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Abstract
Internet measurements for the Enhanced covid-19 error was a project that targeted online learning
platforms at Makerere University and these include; MUELE (Makerere University E-learning),
MULib (Makerere University Library), in other words all the Makerere Web resources. The
measurements were carried out using two measurement toolkits. RIPE Atlas probes which were
software’s one installed at CEDAT(College of Engineering, Design Art and Technology) to do
measurements on campus, another one on a personal computer for off campus measurements and
PerfSONAR software which was installed at COSIS (College Computing and Information Sciences)
for off campus measurements only. However, the RIPE Atlas measurements of probes off campus did
not reach the target thus PerfSONAR was mainly used for off campus measurements. RIPE Atlas
software probe carried out measurements to the target while PerfSONAR node was used as a testing
point from the nodes that existed and were chosen to take part in the measurements. The scientific goal
of the project was to check for connectivity (find out how reliable and available the Network is) in
support of the students learning online through the use of network parameters such as ping, throughput,
packet loss and latency. The project identified a high latency on a link between the default gate way
and the core switch. To handle this, link aggregation has to be done to overcome the problem of high
latency and in the same manner, RIPE Atlas probes and PerfSONAR nodes should be deployed in
various colleges to give clearer picture.
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1. CHAPTER ONE: INTRODUCTION
1.1 Introduction
In December 2019, a novel human coronavirus disease 2019 (COVID-19) was reported in Wuhan
China and subsequently spread globally and became the fifth documented pandemic since the 1918 flu
pandemic. Weeks later, the World Health Organization declared the rapidly spreading COVID-19
outbreak as a public health emergency of international concern on the 30th of January 2020. In the
early months, the global health authorities and government agencies were unsure of how the disease
would spread and how it would impact everyday life. To tackle the pandemic, strict measures were put
in place around the world. Social distancing, travel restrictions and proper handwashing techniques.
Though the restrictions were imposed, still the spread of the disease did not stop, instead it continued
to thus occupying the whole globe. The disease led to death of millions and millions of people in
various parts of the world.
In order to overcome the quick spread of the disease, various countries and states came up with a
solution of total lockdown where no one was allowed to move out of their various homes. This led to
the standstill of various activities in those countries and states. And Uganda was one of the countries
in the world that was greatly affected by COVID-19 pandemic. Where on 20th march 2020, the
President HE. Yoweri Kaguta Museveni announced on the national Television the immediate closure
of schools, higher institutions, gatherings, and some other activities that would gather a lot of people.
Of which he said that after one week, there will be no more public transport. On 21 st 2020 march, the
first case of COVID-19 was reported as time continued, many cases rose and for the love of the country,
the President announced total lock down in Uganda. So, there was no hope of children and students
going back to school any sooner in the near future as the disease was so deadly as it would affect both
the young and the old.
So, due to the long time that was decided by the President for the students to stay home because of the
pandemic, the ministry of Education came up with a solution of online learning that would help the
children and the students of various universities and higher learning institutions to continue with their
studies to overcome the problem of time wastage. Education which accounts for about 5 percent of the
country’s Gross Domestic Product (GDP) changed with distinctive rise of remote leaning as compared
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to traditional learning. More than 15 million children were affected by school closures in March due
to the pandemic. Up to 50 universities were cleared to offer online teaching by the National Council
of Higher Education and they were expected to maintain the teaching even after the pandemic era.
Online learning is education that takes place over the Internet. It is often referred to as e-learning among
other terms. However, online learning is just one type of distance learning, the umbrella term for any
learning that takes place across distance and not in a traditional classroom [1]. A student is able to
attend class at his/her own home or any place they want other than a class using any accessory like a
phone or a personal computer or even a desktop as long as there is an internet connection. However,
for this to be effective, there is need of good and reliable network by the platforms providing the
materials to the students online.
Internet refers to a global computer network providing a variety of information and communication
facilities consisting of interconnected networks using standardized communication protocols. The
internet is a vast network that connects computers all over the world. Through the internet, students
can share information and communicate from anywhere with an internet connection thus it plays a
central role in many aspects of our lives. The Internet is comprised of independent networks that
connect to one another and as such, its distributed nature makes measuring its aspects on a large scale
difficult. Therefore, we have to collect measurement data from various points on the Internet from
which we can now get an overall idea regarding connectivity on the Internet.
Internet measurement as a field seeks to understand the Internet by assessing its operation. Since a
network operates by transmitting information packets between connected hosts, at its most
fundamental level network measurement involves observing how packets progress through the
network. However, not all network measurements require that level of detail. Without measurements,
you have no objective record or benchmark of how a network behaves.

1.2Problem statement
In Uganda, more than 15 million children were affected by school closures in March due to the
pandemic. Education changed with the distinctive rise of remote online learning by most institutions
and universities as compared to the traditional learning. Makerere University being one of the
universities that adopted to online learning and providing learning materials to its students through it
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web resources, there was a need to understand what the current online access and infrastructure was
like as well as to assess the bottlenecks towards online learning.
The instances of poor connectivity make accessing online resources difficult for the students. There
is a need to improve on the quality of service offered by the network that is supporting online
learning.
This project is in-line with the 9th Sustainable Development Goal that looks to build resilient
infrastructure, promote inclusive and sustainable industrialization, and foster innovation. In the
developed world, for example, over 80% of individuals use the Internet; in the developing world,
less than 35% do. The Internet plays a significant part in innovation and research; therefore,
resilience is important for consistency in these disciplines [2].

1.3 Justification
Internet measurement on online learning platforms is so important because were able to understand the
connectivity, performance and security of the networks that support online learning taking place. We
cannot improve connectivity, performance and security if we don’t understand it’s structure, behavior,
we cannot build effective models we don’t measure [3].
Measurements are the basis for critical improvements for a network and they show whether changes
improve or degrade the network’s performance and by how much. The Internet has emergent
properties. Measurement provides a basis for determining these properties.
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1.3Objectives
Main objective
The main objective of this project is to identify bottlenecks on the network that are affecting the
connectivity to the online learning resources through conducting Internet measurements for a period
of three months
Specific objectives
➢ To understand the role of measurements in identifying bottlenecks on the network and improve
its performance
➢ To obtain measurement data about on campus and off campus connectivity to the online
learning resources accessed by students at Makerere University.
➢ To assess the performance of the network in terms of connectivity to the online learning
resources.
➢ To propose the recommendations in support of online learning.

1.4Methodology
The methodology explains how each and every specific objective was achieved including the
various activities carried out.
➢ The first specific objective that was to understand the role of measurement in identifying
the bottlenecks on the network was done through literature review by the use of research
papers on IEEE platform, published documents by other universities, internet measurement
platforms such as RIPE Atlas, perfSONAR and other various platforms that carry out
internet measurements.
➢ The second specific objective of obtaining measurement data about on campus and off
campus connectivity to the online learning resources was achieved through identifying the
toolkits we were to use for the measurements, setting them up (RIPE Atlas probe software
and perfSONAR software node) then conducted the measurements.
These measurement tools provided us with the measurement data for both on campus and
off campus. The measurements included both built in measurements which are not
important for our project and the set-up measurements which are important for our research.
The measurements are set up on the network performance parameters such as ping,
4

throughput, packet loss and latency. The performance parameters provided us with the clear
information about the network’s performance.
➢ Assessing of the network performance in terms of connectivity to online learning platform
was done through comparison of results from both tool kits such latency on graphs basing
on the time and the throughput basing on the hops on the network. Also conducted a survey
by the use of a survey monkey platform to obtain information the user experience by the
students especially at CEDAT. This was through answering questions on the time of the
day the students access online platforms, the Internet service providers they use and how
reliable the network is when they are connecting to the learning platform to access the
learning materials.
➢ The recommendations in support of online learning were based on the results that were
obtained from the measurements and they included the possible solutions on the identified
bottlenecks.

