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Foreword – Examination and evaluation system
• It is mandatory to participate in the lessons

• The maximum number of allowed absence is 3
• On each lesson a short test-paper

• Will be rated between 0 and 10.
• Missing one is rated as 0.

• You must hand in your homework solutions. Homework are 
given occasionally; the expected number of homework is 8.

• You must submit the homework in one week after it is handed out
• The solutions are rated, and the sum of the points is calculated at the 

end of the semester.
• Missing homework is 0 points
• Solution without issues is 25 points

09. 10. 2019. Introduction 2



Foreword – Cont’d
• You must take a final exam, at the end of the semester.

• 300 points
• One substitution is permitted.

• Final grade is calculated from the sum of test points, 
homework points and final exam points:

• [0% 50%): fail
• [50% 60%): pass
• [60% 70%): satisfactory
• [70% 80%): good
• [80% 100%]: excellent
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Important task
• SVN

• You must fill the following form
• https://forms.gle/SUxPtKLa3fdZw7FQA
• It is required in order to create the SVN repository directories, which are 

going to be used to submit homework!
• Deadline:

• 13th September, Friday 11.59 p.m.
• Repositories will be created on next week

• You will be notified

• Slack
• Announcements, information, questions and answers:

• https://join.slack.com/t/ppkeitk-
ajma/shared_invite/enQtNzM0MzMyMjk3Mzc5LTljNzMxOTYzM2EzZTI3NTc
0Nzg3ZTAwYTg1YTAyOTE0ZDNlNzBiMzVhY2VkMDkxMTRmMzZiYTdmM
mVkYTY4NGU
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Foreword – This course in the curriculum 

C++ and Java

Basics of Mobile Application Development

Android Application Development iOS Application Development
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Foreword – Schedule of the semester
• Introduction 

• Technologies and capabilities of the mobile platforms.
• Introduction to Android and iOS platform.

• Hardware capabilities of mobile platforms
• GPS, Bluetooth, NFC, sensors, …

• Review of basic programming techniques and definitions
• C++, Java, OOP, C++ and Java

• Programming patterns and methods (MVC, MVVM, Delegate, Adapter, Target-Action, TDD)
• SWIFT I & II
• Objective-C
• Kotlin I & II
• Android basics
• iOS basics
• Persistent data storage on iOS and Android, Databases
• Final Exam
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What is a mobile 
application?
What is this all about?



Mobile applications
• What makes an application mobile?
• Further questions:

• What is a web-based application?
• What is a native application?
• What is the better choice for our project?

• Different aspects …
• What are the differences?
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Functionality and number of functions

Interoperability and cross-platform usability

Mobile 
webpage

Web 
application

Hybrid 
application

Cross platform 
application

Native 
application



Advantages and disadvantages
• HTML5

• Product available instantly on 
multiple platforms

• Do not have to be installed, easy 
to use

• Web development knowledge 
can be enough

• Updates can be spread better
• Lower costs on development side
• Faster development and 

deployment
• Special expertise on multiple 

platforms not required

• Native
• Device-specific capabilities can 

be utilized
• Sensors
• Graphical processor
• Optimized code

• Higher performance
• Higher security level
• Better user experience can be 

achieved
• Lower costs on 

server/infrastructure side
• Built-in payment options
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What to use?
• Depends on the nature of the application

• Can you imagine a 3D game using HTML5 techniques?
• Is it really required to implement a tax calculator as a native application?

• Viewpoints
• Is 3D graphics required?
• Is camera or sensors of the device required?

• Location requirement does not imply native applications
• Is there any internet connection at the location of usage?
• Computational complexity

• Wolfram Alpha vs Wolfram Mathematica
• How many social media API is planned to be used?

• This is a design issue, there may not be a perfect solution
• This course concerns only with native applications
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Where are we going?
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Platforms
History and overview



IBM Simon – 1992

Apple Newton – 1993

Microsoft Pocket PC – 2002 
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Google Pixel 3 XL – 2018

Apple iPhone Xr – 2018
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In the beginnings …
• 1987/1993 Apple Newton

• First mobile device, with applications – No mobile connectivity, thus it cannot be considered as a phone

• 1992 – IBM Simon
• Fax, e-mail, calendar, calculator, clock, notepad, touch screen

• 1996 – Nokia 9000
• Nokia cell phone + HP PDA

• 1999 – pdQ Smartphone
• Palm PDA + Internet connection

• 1999 – NTT Docomo
• 1999 – Blackberry 850
• 2000 – Ericsson R380 Smartphone

• First device which is called „smartphone”

• 2001 – Kyocera 6035
• Palm PDA + Mobile phone (Verizon)

• 2002 – Microsoft PocketPC (later Windows Mobile)
• Continuing the Windows CE platform
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… the boom …
• 2007 – Apple iPhone

• First multitouch phone (no stylus, keyboard, etc.)

• 2008 – Google Android
• HTC Dream

• 2008 – Samsung Bada
• Samsung Wave S8500
• Migrated into the Tizen plafrom

• 2010 – Windows Phone
• 2011 – Palm Inc became part of HP
• 2011 – Nokia switches to Windows Phone from Symbian
• 2012 – Firefox OS

• Based on HTML5 

• 2012 – Samsung Tizen
• 2013 – Ubuntu Touch
• 2014 – Wearable devices boom
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… nowadays …
• 2015 – Windows 10 – multiplatform
• 2015 – Firefox OS extinct …
• 2016 – Cyanogen OS is announced
• 2016 – Cyanogen OS disappears
• 2017 – Android on Nokia phones
• 2017 – Windows 10 Mobile still exists, but …

• … zombie

• 2019 ??
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… statistics
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This course
• Two main platforms will be overviewed

• Android
• iOS

• We are going to make simple applications on that 
platforms
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Android
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Android properties
• Supervised and developed by Google – software package

• Linux + Android VM + Other applications
• Many manufacturer, different hardware

• Basically ARM and Intel processors
• Different capabilities
• Inaccurate implementation of specifications occur
• Additional software are included, which are not part of the Android system

• Development tools and emulator
• Available for all platforms

• Main properties
• Modular
• Multitask, automatic memory managements, program libraries included
• Almost arbitrary mobile communication technology is available (GSM … LTE)
• Wi-Fi (Client and AP), Ethernet (tethering), Bluetooth, NFC
• Sensors: GPS, Triaxial accelerometer / magnetometer, thermometer, light sensor
• Camera support, recording and playback, even stereo
• HDMI support, accelerated 2D and 3D graphics, parallel computation
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Android versions
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Introduced in Version number Name API LEVEL
2007 ß ß

2008 1.0 1

2009 1.1 2

2009 1.5 Cupcake 3

2009 1.6 Donut 4

2009 2.0 Eclair 5

2010 2.2 Froyo 8

2010 2.3 Gingerbread 9

2011 3.0 Honeycomb 11

2011 4.0 Ice Cream Sandwich 14

2013 4.1 Jelly Bean 16

2013 4.4 KitKat 19

2014 5.0 Lollipop 21

2015 6.0 Marshmallow 23

2016 7.X Nougat 24

2017 8.X Oreo 26

2018 9.X Pie 28

2019 10 Android 10 29



Spread of different versions
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Android platform – details
• Collection of several, different software

• Middleware
• Core application
• Operating system

• Kotlin – programming language
• On Java virtual machine
• First appeared in 2011
• Last stable release: 1.3.50 – August 2019.
• For Android since 2017 Google I/O
• Kotlin is designed to be an industrial-strength object-

oriented language, and a "better language" than Java, but still be fully 
interoperable with Java code
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Android platform – details
• Java based programming language (not equivalent to Java)

• Some of the Java packages are excluded
• java.applet
• java.beans
• javax.rmi
• javax.print

• Not JVM, but ART (Before Lollipop it was Dalvik VM)
• Open source

• Less memory is required compared to other VM-s
• Multiple VM-s can be executed parallel, without the loss of efficiency

• Ahead-Of-Time compiling and Just-In-Time compiling
• *.java  *.class  *.dex*.apk

• The executed VM *.dex files, which are generated by compiling Java byte codes
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Building blocks
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Details
• Kernel

• Most important component
• Abstraction level between 

hardware and software
• Memory, energy, network 

management
• Driver models
• Linux kernel version:

• 4.4, 4.9 or 4.14

• Runtime
• Each android application is a 

separate VM process in the system
• ART

• AOT, JIT, GC, …
• Core Libraries

• Remaining Java packages
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Details
• HAL

• A layer over hardware
components to hide the
differences

• Code depends on actual device and architecture
• Drivers

• Native C/C++ libraries
• Developers can access it through the app framework
• Media Framework:

• Image/Music/Video can be managed, Media Codecs
• Webkit
• OpenGL, OpenAL and OpenMax

• Graphical library, Sound library, etc.
• SQLite

• Relational databases can be used
• NDK application components
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Details
• API Framework

• Open platform for developers
• Makes possible to develop fast and efficient
• High level of freedom: we can use the same resources and components as System 

applications do
• In addition these components can be substituted
• Contains the resource manager, and framework responsible for view system
• It is possible to modify the system components, designs

• Manufactures often utilize this possibility
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Details
• System Applications

• E-mail client
• Sms client
• Phone Book
• Calendar

• Android project compilation process
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Android development tools
• Android Studio

• Java SDK
• Android SDK

• Compiler and program libraries
• Emulator

• This is and emulator, where executes the entire Android operating system 
over you OS on your device

• Android NDK
• For native (C/C++) libraries
• Currently you do not need it

• As a result we can develop Android software on any of the 
main desktop platforms
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iOS



iOS properties
• System and applications developed by Apple

• Based on Darwin, originated from Max OS X
• Single manufacture, a few, well-specified hardware

• ARM processors
• Transitions between versions are supported 

• For example: new screen resolutions are  multiplications of previous ones
• It can result weird properties, such as incompatibilities with other standards

• Developments tools and simulator
• Only for Apple systems

• Main properties
• Multitask, several built-in program libraries
• Support for mobile communication systems (GSM … LTE)
• WiFi, Bluetooth, NFC
• Sensors: GPS, Triaxial accelerometer / magnetometer
• Camera support, media recording and playback
• HDMI support, accelerated 2D and 3D graphics
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Introduction Version Name Required Xcode version

2007 1.0 iPhone OS

2008 2.0 iPhone OS 2.0 Final

2009 3.0 iPhone OS 3.0 Final

2010 3.2 iPhone OS 3.2 Final

2010 4.0 iOS 4.0 Final

2010 4.3 iOS 4.3 Final Xcode 4

2010 5.0 iOS 5.0 Final Xcode 4.2

2012 6.0 iOS 6.0 Final Xcode 4.5

2013 6.1 iOS 6.1 Final Xcode 4.6

2013 7.0 iOS 7.0 Final Xcode 5

2014 7.1 iOS 7.1 Final Xcode 5.1

2014 8.0 iOS 8.0 Final Xcode 6

2015 8.4 iOS 8.4 Final Xcode 6.4

2015 9.0 iOS 9.0 Final Xcode 7.0

2016 9.3.5 iOS 9.3.5 Final Xcode 7.3

2017 10.3.3 iOS 10.3.3 Final Xcode 8.3

2018 11.4.1 iOS 10.4.1 Final Xcode 9.x

2019 12.4.1 iOS 12.4.1 Final Xcode 10.x

iOS versions



Spread of different iOS versions
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iOS devices
• Low number of different devices

• Several models, different parameters for each models
• The maximal available iOS version can be read from the table
• It implies the supported devices of an applications

• iOS 12 on
• iPad Pro *, 1st, 2nd, 3rd
• iPad Mini 2nd, 3rd, 4th, Mini (2019)
• iPad Air & Air 2 & Air (2019)
• iPad 2017 & 2018
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iOS
iPhone iPod Touch

5 5C 5S 6/Plus 6S/ SE 7/Plus 8/Plus X/XS XR 5th 6th 7th

9.3 X
10 X X

12 limited X X
12 full X X X X X X X



iOS building blocks
• Different software and software 

levels
• Based on OS X (Darwin)

• Development on SWIFT language
• Brand new language, not extension 

for Objective-C
• However its logic can be 

understand better based on 
Objective-C

• Development on Objective-C 
language

• Based on C
• Thin layer on the C

• Fully object oriented
• Smalltalk messaging model

Cocoa Touch

Media

Core Services

Core OS
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Details
• Core OS

• Mac OS X Kernel
• XNU

• TCP/IP
• Sockets
• Energy managements
• File systems
• Security

• Core Services
• Network management
• Collections
• Preference storage
• URL handling
• File accessing
• Contacts
• Embedded SQL database 

manager
• Core Location

• To determine the location of the 
devices (GPS, Cell, etc.)

