel in FEDERICA and smilax1
PlanetLab sliver are linked with the FEDERICA’s Juniper router juniper. In order to configure
resources Scheduler sends configure message to slicel. For scheduler no specific instance is
modeled since it is not necessary. Slice slicel invokes configure messages on objects of
FEDERICAVM, JuniperRouter and PlanetLabSliver classes. Inside the configure method of
juniper the federateWith method is invoked with the smilax1l as an argument. On smilax1
object federateWith juniper object is invoked to interconnect the resources belonging to
different test-beds.

3.5.2.3 Communication diagram

A communication diagram presents a way of communication between actors and entities. It
combines information shown onto Object, Use case and Sequence diagrams.

A communication diagram should be used to describe how entities collaborate to fulfill
a common purpose. This distinguishes it from the sequence diagram, which is used to
describe the algorithm to achieve this objective.

In this type of diagrams, rectangles represent entities and lines show the communication
between these entities. In contrast to sequence diagrams, where lifelines of all classes are
drawn in parallel, on the classes within a communication diagram are freely distributed. To
preserve the chronology of events, all messages are numbered.
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Figure 9: Resources configuration communication diagram.

Figure 9 depicts the configuration of resources within a NOVI slice. It represents the same
algorithm as the sequence diagram shown in Figure 7. Since a communication diagram does
not represent the order of messages in a graphical way, the latter are numbered in the
diagram. Notethat information on synchronous or asynchronous properties of method calls
is not presented in Figure 9.

3.6 Continuous process

For NOVI, we propose a continuous development process. Briefly, all the steps of
the waterfall model will be incrementally undertaken. Often, it is necessary to cycle several
times between design, implementation and testing. In the subsequent sections, we describe
the practices that have to be followed to establish a continuous development process.

3.6.1 Continuous Integration

According to Martin Fowler [MF2006], “Continuous Integration is a software development
practice where members of a team integrate their work frequently - usually each person
integrates at least daily - leading to multiple integrations per day”.

Continuous Integration (Cl) practice minimizes a number of difficulties and the complexity of
the software integration process. The Cl cycle is presented in Figure 10.
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Figure 10: Continuous Integration Cycle

The cycle begins with the commit done by developers who send code changes from the local
working copy to the remote version control repository. The local working copy is the
repository that is on the developer’s machine, while the remote repository is the central
repository on the version control server. When the repository is updated, the code is
compiled by developers and unit tests are run. In the next step, developers build compiled
and tested code usually as a package. Then developers and testers run integration tests over
either the whole or a part of the system. It is delivered to testers who run system tests.
On each step developers, testers and leaders get the logs of their outcome. Leaders are
notified about the CI process and get the full report with the results. Integration of
developed components detects integration errors and conflicts. The more frequent the Cl is
run, the simpler the problems will be resolved. It saves time and supports the Validation &
Verification process (see Assurance section of this document). Furthermore, a different
audience within the project is kept informed about the progress. Therefore, we propose to
run Cl on a day basis. It doesn’t have to consist of all the steps. For example, for one task on
one day at least one commit should be done, the code should be compiled, unit tests should
be run and a task should be build. When a task or component is completed, the Integration
tests should additionally be executed.

Continuous Integration ideally suits for automation. In NOVI, the CI cycle is automated by
the Hudson tool which automatically and periodically runs all steps of the cycle. Developers
and testers write scripts for building and testing the software, while leaders possibly create
scripts for reports. When a developer commits a code to the GIT repository, the change is
detected by Hudson and appropriate scripts are run to build the software, test it, generate
reports etc. It automates all the steps of Cl the cycle, as presented in Figure 10. Hudson is
based on a set of plugins that connect required tools for the steps like Git, Maven2, JUnit,
etc. It can be configured via a friendly GUI or by adjusting XML files. Hudson prepares logs
and reports for all the Cl actors (developers, testers and leaders) and notifies them via e-mail
or makes an RSS entry. The reports include information about all latest GIT changes,
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successful builds, errors, pointed problems  after merges and more.
The details about Hudson may found on its official website [Hudson].

3.6.2 Feature development

An integral part of development process is developing new features. Short term feature is
usually easy to integrate with the rest of the code, while integration of long term feature
usually causes complex conflicts and consumes much time to solve them. We propose two
approaches for feature development: branch per feature and feature flagging. Each provides
benefits and shortcomings. In the following subsections the above mentioned approaches
are thoroughly described.

3.6.2.1 Branch per feature

In this approach each feature is developed in a repository’s branch that is created only for
this purpose. It is isolated from any modifications provided by other developers in the code
that feature uses or is dependent on. After the feature is completed the code from branch is
merged with the codebase.

Branch

B1-B4

CodeBase CB1-CB2 Trunk

B1-B4
Branch

Feature B

Legend

Commit a code

m Merge feature code with codebase— size of a box visualize scale of possible conflicts

Figure 11: Branch per feature — Example 1

In the example presented on Figure 11 Feature A and Feature B are developed in
the separated branches simultaneously with the codebase. In a meantime there are
commits made in the branches as well as in the codebase. In Feature A branch there are five
commits — from A1 to A5. At the same time in Feature B branch there are four changes (B1
to B4) are committed. There are also two commits made in the codebase (CB1 and CB2).
Consider that these commits may concern the same pieces of code in every branch and
codebase. After a given period of time the Feature B is completed and merged with the
codebase. This relates to six commits: B1 — B4 and CB1 — CB2. They all must be merged. Then
the Feature A is completed and merged with Feature B and codebase. This merge in turn is
related to eleven commits: A1 — A5, B1 — B4 and CB1 — CB2. If in both branches
and the codebase the same parts of code were modified it leads to big and complex merge
which cause many conflicts and possible delays. This example shows that branch per feature
with non-frequent commits is a good approach only when developed features don’t share
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the same parts of code, which is not often the case. To minimize the problem more frequent
commits should be introduced.

Branch

CodeBase Trunk

Feature B

Bl B2

Commit a code

m Merge feature code with codebase — size of a box visualize scale of possible conflicts

Figure 12: Branch per feature — Example 2.

On Figure 12 — as it is on Figure 11 — Feature A and Feature B are developed in separated
branches in parallel with the codebase. In this example after every commit in the branch or
the codebase the merge process is done which integrates a code from all developed lines.
Therefore, after first commit in Feature A branch (A1) it is merged with codebase and
Feature B branch. Then B1 commit is made: merging A1 with B1 and B1 with the codebase.
After this the commit CB1 appears, and so it is merged with Feature A in first order. There
was A2 commit done in parallel, so the merge also concerns (A1+B1)+CB1+A2. After this the
merge in the codebase is made which introduces A2. Further commits and merges are
processed in the same way.

In the Example 2 merges are smaller and less complex than in the first example. As a result
developing a short term feature becomes faster and the whole project is being integrated
more frequently. This leads to faster detections and fixes of possible problems. However,
this approach requires a discipline and frequent communication with other developers
which may be difficult to be kept on a rational level. Furthermore, it is harder to estimate an
effort to finish development when an implementation is scattered all over the codebase.
The problems propagate when a feature to be developed in a branch is a long term and
cannot be added to the codebase frequently. In such a case, an approach presented on
Figure 12 cannot be used and only this presented on Figure 11 is suitable. The possible
solution may be to split the feature into few smaller, each developed one after the other in
separated branches, but usually it is not possible.