5

2.CHAPTER TWO: LITRATURE REVIEW
2.1 Information about existing measurements platforms in the world
The measurements that have been carried out and are still being carried out in Africa are done by
individuals, institutions, companies, civil society and others. They use different software and hardware
provided by the internet measurement platforms. Internet measurement platforms are infrastructures
that support the running of tests to give a picture of the network’s performance.
The measurement platforms are categorized as either passive (network traffic monitoring) or active
(network probing). Active measurements require injecting packets into the network using inbuilt
tools such as traceroute, ping among others to determine round-trip delays and network topologies
using ICMP packets. The passive measurements on the other hand do not inject packets into the
network but require capturing of packets and their corresponding timestamps transmitted by
applications running on the network attached devices.
These platforms provide a web interface for end-users to enable them schedule the measurements.
Incase one wants to obtain the results; they are provided on their platforms and the information about
the measurements is always provided. The platforms that are popular and available are listed below;
➢ PerfSONAR (Performance Focused Service Oriented Network Monitoring Architecture)
➢ RIPE Atlas
➢ Ookla SpeedTest
➢ CAIDA ark
➢ Speed cheaker
2.1.1 PerfSONAR
PerfSONAR is a network measurement toolkit designed to provide federated coverage of network
paths. It provides a network monitoring framework that seeks to solve end-to end performance
problems on paths crossing multi-domain networks with an interface that allows for the scheduling
of measurements, storage of data and generation of visualizations. Throughput (TCP and UDP) and
round-trip time are some of the measurements done by PerfSONAR. It is a collaborative initiative
by The Energy Sciences Network (ESnet), GÉANT, Internet2, and Brazil’s National Education and
Research Network (RNP) [4].
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PerfSONAR does not deploy dedicated hardware probes. Its measurement software has been opensourced and made freely available. The perfSONAR toolkit is packaged as a CentOS bootable image
and the measurement point can be made operational by running this image on a 1U server chassis.
Running a perfSONAR measurement point from a desktop hardware is not recommended though.
Detailed Instructions are also available on how to host a perfSONAR-PS measurement point in a
virtualized environment, however, running the overlay on servers is preferred [4].
An architecture of the perfSONAR measurement platform is divided into three layers. The
middleware layer is a network management web service layer. The bottom layer is a network
measurement layer responsible for running active (or passive) measurement tests. The top layer
interfaces with the user encompassing a number of visualization tools and methods to allow the user
to trigger a measurement test.

Figure 1:PerfSONAR Architecture
PerfSONAR does measurements such as throughput, latency and packet loss. These are as explained
blew.
Packet loss: Packet loss describes packets of data not reaching their destination after being transmitted
across a network. Packet loss is commonly caused by network congestion, hardware issues, software
bugs and other number of factors.
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Latency: Is the time it takes for a data packet to be transferred from its source to the destination. Its
also known as lag, network latency is generally measured in milliseconds. Network latency tools
measure the amount of time a data packet takes as it is transmitted and processed through various
network devices until it finally reaches its destination and gets decoded by the receiving machine [5].
Throughput: Throughput is the amount of data moved successfully from one place to another in a
given time period and typically measured in bits per second, megabits per second and gigabits per
second.
2.1.2 RIPE Atlas
RIPE Atlas. Is a measurement infrastructure deployed by the RIPE Network Coordination Centre
(RIPE NCC). It consists of thousands of hardware probes distributed all around the globe. These
probes specifically perform only active measurements. The infrastructure has been designed with a
goal to provide operational support to Local Internet Registrar (LIR)s [4].
Its architecture consists of measurement probes, a registration server and several controllers. A probe
bootstraps by securely connecting to a registration server. The address of the registration server and
keys are hardwired on the probe. All of the communications are initiated by mutual authentication
over two reverse ssh channels. These channels run on port 8080 to easily traverse firewalls. The
registration server on a successful connection directs the probe to a nearby controller. The decision
is based on the geographical proximity and overall availability of the controller. The controller, on
receiving a request from the probe, sends a measurement schedule on one ssh channel, and sets up a
periodic wait to receive measurement results on another ssh channel. The scheduling decisions are
made by the controller based on the available measurement capacity and geographical proximity of
the probe. The controller is also responsible for shipping software updates to the probe. There are
less than 500 probes associated per controller. The intermediate measurement results are queued up
to be later archived in measurement stores. The brain is responsible for running parallel Hadoop jobs
to process these measurement results and incorporate information from Border Gateway Protocol
data sources. A central database is used to keep administrative information, measurement metadata,
recent measurement results and credit stores. A user interface is available to check status of the
probes, measurement results and credit accumulation points. RIPE Atlas architecture also provides
the capability to run custom measurements, User Defined Measurement (UDM). Running a UDM
consumes credits, which are earned by either hosting or sponsoring probes [4].
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Figure 2: RIPE Atlas architecture

RIPE Atlas is the most frequently used hardware platform in Africa. Aside from its widespread
adoption, this could be because of the organization’s strategic partnerships with many entities in the
African region, such as AFRINIC. This could also be attributed to lack of awareness of the other
platforms. It consists of small hardware and software probes and larger server-like anchors. The
probes run active measurements such as round-trip times (RTT) to the first and second hops, ping
and traceroute to any destination, DNS queries to root DNS servers; to determine network
connectivity and global reachability [6].
There is split-preference on the use of software/ hardware probes. In hindsight, performance
measurement tools running on hardware probes are also software. The advantage of dedicated
hardware probes comes instead from the ability to be able to gather round-the-clock measurements.
The software measurements that can be installed directly on host devices are more susceptible to
resource contention from other applications. The software-suite can also be installed on large
variation of hardware devices that makes the measurements harder to calibrate.
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The software-based solution on the other hand has lower distribution costs. Also, software probes
can go places hardware probes can’t. This includes places where it’s just very difficult to get items
delivered, places where plugging devices in isn’t an option, or even places where hardware probes
just don’t function very well (say, due to high temperatures or humidity).
Ripe atlas carries out a lot more measurements such as ping, traceroute, DNS, SSL, HTTP and NTP.
But for our project, the measurements done were ping and traceroute.
Ping: This is used to test for reachability of a host on an Internet Protocol (IP). Ping

measures the

RTT (round-trip time) for messages sent from originating host to destination. Ping operates by sending
Internet Control Message protocol (ICMP) echo request packets to the target host and waits for an
ICMP echo reply. The program reports errors, packet loss and statistical summary of the results,
typically including minimum, maximum and medium of the RTT [7].
Traceroute: This is a network diagnostic tool used to track in real-time the pathway taken by a packet
on an IP network from source to destination, reporting the IP addresses of all the routers its pinged in
between. Traceroute also records the time taken for each hop the packet makes during its route to the
destination. Traceroute most commonly uses ICMP to echo packets with variable time to live (TTL)
values. The response time of each hop is calculated to guarantee accuracy, each hop is quired multiple
times to better measure the response of that particular hop. Therefore, traceroute determines the
response delays and routing loops present in the network pathway across packet switched nodes. It
also helps to locate any points of failure encountered while on route to certain destination [8].
RIPE Atlas and PerfSONAR are the widely used and popular measurement platforms they are user
friendly and easy to set up and operate as compared to the other platforms.
The survey in figure 3 and figure 4 show the responses by the users on different measurement
platforms.