• Thread managements
• CoreMotion

• To retrieve the accelerometer data
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Details
• Media

• Core Audio
• Open AL

• Open Audio Library
• Sound mixer
• Sound recorder
• Video playback
• Supporting media formats
• 2D acceleration
• Core Animation
• OpenGL ES

• Cocoa Touch
• Multi-touch and gestures
• Camera support
• Localization (multilingual apps)
• Views and view hierarchies
• Accelerometer support
• Web view
• Map kit
• Handling notifications
• Core Motion

• Provide and process motion 
related information
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iOS development tools
• XCode

• With iOS SDK
• An OS X required as operating system (and an Apple computer)
• Newer iOS requires newer XCode, and newer OS X

• And newer hardware

• SDK includes a simulator
• This is not emulator, it is a simulator
• A simulator calculates the corresponding output for a specific 

input
• Thus the iOS systems is not running on the test-environment.
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Mobile platform 
technologies
Next week



Basics of Mobile 
Application Development

Hardware



General capabilities



Top existing hardware
iPhone 11 Pro

• 2.65 GHz 6 core SOC
• 2 High performance cores
• 4 energy efficieny cores

• +3 cores GPU
• Neural Network Engine

• Corresponding API

• 6 Gb LPDDR4X RAM

Pixel 3 XL

• 2.5 Ghz 4 cores
• 1.6 Ghz 4 cores
• Dedicated GPU

• Adreno 630 (multicore)

• AI accelerator chip
• Parallel processing API

• 4 Gb LPDDR4X RAM
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Camera arrays + extra
iPhone X
• Rear: 3 components

• 12 Mp, multiple lens
• Uwide, Wide, Telephoto
• Up to 4K
• Up to 240 fps

• Front: 12 Mp
• 4K@30fps
• HDR

• FaceID
• 30,000 infrared dots + sensor

Pixel 3
• Rear: 12.2 Mp

• Dual Pixel Phase AF
• HDR+
• Up to 4K
• Up to 240 fps

• Front: 8 Mp
• Two cameras

• + Wide angle lens
• Depth sensor
• 1080p@30fps

• Fingerprint sensor
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Sensors systems



Detour – Screen coordinate systems
• In iOS

17/09/2019 Basics of Mobile Application Systems 6



Detour – Screen coordinate systems
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Detour – Screen coordinate systems
• In Android the top-left point is considered as zero point

• In any orientation
• The origin is not an absolute point, it depends on orientation

• 3D graphics introduces the third axis
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Coordinate systems
• The tri-axial sensors use the 

following coordinate system
• Always the base orientation 

have to be considered
• The axes do not change in case 

of orientation change
• X-Y plane is the screen itself

• Axis
• X: short edge, left to right
• Y: long edge, bottom to up
• Z: back to front
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Rotational angles - iOS
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Android Orientational coordinates
• Using the inclitation matrix the angle can be calculated 

• float getInclination (float[] I);
• Result in radian

• Using the rotation matrix the orientational angles can be 
calculated

• float[] getOrientation (float[] R, float[] 
values)

• Angels are
• Around the Z axis (Azimuth)
• Around the X axis (Roll)
• Around the Y axis (Pitch)

• All of them counter clockwise
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Sensors in Android API
Sensor Type Description Common Uses

TYPE_ACCELEROMETER Hardware Measures the acceleration force in m/s
2
that is applied to a device on all 

three physical axes (x, y, and z), including the force of gravity.
Motion detection 
(shake, tilt, etc.).

TYPE_AMBIENT_TEMPERATURE Hardware Measures the ambient room temperature in degrees Celsius (°C). See 
note below.

Monitoring air 
temperatures.

TYPE_GRAVITY Software or 
Hardware

Measures the force of gravity in m/s
2

that is applied to a device on all 
three physical axes (x, y, z).

Motion detection 
(shake, tilt, etc.).

TYPE_GYROSCOPE Hardware Measures a device's rate of rotation in rad/s around each of the three 
physical axes (x, y, and z).

Rotation detection 
(spin, turn, etc.).

TYPE_LIGHT Hardware Measures the ambient light level (illumination) in lx. Controlling screen 
brightness.

TYPE_LINEAR_ACCELERATION Software or 
Hardware

Measures the acceleration force in m/s
2
that is applied to a device on all 

three physical axes (x, y, and z), excluding the force of gravity.
Monitoring acceleration 

along a single axis.

TYPE_MAGNETIC_FIELD Hardware Measures the ambient geomagnetic field for all three physical axes (x, 
y, z) in μT. Creating a compass.
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Sensors in Android API
Sensor Type Description Common Uses

TYPE_ORIENTATION Software

Measures degrees of rotation that a device makes around all three 
physical axes (x, y, z). As of API level 3 you can obtain the inclination 

matrix and rotation matrix for a device by using the gravity sensor and 
the geomagnetic field sensor in conjunction with 

the getRotationMatrix() method.

Determining device position.

TYPE_PRESSURE Hardware Measures the ambient air pressure in hPa or mbar. Monitoring air pressure 
changes.

TYPE_PROXIMITY Hardware
Measures the proximity of an object in cm relative to the view screen of 
a device. This sensor is typically used to determine whether a handset is 

being held up to a person's ear.
Phone position during a call.

TYPE_RELATIVE_HUMIDITY Hardware Measures the relative ambient humidity in percent (%).
Monitoring dewpoint, 
absolute, and relative 

humidity.

TYPE_ROTATION_VECTOR Software or 
Hardware

Measures the orientation of a device by providing the three elements of 
the device's rotation vector.

Motion detection and rotation 
detection.

TYPE_TEMPERATURE Hardware

Measures the temperature of the device in degrees Celsius (°C). This 
sensor implementation varies across devices and this sensor was 

replaced with the TYPE_AMBIENT_TEMPERATURE sensor in API Level 
14

Monitoring temperatures.
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Sensors in iOS API
• Core Motion

• Three dimensional gyroscope
• Accelerometer
• Pedometer
• Magnetic sensor – compass
• Altitude

17/09/2019 Basics of Mobile Application Systems 14



Positioning



Positioning systems
System GPS GLONASS BeiDou Galileo NAVIC QZSS

Owner United States Russian 
Federation China European Union India Japan

Coding CDMA FDMA CDMA CDMA CDMA CDMA
Orbital 
altitude 20,180 km 19,130 km 21, 500 km 23,222 km 36,000 km 32,600 km -

39,000 km

Precision 5m (no DGPS or 
WAAS) 4.5m – 7.4m

10m (Public)
0.1m 

(Encrypted)

1m (Public)
0.01m 

(Encrypted)

10m (Public)
0.1m 

(Encrypted)

1m (Public)
0.1m 

(Encrypted)

Status Operational Operational

Basic services
operational,

To be 
completed in 

H1 2020

18 satellites 
operational,

12 additional 
satellites 2016-

2020

Operational

17/09/2019 Basics of Mobile Application Systems 16



Common features
• Satellites in space

• Influenced by weather conditions
• All around on Earth, and nearby, in space
• Mail satellites, and spares

• Atomic clock inside
• CDMA coding scheme

• Satellites are broadcasting its positions and time
• Data from 3+1 satellites is enough to calculate position

• Transmitting on several different frequencies
• For civilian and military objectives
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GPS History
• 1978 - 1992

• 1987: Experimental,
• 1989: Second generation

• 1993
• 24 satellites is available
• 3 channel devices.
• Positioning requires ~10 minutes

• 1998
• RDS in Hungary

• 2000
• 12 channel devices
• 15-20 seconds enough to calculate position
• Accuracy in Civilian usage is 20 meters

• 2005
• Next generation of satellites
• Secondary signal to increase accuracy

• 2010
• Second generation of earth control
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Coordinate system
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• World Geodetic System (WGS)
• Pole of the system is the mass 

center of Earth
• The 0th line of longitude is the IERS 

reference line
• Z axis is the rotation axis of the 

Earth (averaged)
• Y plane is perpendicular to the 

rotation axis (the mass center is on 
the Y plane)
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Other than GPS
GLONASS

• Russian 
• 17/8 rev / day
• 24 satellites + spares
• FDMA

• Finished in 2011, but the 
system design is older

• Beginning of development 
is back to the 70’s

Galileo

• EU
• 17/10 rev / day
• 26 satellites (spares)
• CDMA

• Will be completed in 2020
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Other than GPS
BeiDou

• Chineese
• MEO
• 17/9 rev/day
• 23 satellites
• 35 by 2020

• Will be completed by H1 
2020

NAVIC/QZSS

• Indian / Japanese
• Both CDMA
• Regional systems
• GEO / GSO
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Supported positioning systems
• GPS

• Almost in all device

• Other systems
• Number is incresing

• Pixel 3 XL
• GPS (with A-GPS), GLONASS, BeiDou, GALILEO

• Iphone 11
• GPS (with A-GPS), GLONASS
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Assisted GPS – AGPS
• A system that often significantly improves the startup performance 

of a GPS satellite-based positioning system
• Assistance falls into two categories

• Mobile Station Based (MSB): Information used to acquire satellites more 
quickly.

• It can supply orbital data or almanac for the GPS satellites to the GPS receiver, enabling 
the GPS receiver to lock to the satellites more rapidly in some cases.

• The network can provide precise time.
• Mobile Station Assisted (MSA): Calculation of position by the server using 

information from the GPS receiver.
• The device captures a snapshot of the GPS signal, with approximate time, for the 

server to later process into a position.
• The assistance server has a good satellite signal and plentiful computation power, so it 

can compare fragmentary signals relayed to it.
• Accurate, surveyed coordinates for the cell site towers allow better knowledge of local 

ionospheric conditions and other conditions affecting the GPS signal than the GPS 
receiver alone, enabling more precise calculation of position.
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Android Example
LocationManager locationManager = (LocationManager)
this.getSystemService(Context.LOCATION_SERVICE);

LocationListener locationListener = new LocationListener() {
public void onLocationChanged(Location location) {
makeUseOfNewLocation(location);

}

public void onStatusChanged(String provider, int status, Bundle extras)
{}

public void onProviderEnabled(String provider)
{}

public void onProviderDisabled(String provider)
{}

};

locationManager.requestLocationUpdates(
LocationManager.NETWORK_PROVIDER, 0, 0, locationListener);
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iOS - Example
• var locationManager: CLLocationManager!
locationManager = CLLocationManager();
locationManager.delegate = self;
locationManager.desiredAccuracy = kCLLocationAccuracyBest
locationManager.startUpdatingLocation();

• func locationManager(manager: CLLocationManager!,
didUpdateLocations locations: [AnyObject]!) {

var location:CLLocation = 
locations[locations.count-1] as CLLocation

println("locations = \(locations)")
txtLatitude.text = "\(location.coordinate.latitude)";
txtLongitude.text = "\(location.coordinate.longitude)";

}
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Bluetooth



Bluetooth
• History

• Started in 1994
• In 1998 the Bluetooth SIG has been formed (Special Interest Group)

• IBM, Intel, Nokia, Toshiba, Lucent, Microsoft
• First working ad hoc network
• Standardized by IEEE: IEEE 802.15 

• Properties
• Easy to implement

• 1-2 cm size
• Low power consumption

• 1-2 % of mobile energy
• Low cost

• 5 $
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Bluetooth version
• 1.0

• First version – with bugs

• 1.1
• IEEE standard
• RSSI indication, unencripted channel managements

• 1.2
• Faster
• Max 721 kbit/s

• 2.0 + EDR
• Enhanced Data Rate max 3 Mbit/s
• EDS is optional

• 2.1 + EDR
• SSP – Secure Simple Pairing

• 3.0 + HS
• 24 Mbit/s
• New working methods
• Advances energy management
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Bluetooth version
• 4.0

• More energy protocols
• Extension of the Core Specification

• 4.1
• Mobile Wireless Service Coexistence Signaling
• Train Nudging and Generalized Interlaced Scanning
• Low Duty Cycle Directed Advertising
• L2CAP Connection Oriented and Dedicated Channels with Credit Based Flow Control
• Dual Mode and Topology
• LE Link Layer Topology
• 802.11n PAL
• Audio Architecture Updates for Wide Band Speech
• Fast Data Advertising Interval
• Limited Discovery Time

• 4.2
• IP over Bluetooth
• Improvements
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Bluetooth version
• 5.0 – 2016
• 5.1 – 2019 

• Angle of Arrival
• Mesh-based model
• Many improvements
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Protocols
• Not every protocol is supported by all devices / platforms

• LMP
• The Link Management Protocol (LMP) is used for set-up and control of the radio link 

between two devices. Implemented on the controller.
• L2CAP

• The Logical Link Control and Adaptation Protocol (L2CAP) used to multiplex multiple 
logical connections between two devices using different higher level protocols.

• SDP
• The Service Discovery Protocol (SDP) allows a device to discover services offered by 

other devices, and their associated parameters
• RFCOMM

• Radio Frequency Communications (RFCOMM) is a cable replacement protocol used 
to generate a virtual serial data stream

• BNEP
• The Bluetooth Network Encapsulation Protocol (BNEP) is used for transferring another 

protocol stack's data via an L2CAP channel. Its main purpose is the transmission of IP 
packets in the Personal Area Networking Profile.
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Protocols
• Not every protocol is supported by all devices / platforms

• BNEP
• The Bluetooth Network Encapsulation Protocol (BNEP) is used for transferring another 

protocol stack's data via an L2CAP channel. Its main purpose is the transmission of IP 
packets in the Personal Area Networking Profile.

• AVCTP
• The Audio/Video Control Transport Protocol (AVCTP) is used by the remote control 

profile to transfer AV/C commands over an L2CAP channel.
• AVDTP

• The Audio/Video Distribution Transport Protocol (AVDTP) is used by the advanced 
audio distribution profile to stream music to stereo headsets over an L2CAP channel.

• TCS
• The Telephony Control Protocol – Binary (TCS BIN) is the bit-oriented protocol that 

defines the call control signaling for the establishment of voice and data calls between 
Bluetooth devices.