3.6.2.2 Feature flagging

The solution on long term feature development issue is another approach called feature
flagging (also known as feature switching, toggling or flipping). In this practice, the whole
code is kept in the trunk. The basic idea is to provide a flag in the codebase that can switch
on or off a developed feature. This is illustrated on Figure 13.
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Figure 13: Feature flagging example.

Figure 13 presents an example of using feature flagging. The codebase is developed in trunk.
In order to provide a persistence layer, the team chosen XML DB. Hence, the XML DB
connector must be implemented. In branch per feature approach this feature would be
developed in a separated branch whereas in feature flagging it is implemented with the
conditional statement (the flag) in the codebase and committed into the trunk. Within the
XML_DB block of code, the XML DB connector code is being implemented. While it is under
construction the flag is set to false for the running system. When the connector is
implemented the flag is removed from the codebase. This way, the developer is forced to
merge the code frequently. After the CB1 commit, after running performance tests the team
decides to abandon the XML DB in favor of SQL DB. So they add the SQL DB flag to the
codebase and implement the feature. The same as it was for the XML DB connector, when
the feature is finished the conditional statement is removed from the codebase.

The advantage of feature flagging is that on a trunk there is always the newest version of
developed code. Another advantage is that a team may choose features to test or for deliver
in next release without freezing the code. Moreover, it supports developing long term
feature much better than branch per feature practice. Nevertheless some disadvantage of
feature flagging approach is necessity of maintaining additional code concerning flags and
removing it after feature implementation is completed. Flag implementation can have
various forms e.g. it can be described in the configuration file, can have a form of if
statements or be implement using design patterns like Strategy presented on Figure 14 etc.

ClientInterface()

Strategy

DB_Connector()
SQL Strategy XML Strategy
DB_Connector(} DB_Comnector()

Figure 14: Strategy Pattern Example
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Consider the example from Figure 13 implemented by Strategy pattern presented on Figure
14. In the example Client uses a database to store the data. For a flexible connection to
various databases it uses Strategy Interface with DB_Connector() method which acts as a
flag. This interface is implemented by SQL Strategy and XML Strategy hence the Client
choose a type of database to use only by changing Strategy Interface implementation.

3.7 Repository

Source code repositories have traditionally been centralized in systems such as RCS, CVS and
SVN. Recently different systems have become available so that the repositories are actually
decentralized. Git is a prime example of a distributed repository system. In this section we
provide a short overview of the main features of Git, and how it compares to Subversion.

It is easiest to explain the working and differences of Git and subversion by describing a
common workflow.
cd project

git add .
git commit

This initializes a new repository (locally), puts the files in the current directory under version
control and commits them to the repository. The next step is to modify some files, do some
actual work, and commit this to the repository.

git add filel file2 file3
git commit

Again we point at specific files to be added, and then we commit them to the repository.
Here we already see some small differences with Subversion i.e. the user specifies which
files are to be committed, instead of all committing of them, and a repository is local, no
network access is required to the central repository server.

If we work in a distributed fashion the workflow changes slightly. Initially, we fetch code
from a remote repository:

git clone ssh://john@example.com:repo/project.git myrepo

This initializes a new repository in the subdirectory myrepo. This repository is similar in every
way to the earlier local repository. Again, we change some files, and commit them locally.

(change some files)
git commit -a

(repeat as necessary)
git pull

The pull command takes the changes from the (default) remote repository and attempts to
automatically merge them. The final command to complete the workflow is then to push the
changes to the remote repository to make them available to other participants

git push

The Table 1 below shows a short overview of the most common commands to show the git
and subversion counterparts. The differences may seem very small from the command point
of view, but in the workflow it is very different. Not having a central repository makes
developers more independent and allows you to do more small commits, local branches, and
only push to the central repository when it has a reasonable form.
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Task

SVN

Git

Git remarks

Initialize “svnadmin” run by “gitinit” ; can be

administrator on the svn repo run locally by any

server user
Get a fresh svn checkout <repo> git clone <repo> Copies to the local
copy of a repo and brings HEAD
Repo version into the

working copy.

Bring a file svn add <file> git add <file> Copies to the local

under version
control

repo and brings HEAD
version into the
working copy.

Commit
changestoa
file

“svn commit <file>” ; puts new
file on the server

“git add <file> ; git
commit <file>”

“git commit -a"

This will copy the
changes to the _local_
git repository

Upload Included in svn commit call! git push [<origin>] | With git explicitly state

committed [<branch>] which branch to

changes to upload to which server

the repo

Server

Get latest files | svn update git pull Pull updates the local
git repository _and_
the working copy

Create branch | svn copy git branch Create a new branch

<repo><repo/branches/branch> | <branch> <branch>

Change
branch

Svn switch
<repo/branches/branch>

git checkout
<branch>

Change to branch
<branch> from local
repository version

Merge branch
B1to B2

svh merge -r <X>:HEAD
<repo/branches/branch>

git checkout B2 ;
git merge B1

Need to commit
changes in B1 first
before changing to B2
with git checkout

Table 1: Git commands overview.

We would like to stress that the developer should follow the guidelines provided below:

e Always create a log to describe what you have changed in your commit.

e The commit message should also contain the JIRA issue identifier to link the
commit to the JIRA system.
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e Git can show a summary view of commits, this uses the first line of each commit
message. The first line should be limited to 50 characters followed with a linebreak.
This summary is used in many other places as well.

e Commit messages should be line-wrapped at column 72. The logs are often shown
on the console. Git will reproduce the commit message as you entered it, so there
are no inserted linebreaks, etc.

3.7.1 Central repository

Although Git does not mandate a central repository server, we strongly recommend using
one main instance of the NOVI git repository at PSNC as the major repository. After the
initial checkout of it by each partner this will be referred to as the “origin” repository in Git
terms.

In order to have an efficient, quick access to all relevant files by all partners we propose a
joint main structure for the repository directories and files as follows. On the top level there
will be the directories

+ Contract details store DoW and other official docs here

+ Dissemination papers, journals, presentations by NOVI
+ Final Deliverables store them here w/o further WPxsubdirs

+ Literature standards, papers and books, etc.

+ Meetings WPxsubdirs here (not recommended))

+ Final Review all docs preparing the final review here
+ Templates project Logo, doc/ppt templates here

+ Software source code together with test cases

+ Workpackages for any other WP needs

Figure 15: Central repository directory structure.

Under ‘Dissemination’ there can be sub-directories per conference, and if needed below
these, there can be sub-directories for a work-in-progress-version of a paper (e.g. TeX
sources).

In final deliverables there should not be WPx sub-directories, just the deliverable files.

For subdirs below ‘Meetings’ we recommend a naming style in the form of:
“yyyy-mm-dd_WPx_Location”. That way, all Meetings are ordered and in one place.

In ‘Software’ directory, sub-directories should be created for each software (sub)
component. Below these directories the developers will usually create ‘src’, ‘lib’, ‘include’,
and ‘test’ sub-directories as needed (depending on the used language too).

Already built components (software artifacts) might be checked in too as binary files below a
special ‘Releases’ directory, so that partners may refer to readily built software (e.g. NOVI
libraries) without the need to compile everything from source. A common NOVI deployment
platform (i.e. Linux distribution) must be defined for this to make sense.

Below the ‘Workpackages’ directory all WP-specific documents that are under discussion
and are work-in-progress should be stored. Subdirs below Workpackages/WPx/ can be
created as needed by everybody.

Generally, it is recommended for files and directories which should bear a date in them to
use the same format as the meetings folders.

