PROGRAMIRANJE ENERGIJSKO OMEJENIH NAPRAV

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet: Programiranje energijsko omejenih naprav
Course title: Programming of Energy-Constrained Devices
Clanica nosilka/UL UL FRI
Member:
Studijski programi in stopnja Studijska smer Letnik  Semestri Izbirnost
(ni Studijev)
Univerzitetna koda predmeta/University course code: = 0643451
Koda uéne enote na &lanici/ UL Member course code: = 63776

Predavanja Seminar Vaje Klini¢ne vaje Druge oblike = Samostojno ECTS

/Lectures /Seminar /Tutorials /Clinical studija delo

tutorials /Other forms /Individual
of study student work
45 15 15 105 6

Nosilec predmeta/Lecturer: Veljko Pejovié

Vista predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za opravljanje
Studijskih obveznosti:
Vpis v letnik.

Vsebina:

Na desetine milijard naprav interneta stvari (IoT)

skupaj s priblizno enim pametnim telefonom na

vsakega prebivalca tega planeta obljubljajo izpolnitev
vizije racunalnistva, ki ga lahko izvajamo kadarkoli in
kjerkoli. Ti rac¢unalniki Ze zagotavljajo storitve na

podrodjih, ki segajo od zdravstva, prek upravljanja s

pametnimi domovi, do kmetijstva. Mobilne naprave

in naprave IoT kljub svoji raznolikosti odlikuje
skupna zmacilnost — napajajo se preko bateri
omejenih kapacitet. Posledi¢no je ucinkovito
upravljanje z viri klju¢nega pomena.

V tem predmetu pokrivamo temelje trajnostnega

mobilnega in IoT rac¢unalni$tva. Konkretno:

*  Predstavimo elektricne mehanizme, ki
povzrocajo disipacijo energije, nato pa se
naucimo, kako oceniti porabo energije tako
celotnih sistemov kot posebnih komponent v
okviru naprav loT.

Predavanja/Lectures:

izbirni-strokovni/elective-vocational

Anglescina, Slovenscina
Anglescina, Slovenscina

Prerequisites:

Enrollment in the study year.

Content (Syllabus outline):

Tens of billions of Internet of Things (IoT) devices

together with roughly one smartphone per each

inhabitant of this planet promise to fulfil the vision of
anytime-anywhere computing. These computers
already provide indispensable services in areas
reaching from personal health, over smart home
management, to precision agriculture. Despite their
diversity, mobile and IoT devices are almost all
characterised by a common trait - they are powered
through small-capacity batteries. Consequently,
resource-efficient operation is crucial.

In this course we cover the foundations of

sustainable mobile and IoT computing. More

specifically, we:

* Introduce the electrical mechanisms that cause
power to be dissipated, and then learn how to
assess power consumption of both whole
systems and specific components of 10T devices.




e  Predstavimo razlicne tehnike za var¢no
racunalni$tvo na ravni operacijskega sistema in
aplikacij.

*  Predstavimo prilagoditev delovnega cikla in
hierarhi¢no aktiviranje senzorjev za ucinkovito
uporabo energije baterije pri vzoréenju senzotjev,
ene izmed najbolj zahtevnih nalogah naprav IoT.

¢ Pregledamo brezzi¢no komunikacijo in
predstavimo nacine za zmanjsanje porabe
energije z obcasno povezljivostjo in prilagajanjem
hitrosti prenosa.

*  Predstavimo osnove upravljanja z energijo v
mobilnih sistemih.

*  Na primeru Androida, najbolj priljubljenega
mobilnega operacijskega sistema na svetu,
preucimo ucinkovito paketno obdelavo opravil v
ozadju.

¢ Izvedemo prakti¢ni projekt na Androidu, ki
$tudente seznani s sodobnim ogrodjem za
ucinkovito mobilno zaznavanje in razporejanje
racunalniskih nalog na napravi.

*  Raziskujemo cloveske vidike uporabe mobilnega
telefona in nacine zaznavanja vpletenosti
uporabnika, da bi preprecili zapravljanje virov v
mobilnem rac¢unalni$tvu.

*  Predstavimo pregled najsodobnejsih tehnik
pribliznega mobilnega racunalnistva, paradigme,
ki omogoca nadzorovano zmanjsanje natan¢nosti
rac¢unanja, Ce rezultat, dosezen s takim
racunanjem, ostane sprejemljiv za konc¢nega
uporabnika.

Temeljna literatura in viri/Readings:

*  Present different techniques for resource-
efficient computing at the level of operating
system and applications.

*  Discuss adaptive duty cycling and hierarchical
sensor activation for judicious use of battery
energy in sensing, one of the most resource-
demanding affordances of IoT devices.

* Discuss wireless communication and present
means of reducing energy consumption through
intermittent connectivity and transmission rate
adaptation.

*  Present the basics of energy management in
mobile systems.

*  On the example of Android, the most popular
mobile OS in the wotld, we demonstrate
batching for resource-efficient background task
processing.

*  Conduct a practical Android project that
introduces students to a modern framework for
resource efficient mobile sensing and task
scheduling.

* Investigate human aspects of mobile usage and
means of detecting a uset's involvement in order
to prevent resource wastage in mobile
computing.

