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EXECUTIVE SUMMARY

The New Zealand Broadband Index shows a significant increase in broadband
performance across most measures by the end of 2008. This is partly the direct
result of a change in measurement technology to the use of high-speed
broadband ADSL2+ modems for the first time.

With ADSL2+ now a generally available technology in the New Zealand market,
and with many users now having upgraded their routers or modems to ADSL2+
capable, it was decided this important technology trend should be reflected in the
test footprint used to generate the data for this report.

Asymmetric Digital Subscriber Line (ADSL1) is a data communications technology
that allows broadband to be delivered over a copper line. ADSL1 is an early
standard, offering slower speeds up to a maximum of 8Mbps. ADSL2+ is a newer,
faster upgrade that can deliver up to three times that speed under optimum
conditions.

Telecom advises that 58% of their ADSL capable lines have now been upgraded
to ADSL2+. However the higher speed benefits can only be accessed by users
with ADSL2+ modems who are on appropriate broadband plans and reside
relatively close to a Telecom exchange. Telecom Retail says it has now
distributed 220,000 ADSL2+ modems in NZ households, up from 170,000 in July.
This means ADSL2+ has a growing mass market subscriber base. Epitiro's
upgrade to ADSL2+ modems has been timed to represent the improved
performance experienced by a larger proportion of broadband users.

This report represents the fourth quarter of NZ Broadband Index (NZBBI) results,
commissioned by the Commerce Commission as part of its telecommunications
monitoring and reporting objectives under the Telecommunications Act. The
Epitiro ‘ISP-I' data in the index is captured from the twelve ISPs every fifteen
minutes on a 24-hour basis across eleven sites in Auckland, Hamilton, Wellington,
Christchurch and Dunedin. Broadband quality is evaluated on eight parameters
that collectively affect the user's experience of popular services, such as email,
browsing, gaming and viewing video. The upgrade of ISP-I testing sites to
ADSL2+ took place at the end of September.

Key findings this quarter:

e Telecom, TelstraClear DSL, Vodafone, Orcon and Slingshot have
boosted their broadband scores between 99% and 166% over 2008,
most of this due to investment in their network, although some
improvement will be due to the inclusion of ADSL2+. TelstraClear, which
uses an entirely different coaxial cable technology, also saw a 60%
improvement from an already higher base.

e In 2008, the ‘other group of second tier ISPs have improved their
aggregated score by 53%, although there is wide variation of
performance within this.

e As a result of the migration to ADSL2+ measurement, the key metrics
affecting broadband speed, browsing, email and gaming all show a 20%
to 36% improvement in the December quarter. Retrieval of local or
international web content (cached and non-cached HTTP) saw a 32% to
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36% improvement in performance score, while synchronization speed
performance rose 20%. The email round trip index rose by 29%.

e The step-change impact of the use of new ADSL2+ modems is perhaps
most apparent in the service variability charts for Q4. ADSL2+ modems
enable the Epitiro sites to have up to download speeds of up to 24Mbps,
compared to the previous ADSL1 limit of 8Mbps, resulting in higher
speeds on average. However, not only has the download speed
increased, there is also considerably less variability in service provider
performance,
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INTRODUCTION

The New Zealand Broadband Index (NZBBI) is founded on Epitiro's ISP-I
technology, which tests broadband Internet services from the residential end user
perspective. The data provides a robust and independent perspective of
broadband performance in New Zealand as seen from the Epitiro measurement
platform (“Platform”). This platform is believed to be a good proxy of customer
experience.

The ISP-I data is gathered from twelve ISPs measured across five cities at eleven
sites located relatively close to various Telecom exchanges. ISPs are measured
on their premium consumer broadband package on eight key performance
variables (KPVs) that impact the user's experience when browsing content,
exchanging email, gaming online or streaming video. This quarter the
performance higher-speed ADSL2+ technology has been included, providing a
significant boost to outcomes seen from the Platform.

The ISP-I data provides a useful comparative view of broadband service
performance, with its greatest strengths being its comparisons of ISPs under
controlled conditions, and the analysis of this data over time.

All data in this report is gathered, processed and indexed by Epitiro. IDC New
Zealand has been commissioned by Epitiro and the Commerce Commission to
review the methodology and provide independent analysis of the presented data
and findings. Epitiro’s ISP clients currently include Telecom and Slingshot.

Full details of Epitiro-IDC's reporting methodology are included in the Appendix at
the end of this report.

Changes in the December report methodology
Reporting of unbundling and ADSL2+

This quarter Epitiro has completed the upgrade of all its test sites to measure the
performance of higher-speed ADSL2+ services delivered from the exchange and
also new wholesale packages, such as Enhanced Unbundled Bitstream Access
(E-UBA).

ADSL2+ (Asynchronous Digital Subscriber Line) technology is an upgrade to
standard ADSL1, which was measured in previous quarters. ADSL2+ offers
theoretical speeds of up to 24Mbps, and typical speeds of 8Mbps to 15Mbps.
ADSL1 has a theoretical speed of 8 to 10 Mbps, but typical speeds of less than
5Mbps.