10

A graph of platform usage
80
70
60
50
40
30
20
10
0
PC

RIPE Atlas

Speed
Checker

Academic work

25.49

28.57

26.92

70

37.5

33.33

0

ISP

23.53

30.95

26.92

20

25

0

0

Other

27.45

14.29

15.38

0

0

33.33

0

End user

11.76

11.9

15.38

10

12.5

0

0

civil society

3.92

4.76

7.69

0

0

33.33

0

perfSONAR CAIDA Ark M-Lab/ NDT

Bismark

Figure 3:Measurement platform usage in Africa by percentage from a survey conducted between 201902-28 and 2019-04-14

Host responses
20
18
16
14
12
10
8
6
4
2
0

Ripe Atlas

perfSONAR

CAIDA Ark

M-Lab/NDT

Bismark

Academic Network

13

9

2

2

0

ISP

18

1

1

0

0

IXP

6

0

2

0

0

End User

4

1

0

0

1

other

6

0

0

0

0

Academic Network

ISP

IXP

Figure 4:Measurement hosting responses

11

End User

other

2.2 Existing organization that carry out measurements in Uganda.
For RIPE Atlas platforms, probes are owned by individuals, institutions for example Makerere
university and Mbarara University of Science and Technology. In organizations there is Datanet,
internet exchange point and RENU Uganda that own several numbers of probes though others are
currently disconnected. The probes owned are used to do measurements which we didn’t have access
to. The table below shows a summary of different organizations that own probes in Uganda.
Probe Name

Probe ID

Location Autonomous System Number (ASN)

Uganda Internet Exchange point (UIXP) 6358

Kampala

37386

RENU-Arua-PoP

51544

Arua

327687

RENU-Home site

51381

Kampala

327687

RENU-Data Center

30014

Kampala

327687

Mbarara University School of science 51937

Mbarara

327724

Kampala

29032

and Technology (MUST)
Datanet-UG

10843

Table 1:Ripe atlas probes in Uganda

Most perfSONAR nodes are owned by RENU in Uganda. RENU is a non-profit National Research
and Education Network that offers affordable services uniquely designed to enable collaboration
among its member institutions and their global partners. RENU helps to facilitate research and
education networking among its member institutions through interconnecting them with other
research and education networks as well as to the commercial internet worldwide, thereby
overcoming the traditionally high costs of information and knowledge sharing and exchange [9].
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Name of the Node

IP Address

Location

RENU-Kampala1(pfsstairt.renu.ac.ug)

196.43.185.32

Kampala

RENU-Kampala2

137.63.159.254

Kampala

RENU-Gulu-PoP

137.63.128.214

Kampala

RENU-Mbale-PoP

137.63.128.210

Mbale

RENU-Mbarara

137.63.128.206

Mbarara

Table 2:PerfSONAR nodes in Uganda
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3. CHAPTER THREE: IMPLEMENTATION
This chapter explains the steps taken to install the tools used to carry out internet measurements. And they
include; RIPE Atlas software probe and PerfSONAR software toolkit and they are software based.

3.1 Installation of RIPE Atlas software probe
RIPE Atlas software probe was downloaded from RIPE Atlas platform which is provided by the RIPE NCC.
To install this software, we had to go through a lot of guidelines provided on RIPE Atlas platform. Before
installation of the software, we obtained a server space of 4GB RAM and storage of 100GB from NETLABS
UG at CEDAT on 4th October 2021.
3.1.1 Installation procedure on a server
➢ Installed linux Operating system called CENTOS 7 which provided an interface to set up the software
probe with the help of Dr. Andrew Katumba.
➢ Created an account with RIPE Atlas from the RIPE Atlas platform which only required the email and
the password.
➢ Downloaded PuTTy on a personal computer to be in position to access the server for the installation of
the software. On putty we had to choose a connection type called SSH sometimes referred to as Secure
Socket Shell. This protocol one to connect securely to a remote computer or a server by using a textbased interface. And we were provided with an IP address to reach the server remotely during the process
of installation. This provides an interface for writing commands.
➢ Then followed the commands provided by RIPE Atlas platform for successful installation of the
software. These commands were being configured in the interface provided by PuTTy.
The instructions on what to do and the commands provided by RIPE Atlas platform are listed below and the
order is followed respectively.
➢ Downloading the RPM that sets up the repository for the software probe RPM using the command.
curl-O ‘https://ftp.ripe.net/ripe/atlas/software-probe/centos7/noarch/ripe-atlas-repo-1-2.el7.noarch.rpm’
➢ Checking the hash of the RPM:
Sha256sum ripe-atlas-repo-1-2-e17.noarch.rpm.
The hash should be c02b6fb7004e86765257c93912403636f67ba59250f8f0904288f60eaad816c3
➢ RPM install. Use command; yum install ripe-atlas-repo-1-2.e17.norach .rpm
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➢ This was followed by installing the software probe package itself by using the
command; yum install atlasswprobe. Answering 'y' to import the GPG key
with fingerprint afbe 52eb 213a 90ef c72a 39dd 1b48 2af7 830d 38d5
Installing the probe software generates a new SSH key pair to be used to connect the probe to the
RIPE Atlas infrastructure.
The public key needs to be registered in order to register the probe. This can be found in the directory
of CentOS7 /var/atlas-probe/etc/probe_key.pub [10].
3.1.3 RIPE Atlas installation on a PC
With the installation of RIPE Atlas software probe everything was similar to that of the server
apart from what is stated below. On a PC, the following were done.
➢ Installed a virtual on my PC.
➢ Then installed an operating system called CENTOS 7 on the virtual box. This operating
system provided a user interface just like windows. Moved to terminal and configured
the commands provided by the RIPE Atlas platform as stated above while installing
on a server.
For the probe to keep up and running for both the server and the PC, there required a constant power
and internet connection.
After the installation, a unique ID was issued which was 1002961 for the probe in NETLABS UG
and 1008861 For the probe on the personal computer. The probe could only be accessed when you
long into the platform. After logging into the platform, it required to set up the name of the probe
which was given to it as College of Engineering Design Art and Technology and the location of the
probe was set up using the satellite connection. The platform could provide you with the necessary
information on how to carry out measurements and the information on those measurements for
example ping measurements, throughput measurements, hops and the latency. These are explained
below including the name and the location.
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3.1.3 Creating measurements using RIPE Atlas software probe.
Creating measurements using the software probe is easy following a given number of procedures. But
credits have to be available to enable you carry out measurements successfully. To obtain these credits,
your probe should be on running state (connected) or you can obtain credits by requesting from friends.
Procedures
➢ First needed an internet connection with a device to while logging into RIPE Atlas platform.
➢ Log into the RIPE Atlas platform while using the account created. The platform displays all
the necessary activities supported by the RIPE Atlas probe on the left section.
➢ Then click on measurements, this would display all kinds of measurements done by the probe.
And would show the different steps to follow while creating the measurements.
➢ Step 1 shows the user the type of measurements to do (PING, TRACEROUTE, DNS, SSL,
HTTP and NTP). After choosing the type of measurement, then fill in the target point either
using the name of the target or the IP address of the targeted resource for example the target
name muele.mak.ac.ug or 192.168.1.4.
➢ Step 2 enables you to choose the probes that that would take part during the course of obtaining
the results so as to enable you compare the results. And these probes are required to be in
position to reach the target point. The location of the probes chosen to take part in the
participation also matter, a probe chosen shouldn’t be very far. After choosing the probes, a
cost summary of the credits is displayed and when they are expected to get done.
➢ Step 3 deals with time, the time displayed is in UTC so to do carry out the measurements, your
required to set up measurements comparing to the time in your zone for example 5:00UTC is
equivalent to 8:00EAT. The time measurements include one-time off measurements meaning
that exact time, scheduled time that is when to start and end measurements and never time
which carry out measurements until they are just stopped manually by a person taking
measurements.
➢ Complete measurements.
The above steps are shown in the figures below.
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Figure 5: step1 and step2 followed on creating measurements

