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Abstract

Recently, the Internet has become a crucial part of human life where various sectors
depend on the technology. With the significant development of the Internet, the IPv4
as common IP address standard is predicted not able to accommodate the Internet
and internet-based technologies growth. Then, the IPv6 was introduced in 1998 as a
de facto standard to overcome the problems of IPv4. Although IPv6 technology has
been available for decades, however, it has not yet become widely implemented. This
empirical study investigates Indonesian organizations readiness for IPv6. Currently,
Indonesia is the fourth largest country in the world, and the allocation of IP address
to the country is extremely small, compared to the total population and other major
countries. Surveying wide range organizations in Indonesia, the result indicates that
although there is high awareness among the organizations and they believe IPv6 is
important, IPv6 is perceived less urgent to be implemented. Consequently, the orga-
nizations dont put a lot of preparation for five readiness criteria, namely training,
planning, assessment the current environment, policy and IPv6 deployment.
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1 INTRODUCTION

The number of Internet users reach 3.035 million by the end of 2014 and penetrate up to
42.3 of the world total population (www.InternetWorldStats.com, 2014). The growth of the
Internet tends to continue significantly (OECD, 2014). This is because of many new tech-
nologies (e.g. mobile , flexible and always on communication system) requiring the Internet
connection to enable their system (Hovav et al., 2004; Tassey et al., 2009), and a fast growth
of the Internet in developing countries (Che & Lewis, 2010).

With the significant growth of the Internet, numerous authors (Bohlin, 2002; Colitti
et al.,2010; Hain & Huston, 2005; Karpilovsky et al., 2009) have shown their concern to the
current Internet Protocol address limitation. Basically, every device connected to the Internet
must have an IP address as connection permits (Dell, 2011). Karpilovsky et al. (2009)
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argue that the IPv4 will not be able to provide adequate services for the future Internet.
Similarly, other authors (Bohlin, 2002; Colitti et al., 2010) informed that the high demand
of the Internet connection has driven to the migration to a much larger address space and
the migration becomes a high priority to overcome serious Internet problem in the future
(Mueller, 2006).

On 3rd February 2011, ICANN as the IP regulatory body announced that they have
allocated the last IPv4 blocks to the five RIRs (Regional Internet Registry). Obviously, it
indicates that address shortage has become a real problem where almost entire available
IPv4 addresses have been allocated (Dell, 2011). And recently, it is reported that the world-
wide number of allocation of IP addresses reached approximately 3.6 billion by the end of
2014 (www.MaxMind.com, 2014). The current protocol can theoretically accommodate up
to about 4.3 billion addresses. In the actual implementation, however, the numbers decrease
significantly due to several following reasons (Cotton & Vegoda, 2010). Firstly, some ad-
dresses are not available to public since they reserve only for private addresses and loopback.
Secondly, ICANN allocates several addresses for particular purposes, namely multicast (class
D) and future use. The combination of the two previous reasons contributes to nearly 600
million addresses unavailable to the public. Finally, many addresses allocated to the user are
not actually used due to the inefficiency of classes concept on IPv4. However, there is no
data reported the precise number of this category.

Figure 1: Level of IPv6 training (n = 69)

IPv6 or next generation IP has been almost two decades available as a solution (Shen.
et al.,2009) and standardized on 1998 (Deering & Hinden, 1998). It is not necessary only
to extend the address space number but to solve other problems introduced by the current
IP (Durdagi & Buldu, 2010; Mueller, 2010), such as security and mobility. However, the
adoption remains minimal (Che & Lewis, 2010; Limoncelli, 2011). Elmore et al. (2008)
predicts that it will be about 8 to 22 years to full adoption based on the current trends or
even more (Dell, 2010). Mueller (2008) argues that the impact of the address scarcity would
be similar with the impact of oil crisis in the era of 1970s. Obviously, where the Internet
has become a critical resource and widely used (Wellman & Haythornthwaite, 2008), it will
significantly affect many aspects of modern human life, when the development has to stop.