In February 2009, Telecom Wholesale reports 58% of users were capable of
receiving ADSL2+ as a result of exchange upgrades. While it is hard to quantify
actual numbers of ADSL2+ users, Telecom says a recent check on connections
from roadside cabinets showed 53% of lines had ADSL2+ modems; eighteen
months ago, this would have been 33%, an indication of penetration growth. The
industry has heavily driven take-up of ADSL2+ modems and compatible plans
throughout 2008, which means much of the recent switching and subscriber
growth has been to the higher speed technology.

ADSL2+ therefore now has a growing mass market subscriber base, making it a
critical feature of New Zealand’s broadband evolution. Epitiro captured two weeks
of ADSL2+ data in the September quarter, with the December result representing
a full three months ADSL2+ data.
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However, Epitiro is not yet measuring the performance of ‘unbundled’ lines
through ISP-I. ‘Unbundling the local loop’ (UCLL) occurs when competitive
carriers install their own equipment in the Telecom Exchange and deliver and
provision their own broadband services to users, rather than wholesaling the
service from Telecom. Epitiro plans to introduce measurement of unbundled
services in the future.

Methodology in reporting TelstraClear (TCL) results

Epitiro-IDC has discontinued reporting on TelstraClear’'s (TCL’s) ‘On-Net’ DSL
service, which is delivered over TelstraClear's own small copper network in main
centers. TCL has upgraded this network to focus on the business market, which is
outside the scope of this report.

The exclusion of TCL's On-Net results had an estimated 2% impact on the New
Zealand national average in the September quarter.

The NZBBI is consequently reporting on two TCL broadband services in the
December quarter:

e Cable: TCL owns and operates a hybrid coaxial cable network in
Wellington, Kapiti and Christchurch.

e TCL DSL (‘Off-Net’): TCL's 'Off-Net' services are those wholesaled from
Telecom, and comprise the majority of TCL's DSL services outside of
Wellington, Kapiti and Christchurch where it owns and operates cable
networks.  This quarter we no longer make the ‘Off-Net’ distinction,
reporting it simply as TCL DSL.

Time to Connect

With the upgrade to ADSL2+ consumer premises equipment (CPE), the Time to
Connect data can no longer be captured. The index has been adjusted to reflect
this change.

Email Roundtrip Test Issues in Q4

Email data in Q4 does not cover the whole quarter. A hardware failure on
Christmas day affected one week of email data, which has been excluded.

NEW ZEALAND INDUSTRY PERFORMANCE

Broadband Overview

New Zealand's rate of broadband growth slowed in the December quarter,
impacted by both the economic slowdown and increased broadband penetration.
While migration from dial-up to broadband continued as new price plans, services
and acquisition/retention strategies came into play, the number of subscribers
upgrading was less.

This is impacting the market in a number of ways. Some ISPs say a greater
proportion of new broadband users are opting for entry-level or lower value plans,
which is impacting the average revenue per user (ARPU). There is also a trend
towards customers better managing their existing packages by preventing
overage on data caps and reducing calling volumes and costs. This is particularly
strong in the business market, but is also a consumer trend. There are, as yet, no
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signs that current broadband users are reverting from broadband back to a dial-up
connection, but some ISPs report continued demand for lower-cost dial-up

service.

Telecom estimates the economic crunch has had a $10 million impact on earnings
before income tax, depreciation and amortisation (EBITDA) in the December
quarter, although this is a relatively minor 1% of total EBITDA. This is being felt
both in moderating take-up overall and a slowdown in subdivision development

which impacts new fibre deployment.

Telecom is the only carrier to have reported financial data this quarter. Based on
Telecom’s published results, as shown in Figure 1 below, total retail, wholesale
and unbundled connections increased 3% in the December quarter to 811,000
(primarily DSL-based). While positive growth, it nevertheless represents a
slowdown on the 6% and 7% connections take-up reported in the first two
quarters of 2008. Wholesale numbers, which represent the broadband services
wholesaled by Telecom to other service providers, were flat quarter on quarter.
This reflects the shift from wholesale to unbundled connections which grew by up
to 13,000 in the period to 25,000.
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FIGURE 1

Telecom Broadband connections growth — calendar quarter

900

800 -
700 H
600 -
500 -
400 -
300 -
200 -
100 -

0

Connections (000's)

g

Q307 Q407 Q108 Q208

Note:

I ULL connections
A External Wholesale
I3 Telecom Retail

Q308 Q408

—— Telecom total broadband revenues

. Telecom retail figures include Telecom Retail and Gen-I figures.

100
- 90
- 80
- 70
- 60
- 50
- 40
- 30
- 20
- 10
-0

. Unbundled connections include estimates for June and September quarter based on
Commerce Commission data

. Total Telecom broadband revenues include Telecom Retail, Wholesale and Chorus (ULL)

financials

Source: Telecom Financial Report, Q2 09

Quarterly revenues ($NZ
millions)

Telecom’s results show it captured 11,000 new retail connections in the
December quarter (excluding gen-i), giving the incumbent an estimated 43% of
total net additions this quarter.
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While connection numbers grew, however, Telecom’s total broadband revenues
saw a slight 1% decline in December over the September quarter.