Figure 6: step3 followed on creating measurements
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3.2 Installation of PerfSONAR toolkit/node.
PerfSONAR software also required to be installed in a server. We got the server space as it was
requested and it was given to us DICTS (Directorate of ICT) at COSIS in Makerere University. This
node was installed in their network since they host all the mak web resources used by Makerere
University students.
Steps followed while installing perfSONAR.
➢ Downloading the software from the PerfSONAR website on a host device by choosing the
appropriate ISO image compatible with the server hardware and a full installation package
was downloaded as well.
➢ An ISO image, is a file that contains all the installation files for a single program. Certain
software programs, especially large ones, are sometimes made available as ISO files.
➢ Burning the ISO image onto a CD or USB key (removable media) from host device.
➢ Launching the installation process on the server using the removable media with the ISO
image. The installation package provided by PerfSONAR comprises a linux operating system
and the PerfSONAR toolkit along with it as one ISO image
➢ Using the VM hypervisor, the ISO image was used to create a new virtual machine running
CENTOS 7 dedicated for measurements with the perfSONAR toolkit.
3.2.1 PerfSONAR setting
Only one node of perfSONAR was set up at DICTS. After setting it up, the node was kept connected
was connected to ensure that it remained in an operational state. And also, it was made available for
any node that would want to test against it.
PerfSONAR architecture

3.2.2 Creating measurements using perfSONAR node
The server and the node have to be up and running.
Log into the web interface of the set-up node and move to a section where there is create measurement.
The measurements included throughput and latency then create the measurements.
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Wait for a the PerfSONAR node to be advertised so as to use it for testing. The nodes were advertised
in two different ways. The node located on the border that is to say in front of any firewalls would
give us a good indication of the connectivity to the demarcation point of the DICTS network and the
node located inside of a site border with firewalls in the path would give us a good indication of
connectivity to the resources directly within the DICTS network.
Then choose other perfSONAR nodes that would take part in carrying out the measurements since
perfSONAR is an end-to-end tool. The nodes that were chosen are the RENU nodes from Mbale,
Kampala, Mbarara and Gulu. Tests were created from each of these nodes to the perfSONAR node at
DICTS. To obtain the results, one needed to click on show results, and throughput, packet loss and
latency results for the tests would be displayed on a graph.

Figure 7:showing how tests are configured.
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4. CHAPTER FOUR: RESULTS
This chapter details the key results that were obtained during the project. Measurements were done for
a period of three months, due to bulkiness of the work, specific months whose results were considered
were chosen for both RIPE Atlas software probe and the perfSONAR node.
4.1 RIPE Atlas results
4.1.1 Looking at October measurements from 21st to 25th in 2021
The target point was mak.ac.ug which is a Makerere web resource. Traceroute type of measurement
was chosen; five probes were chosen to participate in the measurement. For trace route measurement,
the following were displayed.
Settings and status which gives an over view on what is going onfor example the type of measurement,
the target point your testing against, traceroute specific setting that is ICMP, the timing and the number
of probes that took part in participating.
Latest results showed the RTT of the probes that participated, their round-trip time the number of hops
they went through to reach the target and the probes that succeeded in reaching the target. Of which it
was only probe 1002961 that succeeded to reached the target point with RTT of 0.810 and the others
did not succeed. The table below shows the latest results.
Probe ID

Time

RTT

Hops

Success

(UTC)

(ms)

1002961

15:16

0.810

4

Yes

51937

15:16

7.664

15

No

51544

15:16

11.167

9

No

51381

15:16

27.502

9

No

6358

15:16

8.993

12

No

Table 3:latest results in October
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Latency Analysis/ latency monitoring in October.
The graph shows minimum, maximum and median values of the latencies/ delays of the packets
travel for tests run from probe 1002961 to the target point mak.ac.ug. The latencies were highest on
25th (Monday) were minimal latencies reached 90%.

Figure 8:Latency graph for tests between CEDAT and COCIS between Thursday 21st and Monday
25th October.

Traceroute monitoring in October
This shows the delay or the time lag in milliseconds on the different hops in the route to reach the
target point which is mak.ac.ug. In this section, only the hops of the probe that reached the final
destination were considered and thus their time delay noted. The table below shows the hops and the
time delay.
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Hops

Min (ms)

Med (ms)

Max(ms)

10.120.0.1

0.635

0.615

1.67

196.43.132.13

0.975

1.268

1.114

196.43.132.17

1.089

1.118

1.137

196.43.133.108

0.807

0.999

1.142

Table 4:Delay of hops in October

4.1.2 November measurements from 18th to 26th in 2021
The steps are the same for all traceroute measurements. Still the target point was mak.ac.ug. The main
probe that was used was 1002961 and then other probes were chosen to participate as well. They are
listed in the table below.
Probe Name

Probe ID

ASN

Uganda Internet Exchange Point

6358

37386

RENU-Arua

51544

327687

RENU-Home site

51381

327687

Mbarara University School of Science and

51937

327724

1002961

328358

Technology
College of Engineering, Design, Art and
Technology

Table 5: The probes involved in November Measurements
Latest results
Only one probe (1002961) managed to reach the final destination. The table below shows the lates tresults.
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Probe ID

Time

RTT

Hops

Success

(UTC)

(ms)

1002961

19:46

1.155

4

Yes

51937

19:46

4.733

10

No

51544

19:46

11.277

9

No

51381

19:46

16.934

9

No

6358

19:46

8.887

12

No

Table 6:showing latest results in November
Latency monitoring
A summary of the minimum latency measurement results between the probe 100926 and the target
point between 1st and 30th November. The graph shows no returned values between Friday 8th and
Wednesday 17th of November because the probe was disconnected due to the server powering down
and when power was restored, the virtual machine instance had to be restarted. The graph below
builds on figure 1 by showing the minimum, also including median and maximum values on the
same axes.

