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Errata

Modification of gl.inet board for communication with peripheral

Ak je potrebné, autor na tomto mieste opravi chyby, ktoré nasiel po vytlaceni
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Abstract

Text abstraktu v svetovom jazyku je potrebny pre integraciu do medzinarod-
nych informacnych systémov. Ak nie je mozné cudzojazyénu verziu abstraktu
umiestnit na jednej strane so slovenskym abstraktom, je potrebné umiestnit ju
na samostatni stranu (cudzojazycény abstrakt nemozno delit a uvadzat na dvoch
strabach).

Keywords

Optimization, thesis, writing

Abstrakt

Abstrakt je povinnou stucastou kazdej prace. Je vystiznou charakteristikou
obsahu dokumentu. Nevyjadruje hodnotiace stanovisko autora. Ma byt taky in-
formativny, ako to povoluje podstata prace. Text abstraktu sa pise ako jeden
odstavec. Abstrakt neobsahuje odkazy na samotny text prace. Mal by maf rozsah
250 az 500 slov. Pri stylizacii sa pouzivaju celé vety, slovesa v ¢innom rode a
tretej osobe. Pouziva sa odborna terminologia, menej zvycajné terminy, skratky a

symboly sa pri prvom vyskyte v texte definuju.

KTItcové slova

Optimalizacia, zaverecna praca, pisanie



Assign Thesis

Namiesto tejto strany vlozte naskenované zadanie tlohy. Odportc¢ame skenovat
s rozlisenim 200 az 300 dpi, ¢ierno-bielo! V jednej vytlacenej ZP musi byt vlozeny

origindl zadavacieho listu!
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Preface

Predhovor (Preface) je povinnou nélezitostou zaverecnej prace, pozri V pred-
hovore autor uvedie zakladné charakteristiky svojej zaverecnej prace a okolnosti jej
vzniku. Vysvetli dévody, ktoré ho viedli k volbe témy, ciel a 1cel prace a strucne

informuje o hlavnych metédach, ktoré pri spracovani zaverecnej prace pouzil.
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List of Terms

Ethernet is a family of computer networking technologies for local area networks
(LANs) and metropolitan area networks (MANs). it’s standars is IEEE
802.3.

Firmware is "the combination of a hardware device, e.g. an integrated circuit,
and computer instructions and data that reside as read only software on that
device". As a result, firmware usually cannot be modified during normal

operation of the device.

Flash (memory) is an electronic non-volatile computer storage medium that can
be electrically erased and reprogrammed. Flash memory was developed from

EEPROM (electrically erasable programmable read-only memory).

Linux is a Unix-like and mostly POSIX-compliant computer operating system
assembled under the model of free and open-source software development

and distribution.

Router is a networking device that forwards data packets between computer net-
works. A router is connected to two or more data lines from different net-

works.

System is a set of interacting or interdependent components forming an inte-
grated whole, observing properties not obtainable with individual compo-

nents.
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1 Embedded systems

An embedded system is some combination of computer hardware and soft-
ware, either fixed in capability or programmable, that is specifically designed for
a particular function [3]. Industrial machines, automobiles, medical equipment,
cameras, household appliances, airplanes, vending machines and toys (as well as
the more obvious cellular phone and PDA) are among the myriad possible hosts
of an embedded system. Embedded systems that are programmable are provided
with programming interfaces, and embedded systems programming is a specialized

occupation.

1.1 Processing units

The term embedded system is quite broad, so there is no surprise that the
spectrum of used processing units is also wide. Since the general purpose micro-
processors require external components, namely memories and peripherals, they
tend to consume extra power and a board space. Since the design limitations
of an embedded systems are most of the time low physical size, low power con-
sumption and/or long uptime and ruggedness (more components mean more parts
could fail), microprocessors are seldom used. However, most of the commonly
used architectures and word lengths are covered. Due to aforementioned reasons,

microcontrollers are favored over microprocessors.