Whilst these figures exclude cable and fixed wireless numbers, DSL remains the
majority broadband technology, comprising 89% of all broadband connections as
at June 2008 (Cable 5.9% and fixed wireless 4.6%). (Telecommunication key
statistics, June quarter 2008, Commerce Commission)

New Zealand's National Broadband Outcomes

New Zealand’s national broadband score was 4868 in the December quarter,
based on the inclusion of high-speed ADSL2+ data for the first time.

Telecom exchanges have been upgraded to ADSL2+ technology over 15 months
as part of a $1.5 billion investment programme. Telecom estimates 58% of their
lines are now ADSL2+ capable. All unbundled lines from competitive carriers
(Vodafone and Orcon) are ADSL2+ capable - representing 2% of all lines - and
are VDSL capable on request. However users must have the correct modem and
plan to benefit from these technologies. This is the first report in which a full
quarter of ADSL2+ data has been captured.

Digital Subscriber Line (DSL) is a data communications technology that allows
broadband to be delivered over a copper line. ADSL1 is an early standard, with
maximum download speeds capped at 8Mbps and typical rates below 5Mbps. As
Figure 2 below shows, ADSL2+ is a newer, and faster standard that can deliver a
theoretical top download speed of up to 24Mbps, with users typically experiencing
between 8Mbps and 15Mbps. However ADSL2+ performance is highly dependent
on how far the signal has to travel over the copper connection to the home — the
greater the distance, the slower the speed. Other factors like the nature of the
broadband plan, the modem, the quality of computer and home wiring also affect
the user’s experience.

(Note: Epitiro’s ISP-I sites measure the full speed download and full speed uplink
consumer service of each ISP at the same distance from the exchange for
consistent benchmarking.)
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FIGURE 2

DSL technology performance over distance
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This means care must be taken when interpreting the national result. While Q4
shows a significant improvement over the Q3 quarter, as shown in Figure 3, the
quarterly results are not strictly comparable. The ADSL2+ services measured this
quarter represent a technology evolution with higher speed capability. By contrast
ADSL1, which was measured in the September quarter, has a large installed
based but is an increasingly legacy technology.

The changes from ADSL1 to ADSL2+ are real changes happening in the market,
causing improvements in capability of all lines. Epitiro has waited until now before
changing the ADSL2+ to provide a closer representation to the performance that
NZ households can expect on their lines.
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FIGURE 3

New Zealand and UK quarterly average performance
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This step-change in measured capability this quarter has also put New Zealand
27% ahead of the UK, after being on a par in the September result.

This reflects the differences in the two markets. The UK primarily measures cable
and ADSL2+, but over 19 sites with a total of ten service providers. In New
Zealand there are 11 sites nationally.

The relative size of the UK market, the more mature stage of ADSL2+ adoption
and issues of contention as many more users compete for bandwidth, all have an
impact on the UK Epitiro outcomes.

The average speed delivered in the UK is 3.6Mbps. However the main service
providers, BT And Virgin Media (Cable) are both beginning an extensive network
upgrade. BT has started to rollout its 21CN services to its exchanges, and this will
continue through 2009. Virgin Media is upgrading its cable services to a peak
50Mbps. There is also increasing take-up of mobile broadband as competition
brings prices down, and 3G upgrades make it an increasingly viable alternative to
fixed line DSL.

National Key Performance Variables

As a result of the migration to ADSL2+ measurement in December, the key
metrics affecting broadband speed, browsing, email and gaming all received a
20% to 36% boost in Q4 08.

The NZBBI measures ISPs on eight metrics known as 'key performance variables'
(KPVs). The tests are run every 15 minutes on a 24/7 basis over the quarter. The
KPVs, individually and in combination, provide insight into the customer's
broadband browsing, gaming, email and overall experience.

It is important to note that these KPV scores cannot be compared one to another
— they each measure entirely different metrics. The value lies in assessing the
quarterly changes within each KPV.

10
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While the use of ADSL2+ modems at each Epitiro site is potentially the major
influence on the changes in Figure 4, this nevertheless provides an excellent
indication of the advantages of upgrading to an ADSL2+ modem.

FIGURE 4

Key Performance Variables — National Index Score
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Cached HTTP and non-cached HTTP scores are 36% and 32% higher
respectively in Q4. ‘Caching’ is the storage of popular content on NZ-based
servers, which improves retrieval speed, and reduces the amount and cost of
international traffic. This in turn improves the performance of accessing content
from overseas (non-cached HTTP). Both of these measures contribute to
browsing speed and performance particularly over ADSL2+.

The improvement in Q4 is likely to be due to a combination of factors, including
service provider investment in local caching solutions, purchase of additional
international capacity, in addition to the higher speeds available through the
upgrade to ADSL2+ technology.

Synchronisation speed rose at a more moderate 20%. Epitiro data shows that
initially synchronization speeds improved dramatically after site upgrades had
been completed, but then moderated over the rest of the quarter.

Only the ‘ping’ metric, which measures how quickly the ISP’s network can respond
to a request, has remained static with a 1% improvement. Given the number of
factors that influence this result, including physical distance, number of hops and
contention in the network, this is not surprising. Ping times are dependent on
international links and as such are unlikely to change unless they decrease due to
congestion on those links.