For example: 2011-03-31_Conference_for_NewYear.
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Contract_Details (store DoW and other official docs here)
Dissemination (papers, journals, presentations by

+ conferencel

+ conference2

+ conferences. ..

Final Deliverables (store them here w/o further WPxsubdirs)
Literature (standards, papers and books used in the project)
Meetings (maybe WPxsubdirs here (not recommended))

+ meetingl

+ meeting2

+ meeting3

Final_Review (all docs preparing the final review go here)
Templates (project Logo, doc/ppt templates here)

Software (source code, test cases not necessarily

automated, and other artifacts related to software components)
+ NSwitch

+ src

+ main
+ java

python
resources
filters
assembly
config
webapp

+ 4+ + + + +

+ test
+ java
+ python
+ resources
+ filters
+ site
LICENSE . txt
NOTICE.txt
README . txt
pom.xml
+ PolicyManager
+ ResourceMapper
+ ..
Releases (e.g. a maven2 repo)
+ snapshot (nightly builds)
+ stable (iterations/releases)

Workpackages (for any other WP needs)
+ WP1

WP2

WP3

WP4

WP5

+ + + +
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+ subdirs below WPx as needed
Figure 16: Central repository detailed directory structure.

Finally it is recommended to not use white space in directory names, as this might get us
into problems with some programs, which could have troubles with spaces.

In summary the above mentioned main structure is proposed. Every partner can add sub-
directories as needed, but it is recommended to not add further sub-directories to the top
level.

3.7.2 Branch per feature in Git

Implementing a new feature is often not a simple matter of one or two commits. Sometimes
it takes changing of multiple files, several revisions, testing, more revisions and then a
feature is ready. To allow different features to be developed in parallel it is useful to have a
different branch for each feature so that they can be developed independently and without
affecting each other.

As we have shown above it is very easy in Git to create a local branch, but also remote
branches. Developers are encouraged to use local branches to implement their own
features; however we do not want to burden everyone with hundreds of branches.
Therefore, we recommend that NOVI Task Leaders are the only ones who create feature
branches on the central NOVI repository.

3.7.3 Release tagging

Whatever solution is chosen either branch per feature or feature flagging a release tagging
should be provided. Every iteration should be tagged with a different version number and its
snapshot should be saved on TAG branch in a Version Control tool. Detailed versioning policy
will be described later in Task 4.1.

JIRA — the issue tracking tool that will be used in NOVI - provides function for tracking
release versions during development project. For more details go to the 3.12.1 section.

3.8 Dependency management

Today’s software development is based on using many external commercial or open-source
libraries. When one implements an application that needs persistence layer, he or she uses
for instance Hibernate library instead of writing it from scratch. It saves time and may lead to
better quality provided that the dependencies are also of good quality. However, Hibernate
ORM consists of the set of libraries. It is easy to omit some of them in the final release. If
they are not included there, it may lead to incoherence and breakpoint. For better
understanding of dependency management consider another situation when two teams
develop different parts of code that need persistence layer. They both use Hibernate, but for
some reasons with different versions. When the teams integrate their work a conflict
appears — integrated software doesn’t know which version to use. However, such a conflict
is easy to discover. A situation complicates when a project uses two different external
libraries that depend on the same library but of different versions. It is presented on Figure
17.
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Dependency 1

v

Dependency Conflict
Dependency 1 vs Dependency 2

Config

Reader

Integrated code
Dependency 2

Figure 17: The example of transitive dependency issue.

The Project consists of Web service and Configuration Reader. Web Service depends on CXF
library while the Configuration Reader depends on DOM library. Both CXF and DOM depend
on XML Parser but first one uses XML Parser v1.1 while second uses XML Parser v2.3. They
are of two different major versions and cannot be used interchangeably. Because the
dependency between Web Service and XML Parser is not direct and occurs as a result of
relation with CFX it is called transitive dependency. While building a project and integrate
Web Service with Configuration Reader a dependency conflict occurs because integrated
software doesn’t have knowledge about which version of XML Parser should use. Such
conflict is usually hard to discover and solve especially when there are many transitive
dependencies. For the reasons described above dependency management should be
introduced in the project.

In NOVI project the dependency management will consist of:
e Tool for managing dependencies
e Libraries repository

e List of recommended libraries in the project

3.8.1 Tool for managing dependencies

A tool should provide a mechanism to specify direct dependencies to a project and calculate
all of the transitive dependencies for a developer automatically. Furthermore, it should
automatically download dependencies from remote repositories which are usually Internet
host and stores libraries widely available for communities. All the downloaded libraries
should be stored in a local repository on the developer’s host in order to save time and make
them available on any step of development process. Consequently, the tool should inform
about possible conflicts between dependencies and solve them automatically in a given way.
These requirements are met by Apache Maven 2 software which we recommend to use in
NOVI. Following example presents Maven dependency management from a developer point
of view. When one wants to use the Hibernate library as a persistence layer, he or she
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declares a dependency with Hibernate name and its version in Maven configuration file as it
is presented on Figure 18.

<dependenoy:
<groupIldrorg. hibernate</groupIds>
<artifactIdrhikbernate</artifactId>
<wersions3.3.2</version>
</dependencys

Figure 18: Maven dependency declaration example.

The tool automatically downloads the library from a remote repository to the local one
hence it is be available for the project. Moreover it downloads all the dependencies that
Hibernate has both direct and transitive, and resolves possible conflicts.
Maven is also able to publish packages and libraries released in NOVI hence they can be used
as dependencies by all the NOVI partners. In order to make released project open for all the
partners each maven project configuration file (pom.xml) should consist of code presented
on Figure 19.

—disztributionManagement>
~repository>
<idrnovi-dewvelopers-repository</ id>
<hame>NOVI project repository</ name:r
<ur lrscpexe://mavenimaven. novi.eu/repo</urls
<unicqueVersionrfalse</uniqueVersions
</repository>
< /distributionManagement s

Figure 19: Maven configuration declaration for NOVI projects publishing.

3.8.2 Apache Maven 2

Apache Maven 2 is a software project management and comprehension tool. Apart from
dependency management it is most of all, the tool for the project building. As a result of its
work a single jar library or war package is created. Maven 2 is based on Project Object Model
(POM) concept which describes software building with order, its dependencies and other
external components. POM is represented as an xml configuration file and consists of project
name and author and comes with individual phases of the build process implemented as the
plugins. These phases may be consider as goals and split i.e. to compile, build, test, package,
install and deploy. Either for the scope of the whole POM or specific phase dependencies
may be declared in the POM file. Maven automatically downloads specific versions of
declared dependencies with all transitive dependencies and solves possible conflicts. It
creates a local repository with all the project dependencies which may be used for a
development. At the end Maven may places the built package in this local repository as well
as in all specified in POM file.

If developed system consists of more than one library then each should be considered as an
individual maven project with dependencies to each other. Therefore in the NOVI project
each subproject may have its own POM and all may be gathered by the root POM or have
dependencies to each other according to the relationships. For the developer guide about
how to create a POM file please visit:
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http://maven.apache.org/pom.html

For more information about maven dependency management please visit:

http://maven.apache.org/guides/introduction/introduction-to-dependency-
mechanism.html

The Maven project home page is available onhttp://maven.apache.org/

We recommend using Maven2 in Cl process build step described in Continuous Integration.

3.8.3 Libraries repository

Once the NOVI partners release packages and libraries they should be able to publish them
for each other. Hence for java projects there will be set up Maven 2 repository. Therefore,
NOVI partners will be able to use released software as dependencies to their projects.
Maven tool has an option for automated upload released package to the specified
repository. It should be included in every POM file of every task project. Its detailed
description may be found on:

http://maven.apache.org/pom.htmlI#Repository.