• Further: PPP, TCP/IP/UDP, OBEX, WAE/WAP
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Bluetooth Profiles
Advanced Audio Distribution Profile (A2DP)
Attribute Profile (ATT)
Audio/Video Remote Control Profile 
(AVRCP)
Basic Imaging Profile (BIP)
Basic Printing Profile (BPP)
Common ISDN Access Profile (CIP)
Cordless Telephony Profile (CTP)
Device ID Profile (DIP)
Dial-up Networking Profile (DUN)
Fax Profile (FAX)
File Transfer Profile (FTP)
Generic Audio/Video Distribution Profile 
(GAVDP)
Generic Access Profile (GAP)
Generic Attribute Profile (GATT)
Generic Object Exchange Profile (GOEP)
Hard Copy Cable Replacement Profile 
(HCRP)
Health Device Profile (HDP)

Hands-Free Profile (HFP)
Human Interface Device Profile (HID)
Headset Profile (HSP)
Intercom Profile (ICP)
LAN Access Profile (LAP)
Message Access Profile (MAP)
OBject EXchange (OBEX)
Object Push Profile (OPP)
Personal Area Networking Profile (PAN)
Phone Book Access Profile (PBAP, PBA)
Proximity Profile (PXP)
Serial Port Profile (SPP)
Service Discovery Application Profile 
(SDAP)
SIM Access Profile (SAP, SIM, rSAP)
Synchronization Profile (SYNCH)
Synchronisation Mark-up Language Profile 
(SyncML)
Video Distribution Profile (VDP)
Wireless Application Protocol Bearer (WAPB)
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Supported profiles in iOS
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Device
Hands-Free 
Profile (HFP 

1.6)

Phone Book 
Access Profile 

(PBAP)

Advanced 
Audio 

Distribution 
Profile (A2DP)

Audio/Video 
Remote 

Control Profile 
(AVRCP 1.4)

Personal Area 
Network 

Profile (PAN)

Human 
Interface 

Device Profile 
(HID)

Message 
Access Profile 

(MAP)

iPhone 4 and later ✓ ✓ ✓ ✓ ✓ ✓ ✓

iPhone 3GS ✓ ✓ ✓ ✓ ✓ ✓ -

iPhone 3G ✓ ✓ ✓ ✓ ✓ - -

Original iPhone ✓ ✓ - - - - -

iPad 2 and later ✓ - ✓ ✓ ✓ ✓ -

iPad (1st generation) - - ✓ ✓ ✓ ✓ -

iPod touch
(4th generation and 

later)
✓ - ✓ ✓ ✓ ✓ -

iPod touch
(2nd and 3rd 
generation)

- - ✓ ✓ ✓ ✓ -



Supported profiles in Android
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Feature Android version

Name Description 6.0 7.0 7.1 7.1.2 8.0

SAP SIM Access Profile 1.1 1.1 1.1 1.1 1.1

MAP Message Access Profile for SMS 1.2 1.2 1.2 1.2 1.2

OPP Object Push Profile 1.1 1.1 1.1 1.1 1.2

OBEX over L2CAP OBject EXchange over Logical Link Control 
and Adaptation Protocol Yes Yes Yes Yes Yes

HFP Audio Gateway Hands-Free Profile 1.6 1.6 1.7 1.7 1.7

HSP Headset Profile 1.2 1.2 1.2 1.2 1.2

A2DP Advanced Audio Distribution Profile 1.2 1.2 1.2 1.2 1.2

AVRCP Audio/Video Remote Control Profile 1.3 1.3 1.3 1.3 1.4

HID Human Interface Device Profile 1.0 1.0 1.0 1.0 1.0



Supported profiles in Android
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Feature Android version

Name Description 6.0 7.0 7.1 7.1.2 8.0

HID Human Interface Device Profile 1.0 1.0 1.0 1.0 1.0

PBAP Phone Book Access Profile 1.1.1 1.1.1 1.1.1 1.1.1 1.2

HDP Health Device Profile 1.0 1.0 1.1 1.1 1.1

SPP Serial Port Profile 1.2 1.2 1.2 1.2 1.2

PAN / BNEP Personal Area Networking Profile / Bluetooth 
Network Encapsulation Protocol 1.0 1.0 1.0 1.0 1.0

DIP Device ID Profile 1.3 1.3 1.3 1.3 1.3
HOGP 1.0 HID over GATT Yes Yes Yes Yes Yes

HD Audio1 See "Advanced audio codecs" above No No No No Yes

https://source.android.com/devices/bluetooth/services#fn1


GSM-like …



History of mobile services
• 1. generation

• …
• 2. generation

• GSM + CSD (circuit switching) (Europe)
• CDMA based system (IS-54, IS-136, IS-95) (North America)
• PSH (Far East)

• 2.x generation
• GSM/3GPP variant

• HSCSD (57,6 kbps) – analogue with traditional modems
• GPRS (~80/20 kbps)
• EGPRS = EDGE  ~177,6/118,4 kbps

• CDMA/3GPP2 variant
• CDMA2000
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History of mobile services
• 3. generation

• 3GPP  variant
• UMTS (WCDMA, TD-CDMA, TD-SCDMA)
• Beginning of unification of standards
• Several release

• R4: EDGE
• R5: HSDPA – Technology between 1.2 and 14.0 Mbps, most common: 7.2 Mbps
• R6: HSUPA – 5,76 Mbps
• R7-R8: Dual cell HSDPA/HSUPA: 

• 3GPP2 variant
• Further revisions of CDMA2000

• 3.x generation
• Further releases
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History of mobile services
• 3.9

• LTE

• 4. generation (4G, 4.5G, 4.9G)
• LTE – Advanced – All-in-one
• Several Release and Category, different frequency band in 

different countries

• 5. generation
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VoLTE
• Voice over LTE (VoLTE) is a standard for high-speed 

wireless communication for mobile phones and data 
terminals

• VoLTE has up to three times more voice and data capacity 
than 3G UMTS and up to six times more than 2G GSM.
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GSM
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4G LTE
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5G
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LTE
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1 South Korea 97.5%

2 Japan 96.3%

3 Norway 95.5%

4 Hong Kong 94.1%

5 United States 93%

6 Netherlands 92.8%

7 Taiwan 92.8%

8 Hungary 91.4%

9 Sweden 91.1%

10 India 90.9%



LTE / LTE Advanced
Category 0 1.0 Mbit/s 1 1.0 Mbit/s Release 12

Category 1 10.3 Mbit/s 1 5.2 Mbit/s Release 8

Category 2 51.0 Mbit/s 2 25.5 Mbit/s Release 8

Category 3 102.0 Mbit/s 2 51.0 Mbit/s Release 8

Category 4 150.8 Mbit/s 2 51.0 Mbit/s Release 8

Category 5 299.6 Mbit/s 4 75.4 Mbit/s Release 8

Category 6 301.5 Mbit/s 2 or 4 51.0 Mbit/s Release 10

Category 7 301.5 Mbit/s 2 or 4 102.0 Mbit/s Release 10

Category 8 2,998.6 Mbit/s 8 1,497.8 Mbit/s Release 10

Category 9 452.2 Mbit/s 2 or 4 51.0 Mbit/s Release 11

Category 10 452.2 Mbit/s 2 or 4 102.0 Mbit/s Release 11

Category 11 603.0 Mbit/s 2 or 4 51.0 Mbit/s Release 11

Category 12 603.0 Mbit/s 2 or 4 102.0 Mbit/s Release 11

Category 13 391.7 Mbit/s 2 or 4 150.8 Mbit/s Release 12

Category 14 3,917 Mbit/s 8 N/A Release 12

Category 15 750 Mbit/s 2 or 4 N/A Release 12

Category 16 979 Mbit/s 2 or 4 N/A Release 12
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44 LTE channel
• Networks on LTE-bands 1, 3, 7, 28 (FDD-LTE) or 38, 

40 (TDD-LTE) are suitable for future global roaming 
in ITU Regions 1, 2 and 3.

• Networks on LTE-band 8 (FDD-LTE) may allow global 
roaming in the future (ITU Regions 1, 2 and 3) (Long-term 
perspective).

• Networks on LTE-band 20 (FDD-LTE) are suitable for 
roaming in ITU Region 1 (EMEA) only.

• Networks on LTE-bands 2 and 4 (FDD-LTE) are suitable for 
roaming in ITU Region 2 (Americas) only.
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NFC



NFC
• Short distance communication standards

• Communication between mobile devices
• Touch to start communication

• NFC communication with passive „tags”.
• Passive side has no power source
• The information can be read by an active device

• The spread of NFC enabled devices is slow (iPhone 6)
• Other methods: NFC integrated into SIM cards

• Wireless payment methods (credit cards) are also based on 
NFC
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NFC vs. Bluetooth
NFC Bluetooth Bluetooth Low Energy

Tag requires power No Yes Yes

Cost of Tag 10c $5 $5

RFID compatible ISO 18000-3 active active

Standardisation body ISO/IEC Bluetooth SIG Bluetooth SIG

Network Standard ISO 13157 etc. IEEE 802.15.1 IEEE 802.15.1

Network Type Point-to-point WPAN WPAN

Cryptography not with RFID available available

Range < 0.2 m ~100 m (class 1) ~50 m

Frequency 13.56 MHz 2.4–2.5 GHz 2.4–2.5 GHz

Bit rate 424 kbit/s 2.1 Mbit/s 1 Mbit/s

Set-up time < 0.1 s < 6 s < 0.006 s

Current consumption < 15mA (read) varies with class < 15 mA (read and transmit)
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NFC modes
• Reader/writer mode, allowing the NFC device to read 

and/or write passive NFC tags and stickers.
• P2P mode, allowing the NFC device to exchange data with 

other NFC peers
• This operation mode is used by Android Beam.

• Card emulation mode, allowing the NFC device itself to 
act as an NFC card.

• The emulated NFC card can then be accessed by an external 
NFC reader, such as an NFC point-of-sale terminal.
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NFC data structure
• NDEF message
• ID = TNF (3 bit)

• URI: 0x0003
• Empty: 0x0000
• External: 0x0004
• MIME: 0x0002
• Well Known RTD 0x0001
• Unknown 0x0005
• Unchanged 0x0006

• RTD
• URI, TEXT, Smart Poster, …
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Card Emulation
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Additional devices
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Apple
• iPod, iPad

• Running the same system
• Different screen size
• Some of the features are missing

• Watch
• WatchOS
• Gen 4:

• Cellular, Wifi, Bluetooth, GPS/GLONASS, Storage, etc.

• AppleTV
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Google
• Auto

• „External Display” for Android
• App support

• Watch
• Basically the same OS
• Some of the functions are missing

• Depending on the manufacturer

• Embedded
• FireTV

• Based on the open Android source
• Other (TV) devices

• ChromeCast
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Review of basic programming 
techniques and definitions
Next week
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this
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• this
•

this.message(parameters
•
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•
• int add(int a, int b)

• double add (double a, double b)

•
•

•
•

• virtual override

•
•

•

•
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• class aclass : public parent_1, public parent_2 {
// Fields
private:

int counter = 0;

public:
aclass();
void add(int howmany);
void print() const;

}

• aclass::aclass(int start) { counter = start; }

• void aclass::add(int howmany)
{counter += howmany; }

• void aclass ::print const { cout << counter; }



•
• public

• protected

• private

• const

• static

•
• public protected private static

• const –

• void

• virtual

• =0;

• throw
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•

•
• const int & i
•

•
• void f(int * const p)

•

• void f(const int * p)
•
• void f(int const * p)

• void f(int const * const p)
•



•

•
•

•
• public private

•

• protected protected
• private private

• private
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•

•

•
• d.Base1::f();

• d.Base2::f();

•
•

• class C: public virtual Base
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•

•

• friend

•

•
friend std::ostream& operator << 
(std::ostream& stream, const Object& z);



delete default
•

•
• default

• delete

• class Car {
public: 

Car() = default;
Car(const _car&) = default;
Car& operator=(const _car&) = delete; 

virtual ~C() = default; 
};  



delete default
• (&, *, ->, new, delete

• Class C {
public: 

void *operator new(size_t) = delete;
void *operator new[](size_t) = 

delete; 
}; 

• int main() { 
C *c = new C;
C *t = new C[3];
C _c; 
C _t[10]; 

}
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class A {

A (const A& _other);

A& operator= (const A& _other);

A (A&& _other);            // move constructor

A& operator= (A&& _other); // move operator

};

A e, f, g;

g(std::move(f));

e = std::move(g);

•

•

http://en.cppreference.com/w/cpp/language/move_constructor
http://en.cppreference.com/w/cpp/language/move_operator


•

• inline double operator"" _deg (long double degree) { 

return degree * 3.14159265 / 180.0; 

• } 

• double rad = 90.0_deg; // degree = 1.570796325 

• unsigned operator"" _Magic(const char* _magic) { 

unsigned b = 0; 

for(unsigned int i = 0; _magic[i]; ++i) 

b = b*2 + (_magic[i] == '1'); 

return b; 

• } 

• int mask = 110011_Magic; // mask = 51





public class AClass extends Parent implements Interface
{
private int counter;

public AClass()
{

counter = 0;
}

public void add(int howmany) throws MyException
{

this.counter += howmany;
}

public void print()
{

System.out.println(counter);
}

}



•
• public

• final

• abstract

• extends

• implements

•

•
• public

• protected

•
• private

• final

• volatile

• static



• final
•

•

• Object

•

•
• public protected private abstract static

• final –

• synchronized

• void

• throws





•
•
•

•

•
• byte, short, int, long, float, double, char, boolean

•

•
• Byte, Short, Integer, Long, Float, Double, Character, 
Boolean
•

• String



•

• Object
Object

•

• extends Object extends

• Object java.lang
•
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•



•

public class A{
static int i=10;
static int ifact;
static {

ifact=1;
for (int j=2; j<=10; j++){

ifact*=j;
}

int [] array = new int[10];
{

for (int i=0; i<10; i++){
array[i]=(int)Math.random();

}
}

}
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•

• return
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•
• java.lang.ClassCastException

• instanceof



•

•
• public class Apple implements Edible

•

•
• Edible apple = new Apple();
Edible pear  = new Pear();

•
• Apple implements Edible

Pear  implements Edible

•
•

•

•
•
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• public abstract.