Email round trip times improved 29%. The score for DNS, which measure the time
it takes for a web address to be resolved, rose 12%, driven by a mix of improved
last mile access, domestic backhaul of data and investment in DNS servers.

11
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These improvements are likely to be more attributable to investment upgrades
than the ADSL2+ effect.

Industry Raw Data

The table below is a quarterly snapshot of the actual raw data generated from
Epitiro’s testing infrastructure. This highlights the different measurements and
orders of magnitude, which need to be aggregated and weighted for comparative
purposes.
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TABLE 1
Q4 Key Performance Variables - Raw Data

Synchronis Cached | Non-Cached Ping DNS Email | Packet Loss

ation speed HTTP HTTP

kbps kBps kBps ms ms minutes %

TCLDSL 12220.8 104.4 78.6 184.4 51.9 0.9 0.03
Telecom 11709.2 120.3 106.8 175.8 29.1 1.1 0.12
TCL Cable na 153.1 121.0 1524 28.6 0.9 0.05
Orcon 12517.8 1321 115.5 184.8 26.0 1.5 0.11
Vodafone 12002.0 86.1 74.2 189.6 49.6 1.0 0.12
Slingshot 11849.8 181.1 125.1 170.7 26.8 1.1 0.09
Other 11509.9 745 65.7 192.2 60.1 4.6 0.1

Source: Epitiro, December 2008

ISP PERFORMANCE BY CITY

Overview

The data presented in the following graphs should be viewed as a guide to service
provider changes in each quarter, rather than regional performance. In order to
test the investment in network links or ' backhaul', service providers are tested at
one or three sites in each city centre. This is not representative of overall city
access performance. The Epitiro Isposure measurement tool currently under
evaluation captures a more comprehensive data set across a wider range of
parameters, making it more indicative of regional performance.

Over 2008, New Zealand’s five main centres have all seen a 66% to 103%
improvement in their broadband index score, which reflects the significant
investment and infrastructure upgrades taking place last year. Much of this is in
the last quarter, and is thus influenced by the change to ADSL2+. However
disparate changes by city are likely to demonstrate the increasing investment in
backhaul networks which link local city sites back to the core network.

12
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Telecom, TelstraClear DSL, Vodafone, Orcon and Slingshot have boosted their
broadband scores between 99% and 166% over 2008, after receiving an average
52% boost in the December result from the inclusion in ADSL2+ data.
TelstraClear, which uses an entirely different coaxial cable technology for some of
the services measured,, also saw a 30% quarterly improvement from an already
higher base.

In 2008, the ‘other’ group of second tier ISPs have improved their aggregated
score by 53%, although there is wide variation of performance within this. In the
December quarter, there was an average 47% boost for the ‘other’ group.

ISP initiatives this quarter

= Chorus reports 50 cabinets have been installed in December to a total of
214, serving broadband to approximately 24,000 customers. Chorus
plans to increase deployment to 100 cabinets per quarter. Telecom says
the attainable speed from the cabinet improved this quarter from 12Mbps
to 13.3Mbps, whilst the average actual speed is 10Mbps.

= ADSL2+ broadband technology is now available on 58% of lines,
although subscribers require an ADSL2+ modem and a broadband plan
that offers maximum download and upload speeds. Results from Epitiro's
new Isposure measurement platform suggest unconstrained users on
these plans will get an average speed of 5.0Mbps, with up to 6.8Mbps for
ISPs with significant UCLL presence.

= Unbundled connections totalled 25,000 by the end of December,
representing 108% growth on the 12,000 unbundled connections
reported in the September quarter. Epitiro is not yet measuring
unbundled services in the NZBBI.

= Chorus reports that the Wellington ISP, Actrix, has become its third
unbundling client this quarter.

= Telecom Wholesale is installing a new technology upgrade ‘Very High-
Speed Digital Subscriber Line 2’ (VDSL2) equipment in exchanges and
roadside cabinets in 2009. The new service will be introduced in some
parts of Auckland by June and to ‘all major towns and cities’ by
September. VDSL2 is expected to offer customers who live one kilometre
or less from an exchange or roadside cabinet download speeds of up to
50Mbps and upload speeds of up to 20Mbps. However speed rapidly
declines thereafter. TelstraClear has also launched premium VDSL2
services for business customers in some areas.

= Orcon says it is also launching unbundled services in Wellington,
focusing initially on Courtenay Place and Wellington Central.

. In October, Vodafone announced that it has unbundled 40 exchanges in
Auckland, ahead of its year-end schedule. The company also announced
a deal with pay TV provider Sky to resell Sky content in the first DSL-
based ‘triple-play’ package of homephone, internet and Pay TV services.
TelstraClear already offers Sky services over its cable network in
Wellington and Christchurch.

e Slingshot says it has migrated a ‘significant portion’ of its Auckland
subscriber base to unbundled broadband services via its new wholesale
arrangement with Vodafone, announced in September 2008.

13
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e In December, TelstraClear partnered with HP to offer a six-month free
broadband package with every HP or Compaq computer sold to January
2009. TelstraClear says it has experienced 46% growth in its number of
broadband customers, with a 20% increase in customers upgrading from
dial-up to broadband in six months.

