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About Makerere University
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• Established in 1922

• About 40,000 students (36,000 undergraduate and 4,000 graduate)

• About 1,500 academic staff/faculty

• 9 Colleges (College of Agriculture and Environmental Sciences

- College of Business and Management Sciences

- College of Computing & Information Sciences
- College of Education and External Studies

- College of Engineering, Design, Art and Technology

- College of Health Sciences

- College of Humanities and Social Sciences

- College of Natural Sciences

- College of Veterinary Medicine, Animal resources and BioSecurity

- School of Law
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College of Computing & Information Sciences
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• School of Computing & IT

- About 5,000 students 

- 4 academic departments 

- 4 masters programmes; 4 undergraduate programmes & 
4 PhD programmes
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From Mobile Software Language 
Engineering to Mobile for Social Good

1. Mobile Software Language Engineering
2. Mobile for Social Good
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Source:  International 
Data Corporation (IDC).

 

Inexorable  Revolution of Smartphones
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Evolution of Mobile Devices and Networks

2000-2005

2007-

Difficult to Program & 
No Embedded Sensors

Programmable & Come With 
Cheap Powerful Sensors

Camera Accelerometer

CompassGPS

Wireless communication
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Evolution of Mobile Software Applications

2007-
Programmable & Come With 

Cheap Powerful Sensors

Camera Accelerometer

CompassGPS

Wireless communication

• Peer-to-peer mobile applications

• Context-aware applications
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Evolution of Mobile Software Applications

Zero Infrastructure Mobile Ad hoc Networks 
= Volatile Connections

• Peer-to-peer mobile applications

Continuous context changes Dynamic behavioral adaptations

• Context-aware applications
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Programming Language Support for 
Peer-to-Peer Mobile Applications
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message queue

Asynchronous communication

Resilient to (partial) network failures 

Peer-to-peer (decentralized) service discovery 

Bainomugisha, E. et.al. (2012). Bringing Scheme Programming to the iPhone - Experience.  Journal of Software: 
Practice and Experience, 42(3):331–356.

iScheme - an instantiation of ambient-oriented programming (AmoP)

‘local’ object

object container

‘remote’ object

http://soft.vub.ac.be/amop/ischeme/ischeme
Thursday, April 2, 15
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far reference

message queue

Asynchronous communication

Resilient to (partial) network failures 

Peer-to-peer (decentralized) service discovery 

Bainomugisha, E. et.al. (2012). Bringing Scheme Programming to the iPhone - Experience.  Journal of Software: 
Practice and Experience, 42(3):331–356.

object container

(when-discovered service-type <action>)

(define service-type)

(export object service-type)

‘local’ object

http://soft.vub.ac.be/amop/ischeme/ischeme

iScheme - an instantiation of ambient-oriented programming (AmoP)
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adaptation  one

context one

context two

Context source

Bainomugisha, E. et.al. (2012). Interruptible Context-dependent Executions: A Fresh Look at Programming 
Context-aware Applications.  SPLASH/OnWard! 2012, Arizona, USA

adaptation two

base behaviour

Programming Language Support for 
Context-Oriented Programming

Contextual dispatch

Reactive context sources

Flute Language
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silence mode

is-in-hospital?

is-in-public-space?

Context source

Bainomugisha, E. et.al. (2012). Interruptible Context-dependent Executions: A Fresh Look at Programming 
Context-aware Applications.  SPLASH/OnWard! 2012, Arizona, USA

loud mode

receive-call

Programming Language Support for 
Context-Oriented Programming
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silence mode

is-in-hospital?

is-in-public-space?

Context source

Bainomugisha, E. et.al. (2012). Interruptible Context-dependent Executions: A Fresh Look at Programming 
Context-aware Applications.  SPLASH/OnWard! 2012, Arizona, USA

loud mode

receive-call

Programming Language Support for 
Context-Oriented Programming

in-coming call
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Mobile for Social Good

•  > 6 billion mobile phones  + >7 billion people

•  Hardware capabilities (sensors, multitouch screens, connectivity...)

