7Quantifying the Digital Divide: A scientific overview of the connectivity of South Asian and African Countries

The future of computing for HENP applications depends increasingly on how well the global community is connected. With South Asia and Africa accounting for about 36% of the world’s population, the issues of internet/network facilities are a major concern for these regions if they are to successfully partake in scientific endeavors. However, not only is the International bandwidth for these regions low, but also the internal network infrastructure is poor, rendering these regions hard to access for the global HENP community. In turn this makes collaborative research difficult and high performance grid activities essentially impractical. In this paper, we aim to classify the connectivity for academic and research institutions of these regions as a function of time, as seen from within, without and between the regions, and draw comparisons with more developed regions. The performance measurements are carried out using the PingER methodology; a lightweight approach using ICMP Ping packets. PingER has measurements to sites in over 110 countries that contain over 99% of the world’s Internet connected population and so is well-positioned to characterize the world’s connectivity.  These measurements have been successfully used for quantifying, planning, setting expectations for connectivity and for identification of problems. The beneficiaries of this data range from international funding agencies and executive-level planners to network administrators. 

Introduction:

The last decade has seen tremendous improvements in the Internet infrastructure with users experiencing better quality of connection, lower round trip times and increased throughputs [1]. The PingER measurements [2] have been used for over a decade for monitoring the internet connectivity around the globe and more recently, the focus has shifted to the developing and under-developed regions, especially Africa [3] for the purpose of quantifying the digital divide.

Monitoring Hosts:
In 2005, PingER monitoring hosts [4] were deployed at three major locations, in India at ERNet[5], in Pakistan at NIIT [6] and at NTC [7] and in South Africa at Tenet[8]. This helped in measuring the connectivity of these developing regions from within. These had some interesting results, leading to interesting conclusions and helped in identifying some interesting problems, which would be discussed in detail later.

Connectivity from the World:

Since the monitoring sites in these regions have been recently deployed, they do not provide sufficient data for looking at the long-term trends. Hence, the long term data from North America to South Asia and Africa is being presented to compare the performance of these regions.
Packet Loss from North America to the World Regions:

In general, the packet losses have reduced tremendously over the years, and according to the PingER data, the loss percentage declines by almost 45% every year. As the trend lines show, that progress of Africa and South Asia has been slower than the other regions. Infact Pakistan, since 2003 when PingER started monitoring the remote hosts, has not shown much progress, and the overall packet loss seems to be on the rise. Whereas in India, the progress has been slower as compared to the rest of the world, but in comparison to Africa and Pakistan, the rate has been much better. Based on PingER’s definition of connection quality [], India, Pakistan and Africa all have acceptable quality levels, with India expected to become good by 2007. 
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Minimum RTT from North America to the World Regions
Unfortunately for Pakistan and Africa, the minimum Round Trip times indicate an upward trend. This shows that the internal networks in these regions may be unstable, or the number of hops increasing. On the other hand, India has constantly improving internal network. However, it can be positively concluded that the usage in Pakistan as well as Africa may be increasing, thus causing congestion and increasing the overall RTT values. Comparing with the rest of the world, Latin America has shown good improvement, whereas most other regions have been more or less stable. It should be clarified here that a burst of nodes were added for monitoring in Dec 03, out of which a number were on Satellite.
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Over the last two years, the trend shows a sharp decline for Africa. There are a number of factors which include indications of Botswana and Namibia shifting from Satellite to Sea links in Sep-04 and May-04 respectively, as the minimum RTTs jumped from the 600ms+ range to around close to 300ms. There is a slight upward trend in Pakistan, which could be attributed to the increasing usage in the country. The gradual decline in minimum RTT to India indicates a gradual improvement in its internal infrastructure and improved routing.
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