Telecom's Quarterly Performance

Telecom’s index score rose on average 49% this quarter (Q3 35%), in line with
the national average. While the migration to ADSL2+ measurement provided the
primary boost, Telecom has been driving an upgrade programme at both a retail
and wholesale level throughout 2008, including the rollout of new caching
solutions for local content, which continued into 2004.
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FIGURE 5

Telecom's Performance
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Recent upgrade initiatives include new DNS retrieval services which were
launched in February 2008, allowing quicker page look-up times. The service
provider's new caching solution was trialled in September and rolled out in the
December quarter. Akamai content caching has been upgraded, while
adjustments made on Telecom's international transit links to ensure traffic takes
the most direct path to its destination is affecting service performance. Telecom
Retail also says its new Thomson modems allow for better connection speeds and
performance stability for customer and it has now sent out more than 220,000
ADSL2+ modems in NZ households.

In the December quarter, Telecom Wholesale began to increase the bandwidth
available on its local backhaul or ‘local aggregation path’ from the exchange
DSLAM or cabinet back to the next aggregation point. Previously a specific
amount of bandwidth had been allocated, but this had led to congestion at peak
periods, leading to slower speeds and latency for users. This has progressively
increased by up 400% at exchanges across NZ with the upgrade completed in

14
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January. However the impact of this is likely to be more evident in the Q1 08
results.

TelstraClear's Quarterly Performance
TelstraClear's DSL results

TelstraClear DSL posted a rise of 39% to 93% in its city index scores this quarter,
following the shift to ADSL2+ measures.

TelstraClear DSL has boosted its Hamilton, Auckland and Wellington scores to
between 4% and 17% above the national average — a strong improvement on
previous quarters.

TelstraClear reports that it had found what it describes as misconfiguration on
some of the DSL-based interconnects between Telecom and TelstraClear. These
links have now been upgraded, which has led to a rebalancing of traffic loads and
improved capacity. TelstraClear says this will have improved DSL network
performance for a number of its DSL customers across the country.

TCL’s DSL result no longer includes its ‘On-Net' DSL service which delivers
broadband over TCL'’s limited copper network in metropolitan areas. The TCL
DSL results for the past three quarters now only capture the services wholesaled
from Telecom.

FIGURE 6

TelstraClear's DSL performance
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Between August and September 2008, TelstraClear also completed a major
upgrade of its transparent HTTP caches located on the New Zealand side of the
international transit links. This investment, coupled with the addition of new
international capacity, and has contributed to a significant improvement in
TelstraClear DSL’s cached and non-cached metrics, and also packet loss score.

15
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TelstraClear's Cable result

TelstraClear's Cable index score continues to show steady growth of up to 30% in
Q4, even though its cable technology was unaffected by the shift to ADSL2+
measurement.

FIGURE 7

TelstraClear Cable's performance
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TelstraClear's cable network has a strong position in the Wellington and
Christchurch markets, and the company has been upgrading the Christchurch
cable network capability as part of the ‘Warpspeed’ initiative.

16
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Vodafone's Quarterly Performance

Epitiro does not measure the performance of unbundled lines provided by
Vodafone through ISP-I. Consequently the measurements of Vodafone in Auckland
only compare customers using a wholesale bitstream service provided by Telecom
Wholesale. 'Unbundling' occurs when a service provider puts its own equipment
into a Telecom exchange to provision its own services to customers, rather than
reselling a Telecom service. These results do not, therefore, capture the full impact
of Vodafone's recent unbundling investment in the Auckland region.

FIGURE 8

Vodafone's performance
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Source: Epitiro, December 2008

In November, Vodafone completed the unbundling of 40 exchanges, covering
88% of Auckland fixed lines and has begun actively wholesaling its unbundled
connections to Slingshot, although these connections are not present in the
December quarter. It has also announced a deal to resell Sky services over
broadband, representing the first DSL-based triple-play service in NZ.

Orcon's Quarterly Performance

Orcon's continues to deliver above-average results in all five centres. Orcon has
been a top four leader in the NZBBI in 2008. It has delivered a 111% gain in its
index score over 2008, driven in part by the Q4 ADSL2+ results.
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FIGURE 9

Orcon's performance
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Epitiro does not measure the Orcon services offered over unbundled lines in
Auckland. Consequently, the Auckland measures only compare Orcon customers
using a wholesale 'bitstream' service, which is likely to now be limited to more
remote users.

In Q4, Orcon continued to upgrade its international capacity, purchasing another
400MB which it described as “over-provisioning” to meet growth in customer
traffic. It is now the third largest importer of bandwidth, which it says is providing
some economies of scale and contributing to stronger browsing (non-cached
HTTP) results.

Orcon is one of two ISPs delivering an index for all cities greater than the national
average. However Orcon is not yet investing in the local caching solutions, such
as those being rolled out by Telecom and Slingshot, as it is still evaluating security
challenges.

Slingshot's quarterly performance

December was another strong quarter for Slingshot, delivering city scores up 48%
to 80%. Overall, Slingshot’s individual broadband result for 2008 is up by over
150%.