1.2 System-on-chip

Today’s state of chip integration allows production costs of a complex system
on chip devices to be relatively low, thus making very SoCs attractive choice for
embedded systems. Soc could be described as an integrated circuit (IC) that inte-
grates all components of a computer or other electronic system into a single chip.
It may contain digital, analog, mixed-signal, and often radio-frequency functions -
all on a single chip substrate [2]. SoCs are very common in the mobile electronics

market because of their low power consumption.
A typical SoC consists of (specific block diagram can be seen on 2—1)):

e a microcontroller, microprocessor or digital signal processor (DSP) core(s)
e memory blocks including a selection of ROM, RAM, EEPROM and Flash

e timing sources including oscillators and phase-locked loops
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e peripherals including counter-timers, real-time timers and power-on reset

generators

e external interfaces, including industry standards such as USB, FireWire,
Ethernet, USART, SPI

e analog interfaces including ADCs and DACs
e voltage regulators and power management circuits

e a bus connecting these blocks

SoCs can be implemented as an application-specific integrated circuit (ASIC)

or using a field-programmable gate array (FPGA).

1.3 Operating systems

An operating system is a computer program that supports a computer’s basic
functions, and provides services to other programs (or applications) that run on
the computer. The applications provide the functionality that the user of the
computer wants or needs. The services provided by the operating system make

writing the applications faster, simpler, and more maintainable.

Over time, a lot of embedded operating systems suited for embedded systems
were developed. An embedded operating system is a type of operating system
that is embedded and specifically configured for a certain hardware configuration.
Hardware that uses embedded operating systems is designed to be lightweight and
compact, forsaking many other functions found in non-embedded (i.e. desktop)
computer systems in exchange for efficiency at resource usage [5]. This means that

they are made to do specific tasks and do them efficiently.

Notable embedded OSs currently in use by consumers include:

Symbian - used in cell phones, mainly ones made by Nokia

Embedded Linux - used in many other devices like printers, routers or
smart TVs; Android is a subset of embedded Linux

BlackBerry OS - for BlackBerry phones
e iOS - subset of Mac OS X, used in Apple’s mobile devices Palm OS
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Figure 1-1 The Android 5 (Lollipop) screenshot - the most common operating system is

among embedded ones

¢ Windows Mobile

1.4 Real-time operating systems

A real time operating system is just a special purpose operating system.
The real time part of the name does not mean that the system responds quickly,
it just means that there are rigid time requirements that must be met. If these
time requirements are not met, the results can become inaccurate or unreliable[6].

Embedded systems frequently posses the real time requirement.
There are two kinds of RTOS:

Hard Real Time - system delays are known or at least bounded. Said to be op-

erating correctly if the system can return results within any time constraints.

Soft Real Time - critical tasks get priority over other tasks and will retain pri-
ority until the task is completed. This is another way of saying that real
time tasks cannot be kept waiting indefinitely. Soft real time makes it easier

to mix the system with other systems.
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1.5 Embedded Linux

Linux itself is a kernel, but Linuz in day to day terms rarely means so.
Embedded Linux generally refers to a complete Linux distribution targeted at
embedded devices. There is no Linux kernel specifically targeted at embedded
devices, the same Linux kernel source code can be built for a wide range of devices,
workstations, embedded systems, and desktops though it allows the configuration
of a variety of optional features in the kernel itself. In the embedded development
context, there can be an embedded Linux system which uses the Linux kernel
and other software or an embedded Linux distribution which is a prepackaged set
of applications meant for embedded systems and is accompanied by development
tools to build the system[4].

With the availability of consumer embedded devices, communities of users
and developers were formed around theses devices: Replacement or enhancements
of the Linux distribution shipped on the device has often been made possible thanks
to availability of the source code and to the communities surrounding the devices.
Due to the high number of devices, standardized build systems have appeared like
OpenEmbedded, Buildroot, OpenWrt, and LTIB.

1.6 Kernel

The kernel is the essential center of a computer operating system, the core
that provides basic services for all other parts of the operating system [I]. It has
complete control over what happens in the system. A kernel can be contrasted
with a shell, the outermost part of an operating system that interacts with user
commands. Kernel and shell are terms used more frequently in Unix or Unix-like

operating systems than in IBM mainframe or Microsoft Windows systems.

Kernel

Hardware

Figure 1—2 The simplified view on the Linux system structure

The simplified view on the Linux system structure can be seen on It

does not include device drivers, compilers, deamon, utilities, commands, library
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files and such, but should be enough for a demonstration.

1.7 OpenWRT

OpenWrt is an operating system (in particular, an embedded operating sys-
tem) based on the Linux kernel, primarily used on embedded devices to route
network traffic. The main components are the Linux kernel, util-linux, uClibc and
BusyBox. All components have been optimized for size, to be small enough for

fitting into the limited storage and memory available in home routers.