*  Present an overview of the cutting-edge
techniques in approximate mobile computing, a
paradigm that allows a controlled reduction of
computation accuracy, if the result achieved
through such computation remains acceptable by
the end user.
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Cilji in kompetence:

Cili predmeta so:

Cilj predmeta je seznaniti Studente s trajnostjo kot

pomembnim vidikom sodobnega mobilnega in IoT

rac¢unalnidtva.

Splosne kompetence:

*  Sposobnost nadgradnje predhodno pridobljenega
znanja.

Objectives and competences:

The goals and core skills of the module are to:

The aim of the course is to familiarise students with

sustainability as an important aspect of modern

mobile and IoT computing.

General competences:

*  Ability to upgrade previously acquired
knowledge.



*  Razviti sposobnosti kriticnega, analiticnega in
sinteticnega misljenja.

*  Sposobnost prepoznavanja in ocenjevanja izzivov
pri oblikovanju in izgradnji racunalniskih resitev.

*  Sposobnost uporabe pridobljenega znanja na
prakti¢nih problemih.

*  Razviti vescine, povezane z razumevanjem
specifikacije naloge, sledenjem navodilom in
prikazom samostojnega dela na podrocju
racunalnistva.

Predmetno-specifi¢ne kompetence:

*  Sposobnost razumevanja medsebojnega
delovanja med kibernetskimi, fizi¢nimi in
cloveskimi vidiki racunalniskih sistemov.

*  Sposobnost kriticne analize kompromisa med
uporabo virov in zmogljivostjo v IoT in
mobilnem rac¢unalni§tvu.

e Prakticna znanja in vescine, povezane z razvojem
ucinkovitih mobilnih in IoT racunalniskih resitev.

Predvideni Studijski rezultati:

Po uspesno zaklju¢enem predmetu bodo Studenti

Zmozni:

*  Identificirati ustrezna orodja in z njimi izmeriti
porabo energije IoT sistemov in komponent v
laboratorijskem okolju.

e Nasteti in opisati tehnike varcevanja z energijo na
ravni operacijskega sistema in aplikacije v IoT
racunalni$tvu.

*  Opisati kako vzorcenje senzotjev vpliva na
porabo energije in navesti tehnike za vzorcenje z
zmanj$ano porabo energije.

e Navesti klju¢ne postulate oblikovanja sodobnih
mobilnih operacijskih sistemov, ki vodijo k
energijsko var¢nemu delovanju.

¢ Implementirati mobilno racunalnisko resitev, ki
izkoris¢a najboljSe prakse pri obdelavi nalog v
ozadju.

*  Oceniti kompromise pri uporabi razliénih metod
za ucinkovito rabo virov v mobilnem in IoT
rac¢unalnistvu.

*  Razumeti ¢lovesko vedenje kot dejavnik, ki vpliva
na porabo energije, in razviti u¢inkovite
racunalniske resitve, ki ocenjujejo in upostevajo
vedenje konc¢nega uporabnika.

Metode poucevanja in u€enja:
Predavanja, prakticne vaje in demonstracije, projektni
nacin dela pri seminatjih in vajah.

*  Develop skills in critical, analytical and synthetic
thinking.

*  Ability to recognise and assess challenges in
designing and building computing solutions.

*  Ability to apply the obtained knowledge on
practical problems.

*  Develop skills related to understanding a task
specification, following instructions, and
demonstrating individual work in the domain of
computing.

Subject-specific competences:

*  Ability to understand the interplay between the
cybet, the physical, and the human aspects of
computing systems.

*  Ability to critically analyse the trade-off between
resource usage and performance in IoT and
mobile computing.

*  Practical knowledge and skills related to building
resource-efficient solutions in mobile and IoT
domains.

Intended learning outcomes:

After successful completion of the module, the

participants will be able to:

*  Identify the appropriate tools and measure
energy consumption of IoT systems and
components in a laboratory environment

» List and describe power saving techniques on the
level of operating system and application in IoT
computing.

*  Describe how sensor sampling impacts energy
consumption and list techniques for reduced-
power sampling.

*  State the key postulates of modern mobile
operating system design that lead to energy-
efficient operation.

* Implement a mobile computing solution that
harnesses best practices in background task
processing.

*  Evaluate trade-offs when using different methods
for resource efficiency in mobile and IoT
computing

*  Acknowledge human behaviour as a factor
impacting energy usage and develop resource
efficient computing solutions that assess and take
into account the behaviour of an end user.

Learning and teaching methods:
Lectures, lab work, home assignments, project work.

Nacini ocenjevanja: DeleZ/Weight Assessment:

Nacin (pisni izpit, ustno izprasevanje, Type (examination, oral,

naloge, projekt) coursework,project)

Sprotno preverjanje (domace naloge, 50,00 % Continuous (home assignments, project

projektno delo)

work)



Konc¢no preverjanje (pisni izpit) 25,00 % Final (written exam)

Koncno preverjanje (ustni izpit) 25,00 % Final (oral exam)

Ocene: 6-10 pozitivno, 5 negativno (v skladu Scale: 6-10 pass, 5 and below fail (According

s Statutom UL) to the rules and ordnances of the University
of Ljubljana)
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