Slingshot is one of two ISP’s delivering an index for all cities greater than the
national average.
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FIGURE 10

Slingshot's performance
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Whilst this result reflects the December ADSL2+ data capture, the service
provider also attributes these improvements to its network investment strategy.

Unlike Orcon and Vodafone, Slingshot has not directly invested in providing
unbundled services from the exchange (the results of which are not yet measured
in this index). Instead Slingshot will be wholesaling unbundled services from
Vodafone from the beginning of 2009, and concentrating on overhauling its core
network architecture over 2008, including investing in new data centre facilities
and upgrading its remote broadband remote access servers (B-RAS), which route
traffic to and from the exchange.

From June, the service provider rolled out new caching services, storing popular
content locally leading to faster access of that content. This in turn, freed up
international traffic. In the December quarter, the company upgraded these
caches to include the local storing of additional types of content. The company
says this resulted in faster delivery of cached content and more bandwidth
becoming available for international content. The company anticipates this will be
the last major change to its caching platforms.

Slingshot has also purchased additional international bandwidth capacity, which it
says has improved customer experience.

Other ISP quarterly performance

There was considerable volatility across second tier carriers’ city results this
quarter, which led to the aggregated scores rising between 24% and 73% across
the five main centres but from a lower base.

The 'other' group includes results from WorldxChange (11 sites); Snap (1 site),
Actrix (3 sites), Compass (2 sites), MaxNet (3 sites), Inspire (3 sites) and Woosh
DSL (4 Sites).
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FIGURE 11

Other ISP performance
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Source: Epitiro, December 2008

It is important to remember that because a number of these ISPs are only
measured at a limited number of sites, any technical problem or enhancement can
have a significant one-off impact on their results. As they are only measured on
their DSL services, rather than wireless or fibre-based services, the shift to
ADSL2+ methodology also provided a direct boost to performance.

ISPs, WorldxChange, Actrix and Inspire all saw an average gains of between 39%
and 51% this quarter, and Woosh's DSL services also showed significant
improvement.

Actrix in particular shows strong gains in its synchronization speed and caching
performance indicators. The Wellington-based service provider has just become
the third client of Chorus to offer unbundled services.

These suppliers all show a lower than national average performance, indicating
that economies of scale may be a major factor influencing performance.
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The step-change impact of the use of new ADSL2+ modems is perhaps most
apparent in the service variability charts for Q4. ADSL2+ modems enable the
Epitiro sites to have up to download speeds of up to 24Mbps, compared to the
previous ADSL1 limit of 8Mb/s, resulting in higher speeds on average. However,
not only has the download speed increased by an order of magnitude when

compared with the previous quarter, there is also considerably less variability in
service provider performance.

Service variability provides insight into the degree of variation that can occur in an
ISP’s service over a specified period of time based on peak and off-peak times in

the day. It also has the potential to indicate the presence or otherwise of traffic
management.

The charts below show service variability across a month in the December quarter
(Figure 12) and, for comparison, the September quarter (Figure 13. ) This is

based on cached and non-cached HTTP data, which impacts the user’s browsing
experience.

Four data points each day are shown - 5am (off peak), 11am (peak), 5pm (peak)
and 11pm (off peak). For each ISP, Epitiro has captured these daily data points
over a month, and then averaged the result for consistency.

Fl

GURE 12
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FIGURE 13

Q3 Service Variability by Time of Day
(HTTP download speeds measured in kbps)

180.0

160.0

140.0

120.0

100.0

80.0

40.0,W

20.0

0.0
© O 0O 00 0990 99O OO0 0090990 90909000 09 9O
S S 6 0066656088880 0Q86080 S
KOO e~ OoO--RKRNOFIELEOH ROV CTCNODB K OO«
FNO‘_‘_NO‘_‘_NO\—FNo‘_‘_NO‘_‘_NO\—i—NOF
S>> > > > > > > > > > > > > > > > > > > >
T i R N R0 O P Dl N s mB®
T ©T © T T T 90U T U ggpogo @2 0TV T T T T U T T T T T
cC Cc Cc cCc cCc cCc OO N B 5 H e e PO S ST TS S S S c C
53 3000099009 ¢ oo 55550 LLLL 222233
N N====2222cccecececec T © © © O 0D

Source: Epitiro, September 2008
The two charts show the step-change in download speeds, quarter on quarter.

In the Q4 December results, the HTTP download speeds ranged from just under
80kbps to 160kbps — 60% to 100% higher than the September quarter range of
40kbps to just over 100kbps.

Slingshot’'s download result is ahead of TelstraClear cable for the first time at
150kbps to 160kbps, and outstretch the next competitors using DSL (Telecom &
Orcon) by more than 20%.

There is also a more consistent variability profile overall, quarter on quarter.
TelstraClear Cable continues to show a higher variability pattern throughout the
period but this, in part, reflects the specific nature of cable as a shared medium.
On a cable network, a whole street can literally share the same piece of physical
wire. This makes it more challenging for the cable operator to manage contention
at peak times, apart from prioritizing certain types of traffic.