3.8.4 List of recommended libraries

To avoid dependency conflicts described in the first paragraph despite using Maven 2, the
list of recommended libraries will be introduced. That includes all the libraries (with the
specific version) that are used in the project. It minimizes possible conflicts and number of
dependencies used in the project. List of the libraries will be available on the NOVI Wiki page
and will be updated and maintained during the project while experience is gathered.

3.9 Cross Partner/WP dependencies

There is a high probability that developers will need components developed within other
work packages or by other partners. Therefore, there will be a repository for the iterations
and for daily builds provided. Daily builds will be deployed to the repository every day, while
the iterations will be upgraded once a month. For that purpose, we will provide a build
system (see 3.6.1section) that will automatically build the snapshots and the iterations. It
will be up to the developer to decide which component to depend his work on: a) the more
stable iteration upgraded every month or b) the daily snapshot which is probably not stable,
but contains the latest features.

If there is a bug or a missing feature in a component developed by another partner and the
author of the code cannot fix or add the missing feature, the interested developer is allowed
to change the source code of any part of the system without asking for permission. More on
this is provided in the Collective code ownership section (3.10.4).

If the developer needs a component that is not developed yet or the implementation of the
component is not of good quality, he or she can use Mock Objects for the dependencies.
More on Mock Objects is provided in the section3.11.1.
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3.10 Shared understanding

Shared understanding, also called Distributed cognition, is a situation when whole team
agrees on what is a goal of work and how it is going to be done [Hunt00]. During a software
project, achieving this state standardization and many approaches to sharing knowledge and
ideas are used. The most popular techniques are use of common coding standards and
design patterns, or simplifying the initial system design.

3.10.1 System metaphor

To provide a map of the components that are to be developed and the relations between
them, system architecture is produced. In NOVI, Task T3.2 will describe the NOVI
architecture. It is expected the resulting deliverable D3.3will be ready in month 18. However,
development of NOVI components will start in parallel with the phase of designing this
architecture.

Therefore, before the architecture is ready, the system metaphor will be used to describe
the architecture. It will be later refined into the system architecture. “The metaphor gives
the team a consistent picture they can use to describe the way the existing system works,
where new parts fit, and what form they should take” [AuerMiller01]. The example of the
system metaphor for a payroll project might be an assembly line [C3project]. As a paycheck
goes down the assembly line it is given all information that is needed. At the end, the
assembly line contains all the necessary data that are. The metaphor of the NOVI system is
provided in this document in thechapter2 - System Metaphor.

3.10.2 Coding standards

Coding standards settle a common layout of the code. They are used to improve readability
of the codebase, thus understanding parts of the code by programmers who did not write it.
Coding standards usually specify how code should be formatted, e.g. after which elements of
programming language syntax line should be broken orwhen blocks of code should
be indented. They also determine the manner in which classes, variables, methods, etc.
should be named. In NOVI, for the Java programming language we suggest the use of Sun
conventions available at:

http://www.oracle.com/technetwork/java/codeconvtoc-136057.html

Most of mature IDEs have support for code formatting, e.g. in Eclipse, use of a key shortcut
Ctrl+Shift+F (Alt+Shift+F in Netbeans) causes automatic reformatting of active source file.

In addition to the above, we recommend use of the directory structure proposed in Maven2.
It is presented in Figure 20. With this structure, the source code is split into two directories:
main containing application’s code and test which contains code of application’s automated
tests. Source code contained in both directories is divided into subdirectories, depending on
the programming language used to write each part of it.
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application-core

p— D OM.XMI

e main
java
l— com.company.app.*
resources
— {251
java

l— com.company.app.”

resources

Figure 20: Maven directory structure from:
http://educloudsims.wordpress.com/about/project-structure/

3.10.3 Simple design

In agile methodologies, system’s preliminary design should be generalized and not go into
details. It must be sufficient to describe overall system architecture. A detailed system
design shall be created during development. The testcases prepared for developing
applications are the detailed specifications.

3.10.4 Collective code ownership

Work in all Work Packages depends on each other. For example, the Information Model
being developed in WP2 will be used in WP3 and WP4. It is highly probable that the
Information Model will need to be improved in order to be used in WP3 and WP4 while the
development is taking place. To minimize this time gap, each developer in all WPs will be
given the ownership of the entire code base. He or she will be able to change the code of
other partners without asking them for permission. Reasons to change other developers’
code may be: bug fixing, readability improvement etc. Despite faster development, collective
code ownership will also benefit in propagating the knowledge of the system in all Work
Packages. Since the code will be developed using the TDD practice (see the chapter3.11 -
Test Driven Development), there is low probability to break the existing software, because
the automated test cases will be written for the code being modified and any break of the
code base will immediately be discovered. After changing the code, the developer will have
to make sure that all the test cases pass. Note that TTD is one of most important practices
to be used in NOVI project.

3.11 Test Driven Development

Test Driven Development (TDD) is a technique used in software development. Feature
development is done in three phase cycles, in which actual feature implementation is
preceded by writing a test validating its correct functioning, which is also a part of the code
documentation. Due to the need to prepare automated testing for the whole application
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code, also for parts of code depending on external systems and other hard to control
dependencies, mock objects are commonly used.

3.11.1 Mock and stub objects

Mock and stub objects are dummy objects are mainly used for testing purposes.
Some authors [Feathers05] use term mock object, referring only to objects able to decide if
test has failed or not, other kinds of dummy objects calling stubs or fakes.

Mock/stub objects are used to prepare tests of features that:
e are not yet implemented
e depend on hard to control dependencies, such as an external system
e depend on non-deterministic dependencies, e.g. a random value generator
e areimpossible to test without writing additional code specifically for this purpose

In addition, mock/stub objects may be useful during the development phase.
Especially when many modules are developed in parallel and some modules depends on
others, also being under development. In this situation, mock/stub objects are used to
simulate behavior of other modules and actual implementation is used mainly for
integration testing.

We recommend use of the mocking framework Mockito [Mockitol1]. We show below an
example unit test for a class, which communicates with a database.

public class NodeDAO {
private Connection  conn;
public  NodeDAO(Connection conn) {
this . conn =conn;
}
public  Node getNode( int id) throws MuchNicerException {
try |
Statement stmt = conn .createStatement();
ResultSetrs = stmt.executeQuery( "o+
"SELECT * WHERE node =" +id);
rs.next();
return  new Node(rs.getString( "node_url" ));
} catch (SQLException e) {
t hrow new MuchNicerException(e);
}
}
}

Code 1: Exemplary DAO class

Below is an example of a unit test where an object used as both a mock and a stub.
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One should notice the use of combination of methods when() and thenReturn() that is used
to record expected behavior of the object. Construction when(a.b()).thenReturn(c), means
that method b() of object a should return object or value c. Calls of method thenReturn()
may also be chained, i.e.

when(a.b()).thenReturn(c).thenReturn(d).thenReturn(e).thenReturn(f)....

In this case, each call of method b() will subsequently return every earlier recorded
object/value.

Method anyString() is used to state that the recorded value should be returned when
the method taking a string parameter is called, regardless of this argument value.

Method verify() is used to check if a tested part of code interacted with a mock object as
expected — method next() of ResultSet class instance was called at least once. The first
argument of the verify() function specifies a mock object used in the test, while the second
argument specifies the expected number of calls of a method, that was called on a result of
the verify() function. If this method would be called different number of times than was
expected, calling this method would cause a test fail.