OpenWrt is configured using a command-line interface (ash shell), or a web
interface (LuCI). There are about 3500 optional software packages available for

installation via the opkg package management system.
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2 GL.inet board

GL.inet Smart Router is a remake of a common TP-Link router TL-WR703N.
The board changes include, but are not limited to, increased RAM and Flash
memory, custom firmware and what is the most important - 5 usable GPIO pins
exposed to the 2cm pin header for utility. Whole thesis is revolving around taking

advantage of this fact. Basic information about the router are shown in Table

21l

Table 2—1 The basic characteristics of the GL.inet board

Model GL-iNet 6408A / 6416A

CPU Atheros 9331, 400MHZ

RAM/ROM DDR 64MB

ROM Flash SMB (6408A) / 16M (6416A)
Interface 1 WAN;, 1 LAN, 1 USB2.0, 1 Micro USB(Power), 5 GPIO
Wireless IEEE802.11n/g/b, IEEE802.3, IEEE802.3u

2.1 Atheros 9331 Wi-fi System-on-Chip

The Atheros AR9331 is a highly integrated and cost effective IEEE 802.11n
1x1 2.4 GHz Systemon-a-Chip (SoC) for wireless local area network (WLAN) AP
and router platforms. The block diagram of the chip can be seen on Figure
[[l The main processor frequency is 400 MHz and it is suited for running Linux

distributions for embedded devices, preferably OpenWrt or DD-Wrt.
Features of this SoC are following:

Complete IEEE 802.11n 1x1 AP or router in a single chip

MIPS 24K processor operating at up to 400 MHz

External 16-bit DDR1, DDR2, or SDRAM memory interface

SPI NOR Flash memory support

No external EEPROM needed

4 LAN ports and 1 WAN port IEEE 802.3 Fast Ethernet switch with auto-

crossover, auto polarity, and auto-negotiation in PHYs
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e Fully integrated RF front-end including PA and LNA
e Optional external LNA /PA

e Switched antenna diversity

e High-speed UART for console support

e 1°S/SPDIF-out audio interface

e SLIC for VOIP/PCM

e USB 2.0 host/device mode support

e GPIO/LED support

e JTAG-based processor debugging supported

e 25 MHz or 40 MHz reference clock input

e 148-pin, 12 mm x 12 mm dual-row LPCC package

Serial Hash and

e RN ! D[)Slg)ﬁ?g‘l'face
2.4 GHz me 1x1 WLAN DDR1/DDR2 5x Fast Ethernet
e MAC/BB/ Controller and LAN/WAN Ports 5x Fast Ethernet
Radio NOR Flash |
Memory | UART | UART Interface

Imern al SRAM

Interface  |"(SB MAC/PHY USB 2.0 Interface
— | |Extemal Interface f GPIOs/LEDs
25 or 40 |-Cache MIPS 24K Audio Interface
MHz ‘ D-Cache Processor [ SISPDIE_
Crystal | SLIC VOIF/IPCM

Figure 2—1 The block diagram of the Atheros AR9331 SoC used as a main processing unit on
GL.inet board

2.2 From TL-WR703N to GL.inet

TP-Link TL-WRT703N router is a popular choice among hacker community
because of it’s cheap price tag compared to processing power and usage of a full-
grown Linux distribution. People have figured out how to upgrade RAM / Flash
memories or to make use of not used GPIO / UART ports for their own needs.
These solutions however were mostly crude and expensive to replicate. The GL.inet
team saw an opportunity to grasp this public knowledge and rolled out their own

improved board clone to the marked.

Whole printed circuit board of TL-WR703N was remade by the GL.inet team
to expose the unused GPIO ports on the SoC, utilize two Ethernet port instead
of one and utilize the USB 2.0 port. Memory chips were replaced by their higher

capacity alternatives.
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Figure 2—2 The front side of the GL.inet board exposing the main Atheros SoC, RAM and

interfaces
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Figure 2—3 The back side of the GL.inet board exposing the Flash memory and a main voltage

regulator
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3 Analytical considerations

Table 3—1 Prehlad jednotiek

Nézov ( Jednotka v sustave SI)

Napitie A%

Tabulka by mala byt podla moznosti centrovana. Pri jej opisovani v texte
treba pouzit odkazy na tabulku v tvare: pozri Tabulku B—1} Na dislovanie
obrazkov, resp. tabuliek treba pouzif triedenie. Za slovom Obrdzok nasleduje
ako prvé cislo kapitoly alebo casti, v ktorej sa obrazok nachadza, potom medzera,
pomlcka, medzera a poradové ¢islo ilustracie v danej kapitole alebo ¢asti. casti).