TCL Cable

Slingshot Broadband

—— Orcon Broadband

Telecom Broadband

Vodafone Broadband

—— TCL OffNet

22



=[DC

Analyze the Future

CONCLUSIONS

\ @

epitiro

Technologies

The December Quarter NZBBI shows New Zealand’s broadband scores have
doubled over 2008 — a reflection of both the change in measurement technology
to higher-speed ADSL2+ to reflect Telecom’s investment in this technology , and
also ongoing significant network investment from Telecom and other players in
other areas of the network..

We believe around 60% of lines have now been upgraded to ADSL2+, with a
growing number of broadband users now on the modems and plans that allow
them to access this higher-speed technology.

The ISP-I data provides a useful comparison between ISPs, to show how the top
performers stack up against one another, and gives an indicative performance
indicator of national performance and comparison with other countries. ISP-I also
provides meaningful insights into the changes in broadband performance that are
occurring over time, owing to multi-billion dollar investment in the industry.

There remain challenges in 2009. While broadband performance and investment
continues, the rate of broadband adoption shows further signs of slowing in a
recessionary environment. There will put further pressure on revenues and capital
investment programmes. Nevertheless the current committed infrastructure
deployment will continue to enhance both fixed and wireless broadband capability
over the next three years, driving broadband competition, penetration and
services.
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APPENDIX - METHODOLOGY

The methodology used in creating the New Zealand Broadband Index (NZBBI)
has been tested and evaluated through a process of industry consultation and
independent review.

The NZBBI does not report absolute results. Instead the raw data is aggregated
and then weighted to provide a consistent indexed score for comparison, as
described below. The quarterly raw data comprises literally tens of thousands of
tests, which are conducted at 15-minute intervals on a continuous 24-hour cycle
on all broadband services measured.

The Index Process

Lab test environment Run guarterly
f-.‘ - Connect Speed: kbts gquUery an data
o - Time to Connect: SECOonds {0 create
L - HTTF (cached) KB Horl
-HTTF (no cacked) KBz Huarerly
s - Fing milli secs averages for all
Le. - DNE seconds KPWs
- Email FECOnds
: - Packet Loss Percert
f“‘l - 11 test sites
- Ttests every 15
minutes
| - P TNIGE
TH

Convert all

variables to
same arder of

magnitude
_ | Eoost Scores Aggregate score as below

By

S000 CS-T2C+HHTTR{C)+ HTTP

(to prevent {NC)-Ping-DNS-Email-

— negative scores) Packet Loss

Report collation methodology
There are three principle steps in the formulation of this report:

e Data Gathering: The data is collected and managed via Epitiro’s ISP-I
service. The ISP-I platform consists of a centralised database and reporting
system along with geographically diverse deployment of ISP-I-configured PCs
or 'Satellites’ that are responsible for collecting data on the performance of
the monitored network services. Testing is maintained 24x7, with each ISP’s
service tested every 15 minutes. Tests are performed using PCs that are of a
specification typical of those available for home use, which run the ISP-I
software. A consistent specification is maintained across the ISP-I network.
All satellites are installed with Microsoft Windows XP Professional SP2, with
the Windows Firewall enabled. In order to test each ISP’s services, Epitiro
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has subscribed to the premium broadband service available from each ISP at
each of its physical testing sites. Epitiro’s ISP-I Satellite software runs on
Windows and employs Microsoft’'s .NET framework to control the connectivity
and execute tests as and when required. The ISP-| Satellite integrates very
closely with the Windows Operating System, which means it uses exactly the
same underlying mechanisms as an end user connecting to the Internet and
to the services made available via their ISP. More detail on how the ISP-I
Satellite software performs its tests is given below.

o Data Processing: This stage of the process is managed by Epitiro, and
involves the indexation of the raw data. Indexation occurs for two reasons:

o To allow the data to be aggregated and manipulated. Because the
tests involve a variety of measures including milliseconds, kilobits
per second and percentages, the results exist in a myriad of orders
of magnitude. To allow greater flexibility in analysing the data, all of
the values are converted into a score of the same order of
magnitude.

o Depending on the variable, a high result will, in some cases, be an
indicator of good performance and in others suggest a worse
performance. For example, a high synchronisation speed
performance is positive, whereas high packet loss is negative. In
order to make the report easier to read and to create consistency,
indexed numbers have been re-weighted using statistical
techniques. As a result, a high index score always indicates a
positive performance in this report.

o Data analysis and report preparation: The period of analysis is selected in
the ISP-I system and in this case represents three months of data. The
system averages the results of every test conducted for every ISP across this
period. Over time a database of quarterly processed and indexed results will
develop for analysis and comparison in quarterly reports.

