FE3SCWS

GEFP 2019
SUMMER

SCHOOL
TEACHING
MATERIAL

Intellectual output 4 of the
ERASMUS+ project 2017-1-SK01-
KA203-035402




Some words about the

CONTENTS

¢ 10 topics related to software
composition, comprehension and
correctness

e 20 authors from 7 European
universities from Croatia, Hungary,
Netherlands, Portugal and
Slovakia

¢ Available in 7 languages: English,
Hungarian, Slovak, Croatian,
Romanian, Bulgarian and
Portuguese

Co-funded by the
Erasmus+ Programme
of the European Union

The Central European Functional Programming (CEFP) Summer
School is the second intensive programme for higher education
learners and teaching staff extending the community of the Central
European Functional Programming (CEFP) summer school in the
frame of the ERASMUS+ project No. 2017-1-SK01-KA203-035402
“Focusing Education on Composability, Comprehensibility and
Correctness of Working Software” that was held between 17 and
21 June 2019.

The included material was created and presented in the frame of
the above mentioned project. This publication is the print-

formatted version of the intellectual output O4 of the project.

© European Union, 2017-2019

The information and views set out in this publication are those of
the author(s) and do not necessarily reflect the official opinion of
the European Union. Neither the European Union institutions and
bodies nor any person acting on their behalf may be held
responsible for the use which may be made of the information

contained therein.



TABLE OF CONTENTS

1. Visual Prototyping using Task Oriented Programming
2. Task Oriented Programming for the Internet of Things

3. Paint your Programs Green - On the Energy Efficiency

of Data Structure Implementations
4. Green Software in an Engineering Course
5. Software Application Energy Profiling for Java Projects
6. Development of Correct Software with B-Method

7. Programming of Advanced Management and
Orchestration of Virtualised Network Resources -

Selection of Case Studies
8. Code Comprehension with Advanced Tool Support

9. Functional Array Programming with Single Assignment

C: Opportunities and Challenges

10. Balanced Distributed Computation Patterns




In this course we will create applications using a visual assistant for Task Oriented Programming (TOP). TOP is a novel
programming paradigm developers can use to quickly prototype multi-user web applications. The central way of modelling
applications in TOP is by creating Tasks. Tasks represent pieces of real world work that can be performed by people or by

systems. Using a handful of operations, they can be combined into bigger and more powerful Tasks.

We will explore the basic concepts of TOP by studying some example applications, while showing how to model them using
Tasks in a visual development environment. The visual environment guides developers during the modelling process. The
tool only presents sane ways to create and expand Tasks, and gives hints how to solve type and scoping errors. This results in

correct and compilable program code.

Students are encouraged to extend the example applications in a hands on session. Our visual approach does only require

basic knowledge on programming and data types. The introduction on TOP and its modelling principles are a prerequisite

on the course on mTasks.



The Internet of Things (loT) consists of devices that sense, act, and communicate with other systems on the internet. Typical
requirements for loT devices are that they must be cheap and consume little energy. This is achieved by driving the loT
devices by small microprocessors with tiny amounts of memory and processing power. Most of these systems have no

proper operating system and just run a specific program to execute the intended task.

This makes programming of the loT very challenging. The single program running on such a device must interleave all
subtasks, like monitoring inputs, controlling the peripherals and communication. Various devices that cooperate have to

agree on the protocol used and have to solve the notorious concurrent programming problems.

In this lecture we will give a hands-on introduction to Task Oriented Programming (TOP) for the 10T. In our TOP approach the
communication between devices and their servers is handled transparently by the mTask system. The entire system is
programmed in a single high-level functional program. For each subtask of the system we define a corresponding mTask.
These subtasks can be composed by task combinators to more powerful tasks. These tasks can inspect intermediated values
of other subtasks as well as communicate with any other task in the system via Shared Data Sources (SDS). Subtasks for an
loT device are dynamically shipped to the device and interpreted there. The strong type system prevents runtime type

problems. This TOP approach greatly simplifies the development of software for the loT.
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PAINT YOUR PROGRAMS GREEN - ON
THE ENERGY EFFIGIENGY OF DATA
STRUCTURE IMPLEMENTATIONS

Energy-efficiency has been a concern for both hardware and low-level software engineers for years [1], [2], [3]. However, the
growing worldwide movement towards sustainability, including sustainability in software [4], combined with the systemic
nature of energy efficiency as a quality attribute have motivated the study of the energy impact of application software in
execution. This tendency has led researchers to evaluate existing techniques, tools, and languages for application
development from an energy-centric perspective. Recent work has studied the effect that factors such as code obfuscation
[5], Android API calls [6], object-oriented code refactorings [7], constructs for concurrent execution [8], and data types [?]
have on energy efficiency. Analyzing the impact of different factors on energy is important for software developers and

maintainers.