Figure 9:Minimum, median and maximum delay on same axes
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Traceroute monitoring in the month of November
Hop

Min (ms)

Med (ms)

Max(ms)

10.120.0.1

0.554

0.615

1.67

196.43.132.13

0.975

1.029

1.114

196.43.132.17

1.089

1.118

1.137

196.43.133.108

0.648

0.803

0.964

Table 7:delay on hops in November.

4.1.3 Ripe Atlas results showing off campus measurements in December,2021 from 27th to 31st .
These measurements were scheduled each on its date. Therefore, each of the days has different
measurement results.
Monday 27th December
One probe (1002961) was requested to participate and it participated in the measurements as illustrated
below. This probe being chosen is with in Makerere University Premises. And the type of measurement
chosen was traceroute which includes settings and status, latest results latency monitoring, and
traceroute monitoring. The traceroute measurement was done for the rest of the measurements in a
week.
Settings and status, only one probe was selected to take part in the measurement and managed to reach
the target point. The RTT of the probe was 0.924 milliseconds and the probe went through four hops
(points or routes) to reach the final destination that is muele.mak.ac.ug.

24

Probe ID

1002961

Time

RTT

(UTC)

(ms)

09:44

0.924

Hops

Success

4

Yes

Table 8:settings and status 27/12/2021
Latency monitoring
Below is a graph of time (in milliseconds) versus the time in UTC. The results from the graph indicate
the minimum, medium and the maximum latency. Looking at the graphs below, the red color maximum
latency, yellow shows the medium latency and green shows minimum latency.

Figure 10: Shows latency on 27th November
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Traceroute monitoring
The table below shows the delays on each hope including their minimum, medium and maximum
latency. On average, more delay is experienced on hop 3.
Hops

Minimum(ms)

Mediam(ms)

Maximum(ms)

1. 10.120.0.1

0.527

0.683

0.841

2. 196.43.132.13

0.882

0.882

1.192

3. 196.43.132.17

1.146

1.146

1.192

4. 102.134.147.141 0.617

0.725

1.068

Table 9: Traceroute results on 27/12/2021

Tuesday 28th December 2021 measurements.
Traceroute measurement to the target point muele.mak.ac.ug. Two probes were requested to participate
but only one participated in the measurements. And that probe is 1002961 which is within the Makerere
premises and that is College of engineering Design Art and Technology. The table below shows the
probes that were chosen.
Probe Name

Probe ID

ASN

RENU-Home site

51381

327687

College of Engineering, Design, Art and

1002961

328358

Technology

Table 10: Probes chosen to take part in measurement of 28th December.
Latest results, only the results of one probe that participated were chosen. The RTT was 0.995
milliseconds and it went through four hops(routes) to reach the final destination. The table below
shows the latest results.
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Probe ID

1002961

Time

RTT

(UTC)

(ms)

14:45

0.995

Hops

Success

4

Yes

Table 11:Latest results on 28/12/2021

Latency monitoring on 28th December
Below is a graph of time (in milliseconds) versus the time in UTC. The results from the graph indicate
the minimum, medium and the maximum latency. The time scheduled for this measurement was from
9:00UTC to 15:00UTC, and in Ugandan time it’s from 6:00 to 18:00. The highest latency was
experienced at 11:45

Figure 11: It shows the latency experienced on 28th December

Traceroute monitoring on 28th December
The table below shows the delays experienced on the hops up to the destination target. These include
the maximum, medium and maximum latency. On average, the highest latency is experienced on hope
3.
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Hops

1.

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

0.592

0.644

0.707

1.064

1.113

1.32

1.145

1.148

1.164

0.941

1.005

1.073

10.120.0.1
2.
196.43.132.13
3.
196.43.132.17
4.
102.134.147.141
Table 12:Traceroute results on 28/12/21
Wednesday 29th December, 2021
Traceroute form of measurement to test against the target which is muele.mak.ac.ug. Three probes
were requested to take part in the measurements to muele.mak.ac.ug and they participated. The probes
that were requested are as shown below.
Probe Name

Probe ID

ASN

Datanet

10843

29032

MUK-Kla

15357

328358

College of Engineering, Design, Art and

1002961

328358

Technology

Table 13:The probes that participated in the measurements on 29th December
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Latest results, two probes out of the three managed to reach the final destination(muele.mak.ac.ug).
Probe 15357 is located at COCIS (College of Computing and Information Science). And the probe
(1002961) is at CEDAT (College of Engineering Design Art and Technology). The RTT for probe
15357 is 0.617 milliseconds less compared to probe (1002961) which is 0.947 milliseconds. The reason
is because probe 15357 goes through 3 hops which are fewer than that of probe 1002961 which goes
through four hops. Hence the more the hops the more the delays.
Probe ID

Time

RTT

Hops

Success

(UTC)

(ms)

1002961

14:15

0.947

4

Yes

15357

14:15

0.617

3

Yes

10843

14:15

4.418

14

No

Table 14::Latest Results on 29/12/21
Latency monitoring
Below is a graph of time (in milliseconds) versus the time in UTC. The results from the graph indicate
the minimum, medium and the maximum latency. The graphs below show the latency taken to reach
the final destination (muele.mak.ac.ug) at different time intervals of the day. These measurements
were taken from 5:00UTC to 15:00UTC meaning from 5:00 to 18:00 during the day. Probe 15357
experienced a high latency at 11:00. Probe 1002961 experienced the highest latency at 7:00. And high
latency between 6:00 to 7:00, 8:00, 9:00, 11:00, and from 12:00 to 13:30, 14:00
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Figure 12: Figure showing latency on 29th December of the two probes.

Traceroute monitoring
The tables the time delay on the hops on the routes of the probes to reach the final destination.
Probe 15357
on average, hop 1 has the highest latency
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.1.3.1

0.803

0.986

1.348

2. 196.43.132.17

0.869

0.881

9.063

3. 102.134.147.141 0.716

0.734

0.771

Table 15:Traceroute results of probe 15357 on 29/12/2021
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Probe 1002961
on average, hop 3 has the highest latency.
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.120.0.1

0.712

0.737

21.105

2. 196.43.132.13

0.964

0.737

2.264

3. 196.43.132.17

1.142

1.175

1.199

4. 102.134.147.141 0.975

1.095

1.215

Table 16:Traceroute results of probe 1002961 on 29/12/21

Thursday 30th December 2021
Traceroute measurement to the target which is muele.mak.ac.ug. Four probes were requested to
participate and three probes participated in reaching the final destination that is muele.mak.ac.ug. The
probes are listed in the table below.
Probe Name

Probe ID

ASN

Datanet

10843

29032

MUK-Kla

15357

328358

College of Engineering, Design, Art and

1002961

328358

Technology

Table 17: Probes that participated in measurements of 30th December
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Latest results, only two probes out of the three managed to reach the final destination(muele.mak.ac.ug)
that is Probe 15357 and probe 1002961. The RTT for probe 15357 is 0.643 milliseconds less compared
to probe (1002961) which is 0.974 milliseconds. The reason is because probe 15357 goes through 3
hops which are fewer than that of probe 1002961 which goes through four hops. Hence the more the
hops the more the delays. The table below provides us with the information about the latest results.