@est

public  void testGetNode() throws Exception {
ResultSetmckRs = (ResultSet) mock(ResultSet.  class );
Statement mckStmt = (Statement) mock(Statement.  class );
Connection mckConn = (Connection) mock(Connection.  class );

when(mckConn.createStatement()).thenReturn(mckStmt);
when(mckStmt.executeQuery( anyString  ())).thenReturn(mckRs);
when(mckRs.getString( "node_url" )).thenReturn( url ); /[ stub

NodeDAOnNdao = newNodeDAO(mckConn);
assertEquals  (url , ndao.getNode(4).getUrl());

verify (mckRs, atLeastOnce ()).next(); /I mock

Code 2: Unit test of method communicating with DBMS.

Next example shows unit test, that using Mockito framework checks method’s resistance to
the unexpected events during interaction with an external system, a database in this case.
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@Test(expected = MuchNicerException. class )

public void testGetNodeException() throws Exception {
Connection mckConn = (Connection) mock(Connection.  class );
Statement mckStmt = (Statement) mock(Statement.  class );
ResultSetmckRs = (ResultSet) mock(ResultSet.  class );
when(mckConn.createStatement()).then r eturn(mckStmt);
when(mckStmt.executeQuery( anyString ())).then r eturn(mckRs);
when(mckRs.getString( "node_url" )).then Answer(

new Answer<String>() {

@Override

public  String answer(InvocationOnMock invocation)
throws  Throwable {

throw new SQLException( "Disconnected...” );

D
NodeDAONdao = new NodeDAO(mckConn);

Code 3: Unit test checking method behavior when error occurs during communication
with DBMS.

3.11.2 Red-green-refactor cycle

Development of functionality in Test Driven Development consists of three phases: red,
green and refactor [Palermo06].

The red phase includes:
e preparation of new functionality code stubs

e creation of a unit test, which tests correct functioning of the code that has to be
written

e running of the test concerning the new functionality. The test should fail because
there is no code implementing functionality, only the stub code. It test doesn’t fail, it
should be modified.

In the green phase, new functionality should be implemented. The code should be written in
the simplest possible way, until the test is passed. At the end, all tests should be run to check
if the whole application works correctly.

In the refactor phase, newly created code should be re-factored. All code duplications
should be removed. After each refactoring step, tests should be re-run to ensure that
everything still works.

One red-green-refactor cycle shouldn’t take longer than 20 minutes. If the feature
implementation would take more time, it should be broken into few smaller features.

NOVI-D4.1-26.08.2011-v3.1 Page 51 of 96



3.11.3 TDD example

We want to create a simulator of rolling a dice.

1. We need to create a code stub:

public class Dice {
public int roll() {

return O;

}

Code 4: Dice stub.

2. Then we need to create a unit test

@Test
public  void testRoll () {
Random rm = mock(Random. class );
when(rm.nextint(6))
thenReturn(0).then Return(1)
.thenReturn(2).thenReturn(3)
.thenReturn(4) .thenReturn(5);

Diced=  newDice(rm);

assertEquals (1, d.roll()); /10
assertEquals (2, d.roll()); 11
assertEquals (3, d.roll()); 112
assertequals (4, d.roll()); /13
assertequals (5, d.roll()); 114
assertEquals (6, d.roll()); 116

Code 5: Unit test for dice roll.

When writing the test, we found out that we have to use some random number generator,
Assume that we use the java.util.Random class. The created code must be testable, so there
is the possibility to change the Random instance that is used. We then must change the Dice
class stub.
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publicc lass Dice {
private  Random random;
public  Dice() {
this (new Random());
}
public  Dice(Random random) {
this . random =random;
}
public ~ Random getRandom() {

return random ;

}

Public  int  roll() {
return O;

}

Public  void setRandom(Random r) {

this . random =r;

}

Code 6: Dice roll with a random number generator.

Assume that we ran the test and it failed. We then may start implementation of the
functionality.

1. We write the implementation of the dice rolling method.

public int roli(){

return  random .nextint(6) + 1;

Code 7: Roll method implementation.
2. Testis passed; we go to the refactorization phase.
1. There is nothing to refactor, so we end feature implementation.
We have a working piece of code, but it turned out that implementation of nextint(int)

method has a bug, and occasionally returns a value outside the specified range.

1. Again we have to write a test that fails when the method returns an incorrect
value.
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public

@Test

void testRoll 2 (){

Random rm = mock(Random. class );
when(rm.nextint(6))

then Return( - 1).thenReturn( 6);
Diced=  new Dice(rm);

int  tmpMinl = d.roll();

assertTrue (tmpMinl >= 1 && tmpMinl <= 6); 1
int  tmp6 = d.roll();

assert True (tmp6 >=1 && tmp6<=6); //6

Code 8: Test case for dice roll.

1. We have now to modify the roll() method.

public

int  roll() {
int tmp= random .nextint(6) + 1;
if (tmp<1){
tmp = 1;

} elseif (tmp> 6) {
tmp = 6;
}

return  tmp;

Code 9: Roll method after the update.

2. The test is passed; we go to the refactorization phase.

1. We can now refactor the roll() method.

public

int  roll() {
int tmp= random .nextint(6) + 1;
tmp = Math. min (6,tmp);
tmp = Math. max(1,tmp);

return  tmp;

Code 10: Roll method after refactoring.
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3.12 Issue management

Issue management is one of the principles for supporting quality assurance. It is a process of
reporting and tracking the development life-cycle following the progress of an issue, from its
creation to its realization. Therefore, Issue Management is based on the issue workflow. It
transits an issue through statuses, e.g. closed, resolutions, e.g. fixed and priorities, e.g.
critical. Among different implementations, the names may differ but the idea remains the
same. An issue may be assigned to different individuals, teams and development process
actors during its life cycle. In addition, its type may be changed at every stage.

We propose Atlassian JIRA [JIRA] for project management and issue tracking process. It is a
web based interface application with a commercial license. JIRA supports development
process at every stage. It provides tools for planning, version tracking, component tracking
and issue workflow. Roadmaps and summaries may be created on the fly. There is also
support for team code reviews. Moreover, it allows personalization of the main user
interface. Thus, developers may have different Ul than leaders and focus on
the tasks related to their work.

There are many plugins that allow integration of JIRA with popular IDEs. NetBeans IDE
[NetBeans] (from version 6.8) automatically downloads the JIRA plug-in for the Issue Tracker
tool. It connects the Issue Tracker with JIRA and provides functions to track JIRA issues from
the NetBeans IDE level. For the Eclipse IDE [EclipselDE11], we recommend the Mylyn [Mylyn]
plug-in. Among other features, it uses task-context to focus on the Eclipse Ul on the related
issues.

JIRA has also a plugin for integration with version control tools like GIT. It allows linking
particular issues with concrete commits and informing about any changes through e-mail.
Using plugins, developers and testers may report bugs from their tools, and consequently be
informed via e-mails about every change in respect to the commits related to the GIT and
the changes that are related to the issue.

3.12.1 Planning on JIRA

In NOVI, each project task consists of components, which mirror use cases, developed on a
daily basis. Therefore, the components and versions are the basis for issue tracking using
JIRA. Each component is versioned; hence, each issue is related to a component’s concrete
version. Once a month, a set of components is released as iteration. Thus, an issue which
concerns a detailed version of the iteration can be tracked.