2 RESEARCH METHODOLOGY

This research examines the technology readiness of Indonesian organizations for IPv6.
Since the decision to adopt and implement IPv6 is made at an organizational level, this re-
search targeted a wide range of organizations as the end users of Internet Protocol. There is
still very little known about IPv6 development in Indonesia, especially to end-user organiza-
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Figure 2: Level of IPv6 Training

Table 1: Respondent Industries (self-reported)
Industry Response Industry Response

Agriculture 4 Mining 7

Communication/Telecommunication 5 Property 2

Education and Training 27 Retail Trade 5

Finance and Insurance 7 Software Developer 4

Government Administration and 2 Transport and Storage 1

Health and Community Services 2 Vendors (software / hardware) 1

IT Consultant 8 Wholesale Trade 1

Manufacturing 4 Other Organization 8

tions. We define end-user organization as an organization which uses computer networks or
Internet in their operations. The research sample was IT policy makers or those who were
responsible to manage their computer networks, included middle or senior managers and also
other IT-related positions associated with the organizations computer network. We adapt
the instrument from previous readiness study for IPv6 by Dell (2011). There are five aspects
measured in this study related to organizations readiness along with respondents opinion
about the importance and urgency of IPv6.

An online survey was used to obtain data from respondents. The invitation email was sent
to a total of 390 respondents. There were two groups of respondents. The first group con-
sisted of a wide range of organizations were randomly obtained from social media (LinkedIn),
supplemented by snowball sampling of further organizations recommended by participants.
It was ensured that respondents organizations utilized computer network technology in their
operations. 264 invitations were sent and 47 valid responses were received, giving a response
rate for this group of 17.8%. The second group consisted of top 100 universities listed on
Webometric. We also surveyed the local node of the Indonesia High Education Network (In-
herent) where they were not listed on Webometric. We selected both of these groups since
it is likely that they significantly rely on computer network technology on their operations.
There were total of 122 invitations sent in this category, resulting in 27 valid responses, giving
a response rate of 22%.

In term or respondents position, Policy makers (such as CIO and IT manager) and Net-
work Administrator dominated up to 71% of the total respondents. The 29% of respondents
were in other IT professional positions that also have a strong connection to the network en-
vironment, such as those who responsible for network security and design. Table 1 indicates
the distribution of respondents industry.
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Table 2: Reason for belief in the Importance of IPv6
Important Not important

Lack of capacity of IPv4 The issue was not perceived as relevant to the

respondents organization

To anticipate technological development

Minimal need for public address space

To provide better security

Satisfaction with IPv4

Reputational benefit from IPv6 deployment

Table 3: Reason for belief in the Importance of IPv6
Urgent Not urgent

IPv4 has been fully allocated IPv4 is still able to accommodate the

NAT prevents end-to-end communication Internet connection

A significant increase in IP-connected technology NAT solves the problem

Need to increase network security The issue was not perceived as relevant to the respondents organisation

The respondents organisation has sufficient IPv4 address space

3 RESULTS AND DISCUSSION

3.1 Awareness, Importance and Urgency

The level of IPv6 awareness was extremely high: only 7technology. Only respondents who
had heard of IPv6 continued with the survey. These respondents were asked how important
they believed IPv6 to be: 73% believed that IPv6 is important and only 10% believed it is
not. Further, respondents were asked to provide reasons for their choice. The most frequently
cited reasons for a belief in the importance or lack of importance are summarized below:

In term of urgency to move, only 42% of respondents believe it is an urgent issue and
38% are not. In this question, the numbers of respondents who believe IPv6 is urgent are
slightly different from those who believed it is not. Table 3 summarizes the common reasons
for these beliefs.

3.2 Level of training

There were six questions about the extent to which organizations had conducted IPv6
training. The results are presented in Figure 1.

Very few Indonesian organizations have conducted much IPv6 training. Among the train-
ing categories, only general training about IPv6 has been conducted by roughly half the
respondents. This low level of training in Indonesian organizations will affect the availability
of IPv6 skills among IT people it will likely not be possible simply to hire people from outside
the organization when necessary.

IP is not only about addressing, but it is a foundation technology to allow communication
through the Internet or computer network. IPv6 is not backward compatible and is quite
different to the previous version; hence organizations should increase IPv6 knowledge among
to facilitate a successful IPv6 implementation.
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3.3 Planning

Respondent organizations were questioned about the extent to which they had commenced
IPv6 planning, developed an IPv6 strategy and created IPv6 projects. The responses are
summarized in Figure 2.