V pripade, ak tabulka presahuje stranu, je mozné pouzit balik longtable.

Navrhujeme zaradovaf obrazky v elektronickej podobe. Napriklad Obra-

zok B—T1], ktory opisuje rieSenie diferencidlnej rovnice tlmenych oscildci
d :

bol vytvoreny v MATLABe a prikazom print tlmosc.eps -f1 -deps2 bol ulozeny
vo formate Encapsulated Postscript. Na pripadné pouzitie pdfXTEXu sa obrazok
konvertuje do formatu PDF, napr. pomocou programu epstopdf. Zvycajne sa
¢islujua vztahy, na ktoré sa v texte odvoldvame. Napriklad: vztahy definuju

Cauchyho zaciato¢nu tlohu.

31/3 32 exp(-1/2 1) sin(1/2 3%2 t)+exp(-1/2 t) cos(1/2 3*? 1)

Amplitude (m)

-2t i i i i i i il -

Time (s)

Figure 3—1 Grafické zobrazenie riesenia rovnice (3.1

11
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3.1 Subsection
Podkapitoly zaverecnej prace maju za tlohu clenenie textu zaverecnej prace
s cielom, ¢o najviacsej prehladnosti. Kapitol moze byt viacero a v ich nazvoch sa

pouziva desatinné c¢islovanie.

12
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4 Main part of Thesis

Zacénime rovnicou

— 4+ L ry=0, y(0) =1, y/(()) =15. (4.2)

Graficky priebeh rieSenia tejto rovnice vidime na Obrazku [3—1]

Temperature T (K)

415 382 365354344 324 294

500

o
o

400F o s
— o a
(%2}
£ 5
300} °
[ o o
() o
E ] -
c
g a o
$ 200f o
8 a s
gi) DEI o

DDDDD o o
Syl
100 ‘ ‘ ‘ ‘ ‘ ‘ ‘
2.2 2.4 2.6 2.8 3 32 3.4 3.6 3.8

Temperature 105T (K™%

Figure 4—1 Teplotna zavislost spinovo-mriezkového relaxa¢ného casu

13
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5 Conclusion

Tato cast zaverecnej prace je povinna. Autor uvedie zhodnotenie riesenia.
Uvedie vyhody, nevyhody riesenia, pouzitie vysledkov, dalsie moznosti a pod., pri-
padne nacrtne iny sposob riesenia tloh, resp. uvedie, preco postupoval uvedenym

sposobom.

14
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Appendix A

Prilohy (Appendices)

Tato cast zaverecnej prace je povinnd a obsahuje zoznam vsetkych priloh
vratane elektronickych nosicov. Néazvy priloh v zozname musia byt zhodné s néz-
vami uvedenymi na prislusnych prilohach. Tlac¢ené prilohy maji na prvej strane
identifikacné udaje — informécie zhodné s titulnou stranou zaverecnej prace do-
plnené o nazov prislusnej prilohy. Identifikacné tidaje si aj na prilozenych diskoch
alebo disketach. Ak je médii viac, st oznacené aj Ciselne v tvare I/N, kde [ je
poradové ¢islo a N je celkovy pocet danych médii. Zoznam priloh mé nasledujici

tvar:

Appendix A CD médium — zavereéna praca v elektronickej podobe, prilohy

v elektronickej podobe.
Appendix B Pouzivatelska prirucka
Appendix C Systémova prirucka

Prilohova cast je samostatnou castou kvalifikacnej prace. Kazdd priloha zacina
na novej strane a je oznacend samostatnym pismenom (Appendix A, Appendix B,
...). Cislovanie stran priloh nadvézuje na ¢islovanie stran v hlavnom texte. Pri

kazdej prilohe sa ma uviest pramen, z ktorého sme prislusny material ziskali.