Collections

EnumSet
StandardSet
UnbalancedSet
LazyPairingHeap
LeftistHeap
MinHeap
SkewHeap
SplayHeap

iters

1000

1000
5000

10000
10
5000
10

Associative Collections

AssocList
PatriciaLoMap
StandardMap

TernaryTrie

operation

add
addAll
clear
contains
containsAll
iterator
remove
removeAll
toArray
retainAll

base

100000
100000
100000
100000
100000
100000
100000
100000
100000
100000

Sequences

BankersQueue
SimpleQueue
BinaryRandList
JoinList
RandList
BraunSeq
FingerSeq
ListSeq
RevSeq
SizedSeq
MyersStack

aux

100000
1000
n.a.

1
1000
n.a.

1
1000
n.a.
1000

In this tutorial we analyze and compare the energy
efficiency of different implementations for concrete data
abstractions such as Sequences, Sets or Associative
Collections. For each implementation, we inspect how
operations such as adding, deleting or searching for
elements handle different workloads. The subjects of our
study are a functional programming language [10,11] and

an object-oriented one [13,14].

In a functional setting, we have compared the
implementations presented in Figure 1, namely using the

operations presented in Figure 2.

In the object oriented realm, we have analyzed the
implementations presented in Figure 3, namely using the

operations presented in Figure 4.

Our goal is to provide developers actionable information
that has already been integrated in supporting tools, and
that can steer green software construction. We were able
to show that the same operation made available in
different implementations can differ significantly in terms
of both runtime and energy consumption. As an example,
in Figure 5 we depict the results of the remove operation
for the Sequences abstraction implementations available

in Haskell's Edison Library.



Sets Lists Maps
ConcurrentSkipListSet Arraylist ConcurrentHashMap
CopyOnWriteArraySet AttributelList ConcurrentSkipListMap

HashSet CopyOnWriteArrayList HashMap
LinkedHashSet LinkedList Hashtable
TreeSet RoleList IdentityHashMap
RoleUnresolvedList LinkedHashMap
Stack Properties
Vector SimpleBindings
TreeMap
UlDefaults
WeakHashMap
Sets Lists Maps
add add clear
addAll addAll containsKey
clear add(index) containsValue
contains addAll(index) entrySet
containsAll clear get
iterateAll contains iterateAll
iterator containsAll keySet
remove get put
removeAll indexOf putAll
retainAll iterator remove
toArray lastindexOf values

listlterator
listiterator(index)
remove
removeAll
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Sustainable development has become an increasingly important theme not only in the world politics, but also an increasingly
central theme for the engineering professions around the world. Software engineers are no exception as shown in various
recent research studies. Despite the intensive research on green software, today’s undergraduate computing education often
fails to address our environmental responsibility. We present a module on green software that we introduced as part of an
advanced course on software engineering. We introduce a catalogue of energy smells and green refactorings, which our

preliminary results show that do help students in reason and optimizing the energy consumption of software systems.
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This tutorial addresses the energy efficiency of software applications implemented in Java programming language. The first
part describes the current state of the art in energy profiling as well as options for displaying energy consumption of
segments of the source code. Next, a custom code analysis method for displaying information is presented addressing the
processor, operating memory, and hard disk. After this analysis, a short introduction to the implemented Java application
follows. In order to demonstrate the practical use of the application, several test solutions are created, where we measured
the energy consumption. With each example, we put emphasis on solving one problem with at least two solutions to

determine which implementation has lower energy intensity. The results of the examples are also part of this tutorial.