Figure 3: Assessment of the IT environment

Consistent with the perceived importance of IPv6 among most of organizations, approx-
imately half of the respondents indicated that they have already commenced planning for
IPv6 at least to a small extent. However, far fewer organizations had developed an IPv6
strategy or created an IPv6 project, indicating that planning in Indonesian organizations has
generally been conducted only at a basic level.

In terms of planning, one respondent highlighted the important of planning thus: it will
be difficult if we take action in short time. Indeed, according to Grossetete et al. (2008),
early planning and having an IPv6 strategy could significantly reduce the switching cost and
operational risk. An organization needs a clear direction to implement a new technology
when many aspects will involve people, devices, applications and services. Planning is also
important to prevent unnecessary work and minimize failure of its implementation.

3.4 Assessment of the IT Environment

Respondents were questioned about the extent to which they had assessed their training
needs to implement IPv6, their IT assets and their application portfolio. The responses are
summarized in Figure 3.

Figure 4: Policy Readiness

It is important to ensure that an organization has sufficient resources for broad deployment
of IPV6. The results indicate that very few organizations have made significant steps to
determine the potential impact of IPv6.

Vint Cert, one of the Internets founder, argues that IPv4 will not be able to provide the
necessary IP addresses, and hence migration to IPv6 is a matter of time. Organizations need
to assess what resources have to be provided to start IPv6 implementation. This step will
lead the organization to introduce a specific policy in order to make a smooth transition.
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The results also indicate that, very few respondents have reviewed their application port-
folio. In some cases applications do not care which IP version is used in the underlying
network. However, ensuring that applications support IPv6 is also important to decrease the
cost of upgrade as network-aware applications will likely be affected by the transition to IPv6.

3.5 Policy

The organizations were also questioned about the extent to which they had updated their
policy framework to prepare for IPv6. The responses are summarized in Figure 4.

Very few organizations have updated relevant policies to prepare for IPv6. Only a small
proportion of organizations have updated purchasing policies, although the cost to do so is
minimal: almost 50% of organizations have not updated their purchasing policy to ensure the
purchasing of IPv6-capable equipment. However, it could potentially cost a lot when they
have to implement IPv6 if they have to replace IPv6-incapable equipment.

One of barriers to adoption of a new technology is switching cost, especially with incom-
patible technologies. However, early anticipation can reduce the costs that may arise, for
example set conditions in the procurement of IPv6 ready networking devices.

3.6 Deployment status

Finally, respondents were asked about IPv6 deployment generally and about IPv6 address
planning, which is often associated with deployment. The responses are summarized in Figure
5.

Very few Indonesian organizations have deployed IPv6. This is not surprising, given
the low level of preparation for IPv6 in other areas. Interestingly, a small proportion of
respondents have fully deployed IPv6 on their network, mostly from Education and Telecom-
munication sectors.

Figure 5: IPv6 Deployment

4 CONCLUSION

The results from this survey indicate that the level of awareness of IPv6 among Indonesian
end-user organizations is extremely high and the majorities believe that IPv6 is important,
due to problems imposed by continued use of IPv4 and to cater to increased demand for
Internet- connected devices. However, few consider IPv6 as an urgent issue, with many
believing that the current technology can still accommodate their needs.

Although IPv4 address space has been fully allocated globally, it seems that many In-
donesian organizations have not taken significant steps towards IPv6y. Deploying IPv6 takes
multidimensional effort and needs a comprehensive approach involving people, devices, appli-
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cations and services, for which many Indonesian organizations seem ill-prepared. The impli-
cations of this lack of readiness could include increases costs, risks and unforeseen difficulties
that result from hurried and poorly planned deployment in the future.

Finally, although Indonesia is poorly-served by IPv4 in comparison to many other coun-
tries, particularly those in the developed world, the lack of preparation taken by Indonesian
organizations suggests they will continue to rely on IPv4 in the foreseeable future. Neverthe-
less, Indonesia has an opportunity to take a leading role in IPv6 and become a world leader
in its deployment; given the increasing reliance on the Internet in a vast range of industries
and sectors combined with the state of IPv4 in Indonesia compared to other countries, we
must ask whether this is an opportunity that can afford to be missed.