•

•

•
• public static final

•

•
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abstract class CPU {}

class EmberCPU extends CPU {}

class EnginolaCPU extends CPU {}

abstract class MMU {}

class EmberMMU extends MMU {}

class EnginolaMMU extends MMU {}

class EmberToolkit extends AbstractFactory {
@Override
public CPU createCPU() {

return new EmberCPU();
}

@Override
public MMU createMMU() {

return new EmberMMU();
}

}

class EnginolaToolkit extends AbstractFactory {
@Override
public CPU createCPU() {

return new EnginolaCPU();
}

@Override
public MMU createMMU() {

return new EnginolaMMU();
}

}

enum Architecture {
ENGINOLA, EMBER

}

abstract class AbstractFactory {
private static final EmberToolkit EMBER_TOOLKIT = new

EmberToolkit();
private static final EnginolaToolkit ENGINOLA_TOOLKIT = new

EnginolaToolkit();

static AbstractFactory getFactory(Architecture architecture) {
AbstractFactory factory = null;
switch (architecture) {

case ENGINOLA:
factory = ENGINOLA_TOOLKIT;
break;

case EMBER:
factory = EMBER_TOOLKIT;
break;

}
return factory;

}

public abstract CPU createCPU();

public abstract MMU createMMU();
}

public class Client {
public static void main(String[] args) {

AbstractFactory factory = 
AbstractFactory.getFactory(Architecture.EMBER);

CPU cpu = factory.createCPU();
}

}
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interface ImageReader {
DecodedImage getDecodeImage();

}

class DecodedImage {
private String image;

public DecodedImage(String image) {
this.image = image;

}

@Override
public String toString() {

return image + ": is decoded";
}

}

class GifReader implements ImageReader {
private DecodedImage decodedImage;

public GifReader(String image) {
this.decodedImage = new DecodedImage(image);

}

@Override
public DecodedImage getDecodeImage() {

return decodedImage;
}

}

class JpegReader implements ImageReader {
private DecodedImage decodedImage;

public JpegReader(String image) {
decodedImage = new DecodedImage(image);

}

@Override
public DecodedImage getDecodeImage() {

return decodedImage;
}

}

public class FactoryMethodDemo {
public static void main(String[] args) {

DecodedImage decodedImage;
ImageReader reader = null;
String image = args[0];
String format = image.substring(image.indexOf('.') + 1, 

(image.length()));
if (format.equals("gif")) {

reader = new GifReader(image);
}
if (format.equals("jpeg")) {

reader = new JpegReader(image);
}
assert reader != null;
decodedImage = reader.getDecodeImage();
System.out.println(decodedImage);

}
}
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#include <iostream>
#include <string>
#include <stdlib.h>
using namespace std;

class Number
{

public:
// 2. Define a public static accessor func
static Number *instance(); 
static void setType(string t)
{

type = t;
delete inst;
inst = 0;

}
virtual void setValue(int in)
{

value = in;
}
virtual int getValue()
{

return value;
}

protected:
int value;
// 4. Define all ctors to be protected
Number()
{

cout << ":ctor: ";
} 

// 1. Define a private static attribute
private:

static string type;
static Number *inst; 

};

string Number::type = "decimal";
Number *Number::inst = 0;

class Octal: public Number
{

// 6. Inheritance can be supported
public:

friend class Number;
void setValue(int in)
{

char buf[10];
sprintf(buf, "%o", in);
sscanf(buf, "%d", &value);

}
protected:

Octal(){}
};

Number *Number::instance()
{

if (!inst)
// 3. Do "lazy initialization" in the accessor function
if (type == "octal")

inst = new Octal();
else

inst = new Number();
return inst;

}

int main()
{

// Number myInstance; - error: cannot access protected constructor
// 5. Clients may only use the accessor function to manipulate the

Singleton
Number::instance()->setValue(42);
cout << "value is " << Number::instance()->getValue() << endl;
Number::setType("octal");
Number::instance()->setValue(64);
cout << "value is " << Number::instance()->getValue() << endl;

}
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import abc

class Target(metaclass=abc.ABCMeta):
"""
Define the domain-specific interface that Client uses.
"""

def __init__(self):
self._adaptee = Adaptee()

@abc.abstractmethod
def request(self):

pass

class Adapter(Target):
"""
Adapt the interface of Adaptee to the Target

interface.
"""

def request(self):
self._adaptee.specific_request()

class Adaptee:
"""
Define an existing interface that needs adapting.
"""

def specific_request(self):
pass

def main():
adapter = Adapter()
adapter.request()

if __name__ == "__main__":
main()
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#include <iostream>
#include <vector>
using namespace std;

class Component
{

public:
virtual void traverse() = 0;

};

class Primitive: public Component
{

int value;
public:

Primitive(int val)
{

value = val;
}
void traverse()
{

cout << value << "  ";
}

};

class Composite: public Component
{

vector < Component * > children;
int value;

public:
Composite(int val)
{

value = val;
}
void add(Component *c)
{

children.push_back(c);
}
void traverse()
{

cout << value << "  ";
for (int i = 0; i < children.size(); i++)

children[i]->traverse();
}

};

class Row: public Composite
{

public:
// Two different kinds of "con-
Row(int val): Composite(val){}
// tainer" classes.  Most of the
void traverse()
{

// "meat" is in the Composite
cout << "Row"; // base class.
Composite::traverse();

}
};

class Column: public Composite
{

public:
Column(int val): Composite(val){}
void traverse()
{

cout << "Col";
Composite::traverse();

}
};

int main()
{

Row first(1);                 // Row1
Column second(2);             //   |
Column third(3);              //   +-- Col2
Row fourth(4);                //   |     |
Row fifth(5);                 //   |     +-- 7
first.add(&second);           //   +-- Col3
first.add(&third);            //   |     |
third.add(&fourth);           //   |     +-- Row4
third.add(&fifth);            //   |     |     |
first.add(&Primitive(6));     //   |     |     +-- 9
second.add(&Primitive(7));    //   |     +-- Row5
third.add(&Primitive(8));     //   |     |     |
fourth.add(&Primitive(9));    //   |     |     +-- 10
fifth.add(&Primitive(10));    //   |     +-- 8
first.traverse();             //   +-- 6
cout << '\n';                 

}
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interface SocketInterface {
String readLine();
void writeLine(String str);
void dispose();

}

class SocketProxy implements SocketInterface {
private Socket socket;
private BufferedReader in;
private PrintWriter out;

public SocketProxy(String host, int port, boolean wait) {
try {

if (wait) {
// 2. Encapsulate the complexity/overhead of the target in the wrapper
ServerSocket server = new ServerSocket(port);
socket = server.accept();

} else {
socket = new Socket(host, port);

}
in  = new BufferedReader(new InputStreamReader(socket.getInputStream()));
out = new PrintWriter(socket.getOutputStream(), true);

} catch(IOException e) {
e.printStackTrace();

}
}

public String readLine() {
String str = null;
try {

str = in.readLine();
} catch( IOException e ) {

e.printStackTrace();
}
return str;

}



public void writeLine(String str) {
// 4. The wrapper delegates to the target
out.println(str);

}

public void dispose() {
try {

socket.close();
} catch(IOException e) {

e.printStackTrace();
}

}
}

public class ProxyDemo {
public static void main( String[] args ) {

// 3. The client deals with the wrapper
SocketInterface socket = new SocketProxy( "127.0.0.1", 8080, args[0].equals("first") ? true : false );
String str;
boolean skip = true;
while (true) {

if (args[0].equals("second") && skip) {
skip = !skip;

} else {
str = socket.readLine();
System.out.println("Receive - " + str);
if (str.equals(null)) {

break;
}

}
System.out.print( "Send ---- " );
str = new Scanner(System.in).nextLine();
socket.writeLine( str );
if (str.equals("quit")) {

break;
}

}
socket.dispose();

}
}



•

•
•



•

•

•

•

•





interface AlarmListener {
void alarm();

}

class SensorSystem {
private Vector listeners = new Vector();

public void register(AlarmListener alarmListener) {
listeners.addElement(alarmListener);

}

public void soundTheAlarm() {
for (Enumeration e = listeners.elements(); 

e.hasMoreElements();) {
((AlarmListener) e.nextElement()).alarm();

}
}

}

class Lighting implements AlarmListener {
public void alarm() {

System.out.println("lights up");
}

}

class Gates implements AlarmListener {
public void alarm() {

System.out.println("gates close");
}

}

class CheckList {
// Template Method design pattern
public void byTheNumbers() {

localize();
isolate();
identify();

}

protected void localize() {
System.out.println("   establish a perimeter");

}

protected void isolate() {
System.out.println("   isolate the grid");

}

protected void identify() {
System.out.println("   identify the source");

}
}

// class inherit.
// type inheritance
class Surveillance extends CheckList implements AlarmListener {

public void alarm() {
System.out.println("Surveillance - by the numbers:");
byTheNumbers();

}

protected void isolate() {
System.out.println("   train the cameras");

}
}



•

•

•
•

•
•

•



class I {
public:

virtual void f() = 0;
virtual void g() = 0;
virtual ~I() {}

};

class A : public I {
public:

void f() { cout << "A: doing f()" << endl; }
void g() { cout << "A: doing g()" << endl; }
~A() { cout << "A: cleaning up." << endl; }

};

class B : public I {
public:

void f() { cout << "B: doing f()" << endl; }
void g() { cout << "B: doing g()" << endl; }
~B() { cout << "B: cleaning up." << endl; }

};



class C : public I {
public:
C() : i( new A() ) { }
virtual ~C() { delete i; }

private:
I* i;

public:
void f() { i->f(); }
void g() { i->g(); }
void toA() { delete i; i = new A(); }
void toB() { delete i; i = new B(); }

}; 

int main() {
C c;
c.f();   //A: doing f()
c.g();   //A: doing g()
c.toB(); //A: cleaning up.
c.f();   //B: doing f()
c.g();   //B: doing g()

}



•
•

•

•

•

ObjectiveC
[button setTarget: self];

[button setAction: @selector(doSomething)];
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•
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•



• int max(int a, int b) {
if (a > b) {

return a;
} else {

return b;
}

}

• void testMax() {
int x = max(3, 7);
if (x != 7) {

System.out.println("max(3, 7) gives " + x);
}
x = max(3, -7);
if (x != 3) { System.out.println("max(3, -7) 

gives " + x);
}

}

• public static void main(String[] args) {
new MyClass().testMax();

}

• @Test
void testMax() {

assertEquals(7, max(3, 7));
assertEquals(3, max(3, -7));

}



•
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• int multiply(int x, 
int y) boolean isPositive(int x)

• import org.junit.*;
import static org.junit.Assert.*; 
public class ArithmeticTest {

@Test
public void testMultiply() {

assertEquals(4, Arithmetic.multiply(2, 2));
assertEquals(-15, Arithmetic.multiply(3, -5));

}

@Test
public void testIsPositive() {

assertTrue(Arithmetic.isPositive(5));
assertFalse(Arithmetic.isPositive(-5));
assertFalse(Arithmetic.isPositive(0));

}
}
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•
•

• xcrun swift

•

•
•

•

•
•



• var let
• var implicitInteger = 70

• let implicitDouble = 70.0

• let explicitDouble: Double = 70

• let appleSummary = "I have \(apples) apples."

• let fruitSummary = "I have \(apples + oranges) pieces of fruit."

•
• var shoppingList = ["catfish", "water", "tulips", "blue paint"]

• shoppingList[1] = "bottle of water"

• shoppingList.append("car")

• shoppingList.insert("bus", at: 70)

• print(shoppingList)



•
• let oddDigits: Set = [1, 3, 5, 7, 9]

• let evenDigits: Set = [0, 2, 4, 6, 8]

• let singleDigitPrimeNumbers: Set = [2, 3, 5, 7]

• oddDigits.intersection(evenDigits).sorted()

• oddDigits.contains(1)   // True

•
• var occupations = [

"Malcolm": "Captain",
"Kaylee" : "Mechanic",
]

• occupations["Jayne"] = "Public Relations"

• let emptyArray = [String]()

• let emptyDictionary = [String: Float]()

•
• let k = (70, 80)

• k.0     // 70



• nil

•
• var optionalString: String? = "Hello"

• println(optionalString == nil)

• var optionalName: String? = "John Appleseed"

• var greeting = "Hello!"

• if let name = optionalName {
greeting = "Hello, \(name)"

}

• optionalName!



•
• var firstForLoop = 0
for i in 0..<4 {

firstForLoop += i
}

• var secondForLoop = 0
for var i = 0; i < 4; ++i {

secondForLoop += i
}

• ..< i 0 3

• 0 4
• i in 0...4



•
let individualScores = [75, 43, 103, 87, 12]

var teamScore = 0

for score in individualScores {

if score > 50 {

teamScore += 3

} else {

teamScore += 1

}

}



•
• let interestingNumbers = [

"Prime":     [2, 3, 5, 7, 11, 13],
"Fibonacci": [1, 1, 2, 3, 5, 8],
"Square":    [1, 4, 9, 16, 25]

]
• var largest = 0
• for (kind, numbers) in interestingNumbers {

for number in numbers {
if number > largest {

largest = number
}

}
}



•
• let base = 3
let power = 10
var answer = 1
for _ in 1...power {

answer *= base
}



•
var n = 2

while n < 100 {

n = n * 2

}

•
var m = 2

repeat {

m = m * 2

} while m < 10



•
import Foundation

let vegetable = "red pepper"

let vegetableComment: String

switch vegetable {

case "celery":

vegetableComment = "Add some raisins and make ants on a log"

case "cucumber", "watercress":

vegetableComment = "That would make a good tea sandwich."

case let x where x.hasSuffix("pepper"):

vegetableComment = "Is it a spicy \(x)?"

default:

vegetableComment = "Everything tastes good in soup."