Boolean vs. boolean (billion times)

Type AVG exec |AVG CPU AVG RAMIAVG HDD [Test count
(s) NRG (W) [NRG (W) INRG (W)

LLTI[FT,80,49900 6,31915 0,00087 n/a 10000

1T [-F1,10,49879 6,26819 0,00071 n/a 10000

Double vs. double (billion times)

Data types boolean vs Boolean
boolean g = false;
for (long i = @ ; i<1000000000;i++){
g = true;
b

Boolean h = false;

for (long i = 0 ; i<1000000000;i++){
h = true;

}

Type AVG exec |AVG CPU AVG RAMAVG HDD |Test count
(s) NRG (W) [NRG (W) INRG (W)

LT -0 ,01489 6,1848I 0,00096 n/a

DLV 113 566532 7,41853 0,01001 n/a 9294



STRING CREATOR - StringBuilder vs. StringBuffer

StringBuilder test = new StringBuilder();

for(long i=0;i<=20000000;i++) { //100M Java heap space
test.append(i);

}

StringBuffer stringBuffer = new StringBuffer();
for(int i=0;1i<=20000000;i++) {
stringBuffer.append(i);

b
STRING CREATOR -- += vs. concat
String testString = "";

for(long i=0;i<=50000;i++){
testString = testString.concat(String.value0f(1i));
testString += String.valueOf(1i);

sorting.bubbleSort();
sorting.selectionSort();
sorting.insertionSort();
sorting.quickSort();
sorting.mergeSort();
sorting.heapSort();

matrixMultiplication.strassenAlgMultiplication();
matrixMultiplication.classicalMultiplication();

hashGenerator.md5();
hashGenerator.shal();
hashGenerator.sha256();
hashGenerator.sha384();
hashGenerator.sha512();

TreeMap vs HashMap vs LinkedHashMap 10;

TreeMap<Integer, Integer> treeMap = new TreeMap<>();
HashMap<Integer,Integer> hashMap = new HashMap<>();
LinkedHashMap<Integer, Integer> linkedHashMap = new LinkedHashMap<>();

for (int i = 0; i < 5000000; i++) {
treeMap.put(i, v: i+ 1);
linkedHashMap.put(i, v: i + 1);
hashMap.put(i, v: i + 1);




[1] D. Li, W. G. J. Halfond, An investigation into energy-saving programming practices for android smartphone app
development, in Proc. of the 3rd International Workshop on Green and Sustainable Software, GREENS 2014, ACM, 2014, pp.
46-53.

[2] D. Li, Y. Jin, C. Sahin, J. Clause, W. G. J. Halfond: Integrated energy-directed test suite optimization, in Proc. of the 2014
International Symposium on Software Testing and Analysis, ISSTA 2014, ACM, 2014, pp. 339-350.

[3] M. Santos, J. Saraiva, Z. Porkolab, D. Krupp: Energy Consumption Measurement of C/C++ Programs Using Clang Tooling,
in Proceedings of the SQAMIA 2017: 6th Workshop of Software Quality, Analysis, Monitoring, Improvement, and Appli-
cations, Z. Budimac, ed., Belgrade, Serbia, 11-13.9.2017, Paper No. 15, 8 pages, also published online by CEUR Workshop
Proceedings No. 1938 ISSN 1613-0073.

[4] J.Saraiva, M.Couto, Cs.Szabo, D.Novak: Towards Energy-Aware Coding Practices for Android, Acta Electrotechnica et
Informatica, Vol. 18, No. 1, 2018, pp. 19-25. https://doi.org/10.15546/aeei-2018-0003

[5] Cs. Szabo, E.M.M. Alzeyani: Measuring Energy Efficiency of Selected Working Software, Studia Universitatis Babe s-Bolyai
Informatica, Vol. 63, No. 1, 2018, pp. 5-16. https://doi.org/10.24193/subbi.2018.1.01

[6] Cs. Szabo, J. Saraiva: Focusing software engineering education on green application development, in Conference of
Information Technology and Development of Education - ITRO 2017, Novi Sad, Serbia, pp. 165-169, ISBN
978-86-7672-302-7.



One of the well-recognized approaches to the
development of correct software systems is the utilization
of formal methods (FM) for their specification and
verification. FM are rigorous mathematically based
techniques for the specification, analysis, development and
verification of software and hardware. Rigorous means that
a formal method provides a formal language with
unambiguously defined syntax and semantics and

mathematically based means that some mathematical

apparatus (formal logic, set theory, etc.) is used to define

the language.