Probe ID

Time

RTT

Hops

Success

(UTC)

(ms)

1002961

14:15

0.974

4

Yes

15357

14:15

0.643

3

Yes

10843

14:15

3.199

14

No

Table 18: Shows latest results on 30th December

Latency monitoring of the two probes
Below is a graph of time (in milliseconds) versus the time in UTC. The results from the graph indicate
the minimum, medium and the maximum latency. Probe 1002961 experienced quite high latency
between 9:00 and 9:30, 10:30, 11:00 and 11:30, 13:00, 14:00. Probe 15357 didn’t experience any high
latency.
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Figure 13: : latency of the two probes 1002961 and 15357
Traceroute monitoring
Monitoring the delay on each hop in the routes taken to reach the final target. Each and every probe
has its route to the final destination though they have a common hop (196.43.132.17).

Probe 15357
On average hop 1 has the highest latency.
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.1.3.1

0.782

0.823

0.979

2. 196.43.132.17

0.799

0.823

0.977

0.63

0.674

3. 102.134.147.141 0.547

Table 19:Traceroute results of probe 15357 on 30/12/2021
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Probe 1002961
On average hop 1 has the highest latency
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.120.0.1

1.903

3.005

5.514

2. 196.43.132.13

1.068

1.112

1.203

3. 196.43.132.17

1.214

1.254

2.056

4. 102.134.147.141 0.625

0.941

1.018

Table 20:Traceroute results of probe 1002961 on 30/12/202

Friday 31st December 2021
Traceroute measurement to the target point muele.mak.ac.ug. Four probes were requested to take part
in the measurements and only three probes managed to participate. The probes that participated are as
shown below.
Probe Name

Probe ID

ASN

Datanet

10843

29032

MUK-Kla

15357

328358

College of Engineering, Design, Art and

1002961

328358

Technology

Table 21: Shows the probes that participated in mesurements on 31st december
Latest results, two probes out of the three managed to reach the final destination(muele.mak.ac.ug).
Probe 15357 and probe 1002961. The RTT for probe 15357 was 0.510 milliseconds less compared to
probe 1002961 which is 0.971 milliseconds. The reason is because probe 15357 goes through 3 hops
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which are fewer than that of probe 1002961 which goes through four hops. Hence the more the hops
the more the delays. The table below shows the latest results on the measurements.
Probe ID

Time

RTT

Hops

Success

(UTC)

(ms)

1002961

14:51

0.971

4

Yes

15357

14:51

0.510

3

Yes

10843

14:51

3.398

14

No

Table 22:Latest results on 31/12/2021

Latency monitoring
Below is a graph of time (in milliseconds) versus the time in UTC. The results from the graph indicate
the minimum, medium and the maximum latency. For probe 1002961, the highest latency above all
the other latencies is experienced at 6:00, between 12:00 and 13:00. The orange dot indicates a latency
above that on the graph. For probe 15357, it also experiences quite high latency at 5:00 and 12:00. The
figure below, shows the latency experienced on two probes.

Figure 14:latency of two probes during the measurements on 31st December.
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Traceroute monitoring
The tables below show the delay on the hops on the routes taken from the probe to the final target.
Probe 15357
The tables below show the latency in milliseconds at each hope. On average, hop 1 has the highest
latency.
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.1.3.1

0.782

0.823

0.979

2. 196.43.132.17

0.799

0.814

0.977

0.63

0.674

3. 102.134.147.141 0.547

Table 23:Traceroute results of probe 15357 on 31/12/2021

Probe 1002961
On average, port 1 has the highest latency.
Hops

Minimum

Medium

Maximum

(ms)

(ms)

(ms)

1. 10.120.0.1

1.903

3.005

5.514

2. 196.43.132.13

1.068

1.112

1.203

3. 196.43.132.17

1.214

1.254

2.056

4. 102.134.147.141 0.625

0.941

1.018

Table 24:Traceroute results of probe 1002961 on 31/12/2021
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4.2PerfSONAR Results
Recap, perfSONAR is responsible for measuring throughput, packet loss and latency and the
measurements were also taken for a period of three months.

4.2.1October measurements
The nodes below were chosen to participate in the measurements.
Name of the Node

IP address

Location

RENU-Kampala1 ( pfs- statirt.renu.ac.ug)

196.43.185.32

Kampala

RENU-Kampala2

137.63.159.254

Kampala

RENU-Gulu-PoP

137.63.128.214

Gulu

RENU-Mbale-PoP

137.63.128.210

Mbale

Table 25: PerfSONAR nodes that participated in October measurements

These perfSONAR measurements were done by taking measurements from the source to the
destination. The table below shows the sources measurements to the destination being measured
against.
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Source

Destination

Throughput

Latency(ms)

(Mbps)
102.134.147.107

137.63.128.206

750

3.99

438
102.134.147.107

137.63.128.210

n/a

4.53

n/a
102.134.147.107

137.63.159.254

943

0.590

339
102.134.147.107

137.63.128.214

282

6.04

261
102.134.147.107

196.43.185.32

920

0.910

512
Table 26: Test results for October between each of the different hops
4.2.2 Results of the perfSONAR nodes around the country that were chosen to participate
RENU-Kampala1 ( pfs-stat-irt.renu.ac.ug )
Throughput and packet loss on the node of RENU-Kampala1
From figure 15, we can see variations in the throughput values with time between 21st and 26th of
October. The forward throughput curve is constant however the reverse throughput graph has more
retransmissions that common in the afternoon, around 3pm. The graph also shows gradually
decreasing throughput between Friday and Monday. We see high throughput scenarios between
Monday and Tuesday, where the throughput drops in the afternoon. Throughput dropped as low as
100Mbps on Monday afternoon. Traffic gets congested for various reasons throughout the day and
slows down the performance of the network. Afternoon periods are busy periods for both staff and
students and the lower throughput values around that time could be an indication of network
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congestion. The reverse throughput values give an indication of connectivity from the node’s
location to the Makerere Web Resources that are accessed by Makerere students.
Looking at the results in the figure 15, high packet loss of above 5% was experienced on Monday. Loss of
packets in transit leads to poor or slow network performance, and low throughput indicates problems like packet
loss. Comparing the throughput and Packet Loss graphs, the low throughput region corresponds to the highest
packet loss region.

Figure 15:Shows throughput and Packet loss graphs during measurements.
Latency on node RENU-Kampala1
The latency in the graph appears to be fluctuating throughout the week. And we see that around the
same time when the lowest throughput and highest packet loss values were recorded, the highest
latency was recorded as well. Monday is a very active period for students when accessing online
learning resources, and as such, this contributes to the higher values of latency and packet loss on
Monday. However, these values are still acceptable for basic web browsing.

Figure 16:Latency graph for measurements between RENU-Kampala1 and the PerfSONAR node at
COCIS
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RENU-Gulu-PoP
Throughput and packet loss on the node RENU-Gulu-PoP
From the graph, we observe low forward and reverse throughput values on Tuesday. The reverse
throughput reflects from Monday at around 12pm.
From the figure …, we observe four instances of high packet loss, each in the afternoon on Friday,
Monday and Tuesday. Comparing the throughput and packet loss graphs, three peaks on the packet
loss curve were coinciding with the low throughput region from the first graph.