}



•
func greet(name: String, day: String) -> String {

return "Hello \(name), today is \(day)."

}

greet(name: "Bob", day: "Tuesday")

•
•

•



•
• func calculateStatistics(scores: [Int]) -> (min: Int, max: Int, sum: 

Int ) {
var min = scores[0]
var max = scores[0]
var sum = 0
for score in scores {
if score > max {
max = score

} else if score < min {
min = score

}
sum += score

}
return (min, max, sum)

}

• let statistics = calculateStatistics(scores: [5, 3, 100, 3, 9])



•
func sumOf(numbers: Int ...) -> Int {

var sum = 0
for number in numbers {

sum += number
}
return sum

}

sumOf(numbers: 42, 597, 12) // 651



•
func minMax(array: [Int]) -> (min: Int, max: Int)? {

if array.isEmpty { return nil }
var currentMin = array[0]
var currentMax = array[0]
for value in array[1..<array.count] {

if value < currentMin {
currentMin = value

} else if value > currentMax {
currentMax = value

}
}
return (currentMin, currentMax)

}



func someFunction(parameterWithDefault: Int = 42) {

// Function body
}



func someFunction(parameter: inout Int) {

parameter *= 2 

}

var param = 10

someFunction(parameter: &param)

print(param)



•
func makeIncrementer() -> ((Int) -> Int) {

func addOne(number: Int) -> Int {

return 1 + number

}

return addOne

}

var increment = makeIncrementer()

print(increment(7))



•
func hasAnyMatches(list: [Int], 

condition: (Int) -> Bool) -> Bool {
for item in list {

if condition(item) {
return true

}
}
return false

}
func lessThanTen(number: Int) -> Bool {

return number < 10
}
var numbers = [20, 19, 7, 12]
print(hasAnyMatches(list: numbers, condition: lessThanTen))



•
•

•
•

•

•

•

•
•

•

•

•







let approximateCount = 62
let countedThings = "moons orbiting Saturn"
let naturalCount: String
switch approximateCount {
case 0:

naturalCount = "no"
case 1..<5:

naturalCount = "a few"
case 5..<12:

naturalCount = "several"
case 12..<100:

naturalCount = "dozens of"
case 100..<1000:

naturalCount = "hundreds of"
default:

naturalCount = "many"
}
print("There are \(naturalCount) \(countedThings).")



let somePoint = (1, 1)
switch somePoint {
case (0, 0):

print("\(somePoint) is at the origin")
case (_, 0):

print("\(somePoint) is on the x-axis")
case (0, _):

print("\(somePoint) is on the y-axis")
case (-2...2, -2...2):

print("\(somePoint) is inside the box")
default:

print("\(somePoint) is outside of the box")
}



•

•
• continue

• break

• fallthrough

• return

• throw



•

let puzzleInput = "great minds think alike"
var puzzleOutput = ""
let charactersToRemove: [Character] = ["a", "e", "i", "o", 
"u", " "]
for character in puzzleInput {

if charactersToRemove.contains(character) {
continue

} else {
puzzleOutput.append(character)

}
}
print(puzzleOutput)



•
•

•
•



•
let integerToDescribe = 5

var description = "The number \(integerToDescribe) is"

switch integerToDescribe {

case 2, 3, 5, 7, 11, 13, 17, 19:

description += " a prime number, and also"

fallthrough

default:

description += " an integer."

}

print(description)



•
•
func greet(name: String, day: String) -> String {
return "Hello \(name), today is \(day)."

}
•

greet(name: "Bob", day: "Tuesday")
•
func greet(name s1: String, day s2: String) -> String

•
greet(name: "Bob", day: "Tuesday")

•
func greet(_ s1: String, _ s2: String) -> String

•
greet("Bob", "Tuesday")



•
enum Rank: Int {

case Ace = 1
case Two, Three, Four, Five, Six, Seven, 

Eight, Nine, Ten
case Jack, Queen, King

}

let ace = Rank.Ace
let aceRawValue = ace.rawValue



•
func simpleDescription() -> String {

switch self {
case .Ace:

return "ace”
case .Jack:

return "jack”
case .Queen:

return "queen”
case .King:

return "king”
default:

return String(self.rawValue)
}

}



enum Suit {
case Spades, Hearts, Diamonds, Clubs
func simpleDescription() -> String {

switch self {
case .Spades:

return "spades"
case .Hearts:

return "hearts"
case .Diamonds:

return "diamonds"
case .Clubs:

return "clubs"
}

}
}



•

enum ServerResponse {
case Result(String, String)
case Error(String)

}
let success = ServerResponse.Result("6:00 am", "8:09 pm")
let failure = ServerResponse.Error("Out of cheese.")
switch success {
case let .Result(sunrise, sunset):

let serverResponse = "Time1 \(sunrise), time2 \(sunset)."
case let .Error(error):

let serverResponse = "Failure...  \(error)”
}



struct Card {
var rank: Rank
var suit: Suit 
func simpleDescription() -> String {

return "The \(rank.simpleDescription()) of
\(suit.simpleDescription())"

}
}

let threeOfSpades = Card(rank: .Three, suit: .Spades)
let threeOfSpadesDescription = 
threeOfSpades.simpleDescription()



•
•

•

•
•
•
•
•

•
•
•
•
•



•

•

•

•



struct FixedLengthRange {
var firstValue: Int
let length: Int

}

var rangeOfThreeItems = 
FixedLengthRange(firstValue: 0, length: 3)
rangeOfThreeItems.firstValue = 6

!!! Error
let rangeOfThreeItems = 
FixedLengthRange(firstValue: 0, length: 3)
rangeOfThreeItems.firstValue = 6



struct Rect {
var origin = Point()
var size = Size()
var center: Point {

get {
let centerX = origin.x + (size.width / 2)
let centerY = origin.y + (size.height / 2)
return Point(x: centerX, y: centerY)

}
set(newCenter) {

origin.x = newCenter.x - (size.width / 2)
origin.y = newCenter.y - (size.height / 2)

}
}

}

struct Point {
var x = 0.0, y = 0.0

}
struct Size {

var width = 0.0, height = 0.0
}



class StepCounter {
var totalSteps: Int = 0 {

willSet(newTotalSteps) {
print("About to set totalSteps to \(newTotalSteps)")

}
didSet {

if totalSteps > oldValue  {
print("Added \(totalSteps - oldValue) steps")

}
}

}
}



•

•

class Counter {
static var maxCount = 10
var count = 0
func incrementCount() {

count += 1
}

static func incrementMaxCount(value : Int) {
maxCount += value

}
}

Counter.incrementMaxCount(value: 5) // 15



class Counter {
var count = 0
func increment() {

count += 1
}

func incrementBy(amount: Int) {
count += amount

}

func reset() {
count = 0

}
}



struct Counter {
var count = 0
mutating func increment() {

count += 1
}

}

•



struct Color {
let red, green, blue: Double
init(red: Double, green: Double, blue: Double) {

self.red   = red
self.green = green
self.blue  = blue

}
init(white: Double) {

red   = white
green = white
blue  = white

}
}



class Counter {
var count = 0
func incrementCount() {

count += 1
}

} 

class ChildCounter : Counter{
override func incrementCount() {

count += 2
}

}

var c = ChildCounter()
c.incrementCount()
print(c.count)



•

class Counter {
static var maxCount = 10
var count = 0
func incrementCount() {

++count
}

class func incrementMaxCount(value : Int) {
maxCount += value

}
}
Counter.incrementMaxCount(5) // 15



•

Counter.incrementMaxCount(5) // 15

class SuperCounter : Counter {
override class

func incrementMaxCount(value : Int) {
maxCount += 2*value

}
}

SuperCounter.incrementMaxCount(5) // 25
Counter.maxCount



•
• final func
• final class func
• final var
• final subscript

•
• final class

•
•

•

•

•



•
•

•

•

•

•

•

•

• extension

•
•



protocol Animal {
func name() -> String

}

class Dog : Animal {
func name() -> String {

return "Jack"
}

}

let favorite : Animal = Dog()
favourite.name() // "Jack"



class Greyhound : Dog {
override func name() -> String {

return "Bruno"
}

}

let favourite2 : Animal = Greyhound()
favourite2.name() // "Bruno"



extension Animal {
func doubleName() -> String {

return name() + " " + name()
}

}

let favourite2 : Greyhound = Greyhound()

favourite2.doubleName() // "Bruno Bruno"
favourite.doubleName() // "Jack Jack" 



•

• public

• internal

• private



class One {
var number: Int?

}
class Simple {

var oneOrNot: One?
}
let optAndSimple: Simple? = Simple()
optAndSimple!.oneOrNot = One()
optAndSimple!.oneOrNot!.number = 5

if let c = optAndSimple?.oneOrNot?.number {
print("The number is \(c)")

} else {
print("No number")

}



•

•
•

•

•

•
•

•

•

•

•
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•
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•
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•

•
•

•
•
•
•



•
• void
• unsigned short char int long long long
• int8_t uint16_t
• float double long double

•
• BOOL YES NO
• id
• Class
• SEL

•
• short aShort = 1234;
char aChar = 'A';
BOOL isGood = YES;



•
• NSObject

•

• NSNumber
•

• NSString
•

• NSDecimalNumber
•

•
• NSSet
• NSArray
• NSDictionary

• NSDate

•
•



•
•

•
•

•

•

• @



• Card

NSObject

•

#import <Foundation/Foundation.h>

@interface Card : NSObject
// Public declarations

@end 

•

•

#import "Card.h"

@implementation Card
// Implementation

@end 



•

•
• @import Foundation;

•
• #import "Superclass"



@interface @end
•

•
•
•

•

• #import "Card.h"

@interface Card()
// Private declarations
@end

@implementation Card

@end 



@interface @end
•

• @property
•

•

•
•

•

•
• @property (strong) NSString *contents;

• NSString
•

•



@property
• strong weak

• strong

• nil

• weak

• nil

• nonatomic
•

•

• nonatomic



@synthesize
•

•
• @synthesize
• @implementation

• @synthesize contents = _contentsvariable;

•

•
• @synthesize contents = _contents 
• - (NSString *)contents
{

return _contents;
}

• - (void)setContents:(NSString *)contents
{

_contents = contents;
}



•
• @property (nonatomic) BOOL chosen;
• @property (nonatomic) BOOL matched;
•
•

• struct

•

•
• -(BOOL)chosen

•
• @poperty (nonatomic, getter=isChosen) BOOL chosen;

@poperty (nonatomic, getter=isMatched) BOOL matched;

•
• -(BOOL)isChosen

•

• readonly
•



•

•
• foo->bar (parameter);

•
• [foo bar:parameter];

•

•
•

•
•
•
• -(type)method:(type)param1 :(type)param2;
•
-(type)method:(type)param1 andParam2:(type)param2; 



•
• -(int)doIt:(int)param1 :(int)param2; 
• -(int)doIt:(int)param1 :(NSString*)param2; 

•

•

• -(int)doIt:(int)param1 withSomeInt:(int)param2; 
• -(int)doIt:(int)param1 withSomeString:(NSString*)param2;

•
•
•

•

•
•



#import <Foundation/Foundation.h>

@interface Card : NSObject

@property (strong) NSString
*contents;

@property (nonatomic, 
getter=isChosen) BOOL chosen;

@property (nonatomic, 
getter=isMatched) BOOL matched;

-(int)match:(Card *)card;

@end

• #import "Card.h"

@interface Card()
// Private declarations
@end

@implementation Card

-(int)match:(Card *)card
{

int score = 0;

// We calculate the score

return score;
}

@end



• -(int)match:(Card *)card
{

int score = 0;

if ([card.contents isEqualToString:self.contents]) {
score = 1;

}

return score;
}

•
•
• this self
•
• isEqualToString
• self.contents card.contents



• ==

•

•

• NSString:
• isEqualToString

• NSNumber:
• isEqualToNumber

•



NSArray
•

• -(int)match:(NSArray *)othercards;

•
• -(int)match:(NSArray *)othercards
{

int score = 0;

for (Card *card in othercards) {
if ([card.contents isEqualToString:self.contents]) {

score = 1;
}

}

return score;
}

•
•



• #import <Foundation/Foundation.h>
#import "Card.h"

@interface Deck : NSObject

-(void)addCard:(Card *)card 
atTop(BOOL)atTop;

-(void)addCard:(Card *)card

-(Card *)drawRandomCard;

@end

• #import "Deck.h"

@interface Deck()
@end

@implementation Deck

-(void)addCard:(Card *)card 
atTop(BOOL)atTop
{

// TODO
}

-(void)addCard:(Card *)card
{

[self addCard:card atTop:NO];
}

-(Card *)drawRandomCard
{

// TODO
}

@end



• addCard
•

•
•

• NSArray
•

• NSMutableArray

•
•



• #import "Deck.h"

@interface Deck()
@property (strong, nonatomic) NSMutableArray *cards;
@end

@implementation Deck

-(void)addCard:(Card *)card atTop(BOOL)atTop
{

if (aTop) {
[self.cards insertObject:card atIndex:0];

} else {
[self.cards addObject:cards];

}
}

…

@end



• @property (strong, nonatomic) NSMutableArray *cards;