One of the FM used in industrial practice is B-
Method[1,2,3,4], a state based, model-oriented formal
method intended for software development. B-Method is
primarily used in the railway sector, for the safety-critical
software behind automated urban metro subway systems
(including the one in Budapest). The strength of B-Method
lies in a well-defined development process, which allows to
specify a software system as a collection of components
called B-machines and to refine such an abstract
specification to a concrete one. The concrete specification
can be automatically translated to ADA, C or another
programming language. An internal consistency of the
abstract specification and correctness of each refinement
step are verified by proving a set of predicates called proof
obligations (PObs). The whole development process,
including proving, is supported by an industrial-strength

software tool called Atelier B[5].

This tutorial serves as a gentle, practical, introduction to B-
Method. During the tutorial, the participants will develop a
simple software controller for a railway scenario. They will
be able to run the scenario with the controller in a toolset

containing corresponding simulation game.
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This tutorial serves as a gentle, practical, introduction to B-
Method. During the tutorial, the participants will develop a
simple software controller for a railway scenario. They will be
able to run the scenario with the controller in the Train Director/
TS2JavaConn (TD/TS2JC) toolset [6,7]. The toolset consists of a
modified version of the Train Director [8] (Fig. 1) simulation
game and an application called TS2JavaConn (Fig. 2), which
allows using separately developed software controllers with the
simulation game. With the ambition of using the toolset for
controller prototyping it has been later [9] extended by a

customized version of the Open Rails [10] 3D train simulator.

el

After an introduction to the B-Method, the participants of the
course are given a controller for a single-track railway scenario
with two sections (Fig.3). The controller is written in the
language of B-Method. During the course, they develop and

verify a controller for a single-track railway scenario with three

sections (Fig. 4).

el

sig0. sig2

e e
- -
sigl] sig3



Listing 1. The controller for the railway scenario with two OPERATIONS

sections, written in the language of B-Method ss <-- getSig_sig0 = BEGIN ssi=sig0 END:
MACHINE routeZsec ss <-- getSig_sig1 = BEGIN ss:=sig1 END;
SETS ss <-- getEntry_e0 = BEGIN ss:=e0 END;
PROP_SIGNAL={green, red}; ss <-- getEntry_e1 = BEGIN ss:=e1 END;
PROP_SECTION={free,occup} reqGreen_e0 = IF sig1=red & e0_sig1=free THEN e0:=green END,;
CONCRETE_VARIABLES reqGreen_e1 = IF sig0 = red & sig0_e1 = free THEN e1:=green END;
e0, e1, sig0, sig1, e0_sig1, sig0_e1 reqGreen_sig0 = IF e1=red & sig0_e 1= free THEN sig0:=green END;
INVARIANT reqGreen_sig1 = IF e0 = red & e0_sig1 = free THEN sig1:=green END;
e0:PROP_SIGNAL & e1:PROP_SIGNAL & sig0:PROP_SIGNAL & sig1:PROP_SIGNAL enterNI_e0_sig1 = BEGIN e0_sig1:=occup || €0:=red || sig1:=red END;
&

enterlN_sig0_e1 = BEGIN sig0_e1:=occup || sig0:=red || e1:=red END;

e0_sig1:PROP_SECTION & sig0_e1:PROP_SECTION &
enterNI_e1_sig0 = BEGIN sig0_e1:=occup || sig0:=red || e1:=red END;

(e0=green => sig1=red) & (sig1=green => eO=red) &
enterIN_sig1_e0 = BEGIN e0_sig1:=occup || €0:=red || sig1:=red END;

(e1=green => sig0=red) & (sig0=green => el1=red) &
leaveNI_e0_sig1 = BEGIN e0_sig1:=free END;

(e0=green =>e0_sigl1=free) & (sig1=green => e0_sig1=free) &
leavelN_sig0_e1 = BEGIN sig0_e1:=free END;

(e1=green =>sig0_el1=free) & (sig0=green => sig0_e1=free)
leaveNI_e1_sig0 = BEGIN sig0_e1:=free END;

leavelN_sig1_e0 = BEGIN e0_sig1:=free END

INITIALISATION
END

eO:=red || el:=red || sig0:=red||sigl:=red| e0_sigl:=free | sig0_el:=free
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PROGRAMMING OF ADVANGED
MANAGEMENT AND ORCHESTRATION
OF VIRTUALISED NETWORK
RESOURGES - SELECTION OF CASE

STUDIES

New management and orchestration (MANQO) functions are standardised for use in distributed and virtualised network

environments. Their main role is to provide safe and reliable operation of applications using network functions. Therefore, as
continuation of our previous lecture where we provide basic concepts, here in this lecture we will provide a selection of case
studies where these functions are implemented and explain the advanced mechanisms behind and simplicity of their

application.