3.12.1.1 Versioning

JIRA offers rich functionality for planning and version tracking. For that purpose - due to
Planning section - there are created two main versions for NOVI in JIRA: Early Prototypes and
Integrated Prototype. They are connected to a calendar where dates of each version release
are marked. Every leader and/or sub task leader responsible for iterations will create a JIRA
version component for his/her iteration. In the calendar, one will mark the version release
due to a timing policy which is described in the previous section. To create a new version:

1. when you have JIRA administrator role:

Go to Administration (visible on the top bar). This will display the Administration
page, showing a list of projects which you have permission to manage. On the
lower right, a summary of the versions is displayed. When you choose Manage
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Versions the new screen will appear. Choose Add new version. Only Version
name is required. However, since new version must be added in proper
chronological order you should also provide Release Date as well as choose
Schedule version. Version order may be changed in any time.

2. when you have JIRA user role:
2.1. Create new issue
2.2. Set the issue type to: New Feature

2.3. In the summary, write a sentence describing your goal i.e. Set up new
version

2.4. Choose the component: Versions
2.5. Ifitis not automatically set, assign the Reporter as yourself.

2.6. In the Description and Environment fields provide the following
information:

A Version name

A Release Date

As all JIRA issues, each version has its own status. It can be one of the following:

Released — a bundled package

Unreleased — an open package

Archived — a semi-transparent package
e Overdue — the release date is highlighted

More details about version management may be found in [JIRA].

3.12.1.2 Components management

Every iteration consists of a set of components which mirrors the use cases. Therefore, each
component should be tracked on JIRA. A JIRA component is a set of issues of different kinds
related to each other for the same purpose. For instance, there may be an SFA component
on JIRA which would consist of issues related to it like new features, tasks, bugs etc. Tracking
components allow developers to focus on this part of software development while leaders
are kept updated about version progress.

To add a new component:
1. when you have a JIRA administrator role:

Go to the Administration top bar. On the lower left, the Components section is
displayed which consists of component list. Choose Add a new component — the
Add a component screen will be displayed. Put there a component name, its
description and the names of the persons who lead this component.

2. when you have a JIRA user role:
2.1. Create new issue

2.2. Set the issue type to: New Feature
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2.3. In the summary, write a sentence describing your goal i.e. Create new
component

2.4. Choose the component: Component requests
2.5. Ifitis not automatically set, assign the Reporter as yourself.

2.6. In the Description and Environment fields provide the following
information:

. Component name
. Release Date
. Short description

° Component Lead Person

More details about component managing may be found in [JIRA].

3.12.2 JIRA Issue description

JIRA is based on issue workflow that transits issue statutes and resolutions from one to
another. Within JIRA, issues may have many types like versions, components, new features,
tasks, bugs etc. A detailed list is available in [JIRA].

Every issue created in JIRA must include required information and may include additional
one. Required information is:

Project - related to the issue

Issue type - can be Documentation for deliverables, New feature for feature to
consider or develop, Task, Bug for software bugs and errors, Research and Tests

Summary — should be a short description of report content, may contain key words

Priority — trivial, minor, major, critical and blocker. The last two should be set up only
if they block a further development of other components from iteration or Project

Component — related to issue

Component version — a version which cover the issue — usually the next release
Description — a detailed description of an issue. If a bug is reported it should contain
the following information:

0 what was done to produce a Bug
0 what was expected
0 what was produced
0 the conditions for bug reproduction
Environment — exact circumstances and environment in which a bug was produced

Assignee — a person responsible for issue tracking. This may be change within an
issue life cycle

Reporter —a person reporting an issue

Some additional information that may be given while issue reporting are:

Original estimate — estimation of time to close an issue

CC: - people who must be informed about issue progress
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e Test procedures — either for a bug or new feature, test procedures may be given
e Tested by —if an issue was tested, a tester name should be specified

More details on how to create an issue is available in [JIRA].

3.12.3 JIRA Issue statuses

When a report about an issue is created in JIRA, the latter begins a lifecycle. Through this
cycle issue statuses may be distinguished as follows:

e Open —the first status assigned after an issue is created
e Inprogress —an issue is progressing, for instance a bug is being fixed

e Resolve — an issue is resolved by the assignee but it needs further work. For
instance, testing needs to be closed.

e Need info —to work over the issue, some additional info is needed to be given
e On hold —the work on this issue is held for some reasons

e Closed — the issue is closed. We propose that the Work Package or the Task leader
are the only persons who may close an issue

e Reopened — after the issue was closed new conditions occurred that lead to reopen
an issue

A good practice when using the various statuses is making comments that describe the
reason behind the change of a status.

3.12.4 JIRA Issue resolutions

Despite of a status, every issue has its own resolutions in its lifecycle. They can be combined
with statuses. Hence, one status may have more than one resolution in a life cycle time. Like
statuses, resolutions may be changed while the issue is being on track. JIRA supports the
following resolutions:

e Unresolved — should be the first resolution of an opened issue

e Fixed — this is given when the issue is fixed, however it not always may lead to close
an issue

e Duplicate — a similar or the same issue is currently on a track

e Incomplete — very often it is combined with reopened status

e Cannot Reproduce — an issue, often a bug, cannot be reproduced by an assignee
e Not a bug — it concerns on a wrong status of a bug

e Will not be fixed — for some reasons, the issue will not be fixed. These reasons must
be given in the resolution comment. It must not be combined with the critical or
higher issue priority

Like when using statuses, a good practice when using resolutions is to make comments that
describe the reasons behind a resolution change. To support this practice, JIRA allows
attaching either screenshots or log files to every issue.
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3.12.5 Creating a summary

JIRA provides mechanisms for creating summaries. The “roadmap” is one of them. For each
issue, component, iteration or project, a summary may be created that contains information
on the workload, the time to resolve the issue, the number of issues related to each
component, project by virtue of status and/or resolution and activity stream, etc. More
details about summaries may be found in [JIRA].
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4 NOVI’s EXPERIMENTATION ENVIRONMENT

To test and validate their software components, NOVI developers need a logically separated
and dedicated environment consisting of combined slices. Within WP4, specifically in Task
4.2 “Planning and Early Experimentations”, the experimentation environment has being
configured, operated and maintained. NOVI partners are able to request operational slices in
NOVI test-bed, i.e. the combined private PlanetLab/FEDERICA environment. This test-bed is
presented in Figure 21 below. It will be used throughout NOVI for the deployment, the
validation and the demonstration of NOVI’s research outcomes, i.e. the algorithms, methods
and tools within the NOVI Innovation Cloud.

The prototype of the federation between of the PlanetLab Europe and the FEDERICA
virtualized infrastructures will evolve in a phased approach. In the baseline scenario, the two
virtualized infrastructures are interconnected without the online involvement of NOVI's
Control &Management Plane, which is being developed within the scope of Work Package 3
and that will be reported in M18 Deliverable D3.3.

FEDERICA private PlanetLab

7x VMsfat PSNC 7x VMg at DFN

2x slivers at NTUA

at CESNET

7x VMs at CESNET 7x VMs at GARR

Figure 21: NOVitest-bed topology overview.