•

•

• addCard NIL

•
• -(NSMutableArray *)cards { return _cards; }

•
• -(NSMutableArray *) cards {

if (!_cards) _cards = [[NSMutableArray alloc] init];
return _cards;

}

•



•

•
•

•
• NIL

•
• NSString: @"Hi guys";
• NSNumber: @42;
• NSArray: @[@"One", @"Two", @"Three"];
•

•
• [[NSMutableArray alloc] init]



drawRandomCard
-(Card *)drawRandomCard
{

Card *randomCard = nil;
if ([self.cards count]) {

unsigned index = arc4random() % [self.cards count];
randomCard = self.cards[index];
[self.cards removeObjectAtIndex:index];

}
return randomCard;

}

• cards[index] 



• #import "Card.h"

@interface PlayingCard : Card

@property (strong, nonatomic) 
NSString *suit;

@property (nonatomic) NSUInteger 
rank;

@end

• #import "PlayingCard.h"
@implementation PlayingCard

- (NSString *)contents
{

return
[NSString stringWithFormat:@"%d%@",

self.rank, self.suit];
}

@end

•

•

•



• #import "PlayingCard.h"
@implementation PlayingCard

- (NSString *)contents
{
NSArray *rankStrings = @[@"?",@"A",@"2",@"3",...,@"10",@"J",@"Q",@"K"];
return [rankStrings[self.rank] stringByAppendingString:self.suit];

}

@end

• [] @[]

•

• - (NSString *)suit
{

return _suit ? _suit : @"?";
}



•
•
•
•
•

• @synthesize suit = _suit;

•
•

• - (void)setSuit:(NSString *)suit
{

if ([@[@"♥",@"♦",@"♠",@"♣"] containsObject:suit]) {
_suit = suit;

}
}



•
•
• + (NSArray *)validSuits
{

return @[@"♥",@"♦",@"♠",@"♣"];
}

•
• - (void)setSuit:(NSString *)suit
{

if ([[PlayingCard validSuits] 
containsObject:suit]) {

_suit = suit;
}

}

•



• #import "Card.h"

@interface PlayingCard : Card

@property (strong, nonatomic) NSString *suit;

@property (nonatomic) NSUInteger rank;

+ (NSArray *)validSuits;
+ (NSArray *)rankStrings;
+ (NSUInteger)maxRank;

@end

• #import "PlayingCard.h"
@implementation PlayingCard
@synthesize suit = _suit;
- (NSString *)contents
{
NSArray *rankStrings = [PlayingCard rankStrings];
return [rankStrings[self.rank]  

stringByAppendingString:self.suit];
}
+ (NSArray *)validSuits
{

return @[@"♥",@"♦",@"♠",@"♣"];
}
+ (NSArray *)rankStrings
{

return @[@"?",@"A",@"2",@"3",...,@"10",@"J",@"Q",@"K"];
}
- (void)setSuit:(NSString *)suit
{

if ([[PlayingCard validSuits] containsObject:suit]) {
_suit = suit;

}
}
-(NSString *)suit
{

return _suit ? _suit : @"?";
}
+ (NSUInteger)maxRank { return [[self rankStrings] count]-1; }
@end



PlayingCardDeck
•

•
•
•

• init
•
•
instancetype

• self
• init

alloc
•



• #import "Deck.h"

@interface PlayingCardDeck : Deck

@end

• #import "PlayingCardDeck.h"

@implementation PlayingCardDeck

- (instancetype)init
{

self = [super init];
if (self) {

}
return self;

}

@end

•

•

•

• NIL



• #import "PlayingCardDeck.h„
#import "PlayingCard.h"

@implementation PlayingCardDeck

- (instancetype)init
{

self = [super init];
if (self) {

for (NSString *suit in [PlayingCard validSuits]) {
for (NSUInteger rank = 1; rank <= [PlayingCard maxRank]; rank++) {

PlayingCard *card = [[PlayingCard alloc] init];
card.rank = rank;
card.suit = suit;
[self addCard:card];

}
}

}
return self;

}

@end



•
cardA.contents = @[cardB.contents,cardC.contents][[cardB match:@[cardC]] ? 1 : 0]







•
•

•

•

•

•



•
•

•

•

•



•
•

•

•



•



•
•

•



•
•

•



•
•
•
•

•



•
•

•
•







•
•

•
•

•

•

•



•
•

•

•
•

•

https://docs.microsoft.com/en-us/windows/wsl/install-win10












•
•

•
•

•

•
•

•

•
•

•

•
•

•
•

•
•

•
•













•

•

•

•
•

•

•

•





•

•

•

•

•

•



•
•

•
•
•

•

•
•
•

•

•



•

•
•

•

•

•
•

•
•

•
•

•

•

•

•
•

•



•
•

•
•

•

http://developer.android.com/sdk/index.html


•





•
•

•
•
•

•
•
•
•

•
•
•
•
•



•

•

•

•
•

•

•



•



•

•



•

•

•

•

•

•
•





•



•
•

•

•

•
•

•

•
•





•
•

•

•

•

•

•
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•
•

•

•
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•

•

•

•

•



•
•

•
•

•

•

•

•
•







•
•
•
•

•

•
•

•
•



•
•

•

•
•
•

•

•
• adb devices

•
•







•

• android.util.Log
• Log.i("MainActivity", "Hello logging!"); // information log
•
•

•







•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•





•
•
•

•
•

•
•

•

•
•

•
•

•
•
•



•
•

•

•
•

•
•

•
•

•
•

•



•
•

•

•

•

•

•

•

•

http://developer.android.com/guide/topics/manifest/manifest-intro.html


<?xml version="1.0" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"

package="com.example.hello"
android:versionCode="1"
android:versionName="1.0" >                                                      <!– Application version-->

<uses-sdk
android:minSdkVersion="15"
android:targetSdkVersion="19" />                                             <!– Android 4.0 and above -->

<uses-permission android:name="android.permission.INTERNET" />                   <!– can access internet -->

<uses-permission android:name="android.permission.WRITE_EXTERNAL_STORAGE" />     <!– write on external storage (SD card) -->
<uses-permission android:name="android.permission.CAMERA" />                     <!– use camera -->

<uses-feature android:name="android.hardware.camera" />                          <!– requires camera -->
<uses-feature android:name="android.hardware.camera.autofocus" />                <!– requires autofouces -->

<application
android:icon="@drawable/ic_launcher"
android:label="@string/app_name"
android:theme="@style/AppTheme" >                                            <!– icon, name and theme for app -->
<activity

android:name=".MainActivity"
android:label="@string/app_name" >                                       <!– main Activity (later) -->
<intent-filter>

<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />

</intent-filter>
</activity>
<activity android:name=".SettingsActivity" android:screenOrientation="portrait" />
<activity android:name=".NewsActivity" android:screenOrientation="portrait" />

</application>
</manifest>



apply plugin: 'com.android.application'

android {

compileSdkVersion 24

buildToolsVersion "24.0.3"

defaultConfig {

applicationId "hu.ppke.itk.mad"

minSdkVersion 20

targetSdkVersion 24

versionCode 1

versionName "1.0"

}

buildTypes {

release {

minifyEnabled false

proguardFiles getDefaultProguardFile('proguard-android.txt'), 'proguard-rules.pro'

}

}

}

dependencies {

implementation fileTree(dir: 'libs', include: ['*.jar'])

testImplementation 'junit:junit:4.12'

implementation 'com.android.support:appcompat-v7:24.2.1'

}
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Used SDK version

Package name

Minimum SDK version needed

Version of the application

Used libraries







•

•

•

•

•
•

•

•



•
•

•

•

•

• android.app.Activity





• Activity

•

•

•
• onCreate: Activity

•

• onStart: Activity
• onResume: Activity
• onPause: Activity

• Activity Dialog
• Activity
•

• Activity
• Activity 



• onStop: Activity
• Activity

•

•

• onDestroy: finish()
• Activity 
•

• null

•

• super.onCreate
•

•



•
•

•

•
•

•

•

• View

Layout, azaz elrendez%C3%A9s, elhelyezked%C3%A9s (angolul tanulj%C3%A1tok meg, k%C3%B6szi%E2%80%A6) hat%C3%A1rozza meg egy k%C3%A9perny%C5%91n elhelyezked%C5%91 elemek alapvet%C5%91 helyzet%C3%A9t.


• layout_width layout_height
•

•
•

•

•
• wrap_content
• match_parent 
•

• id Activity

• gravity
• left right bottom
• center

• horizontal vertical
• android:gravity="center|bottom"

http://developer.android.com/guide/practices/screens_support.html#overview


• layout_weight="2"
•
•

•

• visibility
•
•
•

• padding
•

• background
•

•
ViewGroup
•



•
•

•

•

•

•

•

•

•
•

•

•

•

•

•

•

•

•

http://developer.android.com/guide/topics/ui/layout/linear.html
http://developer.android.com/guide/topics/ui/layout/relative.html
https://developer.android.com/reference/android/support/constraint/ConstraintLayout.html
https://developer.android.com/reference/android/support/design/widget/CoordinatorLayout.html
https://developer.android.com/guide/topics/ui/layout/recyclerview.html
http://developer.android.com/reference/android/widget/FrameLayout.html
https://developer.android.com/reference/android/webkit/WebView.html
http://developer.android.com/reference/android/widget/TextView.html
http://developer.android.com/guide/topics/ui/controls/text.html
http://developer.android.com/reference/android/widget/AutoCompleteTextView.html
http://developer.android.com/guide/topics/ui/controls/button.html
http://developer.android.com/reference/android/widget/ImageView.html
http://developer.android.com/reference/android/widget/ScrollView.html
http://developer.android.com/reference/android/support/v4/view/ViewPager.html
http://developer.android.com/reference/com/google/android/gms/maps/MapView.html


•

View ViewGroup

• ViewGroup View

• ViewGroup View

•

•

http://developer.android.com/reference/android/view/ViewGroup.html
http://developer.android.com/reference/android/view/View.html


•

• setContentView

•

• Every ViewGroup

•

•

addView(View)
function

http://developer.android.com/reference/android/app/Activity.htmlsetContentView(android.view.View)
http://developer.android.com/reference/android/view/ViewGroup.htmladdView(android.view.View)


•
• setContentView

•

• R.java

•

•

• setContentView(View)

•
•

• setContentView(R.layout.activity_main);



<LinearLayout 

xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="match_parent"

android:layout_height="match_parent"

android:orientation="vertical" >

<TextView

android:layout_width="match_parent"

android:layout_height="wrap_content"

android:text= "Hello" />

<LinearLayout

android:layout_width="match_parent"

android:layout_height="wrap_content"

android:orientation="horizontal" >

<EditText

android:layout_width="match_parent"

android:layout_height="wrap_content"

android:layout_weight="1"

android:hint="Ide kell írni" />

<Button

android:layout_width="match_parent"

android:layout_height="wrap_content"

android:layout_weight="1"

android:text="Ezt nyomd meg!" />

</LinearLayout>

</LinearLayout>





• TextView
•

•
• text

• textColor

• textSize

• typeface



• EditText
• TextView

•

•

•
• inputType

• hint



• Button
• TextView

•

•



• ImageView
•

• src

•
• scaleType View

• src



•

•
•

•

•

•

•



•
•



•
•

•
•

•

•





•

•
•
•

•
•

•
•

•
•
•



•
•

• TableRow
• layout_width MATCH_PARENT

• layout_height



•
•

•
• android:stretchColumns

• android:stretchColumns="0"

• android:stretchColumns="1, 2"

• android:stretchColumns="*"



•

public class MainActivity extends Activity implements View.OnClickListener {

@Override

public void onClick(View v) {

// runs on Click event

}

}

•
Activity

• this



•
•

•

•
•

• Activity.findViewById

• View R.id.myButton)
• View 

• View
•
• Button button = (Button) findViewById(R.id.myButton);
• ClassCastException

• button.setOnClickListener(this);

http://developer.android.com/reference/android/app/Activity.html#findViewById%28int%29


@Override
protected void onCreate(Bundle savedInstanceState) {

super.onCreate(savedInstanceState);
setContentView(R.layout.activity_main);
Button button1 = (Button) findViewById(R.id.button1); 
button1.setOnClickListener(new View.OnClickListener() {

@Override
public void onClick(View v) {
Log.i("MainActivity", "button1 pressed");

}
});

final String string = "hello";

Button button2 = (Button) findViewById(R.id.button2); 
button2.setOnClickListener(new View.OnClickListener() {

@Override
public void onClick(View v) {
Log.i("MainActivity", string);

}
});

}



•
•

•

•

•

•

•





•
•

•
•
•

•
•
•

•

•
•

•
•



https://guides.codepath.com/android/Using-the-RecyclerView#installation
https://guides.codepath.com/android/Using-the-RecyclerView#defining-a-model
https://guides.codepath.com/android/Using-the-RecyclerView#create-the-recyclerview-within-layout
https://guides.codepath.com/android/Using-the-RecyclerView#creating-the-custom-row-layout
https://guides.codepath.com/android/Using-the-RecyclerView#creating-the-recyclerview-adapter
https://guides.codepath.com/android/Using-the-RecyclerView#binding-the-adapter-to-the-recyclerview


•
•
•
•
•

•
•

•

•
•

•
•

https://developer.android.com/reference/android/support/v7/widget/LinearLayoutManager.html
https://developer.android.com/reference/android/support/v7/widget/GridLayoutManager.html
https://developer.android.com/reference/android/support/v7/widget/StaggeredGridLayoutManager.html
https://developer.android.com/reference/android/support/v7/widget/RecyclerView.LayoutManager.html
https://developer.android.com/reference/android/support/v7/widget/RecyclerView.ItemDecoration.html
https://developer.android.com/reference/android/support/v7/widget/RecyclerView.ItemAnimator.html


•

•
•

•

•

•
•

•

https://guides.codepath.com/android/Using-the-RecyclerView#attaching-click-listeners-with-decorators
https://stackoverflow.com/a/24471410/3162918
https://guides.codepath.com/android/Using-the-RecyclerView#simple-click-handler-within-viewholder
https://guides.codepath.com/android/Using-the-RecyclerView#handling-touch-events


•

•

•

•
• onClick
• onLongClick

•

•
• View
• set<ListenerName>

• registerObserver





•
•
<set
android:ordering=["together" | "sequentially"]>

<objectAnimator
android:propertyName="string"
android:duration="int"
android:valueFrom="float | int | color"
android:valueTo="float | int | color"
android:startOffset="int"
android:repeatCount="int"
android:repeatMode=["repeat" | "reverse"]
android:valueType=["intType" | "floatType"]/>

<animator
android:duration="int"
android:valueFrom="float | int | color"
android:valueTo="float | int | color"
android:startOffset="int"
android:repeatCount="int"
android:repeatMode=["repeat" | "reverse"]
android:valueType=["intType" | "floatType"]/>

<set>
...