References

Bohlin, E. (2002). Incentives to Innovate with Next Generation Networks. Communications
& Strategies, 48 (4).

Che, X., & Lewis, D. (2010). IPv6: Current Deployment and Migration Status. International
journal of research and reviews in computer science, 1 (2).

Colitti, L., Gunderson, S., Kline, E., & Refice, T. (2010). Evaluating IPv6 Adoption in the
Internet. In A. Krishnamurthy & B. Plattner (Eds.), Passive and Active Measurement. Vol.
6032, pp.141-150). Heidelberg: Springer Berlin.

Cotton, M., & Vegoda, L. (2010). Special-Use IPv4 Addresses (RFC 3330).Internet Engineer-
ing Task Force (IETF). Retrieved from http://tools.ietf.org/html/rfc3330

Deering, S., & Hinden, R. (1998). Internet Protocol, Version 6 (IPv6) Specification (RFC
2460).The Internet Society. Retrieved from http://www.ietf.org/rfc/rfc2460.txt

Dell, P. (2010). Two Economic Perspectives on the IPv6 Transition. Info, 12 (4).

Dell, P. (2011). Australian IPv6 Readiness: Results of a national survey. Journal of Research
and Practice in Information Technology, 43 (4).

Durdagi, E., & Buldu, A. (2010). IPv4/IPv6 Security and Threat Comparisons. Procedia -
Social and Behavioral Sciences, 2 (2).

Elmore, H., Stephens, B., & Camp, L. J. (2008). Diffusion and Adoption of IPv6 in the Arin
Region. SSRN eLibrary.

Grossetete, P., Popoviciu, C., & Wettling, F. (2008). Global ipv6 strategies: from business
analysis to operational planning : Cisco Press.

Hain, T., & Huston, G. (2005). A pragmatic report on IPv4 address space consumption. The
Internet Protocol Journal, 8 (3).

Hovav, A., Patnayakuni, R., & Schuff, D. (2004). A model of Internet standards adoption:
the case of IPv6. Information Systems Journal, 14 (3).



67

Karpilovsky, E., Gerber, A., Pei, D., Rexford, J., & Shaikh, A. (2009). Quantifying the
Extent of IPv6 Deployment In S. Moon, R. Teixeira & S. Uhlig (Eds.), Passive and Active
Measurement. (Vol. 5448, pp. 13-22). Heidelberg: Springer Berlin.

Limoncelli, T. A. (2011). Successful Strategies for IPv6 Rollouts. Really. Communications of
the ACM, 54 (4).

Mueller, M. (2008). Scarcity in IP addresses: IPv4 Address Transfer Markets
and the Regional Internet Address Registries. Retrieved on 20/12 2011 from
http://www.internetgovernance.org/pdf IPAddress TransferMarkets.pdf

Mueller, M. (2010). Critical resource: An institutional Economics of the Internet Addressing-
routing Space. Telecommunications Policy, 34 (8).

OECD. (2014). The Internet in Transition: The State of the Transition to IPv6 in Today’s
Internet and Measures to Support the Continued Use of IPv4 : OECD Publishing.

Shen., W., Chen., Y., Zhang., Q., Chen., Y., Deng., B., Li., X., et al. (2009). Observations
of IPv6 traffic. Paper presented at the Computing, Communication, Control, and Manage-
ment, 2009.

Tassey, G., Gallaher, M. P., & Rowe, B. (2009). Complex Standards and Innovation in the
Digital Economy: the Internet Protocol. International Journal of Technology Management,
48 (4).

Wellman, B., & Haythornthwaite, C. (2008). The Internet in Everyday Life. Hoboken: Wiley-
Blackwell.

www.InternetWorldStats.com. (2014). Internet Usage Statistics. Retrieved on 01/09/2014
from http://www.internetworldstats.com/stats.htm

www.MaxMind.com. (2014). Allocation of IP addresses by Country. Retrieved on 01/09 2014
from http://www.maxmind.com/app/techinfo