• Growing use of smartphones and mobile internet access

How does mobile software language engineering improve people’s lives?

Opportunities

Application Areas
• Healthcare

• Transportation

• Energy 

• Education

• Financial services

• Agriculture

Thursday, April 2, 15
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Mobile for Social Good

• Middleware for secure P2P mobile money transactions

• P2P service discovery of digital wallets

• Monetary object representation and secure exchange

Project #1: Peer-to-Peer Mobile Money Transactions

Mobile 
network
 operator

Sender Receiver
Sender Receiver

a) Client-server mobile money transaction b) P2P mobile money transaction 

Tadeo, J. & Bainomugisha, E. et.al. (2015). P2PMoMo: A 
Middleware for Secure Peer-to-Peer Mobile Money Transactions.  
(Draft Manuscript)

MSc Student 
Judas Tadeo

Thursday, April 2, 15



19

Mobile for Social Good
Project #2: Soil Metrics: Low-cost soil conditions monitoring 

Undergraduate students
Joel Ssematimba Joel & 
Kevin Kiyega

SOIL MOISTURE

cloud platform and analytics for 
soil conditions

Farm + sensors
Farmer + mobile phone

4. When to irrigate & in what amount
3. When to apply fertilizers

2. Best type of crops to grow
1. Soil types

2014 2015

Next steps
• Solar-powered batteries

• Peer-to-peer networks
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Mobile for Social Good
Project #3: Using Augmented Reality and Serious Gaming to Enhance 
Learning: The Case of Primary School Education in Uganda  

MSc student
Bright Onapito

Figure 16: The main screen fo the AR learning tool prototype

3.3 System Implementation

We used the application’s software requirements specification to implement the Augmented Reality educational tool.

Evolutionary prototyping [30] was used to develop a demonstration version of the learning tool. The tools which we

used to implement our application include the following:

• Eclipse: This was the integrated development enviroment used for building our application.

• Java for Android: This was the primary programming langauge used to develop the application.

• C++: This was the secondary programming language which was required to include the AR functionality into

the learning tool.

• JNI: This interface was used to allow sections of our application written in Java to access and be accessed by

native C++ modules inside the Vuforia Engine.

• GNUCross Compiler: This was used for creating binary executable files for our target architecture(Android).

• Android NDK: This tool was used to build the portions of the learning tool in native code (C++).

24

Figure 27: Children taking turns to interact with the tool

Figure 28: A screen shot showing a child reading information about bananas from the tool

34

Figure 27: Children taking turns to interact with the tool

Figure 28: A screen shot showing a child reading information about bananas from the tool

34
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Mobile for Social Good

Project #4: Object Oriented Representation of Electrical Networks 

MSc student
Milton Kaye

(In Collaboration with Prof. Taha Selim)

• Representation of electrical nodes (relays, generators, and 
loads) as object-oriented data structures

• Monitoring of changes in the network in a peer-to-peer 
fashion without a centralized infrastructure 

• Simulations 

 

protection challenges due to dynamic behavior of 
microgrids . The challenges from other aspects can be 
detailed in similar fashion. 
 
Selectivity is a well known protection concept which 
means isolating the fault with the nearest relay in an effort 
to minimize its effect on the rest of the system. This 
requires that in case of a fault, the relays should react 
according to a hierarchy. In conventional protection 
systems designed for passive networks, the relays which 
are downstream and closer to the fault point are required to 
operate first. However, if the fault current is very large and 
downstream relays are not capable of interrupting it, then 
other relays with larger capacities are expected to operate 
and isolate the fault. Implementation of selectivity is not 
that straightforward with the introduction of DGs. The very 
concepts of downstream and upstream relays are prone to 
change according to the status of the microgrid. The 
operating mode, i.e. grid-connected or islanded-mode, 
changing network structure with alternative paths and new 
deployments are some of the factors that would alter the 
selectivity parameters. 
 