</set>
</set>

https://developer.android.com/guide/topics/resources/animation-resource.html#animator-set-element
https://developer.android.com/guide/topics/resources/animation-resource.html#obj-animator-element
https://developer.android.com/guide/topics/resources/animation-resource.html#val-animator-element
https://developer.android.com/guide/topics/resources/animation-resource.html#animator-set-element


•
•

•
<?xml version="1.0" encoding="utf-8"?>
<resources>

<string name="string_name" >text_string</string>
</resources>

•
•

•

https://developer.android.com/guide/topics/resources/string-resource.html#string-resources-element
https://developer.android.com/guide/topics/resources/string-resource.html#string-element


•
•

•

• View
Activitys

<?xml version="1.0" encoding="utf-8"?>
<resources>

<style
name="style_name"
parent="@[package:]style/style_to_inherit">
<item

name="[package:]style_property_name"
>style_value</item>

</style>
</resources>

• <EditText style=“@style/numbers” …/>

https://developer.android.com/guide/topics/resources/style-resource.html#resources-element
https://developer.android.com/guide/topics/resources/style-resource.html#style-element
https://developer.android.com/guide/topics/resources/style-resource.html#item-element


•
• <?xml version="1.0" encoding="utf-8"?>

<ViewGroup xmlns:android="http://schemas.android.com/apk/res/android"
android:id="@[+][package:]id/resource_name"
android:layout_height=["dimension" | "match_parent" | "wrap_content"]
android:layout_width=["dimension" | "match_parent" | "wrap_content"]
[ViewGroup-specific attributes] >
<View

android:id="@[+][package:]id/resource_name"
android:layout_height=["dimension" | "match_parent" | "wrap_content"]
android:layout_width=["dimension" | "match_parent" | "wrap_content"]
[View-specific attributes] >
<requestFocus/>

</View>
<ViewGroup >

<View />
</ViewGroup>
<include layout="@layout/layout_resource"/>

</ViewGroup>

http://developer.android.com/guide/topics/resources/layout-resource.html#viewgroup-element
http://developer.android.com/guide/topics/resources/layout-resource.html#view-element
http://developer.android.com/guide/topics/resources/layout-resource.html#requestfocus-element
http://developer.android.com/guide/topics/resources/layout-resource.html#viewgroup-element
http://developer.android.com/guide/topics/resources/layout-resource.html#view-element
http://developer.android.com/guide/topics/resources/layout-resource.html#include-element


•
•

•
• <?xml version="1.0" encoding="utf-8"?>

<selector xmlns:android="http://schemas.android.com/apk/res/android" >
<item

android:color="hex_color"
android:state_pressed=["true" | "false"]
android:state_focused=["true" | "false"]
android:state_selected=["true" | "false"]
android:state_checkable=["true" | "false"]
android:state_checked=["true" | "false"]
android:state_enabled=["true" | "false"]
android:state_window_focused=["true" | "false"] />

</selector>

http://developer.android.com/guide/topics/resources/color-list-resource.html#selector-element
http://developer.android.com/guide/topics/resources/color-list-resource.html#item-element


•
•

•

•

• android:text_color= "@color/color_name"





•

•
•

•

•
•
•

•
•
•

•
•

•

•
•



•







•

•
•
•

•
•
•
•

•
•

•
•
•
•



•
•

•

•
•

•
•

•









•

•
•

•

•

•

•

•



•

•
•

•
•

•

•

•

•
•

https://en.wikipedia.org/wiki/Java_language


•
•

•
•

•

•

•

•



•
• val a: Int = 1

•
• val b = 2

•
• val c: Int

•
• c = 3



•
• var x = 5

• x += 1

•



•
•

•
•

•

•

•

•

•



• 123
• 123L

• 0x0F
• Binaries: 0b00001011

•
• val oneMillion = 1_000_000

• val hexBytes = 0xFF_EC_DE_5E



•

•

•
•

•

•
•

•



•
•

• val i = 10

• println("i = $i") // prints "i = 10"

•

•



•
val x = 10

val y = 9

if (x in 1..y+1) {

println("fits in range")

}

•
• 1..10 step 2

•
• 9 downTo 0 step 3



•
• val fruits = listOf("banana", "avocado", 
"apple", "kiwifruit")



•
fun sum(a: Int, b: Int): Int {

return a + b
}

•
fun sum(a: Int, b: Int) = a + b

•
fun printSum(a: Int, b: Int): Unit {

println("sum of $a and $b is ${a + b}")
}
: Unit



fun saveUser(user: User) {

fun validate(user: User, value: String, fieldName: String) {

if (value.isEmpty()) {

throw IllegalArgumentException("Can't save user")

}

}

validate(user, user.name, "Name") 

validate(user, user.address, "Address")

}



•
fun reformat(str: String,

normalizeCase: Boolean = true,
upperCaseFirstLetter: Boolean = true,
wordSeparator: Char = ' ') {

...
}

reformat(str)
reformat(str, true, true, '_')
reformat(str,

normalizeCase = true,
upperCaseFirstLetter = true,
wordSeparator = '_'

)



•

infix fun Int.shl(x: Int): Int { ... }

1 shl 2

// is the same as

1.shl(2)



•
if (a > b) {

// do a

} else {

// do b

}

•
fun maxOf(a: Int, b: Int) = if (a > b) a else b



•
fun maxOf(a: Int, b: Int) = if (a > b) a else b

val max = if (a > b) {

print("Choose a")

a

} else {

print("Choose b")

b

}



•
when (x) {

1 -> print("x == 1")

2 -> print("x == 2")

else -> { 

print("x is neither 1 nor 2")

}

}



•
when (x) {

0, 1 -> print("x == 0 or x == 1")

else -> print("otherwise")

}

•
when (x) {

parseInt(s) -> print("s encodes x")

else -> print("s does not encode x")

}



•
when (x) {

in 1..10 -> print("x is in the range")
in validNumbers -> print("x is valid")
!in 10..20 -> print("x is not in the range")
else -> print("none of the above")

}

•
fun hasPrefix(x: Any) = when(x) {

is String -> x.startsWith("prefix")
else -> false

}



•
for (item in collection) print(item)

for (i in 1..3) {

println(i)

}

for (i in 6 downTo 0 step 2) {

println(i)

}



•
while (x > 0) {

x--

}

do {

val y = retrieveData()

} while (y != null) // y is visible here!



•
• return

• break
• continue

•
•

loop@ for (i in 1..100) {
for (j in 1..100) {

if (...) break@loop
}

}



•
• var a: String = "abc"

• a = null

•
• var b: String? = "abc"

• b = null 

• print(b)



•
• val l = if (b != null) b.length else -1

• val l = b?.length ?: -1

• println(b?.length)

•
• val l = b!!.length

•
• val aInt: Int? = a as? Int



fun getStringLength(obj: Any): Int? {

if (obj is String) {

return obj.length

}

return null

}



•
• class Car { ... }

•
• class Empty

•
• val car = Car()

• val customer = Customer("Joe Smith")



•
class Address {

var name: String = ...

var street: String = ...

var city: String = ...

var state: String? = ...

var zip: String = ...

}



•
•

• var allByDefault: Int? // error

•
• var initialized = 1

•
• val simple: Int?

•
• val inferredType = 1



•
val isEmpty: Boolean

get() = this.size == 0

•
val isEmpty get() = this.size == 0

•
var stringRepresentation: String

get() = this.toString()
set(value) {

setDataFromString(value)
}



•
•

•
• field

var counter = 0
set(value) {

if (value >= 0) field = value
}

•
val isEmpty: Boolean

get() = this.size == 0



•
•

•

•
•

•

• class Person constructor(firstName: String)
{ ... }

•

• class Person(firstName: String) { ... }



•

•

•

class InitOrderDemo(name: String) {
init {

println("Accessing the field $name")
}
val nameProperty: String
init {

println("Setting to a property")
nameProperty=name

}
}



•

class Person(val firstName: String, val
lastName: String, var age: Int)
{ … }
•

•
class Customer(name: String) {

val customerKey = name.toUpperCase()
}



•
class Person {

constructor(parent: Person) {
parent.children.add(this)

}
}

•

•
class Person(val name: String) {

constructor(name: String, parent: Person) : this(name) {
parent.children.add(this)

}

}



• Any
• class Example

• java.lang.Object;

•
• equals()

• hashCode()

• toString()

•
•

•



•
• open class Base(p: Int)

• class Derived(p: Int) : Base(p)



•

•

•
•

•
class MyView : View {

constructor(ctx: Context) : super(ctx)

constructor(ctx: Context, attrs: AttributeSet) : super(ctx, attrs)

}



•
open class Base {

open fun v() { ... }

fun nv() { ... }

}

class Derived() : Base() {

override fun v() { ... }

}



•
•

•

open class AnotherDerived() : Base() {

final override fun v() { ... }

}



•

open class Foo {

open val x: Int get() { ... }

}

class Bar1 : Foo() {

override val x: Int = ...

}



open class Foo {

open fun f() { println("Foo.f()") }

open val x: Int get() = 1

}

class Bar : Foo() {

override fun f() { 

super.f()

println("Bar.f()") 

}

override val x: Int get() = super.x + 1

}



•

•

open class Base {

open fun f() {}

}

abstract class Derived : Base() {

override abstract fun f()

}



•
interface MyInterface {

fun bar()
fun foo() {

// optional body
}

}

•
class Child : MyInterface {

override fun bar() {
}

}



•
•

•

interface MyInterface {
val prop: Int // abstract
val propertyWithImplementation: String

get() = "foo"
fun foo() {

print(prop)
}

}
class Child : MyInterface {

override val prop: Int = 29
}



•

interface Named {
val name: String

}

interface Person : Named {
val firstName: String
val lastName: String

override val name: String get() = "$firstName $lastName"
}



interface A {

fun foo() { print("A") }

fun bar()

}

interface B {

fun foo() { print("B") }

fun bar() { print("bar") }

}

class C : A {

override fun bar() {
print("bar")

}

}

class D : A, B {

override fun foo() {

super<A>.foo()

super<B>.foo()

}

override fun bar() {

super<B>.bar()

}



•

•

•
•

•



•
•

•

•

•



•
•

•

•

•



•
•

package foo
fun baz() { ... }
class Bar { ... }

•
•

•

•

•

•



•

•
fun MutableList<Int>.swap(index1: Int, index2: Int) {

val tmp = this[index1] // the list

this[index1] = this[index2]

this[index2] = tmp

}

val l = mutableListOf(1, 2, 3)

l.swap(0, 2)



•
val <T> List<T>.lastIndex: Int

get() = size - 1



•
•

•

•

•

•

•



•
•

•

•



•

enum class Direction {
NORTH, SOUTH, WEST, EAST

}

enum class ProtocolState {
WAITING {

override fun signal() = TALKING
},
TALKING {

override fun signal() = WAITING
};
abstract fun signal(): ProtocolState

}



•
•

interface Base {
fun print()

}
class BaseImpl(val x: Int) : Base {

override fun print() { print(x) }
}
class Derived(b: Base) : Base by b
fun main() {

val b = BaseImpl(10)
Derived(b).print()

}



•
class Box<T>(t: T) {

var value = t

}

val box: Box<Int> = Box<Int>(1)

•
fun <T> singletonList(item: T): List<T> {

// ...