At the time of writing this document, two slices are created for NOVI partners: the slice
“NOVI” and the slice “NOVI-MONITORING”. Within the first slice, “NOVI” research on control
and management planes together with allocation and scheduling algorithms are evaluated.
As Figure 21 shows, slice “NOVI” is comprised of three FEDERICA core Points of Presence
(PoPs). These are located in PSNC, DFN, and GARR. They are interconnected with private
PlanetLab nodes via GRE tunnels. The private PlanetLab nodes are managed by a MyPLC
located at PSNC. The core PoP at PSNC is tunneled with five PlanetLab hosts, hosted by
PSNC. One PlanetLab host located at ELTE is interconnected with DFN’s core FEDERICA PoP.
Two PlanetLab hosts at NTUA are tunneled with GARR’s Core PoP. To isolate the “NOVI” slice
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from other slices using the same core PoPs, Logical Routers were created on the Juniper MX
routers in all three FEDERICA PoPs. The PlanetLab’s Control and Management software
(MyPLC) is deployed at PSNC, managing the private PlanetLab test-bed.

The second slice, “NOVI-MONITORING”, is devoted for validating NOVI’s monitoring
methods (active and passive) and their corresponding tools. Figure 22 presents and overview
of topology of this slice. We can see that as the slice “NOVI”, this slice is provided by three
FEDERICA core PoPs at PSNC, DFN, and GARR. Similarly, to isolate the monitoring slice from
other slices, Logical Router functionality is provided by all employed FEDERICA Juniper MX
routers. In addition, there is one FEDERICA Virtual Machine (VM) connected to each Logical
Router at each FEDERICA core PoP.

FEDERICA private PlanetLab

1x VM at PSNC 1x VMiat DFN

=1

1x sliver at PSNC MyPLC at PSNC

(&

Juniper MX480 Juniper| MX480 Lx sliver at EL

Logical Router Logical/Router
at PSNC

1x sliver at NTUA

1x VM at GARR

Figure 22: Slice “NOVI-MONITORING” topology overview.

Both slices are currently managed manually by NOVI’s test-bed administrators. A dedicated
mailing list has been created to include the persons assighed to the role of test-bed
administrator.

New slices can be requested by NOVI developers or existing ones can be updated or deleted.
Such slice operations are handled with the help of the Atlassian JIRA tool [JIRA]. More
specifically, each slice operation is registered as alJIRA issue, and automatically
communicated to the NOVI test-bed administrator mailing list. In the summary section of
the JIRA issue, developers need to specify what their request is about, e.g. create a slice to
test a new component, add more virtual resources to their existing slice, or add more NOVI
developers in their slice. The JIRA issue must be complimented with the detailed description
of the requirements of the experiment(s) that will be conducted within the slice under
consideration.

Issues may be logically grouped by components. In NOVI, we represent specific slices with
the JIRA components. There is also a special component devoted for the whole
experimentation environment called “Test-bed”. When the request concerns a maintenance
issue of the given slice the appropriate issue component has to be chosen. For instance,
when the slice “NOVI-MONITORING” monitoring is not working properly, the request must
indicate that the problem is connected with only this slice. Therefore, the “NOVI-
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MONITORING” component must only be chosen. On the other hand, when a new slice needs
to be created, the “Test-bed” component must be chosen. In general, issues concerning the
whole experimentation environment should be addressed to the “Test-bed” component.

Test-bedAdministrator starts
working on therequest

OPENED

Test-bed administrator
resolves the issue

IN PROGRESS

Test-bedAdministrator resolves

The resolution fulfils
the issue

Reporter’s request

Test-bedAdministrator starts
working on therequest RESOLVED

REOPENED CLOSED

The resolution does not fulfil
the Reporter’s request

Figure 23: Issue workflow in NOVI

Figure 23 depicts the overall issue workflow. The Reporter creates an issue. The issue is in
the “Opened” state. When NOVI test-bed administrators start working on this issue, its
status is changed to “In progress”. If the provided request needs some clarification, NOVI
test-bed administrators provide comments to the issue and the Reporter of the issue is
notified by e-mail. Next, Reporter will provide clarifications as comments to the original
issue. When the issue is finally solved (e.g. a new slice is created, or the monitoring service is
running properly, or new NOVI developers are added to the slice, etc.) the status of the issue
is changed to “Resolved”. The Reporter verifies whether the resolution fulfills his request
and closes the issue. If the resolution does not meet the Reporter’s expectations, then the
issue is “Reopened”.
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5 CONCLUSIONS AND FUTURE WORK

The development of software prototypes within the NOVI Innovation Cloud is a complex task
aiming at validating novel algorithms and mechanisms for federating Future Internet
virtualized infrastructures. This document presented the Software Developers Guidelines for
all planned software development activities within the project, within Tasks 2.1, 2.2, 3.1 and
3.2. To that end, it reviewed good practices that may be applicable for particular phases of
the overall software development lifecycle. The suggestion is to take advantage of well-
defined and flexible agile practices, which fit into the research-oriented nature of the NOVI
project. Functional requirements should be defined in the form of use cases. With the help
of usage scenarios, use cases are then transformed into sequence diagrams. These model
the behavior of the code. The document focused on guidelines for integration of the
components of the NOVI Innovation Cloud towards an overall working software prototype.

Following an experimentally-driven approach, adopted both by the EC FIRE and the NSF
GENI initiatives, the main objective of Task 4.1 of WP4 is to provide an experimentation-
driven software development framework that will enable the smooth integration of all
developed software components. We found out that the project should follow the concept
of the Enterprise Service Bus (ESB). We will further investigate this concept and plan to
follow a pragmatic approach, using sets of recommended tools capable of implementing the
ESB concept. These will be communicated to the development teams within Work Packages
2 and 3.

In the next period, the integration environment will be set up by WP4 for all developers.
Procedures on how to plug new software components into the NOVI integration framework
will be developed and announced.
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7 APPENDIX: SOFTWARE DEVELOPMENT SURVEY

1. Please provide the preference for programming languages

the most the least Rating
preferred preferred
Average
0.0% 0.0% 25.0% 8.3% 16.7% 8.3% 16.7%
0, 0,
Perl 16.7% (2) ©) ©) 3) ) @) ) @) 8.3% (1) 5.25
12.5% 25.0% 12.5% 12.5 0.0% 0.0% 25.0%
C# 0.0% (0) 1) @) 1) %(1) ©) ©) @) 12.5% (1) 5.25
8.3% 16.7% 0.0% 0.0% 0.0% 0.0% 8.3%
0, 0,
Java 66.7% (8) 1) @) ©) ©) ©) ©) 1y 00% (0) 2.00
25.0% 125% 12.5% 12.5 0.0% 125 25.0%
0, 0,
S 000 Ty Ty @ oww @ ww @ %0 488
30.0% 0.0% 20.0% 0.0% 0.0% 30.0 10.0%
0, 0,
Groovy 0.0% (0) @) ) @) ) 0 %@ 1) 10.0% (1) 5.20
10.0% 10.0% 0.0% 20.0 10.0% 10.0 10.0%
0, 0,
Python 30.0% (3) 1) 1) 0 %) ) 9%(1) 1) 0.0% (0) 3.90
45.5% 9.1% 9.1% 18.2 9.1% 9.1% 0.0%
0, 0,
C++ 0.0% (0) 5) 1) 1) %) 1) 1) 0) 0.0% (0) 3.64
0.0% 11.1% 22.2% 0.0% 33.3% 111 0.0%
0, 0,
C 11.1% (1) ©) 1) @) ©) 3 %) ©) 11.1% (1) 5.11
other
(provide
language
: 0.0%  40.0% 0.0% 20.0 0.0% 20.0 0.0%
tnhaeme in 0.0% (0) ) @) ©) %) ©) %) ©) 20.0% (1) 5.40
comment
below)
Other (please specify a programming language)
2. What modeling languages do you use?
Response Response
Percent Count
UML 78,6% 11
Other 21,4% 3
3. To what extent do you use UML and other modeling languages?
Response Response
Percent Count
conceptual level 71,4% 10
within the whole lifecycle 7,1% 1
Other 21,4% 3
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4. What types of diagrams do you use when you are modeling?
Response Response
Percent Count
Use case Diagram (UML) 64,3% 9
Class Diagram (UML) 64,3% 9
Sequence Diagram (UML) 64,3% 9
Other 28,6% 4
5. What key technologies related to making, design or execution of code require attention
in terms of best practices?
Response Response
Percent Count
Modeling 71,4% 10
database management 50,0% 7
code generation 64,3% 9
GUI creation 35,7% 5
Other 14,3% 2
6. Which IDEs do you use?
Response Response
Percent Count
Eclipse 78,6% 11
NetBeans 7,1% 1
Vim 28,6% 4
Visual Studio 14,3% 2
Other 14,3% 2
7. Do you want to use code signing?
Response Response
Percent Count
Yes 14,3% 2
No 85,7% 12
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8. For which operating systems the software created in the project should be portable to?
Response Response
Percent Count
Redhat 64,3% 9
Centos 57,1% 8
Debian 71,4% 10
Ubuntu 64,3% 9
Freebsd 14,3% 2
Windows 28,6% 4
Other 35,7% 5
9. Which specific packages you want to develop for the software?
Response Response
Percent Count
Deb 57,1% 8
Rpm 63,4% 9
Yum repositories 28,6% 4
Apt repositories 28,6% 4
CPAN style 14,3% 2
Source code packages 57,1% 8
Other 14,3% 2
10. Mark the software licenses that your development will use
Response Response
Percent Count
None 21,4% 3
Proprietary 0,0% 0
GPL 21,4% 3
LGPL 28,6% 4
BSD 42,9% 6
Apache 21,4 3
MPL 0,0% 0
Other 7,1% 1
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Person 1