Consider the system shown in Figure 1. In this network, all 
branches have generation and load, and various alternative 
network structures can be formed through the combination 
of relays. 

 
Figure 1: A sample microgrid 
 
As first case, assume that the Circuit Breakers (CBs) CB1, 
CB2, CB3, CB4, CB6 and CB7 are closed whereas CB5 
remains open. When a fault occurs at the terminals of Load 
2, then the most downstream relay will be Load 2’s own 
relay (represented by the little box) and selectivity implies 
that it should interrupt the connection. If Load 2’s relay 
fails to achieve that in a predetermined time (delay), then 
the proper sequence for the selective operation should be 
CB6, CB4 and finally CB2. In similar fashion, should a 
fault occur at the terminals of Load 3, the proper selective 
operation requires the sequence: Load 3’s relay, CB7, CB4 
and CB2. 
 
If CB4 is disconnected for any reason, for example 
maintenance or breakdown, in order to keep the integrity of 

the network CB5 closes. The line between Load 1 and 
Load 2 (protected by CB5) has therefore been added to 
form a loop structure when necessary and protect the 
microgrid against contingencies and failures.  
Now, there is only one branch for the power flow instead of 
two. For this new microgrid structure all selective levels, 
time steps and time delay calculations shall be repeated. 
Following the same examples should a fault occur at Load 
2 or Load 3, the proper relay hierarchies are; Load2’s relay, 
CB5, CB3, CB2 and Load 3’s relay, CB6, CB5, CB3, CB2, 
respectively. 
 
The above mentioned factors require that the selectivity 
hierarchy of the relays should be dynamic and updated 
frequently. An algorithm should be employed which 
determines the network structure whenever the status of a 
critical relay is changed. A critical relay refers to a relay the 
status of which changes the structure of the network. 
Following this definition relays of CB2, CB3, CB4, CB5 
and CB6 are all critical relays whereas Load 2’s relay, 
DG1’s relay are non-critical relays. 
 
3. OBJECT ORIENTED MODELING OF 

ELECTRICAL NETWORKS  
 
As mentioned in the previous section the varying structure 
of the microgrid requires a system which can represent 
the network in computer environment and monitor the 
changes occurring therein. In this manner, the operation 
settings of protective devices, generators, loads and other 
auxiliaries can be calculated by a central microgrid 
controller and updated into relative devices [8] [9]. When 
all the connected devices are recognized as nodes and 
their connection/disconnection is followed in the 
modeling system, then the microgrid can be defined with 
different methods such as the graph theory. 

 
Over the years, the international standard IEC 61850 has 
defined many OO data and communication models for 
power system networks especially for substations. 
However, IEC 61850 and its various parts are 
continuously evolving with new additions and 
amendments. In this paper, the authors wish to propose 
one such future amendment. The authors believe that 
there is a significant need for a data model to represent 
the information with regards to the various node points 
such as bus bars along the distribution network. Such a 
data model would allow valuable information such as load 
profile or generation capacity connected to a particular 
point within the network to be communicated across to 
control equipment.   
 

Thus, the authors are proposing the Electrical Network 
Node (ENN) model shown in Figure 2. This node is 
defined by following OO Modeling rules and Unified 
Model Language (UML) representation [10]. The node 
includes some public data to represent its properties such 
as node ID, operating settings `node settings` which vary 
for different node classes and connection data such as, 
’IDs of the connected nodes ’. 
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Research Groups at the School of Computing & IT

Artificial Intelligence for Development

Wireless Networks & System Security

Development Informatics

Software & Enterprise Engineering

22

Thursday, April 2, 15

http://cit.mak.ac.ug/index.php/research/wireless-networks-and-systems-security
http://cit.mak.ac.ug/index.php/research/wireless-networks-and-systems-security
http://cit.mak.ac.ug/index.php/research/development-informatics
http://cit.mak.ac.ug/index.php/research/development-informatics


23

context predicate

Thank you
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