}

val l = singletonList<Int>(1)



•
import java.util.*

fun demo(source: List<Int>) {
val list = ArrayList<Int>()
// 'for'-loops work for Java collections:
for (item in source) {

list.add(item)
}
// Operator conventions work as well:
for (i in 0..source.size - 1) {

list[i] = source[i] // get and set are called
}

}



•
•



•
•

•

•

•

•
•



•
•

•

•

•

•

•



•

•
•

•

•

•
•

•

•

•

•









•



package hu.ppke.itk.android.kotlinapp

import androidx.appcompat.app.AppCompatActivity
import android.os.Bundle

class MainActivity : AppCompatActivity() {

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
setContentView(R.layout.activity_main)

}
}



•
<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="match_parent"
android:layout_height="wrap_content"
android:orientation="vertical">

<TextView

android:id="@+id/textview"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:text="@string/hello" />

<Button
android:id="@+id/button"
android:layout_width="match_parent"
android:layout_height="wrap_content"
android:layout_weight="1"
android:text="@string/button" />

</LinearLayout>



•
findViewById<Button>(R.id.button).setOnClickListener {
v -> findViewById<TextView>(R.id.textview)

.setText(getString(R.string.clicked)) }

•
class MainActivity : Activity(), OnClickListener {

protected fun onCreate(savedValues: Bundle) {
val button: Button = findViewById(R.id.button)
button.setOnClickListener(this)

}

fun onClick(v: View) {
findViewById<TextView>(R.id.textview).setText(getString(R.string.clicked)) 

}
}



•

•

•

•
•

•



•
•

•

•
•

•



•
•
•

•
•
•

•
•
•



•

•
•

•

•



•
•

•

•

•
•
•

•

•





•
•

•

•





•

•

•



•

•

•
•

•

•



override fun onSaveInstanceState(outState: Bundle?) 
{

outState?.run {
putInt(STATE_SCORE, currentScore)
putInt(STATE_LEVEL, currentLevel)

}

super.onSaveInstanceState(outState)
}

companion object {
val STATE_SCORE = "playerScore"
val STATE_LEVEL = "playerLevel"

}



•

object CarFactory {
val cars = mutableListOf<Car>()

fun makeCar(horsepowers: Int): Car {
val car = Car(horsepowers)
cars.add(car)
return car

}
}



•

•

•

•

•

•



•

•

•

•

•



override fun onCreate(savedInstanceState: Bundle?) 
{

super.onCreate(savedInstanceState)

if (savedInstanceState != null) {
with(savedInstanceState) {

currentScore = getInt(STATE_SCORE)
currentLevel = getInt(STATE_LEVEL)

}
} else {

}

}



•
•

•

val numbers = mutableListOf("one", "two", "three", "four", "five")
val resultList = numbers.map { it.length }.filter { it > 3 }
println(resultList) 

•
numbers.map { it.length }.filter { it > 3 }.let { 

println(it)
// and more function calls if needed

} 

•
numbers.map { it.length }.filter { it > 3 }.let(::println)



•
•

•

•

•
val numbers = mutableListOf("one", "two", "three")

with(numbers) {

println("'with' is called with argument $this")

println("It contains $size elements")

}



•
•

•

•

•

val service = MultiportService("https://example.kotlinlang.org", 80)

val result = service.run {

port = 8080

query(prepareRequest() + " to port $port")

}



•
•

•

•

•

•
val adam = Person("Adam").apply {

age = 32

city = "London"        

}



•
•

•

•

•

•

•
•

•
val numbers = mutableListOf("one", "two", "three")

numbers

.also { println("The list elements before adding new one: $it") }

.add("four")



•

•
•

• ☺

•
•

•

•

•



•
• android:screenOrientation="portrait"



•

•

•





•

•

•

•
•
•

•



•

•

•

•



•

•

•

•





•
• onAttach

•

• onCreate

• onCreateView
•

• onActivityCreated
•

• onViewStateRestored



•
• onStart
• onResume
• onPause
• onStop
• onDestroyView

•

• onDestroy
• onDetach

•



•

•
•

•



•
•
•

•
•

•

•

•
•

•



class ExampleFragment : Fragment() {

override fun onCreateView(
inflater: LayoutInflater,
container: ViewGroup?,
savedInstanceState: Bundle?

): View {
// Inflate the layout for this fragment
return inflater.inflate(R.layout.example_fragment, 

container, false)
}

}



<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:orientation="horizontal"
android:layout_width="match_parent"
android:layout_height="match_parent">
<fragment android:name="com.example.news.ArticleListFragment"

android:id="@+id/list"
android:layout_weight="1"
android:layout_width="0dp"
android:layout_height="match_parent" />

<fragment android:name="com.example.news.ArticleReaderFragment"
android:id="@+id/viewer"
android:layout_weight="2"
android:layout_width="0dp"
android:layout_height="match_parent" />

</LinearLayout>



val fragmentManager = supportFragmentManager

val fragmentTransaction = fragmentManager.beginTransaction()

val fragment = ExampleFragment()

fragmentTransaction.add(R.id.fragment_container, fragment)

fragmentTransaction.commit()



•

val newFragment = ExampleFragment()
val transaction = 
supportFragmentManager.beginTransaction()
transaction.replace(R.id.fragment_container, newFragment)
transaction.addToBackStack(null)
transaction.commit()



•

•

•

val listView: View? = activity?.findViewById(R.id.list)



•

•

val fragment = supportFragmentManager
.findFragmentById(R.id.example_fragment) as ExampleFragment





•

•



onDraw onMeasure
• onDraw()

•

•
•

•
•

•
•

•

• onMeasure()
•

•



Canvas 
• getWidth, getHeight()

•

•
• drawBitmap, drawCircle, drawColor, drawLine, 
drawOval, drawPoint, drawPosText, drawRGB, 
drawRect, drawRoundRect, drawText…





•



•



•
•
•

•

•

•

•
•

•
•

•
•









Core Data
Database

Somet imes you need to store large amounts of data or quer y it in a sophist icated manner.

But we st ill want it to be object-or iented object s!

Enter Core Data
Object-or iented database.

Ver y, ver y powerfu l f ramework in iOS (we will only be cover ing the absolute basics).

I t ’s a way of creat ing an object graph backed by a database
Usually backed by SQL (but also can do XML or ju st in memor y).

How does it work?
Create a visual mapping (using Xcode tool) between database and object s.

Create and quer y for objects using object-or iented API .

Access the “columns in the database table” using @propertys on those object s.

Let ’s get started by creat ing that visual map …

•
•

•

•

•



•

•

•

•

•

•

•

•

•



•
•

•
•

•
•

•
•



•
•

•

•
•

•
•



•
NSManagedObject

•
•
NSManagedObject

•





•

•

•

•





•
•

•

•

•

•
•



•
•

•

•

•

•
•



•

•

•
•

•



import UIKit
import CoreData
class DataController: NSObject {

var managedObjectContext: NSManagedObjectContext
init(completionClosure: @escaping () -> ()) {

persistentContainer = NSPersistentContainer(name: "DataModel")
persistentContainer.loadPersistentStores() { (description, error) in

if let error = error {
fatalError("Failed to load Core Data stack: \(error)")

}
completionClosure()

}
}

}



let psc = NSPersistentStoreCoordinator(managedObjectModel: mom)

managedObjectContext = NSManagedObjectContext(concurrencyType:
NSManagedObjectContextConcurrencyType.mainQueueConcurrencyType)

managedObjectContext.persistentStoreCoordinator = psc

let queue = DispatchQueue.global(qos: DispatchQoS.QoSClass.background)
queue.async {

guard let docURL = 
FileManager.default.urls(for: .documentDirectory,

in: .userDomainMask).last
else {

fatalError("Unable to resolve document directory")
}
let storeURL = docURL.appendingPathComponent("DataModel.sqlite")
do {

try psc.addPersistentStore(ofType: NSSQLiteStoreType,
configurationName: nil, at: storeURL, options: nil)

DispatchQueue.main.sync(execute: completionClosure)
} catch {

fatalError("Error migrating store: \(error)")
}

}



•

let employee = NSEntityDescription
.insertNewObjectForEntityForName("Employee",
inManagedObjectContext: managedObjectContext) 
as! AAAEmployeeMO



•

•
do {

try managedObjectContext.save()

} catch {

fatalError("Failure to save context: 
\(error)")

}



let moc = managedObjectContext
let employeesFetch = NSFetchRequest(entityName: "Employee")
do {

let fetchedEmployees = try   
moc.executeFetchRequest(employeesFetch) as!    

[AAAEmployeeMO]
} catch {

fatalError("Failed to fetch employees: \(error)")

}



let firstName = "Trevor„
fetchRequest.predicate =

NSPredicate(format: "firstName == %@", 
firstName)



class MyManagedObject: NSManagedObject {

@NSManaged var title: String?

@NSManaged var date: NSDate?

}



•
• sqlite3_open
• sqlite3_prepare_v2
• sqlite3_step
• sqlite3_column_count
• sqlite3_column_text
• sqlite3_column_name
• sqlite3_changes
• sqlite3_last_insert_rowid
• sqlite3_errmsg
• sqlite3_finalize
• sqlite3_close



func openDatabase() -> OpaquePointer? {
var db: OpaquePointer? = nil
if sqlite3_open(part1DbPath, &db) == SQLITE_OK {

print("\(part1DbPath) has been opened")
return db

} else {
print("Unable to open database.")
PlaygroundPage.current.finishExecution()

}
}



let createTableString = """
CREATE TABLE Contact(Id INT PRIMARY KEY NOT NULL, Name CHAR(255));
"""
func createTable() {
var createTableStatement: OpaquePointer? = nil
if sqlite3_prepare_v2(db, createTableString, -1,

&createTableStatement, nil) == SQLITE_OK {
if sqlite3_step(createTableStatement) == SQLITE_DONE {

print("Contact table created.")
} else {
print("Contact table could not be created.")

}
} else {
print("CREATE TABLE statement could not be prepared.")

}
sqlite3_finalize(createTableStatement)

}



let insertStatementString = "INSERT INTO Contact (Id, Name) VALUES (?, ?);„
func insert() {

var insertStatement: OpaquePointer? = nil
if sqlite3_prepare_v2(db, insertStatementString, -1, &insertStatement, nil) == 

SQLITE_OK {
let id: Int32 = 1
let name: NSString = "Ray"
sqlite3_bind_int(insertStatement, 1, id)
sqlite3_bind_text(insertStatement, 2, name.utf8String, -1, nil)
if sqlite3_step(insertStatement) == SQLITE_DONE {
print("Successfully inserted row.")

} else {
print("Could not insert row.")

}
} else {

print("INSERT statement could not be prepared.")
}
sqlite3_finalize(insertStatement)

}





•

•

•

•

•



•
•

•
•

•

•

•
•

•

•



•

• boolean float int long string

•

• PreferenceActivity

•
val sharedPref = activity?.getSharedPreferences(

getString(R.string.preference_file_key), Context.MODE_PRIVATE)

with (sharedPref.edit()) {
putInt(getString(R.string.saved_high_score_key), newHighScore)
commit()

}

val defaultValue = 
resources.getInteger(R.integer.saved_high_score_default_key)
val highScore = sharedPref.getInt(getString(R.string.saved_high_score_key), 
defaultValue)



•
•

•
• openRawResource()

• R.raw.<filename>

• InputStream



•
•

• String FILENAME = "hello_file";
String string = "hello world!";
FileOutputStream fos = 
openFileOutput(FILENAME, 
Context.MODE_PRIVATE);
fos.write(string.getBytes());
fos.close();



• getFilesDir()
•

• getDir()
•

• deleteFile()

• fileList()
•



•
•

•

•
• Enviroment.getExternalStorageDirectory();

String state = Environment.getExternalStorageState();

if (Environment.MEDIA_MOUNTED.equals(state)) {

mExternalStorageAvailable = mExternalStorageWriteable = true;
} else if (Environment.MEDIA_MOUNTED_READ_ONLY.equals(state)) {

mExternalStorageAvailable = true;

mExternalStorageWriteable = false;
} else {

mExternalStorageAvailable = mExternalStorageWriteable = false;

}



•
• getExternalFilesDir()
• getExternalStoragePublicDirectory()
•

•

• getCacheDir()
•

• getExternalCacheDir()
•

• getExternalStorageDirectory()
• /Android/data/<package_name>/cache/



•

File outputDir = context.getCacheDir();

File outputFile = File.createTempFile("prefix", "extension", outputDir);



•
•

•

• SQLiteOpenHelper 
onCreate()



•
public class DictionaryOpenHelper extends SQLiteOpenHelper {

private static final int DATABASE_VERSION = 2;
private static final String DICTIONARY_TABLE_NAME = 

"dictionary";
private static final String DICTIONARY_TABLE_CREATE =

"CREATE TABLE " + DICTIONARY_TABLE_NAME + " (" +
KEY_WORD + " TEXT, " +
KEY_DEFINITION + " TEXT);";

DictionaryOpenHelper(Context context) {
super(context, DATABASE_NAME, null, DATABASE_VERSION);

}

@Override
public void onCreate(SQLiteDatabase db) {

db.execSQL(DICTIONARY_TABLE_CREATE);
}

}



•
getReadableDatabase() getWriteableDatabase()

• SQLiteDatabase
• SQLiteDatabase.query(…)

Cursor
• SQLiteQueryBuilder

•

•
• public static Cursor getAllData()

• the Cursor

• public static ArrayList<MyData> getAll data
•



•

•

•

•
• BackupManager

• BackupManager



•

•

•

•

•
•

•

•



• BackupAgent
• BackupAgentHelper

<manifest ... >
...
<application android:label="MyApplication"

android:backupAgent="MyBackupAgent">
<activity ... >

...
</activity>

</application>
</manifest>



<application android:label="MyApplication"

android:backupAgent="MyBackupAgent">

...

<meta-data android:name="com.google.android.backup.api_key"

android:value=" …" />

</application>



• onBackup() and onRestore() 

•

•

•

• onBackup()
• oldState data newState



•
• onBackup()
onRestore()

• SharedPreferencesBackupHelper
• ☺

• FileBackupHelper



public class MyPrefsBackupAgent extends BackupAgentHelper {
// The name of the SharedPreferences file
static final String PREFS = "user_preferences";

// A key to uniquely identify the set of backup data
static final String PREFS_BACKUP_KEY = "prefs";

// Allocate a helper and add it to the backup agent
@Override
public void onCreate() {

SharedPreferencesBackupHelper helper = new
SharedPreferencesBackupHelper(this, PREFS);

addHelper(PREFS_BACKUP_KEY, helper);
}

}

• dataChanged() 
• onBackup()
•
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