Figure 17:A graph of both throughput and packet loss measurements between gulu and the node at
DICTS.

Latency on the perfSONAR node RENU-Gulu-PoP
The instances of high latency also coincide with points of high packet loss, that is to say the
afternoons of Friday, Monday and Tuesday.

Figure 18: Latency graph for measurements between RENU-Gulu and the PerfSONAR node at COCIS
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RENU-Kampala2
Throughput and packet loss on RENU-Kampala2
On the figure ….. the throughput values went as low as 167.96 Mbps around Tuesday but were
generally fluctuating. The reverse plot for this node also reflected from Monday at around 12pm.
And there was no packet loss hence ideal for reliable connections.

Figure 19:Throughput graph for measurements between RENU-Kampala2 and the PerfSONAR node
at COCIS

Figure 20:Packet Loss graph for measurements between RENU-Kampala2 and the PerfSONAR node
at COCIS

Latency results on node RENU-Gulu-PoP
The graph shows latency variations with peaks on Friday and Tuesday around afternoon. However,
the latency on average is within the range 0 – 2 ms which is acceptable for web browsing. Both
spikes on the latency graph occur in the afternoon periods, around 3pm.
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Figure 21:Latency graph for measurements between RENU-Kampala2 and the PerfSONAR node at
COCIS

4.3 November measurements
The pre-installed nodes below outside Makerere were used in testing;
Name of the Node

IP address

Location

RENU-Kampala1 ( pfs- statirt.renu.ac.ug)

196.43.185.32

Kampala

RENU-Kampala2

137.63.159.254

Kampala

RENU-Gulu-PoP

137.63.128.214

Gulu

RENU-Mbale-PoP

137.63.128.210

Mbale

RENU-Mbarara

137.63.128.206

Mbarara

RENU-Kampala1 ( pfs-stat-irt.renu.ac.ug )
Throughput and packet loss on the node of RENU-Kampala1
From the figure below, we can see variations in the throughput values between 20th and 27th of
November. From the graph, it is observed that instances of lower throughput are common in the
morning periods as seen from 292.38Mb/s on 22nd at 8am, 319.02Mb/s on 24th at 9am and
266.61Mb/s on 27th at around 7am.
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Figure 22:Throughput graph for measurements between RENU-Kampala1 and the PerfSONAR node
at COCIS
Packet loss in the figure below shows three cases of high packet loss that went as high as 8% on
Friday afternoon.

Figure 23:Packet loss graph for measurements between RENU-Kampala1 and the PerfSONAR node
at COCIS

Latency on the node of RENU-Kampala1
The latency appears to be fluctuating throughout the week with higher latencies in the morning and
afternoon periods.
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Figure 24:Latency graph for measurements between RENU-Kampala1 and the PerfSONAR node at
COCIS
RENU-Gulu-PoP
Throughput and packet loss on the node of RENU-Gulu-PoP
High throughput is seen on Monday and Tuesday around 3pm but is significantly lower on average
for the rest of the week ranging between 200 and 400 Mbps, dropping as low as 158.66 Mbps on
Wednesday. Also, From the graph, there is one significant instance of very high packet loss of 100%
on Tuesday evening. Other smaller losses were seen on Wednesday 24th (3.077%) and Thursday
25th (8.33%). Comparing the throughput and latency graphs, the high latency peaks correspond to
some of the regions of lower throughput and also points of retransmission.

Figure 25:Throughput graph and packet loss measurements between RENU-Gulu and the PerfSONAR
node at COCIS

Latency on the node RENU-Gulu-PoP
Peaks of high latency are observed on Monday, Wednesday, Thursday and Friday afternoons. On
average, latency ranges from 5-10ms throughout the week.
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Figure 26:Latency graph for measurements between RENU-Gulu and the PerfSONAR node at COCIS

RENU-Kampala2
Throughput and packet loss on the node RENU-Kampala2
Very high throughput scenarios are observed early in the week but relatively range around 400Mbps
for the rest of the week. These are good throughput values for web browsing, downloading and
uploading files, as well as streaming.

Figure 27:Throughput graph for measurements between RENU-Kampala2 and the PerfSONAR node
at COCIS
The graph below showed a no packet lost throughout the measurement week which shows reliable
communication between the points which implies reliable communication.
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Figure 28:Packet Loss graph for measurements between RENU-Kampala2 and the PerfSONAR node
at COCIS
Latency on node RENU-Kampala2
The latency was highest on Monday with a value of 8ms which is acceptable for loading a web page.
Other smaller peaks were observed on Thursday and Friday with 4ms at around 3pm.

Figure 29:Latency graph for measurements between RENU-Kampala2 and the PerfSONAR node at
COCIS

RENU-Mbarara-PoP
Throughput and packet loss on a node RENU-Mbarara-PoP
Throughput was centered on 400Mbps through ought the week with the lowest on Thursday morning
(265Mbps) and highest on Wednesday evening (907Mbps).

Figure 30:Throughput graph for measurements between RENU-Mbarara and the PerfSONAR node at
COCIS
The figure below shows the packet loss graph. There was only one instance of packet loss picked up
by the toolkit on Friday afternoon of 1.667%.
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Figure 31:Packet Loss graph for measurements between RENU-Mbarara and the PerfSONAR node
at COCIS
Latency on a node RENU-Mbarara-PoP
The latency for most of the week is centered on 4ms with an increase to around 8ms from Friday at
around 3pm.

Figure 32:Latency graph for measurements between RENU-Mbarara and the PerfSONAR node at
COCIS

RENU-Mbale
Packet Loss RENU-Mbale
From the packet loss graph, two peaks are seen on Tuesday and Wednesday in the afternoon. The
highest was an 8% loss on Tuesday.
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Figure 33:Packet Loss graph for measurements between RENU-Mbale and the PerfSONAR node at
COCIS
Latency on a node RENU-Mbale
The latency was fluctuating throughout the week but was significantly higher early in the week,
Monday to Wednesday. Latency was highest on Monday evening (>20ms) which wasn’t ideal
indicating some issues with connectivity around that time. Latencies were lower later in the week
(<10ms).

Figure 34:Latency graph for measurements between RENU-Mbale and the PerfSONAR node at COCIS

4.3 Trace route measurement using the perfSONAR nodes
To avoid bulkiness of the report, for traceroute measurements/ traceroute monitoring, one node to test
from a perfSONAR node set up at COSIS was chosen for different form of tests. And this node is
called RENU-Mbale.
Table 1.
we observe high delay while hopping from 102.134.145.97 to 196.43.187.169 and from
196.43.187.169 to a hop on the RENU network.
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NB: Hop 1 and hop 2 (196.43.133.2 & 196.43.132.18) correspond to a point-to-point link between
the core switch and the aggregate switch on the DICTS network. Hops 3 and 4 correspond to a pointto-point link between the core switch and the default gateway of the DICTS network.