[1] ETSI Industry Specification Group (ISG) NFV: ETSI GS NFV- MAN 001 v1.1.1: Network Functions Virtualisation (NFV);
Management and Orchestration European Telecommunications Standards Institute (ETSI), 2014, https://www.etsi.org/
deliver/etsi_gs/NFV- MAN/001_099/001/01.01.01 60/gs_NFV-MANO001v010101p.pdf, accessed July 1,2018

[2] Han, B., Gopalakrishnan, V., Ji, L., Lee, S.: Network function virtualization: Challenges and opportunities for innovations.
IEEE Communications Magazine 53(2), 90-97 (2015)

[3] OpenStack Cloud Software. OpenStack Foundation (2018), www.openstack.org, accessed July 1, 2018



CODE COMPREHENSION WITH
ADVANGED TOOL SUPPORT

In this tutorial we will introduce the state of the art code comprehension tools to the students. We will give a theoretical
foundation for code comprehension, navigation and code visualisation methods and approaches to apply them in practical
software development. In the practice session we will demonstrate how to set up a specific toolset: CodeCompass with
incremental parsing, Visual Studio Code as front-end tool and the usage of the Language Server Protocol. We will parse an

open source library and find and fix a specific bug in it using the toolset.
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Code Comprehension. 2015 IEEE 3rd Working Conference
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Proceedings of the Sixth Workshop on Software Quality
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Momentum to Explain Dis- orientation in the Eclipse IDE.
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Computing, pp. 51-54, 2006.



FUNCTIONAL ARRAY PROGRAMMING
WITH SINGLE ASSIGNMENT C:
OPPORTUNITIES AND CHALLENGES

SAC (Single Assignment C) is in several aspects a functional programming language out of the ordinary. As the name
suggests, SAC combines a C-like syntax (with lots of curly brackets) with a state-free, purely functional semantics. Originally
motivated to ease adoption by programmers with an imperative background, the choice offers surprising insights into what
constitutes a "typical" functional or a "typical" imperative programming language construct. Again on the exotic side for a
functional language, SAC emphasises multi-dimensional arrays, instead of lists and trees. Array programming treats multi-
dimensional arrays in a holistic way: functions map potentially huge argument arrays to result arrays with a call-by-value
semantics, and new array operations are defined by composition of existing ones. SAC is a high-productivity language for

application domains that deal with large collections of data in a computationally intensive way.



At the same time SAC also is a high performance language competing with low-level imperative languages through
compilation technology. The abstract view on arrays combined with the functional semantics support far-reaching program
transformations. A highly optimised runtime system takes care of automatic memory management with a focus on immediate
memory reuse. Last not least, the SAC compiler exploits the state-free semantics of SAC and the data-parallel nature of SAC

programs for fully compiler-directed acceleration on a large variety of contemporary machine architectures, from multi-core

servers to GPGPU accelerators and clusters of workstations.

The lectures motivate the language design of SAC and provide a hands-on introduction to array programming as a
paradigm. We look into all aspects from the underlying array calculus to the concrete language design with imperative-
looking functional code, discuss a multitude of examples, explore compilation challenges and eventually see some

performance results on various parallel computing architectures.



The state-of-the-art concurrent software development made extensive usage of various methodologies and approaches to
obtain high speed up. However, parallelism remains one of the most difficult domains especially in the case of pattern based
programming approaches. The main purpose is to explore parallel computation schemes in a new environment, to illustrate
the appropriateness and applicability in novel distributed computation setups. The amount of parallelism is explored based

on many factors such as: applied computation pattern refined granularity, semantics of distributed nodes, data streaming,

and especially load balancing.
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