17
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Appendix B

Bibliografické odkazy

Tato cast zaverecnej prace je povinnd. V zozname pouzitej literatury sa
uvadzaji odkazy podla normy STN ISO 690-2 (01 0197) (Informécie a dokumen-
tacia. Bibliografické citdcie. Cast 2: Elektronické dokumenty alebo ich Casti,
dédtum vydania 1. 12. 2001, ICS: 01.140.20). Odkazy sa mézu tykat kniznych,
casopiseckych a inych zdrojov informacii (zborniky z konferencii, patentové doku-
menty, normy, odportcania, kvalifikacné prace, osobna korespondencia a rukopisy,
odkazy cez sprostredkujici zdroj, elektronické publikacie), ktoré boli v zaverecnej

praci pouzité.
Existuju dva hlavné spdsoby citovania v texte.

e (Citovanie podla mena a datumu.

e Citovanie podla odkazového cisla.

Preferovanou metodou citovania v texte vysokoskolskej a kvalifikacnej prace
je podla normy ISO 7144 citovanie podla mena a datumu . V tomto pripade
sa zoznam pouzitej literatiry upravi tak, ze za meno sa prida rok vydania. Na

ulahcenie vyhladavania citacii sa zoznam vytvara v abecednom poradi autorov.

Priklad: ...podla je tato metdéda dostatocne rozpracovana na to, aby mohla

byt vSeobecne pouzivana v ...

Druhy sposob uvedenia odkazu na pouzita literatiru je uvedenie len ¢isla
tohto zdroja v hranatych zatvorkach bez mena autora (autorov) najcastejsie na

konci prislusnej vety alebo odstavca.

Priklad: ...podla [13] je tato metéda dostatoéne rozpracovand na to, aby

mohla byt vSeobecne pouzivana v ...ako je uvedené v [14].

Citacie su spojené s bibliografickym odkazom poradovym ¢islom v tvare in-
dexu alebo ¢isla v hranatych zatvorkach. Odkazy v zozname na konci prace budua
usporiadané podla tychto poradovych ¢isel. Viacero citacii toho istého diela bude
mat rovnaké ¢islo. Odporica sa usporiadaf jednotlivé polozky v poradi citovania

alebo podla abecedy.

18
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Rozne sposoby odkazov je mozné dosiahnuf zmenou volby v baliku natbib:

% Citovanie podla mena autora a roku

\usepackage []{natbib}\citestyle{chicago}

% MoZnost rdéznych Stylov citdcii. Priklady si uvedené

% v preambule siboru natbib.sty.

% Napr. §tyly chicago, egs, pass, anngeo, nlinproc produkujia
% odkaz v tvare (Jones, 1961; Baker, 1952). V pripade, ked

% neuvedieme 8tjyl citacie (vynechame \citestyle{}) v "options"

% balika natbib zapiSeme volbu "colon".

Ked zapneme volbu numbers, prepneme sa do rezimu citovania podla odkazového

¢isla.

% Metoda ciselnych citacii

\usepackage [numbers]{natbib}

Pri zapise odkazov sa pouzivaji nasledujice pravidla:

Pri vyuzivani informaécii z elektronickych dokumentov treba dodrziavat tieto
zasady:
e uprednostnujeme autorizované subory solidnych sluzieb a systémov,

e zaznamename dostatok informacii o sibore tak, aby ho bolo opat mozné
vyhladat,

e urobime si kopiu pouzitého pramena v elektronickej alebo papierovej forme,
e za verifikovatelnost informécii zodpoveda autor, ktory sa na ne odvolava.
Pre zapis elektronickych dokumentov platia tie isté pravidla, ako pre zapis
yklasickych®. Navyse treba uviest tieto udaje:
e druh nosica [online], [CD-ROM], [disketa], [magnetickd paska]
e ddtum citovania (len pre online dokumenty)
e dostupnost (len pre online dokumenty)
Poradie prvkov odkazu je nasledovné: Autor. Nazov. In Nézov primarneho
zdroja: Podnazov. [Druh nosical. Editor. Vydanie alebo verzia. Miesto vydania

. Vydavatel, ddtum vydania. [Datum citovania]. Pozndmky. Dostupnost. ISBN
alebo ISSN.
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Appendix C

Vytvorenie zoznamu skratiek a symbolov

Ak st v préaci skratky a symboly, vytvara sa Zoznam skratiek a symbolov
(a ich desifrovanie). V prostredi IXTEXu sa takyto zoznam lahko vytvori pomocou

balika nomencl. Postup je nasledovny:
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Curriculum vitae

Tato cast je nepovinna. Autor tu moze uviest svoje biografické idaje, idaje
o zdujmoch, casti na projektoch, uicasti na sitaziach, ziskané ocenenia, zahrani¢né

pobyty na praxi, domacu prax, publikéicie a pod.
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