Hop

Router

IP

Delay(ms)

1

196.43.133.2

196.43.133.2

0.6

2

196.43.132.18

196.43.132.18

0.6

3

102.134.135.73

102.134.135.73

0.2

4

102.134.145.97

102.134.145.97

0.6

5

196.43.187.169

196.43.187.169

14.4

6

stat.kla.p1-stat.kla.pe.net.renu.ac.ug

196.43.190.225

14.4

7

dhq.mle.p1-stat.kla1.net renu.ac.ug

196.43.190.162

4.9

8

dhq.mle.pe-dhq.mle.dhq.p1.net renu.ac.ug

196.43.190.166

4.8

9

137.63.128.210

137.63.128.210

4.8

Table 27:Traceroute test 1 from PerfSONAR node at COCIS to RENU-Mbale
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Table 2
From the traceroute table, we observe the highest delays from hop 6 to hop 7 on the RENU network.

Hop

Router

IP

Delay(ms)

1

196.43.133.2

196.43.133.2

0.7

2

196.43.132.18

196.43.132.18

0.5

3

102.134.135.73

102.134.135.73

0.3

4

102.134.145.97

102.134.145.97

1.2

5

196.43.187.169

196.43.187.169

2.7

6

stat.kla.p1-stat.kla.pe.net.renu.ac.ug

196.43.190.225

1.6

7

dhq.mle.p1-stat.kla1.net renu.ac.ug

196.43.190.162

8.5

8

dhq.mle.pe-dhq.mle.dhq.p1.net renu.ac.ug

196.43.190.166

5.9

9

137.63.128.210

137.63.128.210

6.3

Table 28:Traceroute test 5 from PerfSONAR node at COCIS to RENU-Mbale
Table 3
From the table below, significant delays are seen via the point-to-point link between the default
gateway and core switch of the DICTS network. 32ms delay is a poor when considering quality of
service recommended for web browsing.
For cable (connection between core switch and default gateway), ideal latencies should be below
15ms. However, latencies below 30ms are considered tolerable
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Hop

Router

IP

Delay(ms)

1

196.43.133.2

196.43.133.2

0.7

2

196.43.132.18

196.43.132.18

0.5

3

102.134.135.73

102.134.135.73

32.4

4

102.134.145.97

102.134.145.97

32.9

5

196.43.187.169

196.43.187.169

1.5

6

stat.kla.p1-stat.kla.pe.net.renu.ac.ug

196.43.190.225

1.7

7

dhq.mle.p1-stat.kla1.net renu.ac.ug

196.43.190.162

8

8

dhq.mle.pe-dhq.mle.dhq.p1.net renu.ac.ug

196.43.190.166

5.4

9

137.63.128.210

137.63.128.210

3.3

Table 29:Traceroute test 10 from PerfSONAR node at COCIS to RENU-Mbale
Table 4
The table shows highest delay within the RENU network (that hosts the node). However, the delay
is small and thus do not affect connectivity to the resources
Hop

Router

IP

Delay(ms)

1

196.43.133.2

196.43.133.2

0.6

2

196.43.132.18

196.43.132.18

0.5

3

102.134.135.73

102.134.135.73

0.3

4

102.134.145.97

102.134.145.97

3.5

5

196.43.187.169

196.43.187.169

3.8

6

stat.kla.p1-stat.kla.pe.net.renu.ac.ug

196.43.190.225

3.4

7

dhq.mle.p1-stat.kla1.net renu.ac.ug

196.43.190.162

5.5

8

dhq.mle.pe-dhq.mle.dhq.p1.net renu.ac.ug

196.43.190.166

7.9
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9

137.63.128.210

137.63.128.210

5.2

Table 30:Traceroute test 15 from PerfSONAR node at COCIS to RENU-Mbale

Table 5
The fifth traceroute test shows the highest delay between 196.43.187.169 and RENU of 10ms. This
is a small delay when we compare to recommended latency limits.

Hop

Router

IP

Delay(ms)

1

196.43.133.2

196.43.133.2

1

2

196.43.132.18

196.43.132.18

0.6

3

102.134.135.73

102.134.135.73

0.3

4

102.134.145.97

102.134.145.97

0.7

5

196.43.187.169

196.43.187.169

5.6

6

stat.kla.p1-stat.kla.pe.net.renu.ac.ug

196.43.190.225

10.2

7

dhq.mle.p1-stat.kla1.net renu.ac.ug

196.43.190.162

4.9

8

dhq.mle.pe-dhq.mle.dhq.p1.net renu.ac.ug

196.43.190.166

4.6

9

137.63.128.210

137.63.128.210

4.9

Table 31:Traceroute test 20 from PerfSONAR node at COCIS to RENU-Mbale

52

4.4Results from the survey.
Survey on student’s user behavior and experience while connecting to online learning platforms of
Makerere University was done using a survey monkey. A link was sent to students at CEDAT in
January 20222 to get a view on how connecting to Makerere web resources is reliable. A total of 81
students responded and the information was obtained.
Ninety percent of students who responded were from fourth year of study and the other ten percent
was split between second- and third-year students. A number of questions was responded to and
these questions included; the number of times the platforms are accessed in a week, the network used
in connecting to the resources, the places from which they access online learning platforms from and
the time periods they accessed the platforms.
According to the survey, they access the online learning resources over 20 times in a week. CEDAT/
Makair are the most used networks taking up (35%), followed by MTN with 30%, Airtel with
25%and 10%lycamobile. And most students access these online learning platforms on campus with
a percentage of 51.35% and the rest of the percentage for access far from campus. Also, the morning
periods are the most active for students when connecting to these online learning platforms morning
and afternoon periods.
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5. CHAPTER FIVE: CONCLUSIONS
Through internet measurements, we were able to understand the network topology (structure) which
showed the routes taken while connecting Makerere online learning platforms to obtain the learning
materials and other information by the students. In the results, these are indicated as hops with their
links IP addresses respectively.
The results from both RIPE Atlas software probe and PerfSONAR as observed have similar latency
variation patterns of high latencies in the morning and afternoon periods and these latencies were
reliable for web browsing. Trace route monitoring, shows there is a limit on the link between the default
gate (196.43.132.18) way and the core switch on the DICTS network 196.43.132.17 hence
experiencing high latencies thus affecting good connectivity. This happened on students’ busy days
thus could be possible with congestion or other factors that lead to high latency.
The survey conducted during the month of January showed that the students access these online
platforms mostly in the morning and afternoon periods hence in line with the latency patterns observed
from both graphs obtained from RIPE Atlas and PerfSONAR.

5.1 Challenges
Obtaining measurement information from RENU and other different companies which provide internet
services so as to get a broad picture was not possible. And there was instances of the toolkits going off
as a result of power which required us to restart the whole instances. Whenever the toolkits were off,
data couldn’t be obtained.

5.2 Recommendations
Further exploration of the problem on the mentioned link with high latencies to find out what the
root cause of the problem.
Deployment of a RIPE Atlas and/or PerfSONAR network throughout the university to identify more
limitations to connectivity to the online learning resources from other parts network.
Due to other causes of high latencies like uploads of large files on the platforms should be limited as
they take up a large bandwidth, files which are not in use shouldn’t be kept on the learning platforms.
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5.3 Further work
The identified high latencies on the link between the DICTS networks default gateway and the core
switch, there is need for further testing on that particular link to discover more causes of high latencies.
Installation of RIPE Atlas probes and perfSONAR nodes around Makerere University in different
colleges to conduct measurements to Makerere online learning resources in such a way give a clear
view of the more bottlenecks that will be identified.
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