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl

CH

Java X

Ruby

Groovy X

Python

C++

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML), Sequence Diagram (UML)

Other: Collaboration Diagram

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Database management, Code generation, GUI creation

6. Which IDEs do you use?

Eclipse

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian, Ubuntu
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9. Which specific packages you want to develop for the software?

Deb, Rpm

10. Mark the software licenses that your development will use

LGPL, BSD, Apache, CreativeCommons
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Person 2

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling

6. Which IDEs do you use?

Eclipse, Vim

7. Do you want to use code signing?

Yes

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian, Ubuntu

9. Which specific packages you want to develop for the software?
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Deb, Source code packages

10. Mark the software licenses that your development will use

GPL
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Person 3

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Database management, Code generation, GUI creation

6. Which IDEs do you use?

Eclipse

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Windows, Ubuntu

9. Which specific packages you want to develop for the software?
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Deb, Rpm, Yum repositories, Apt repositories

10. Mark the software licenses that your development will use

None
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Person 4

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Code generation

6. Which IDEs do you use?

Eclipse, Other: TextMate

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Debian, Ubuntu, Other: OS X

9. Which specific packages you want to develop for the software?
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Source code packages

10. Mark the software licenses that your development will use

BSD

Other: MIT
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Person 5

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other: X

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

within the whole lifecycle

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling

6. Which IDEs do you use?

Eclipse, Visual Studio

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian, Ubuntu, Free bsd, Windows, Other: MacOS X 10.6

9. Which specific packages you want to develop for the software?
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Deb, Rpm, yum repositories, apt repositories

10. Mark the software licenses that your development will use

LGPL, Apache
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Person 6

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH

Java X

Ruby

Groovy X

Python X

C++ X

Other: X

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Database management, Other: design patterns, test driven development

6. Which IDEs do you use?

Eclipse, Visual Studio

7. Do you want to use code signing?

Yes

8. For which operating systems the software created in the project should be portable to?

Other: Linux family

9. Which specific packages you want to develop for the software?
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Other: Anything

10. Mark the software licenses that your development will use

LGPL
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Person 7

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl

CH

Java X

Ruby

Groovy

Python

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling

6. Which IDEs do you use?

Eclipse, NetBeans

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Ubuntu

9. Which specific packages you want to develop for the software?
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Deb

Source code packages

10. Mark the software licenses that your development will use

GPL
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Person 8

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH

Java X

Ruby

Groovy

Python X

C++

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling

6. Which IDEs do you use?

Eclipse, Vim

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos

9. Which specific packages you want to develop for the software?
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Source code packages

10. Mark the software licenses that your development will use

GPL
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Person 9

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Database management, Code generation

6. Which IDEs do you use?

Eclipse

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Windows, Debian, Ubuntu

9. Which specific packages you want to develop for the software?
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Source code packages, Rpm

Other: Exe

10. Mark the software licenses that your development will use

None
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Person 10

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

Other: Not using language for modeling

3. To what extent do you use UML and other modeling languages?

Other: as | said, never

4. What types of diagrams do you use when you are modeling?

Other: Bubbles on a whiteboard

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Other: building&testings

6. Which IDEs do you use?

Other: Emacs

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos

Other: we're currently looking at scientific Linux as an alternative to centos
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9. Which specific packages you want to develop for the software?

Rpm

10. Mark the software licenses that your development will use

BSD
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Person 11

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++ X

Other:

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Use Case Diagrams (UML), Class Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Modeling, Database management

6. Which IDEs do you use?

Eclipse

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Debian, Ubuntu

9. Which specific packages you want to develop for the software?
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Source code packages, Rpm

10. Mark the software licenses that your development will use

None
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Person 12

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH X

Java X

Ruby X

Groovy X

Python X

C++

Other: X

2. What modeling language do you use?

uML

3. To what extent do you use UML and other modeling languages?

Conceptual level

4. What types of diagrams do you use when you are modeling?

Class Diagram (UML), Sequence Diagram (UML)

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Code generation, GUI creation

6. Which IDEs do you use?

Eclipse

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian, Ubuntu, FreeBSD, Windows

9. Which specific packages you want to develop for the software?
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Deb, Rpm, Source code packages

10. Mark the software licenses that your development will use

LGPL, BSD, Apache
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Person 13

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH

Java

Ruby

Groovy

Python

C++

Other: X
PHP

2. What modeling language do you use?

Other: N/A

3. To what extent do you use UML and other modeling languages?

Other: N/A

4. What types of diagrams do you use when you are modeling?

Other: N/A

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Testing, Database management, Code generation, GUI creation

6. Which IDEs do you use?

Vim

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian

9. Which specific packages you want to develop for the software?
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Deb, Rpm, Yum repositories, Apt repositories, CPAN style

10. Mark the software licenses that your development will use

BSD
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Person 14

1. Please provide the preference for programming languages

Language | The most preferable (1) 2 |3 |4 |5 |6 |7 |8 The last preferable (2)

Perl X

CH

Java

Ruby

Groovy

Python

C++ X

Other: X
PHP

2. What modeling language do you use?

Other: N/A

3. To what extent do you use UML and other modeling languages?

Other: N/A

4. What types of diagrams do you use when you are modeling?

Other: N/A

5. What key technologies related to making, design or execution of code require attention in terms
of best practices?

Database management, Code generation, GUI creation

6. Which IDEs do you use?

Vim

7. Do you want to use code signing?

No

8. For which operating systems the software created in the project should be portable to?

Redhat, Centos, Debian

9. Which specific packages you want to develop for the software?
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Deb, Rpm, yum repositories, Apt repositories, CPAN style

10. Mark the software licenses that your development will use

BSD
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