Key Performance Variables tested

There are eight key performance variables (KPV's) analysed in this report, with
two additional parameters assessing consistency of service performance and
traffic management. The KPV's are defined as follows:

Synchronisation speed

Synchronisation speed is one measure of the speed of broadband service
supplied to a customer. Line connect speed is the synchronisation speed
reported by the modem after connection to the ISP has been initiated. It
represents an upper limit on the customer experience; sustained data rates are
often slower than the synchronisation speed. When connecting to a service via a
modem (this includes dial-up, ADSL, fixed wireless and mobile / HSDPA / GPRS
broadband connections), the ISP-I Satellite software employs the Windows RAS
APIs to initiate the connection. This is the same underlying mechanism that an
end user would be using when they manually initiate a connection to their ISP. In
the case of connections that use the Satellite’s ethernet connection, such as cable
or router connections, the Satellite software is able to confirm existence of an
active connection, but does not capture any timings, synchronisation speeds or
specific failures as the connection itself is managed by the cable modem or router.
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Cached HTTP

Web pages are stored on servers that are often located in foreign countries. To
improve retrieval speed and reduce international transit costs, content fetched by
users may be locally cached on NZ-based servers. The cached HTTP download
speed test indicates how quickly an ISP can distribute content over the New
Zealand portion of their network by testing how fast specific web pages are
downloaded. The HTTP test makes a request to the specified URL and records
the time taken and the amount of data downloaded, from which the speed of the
download is derived. Depending on the configuration of the test, the satellite is
also able to download the embedded content, such as images on a web page, in
any HTML that results from the HTTP request. Any additional content
downloaded is reflected in the captured timings and size of data downloaded.
Epitiro has selected a basket of the websites most frequently accessed by local
users.

Non-cached HTTP

The HTTP test can be configured to run in one of two modes of operation: cached
and non-cached. When the test downloads from the specified URL in “cached”
mode, the speed of the download can be impacted by any caching mechanisms
used by the network provider/ISP connected to the PC satellite. The non-cached
HTTP download speed test ensures that the web page request bypasses any
caches present in the network, and so goes all the way back to the original
website, making use of international bandwidth where necessary. This download
speed test therefore provides an estimate of the user experience in downloading
web pages from foreign locations. Short times equate to a better experience. The
“non-cached” mode appends a random query parameter to the end of the URL,
which will result in the request bypassing any caches present in the network. The
web server specified in the URL, as opposed to any cache, will therefore service
the request. If a failure occurs then the HTTP status code is recorded. This can
be used as an indicator as to whether the error resulted from the network or from
a problem with the web server hosting the URL. Epitiro has selected a basket of
popular URLs located in the various regions of the world — the US, Asia and
Europe particularly — to test the quality of each ISP’s international connectivity.

Ping performance

A ‘ping’ is the time taken for a device on the Internet to send a request to a remote
server and for that server to respond with an acknowledgement. The ping time
test is a measure of how quickly the ISP’s network can respond to a request, so it
is also known as a measure of latency. Shorter ping times are better. The Ping
test measures network latency by sending an ICMP echo request to the specified
server. The time recorded by the ISP-I Satellite is the total round trip time (in
milliseconds) from the request to the echo response being received from the
server. The ping test is conducted on the same basket of URLs used in the HTTP
tests.

Domain Name Server performance

A Domain Name Server (DNS) fulfills a function similar to a telephone directory. A
DNS server takes an address readable by humans (e.g www.comcom.govt.nz)
and converts the address to an IP address, or a specific set of numbers which
identifies a particular website. In technical terms, the DNS test records the time
taken (in milliseconds) to resolve a domain name to a corresponding IP address.
The DNS servers used for the query are those primary and secondary servers
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dynamically assigned by the service provider when the network connection is
initiated. Alternatively a specific DNS server can be configured for use during
DNS tests. The ISP-I Satellite delegates responsibility for DNS resolution to the
underlying operating system, thus using the same DNS resolution mechanism
employed when a user enters a URL into a web browser. More details of the
specific DNS resolution algorithm used by Microsoft Windows can be found in the
Windows XP Resource Kit (Configuring IP Addressing and Name Resolution).
Satellites ensure that the DNS query is performed on the DNS servers, and not
returned from any local cache, by disabling the Windows DNS Client Service
responsible for caching the results of DNS requests.

Email Round Trip

The email roundtrip test measures the time that it takes for an email to be sent
over the Internet using the ISP's mail servers. If these servers are busy then they
may take a longer time to send a message: a shorter time therefore provides a
better experience. In technical terms, email testing within ISP-I consists of SMTP
tests that run from the Satellite and POP3 tests that are run centrally to retrieve
the emails from the POP3 mailboxes. The SMTP test executed by the Satellite
can be configured to send an email using the service provider's SMTP server to
one or more recipients. Each email sent can be uniquely identified by an ID
transmitted in one of the email's headers. The Satellite records the time taken to
send the email using the SMTP server, and also any SMTP error codes that result
during the course of the conversation with the server. The POP3 component of
the ISP-I platform’s email testing is performed from centrally managed servers
that are configured to poll the mailboxes of each POP3 account once every
minute. Whenever an email is retrieved that was sent from an ISP-| Satellite, the
time of retrieval is recorded. Any errors that occur while attempting to connect to
a POP3 server are also recorded.

Packet loss performance

The packet loss test records the average package loss percentage experienced
during individual tests and an overall packet loss test. The packet loss test is not
an individual test in the same sense as the other tests that the ISP-I Satellite is
capable of executing. Instead, the Satellite records TCP packet loss during all the
individual tests executed, as well as an overall packet loss measure over the
course of entire network connection during which the tests were being run. Thus,
as well as measuring the packet loss present in a network, ISP-I is able to indicate
whether packet loss is occurring for a particular protocol or service. The ISP-I
Satellite measures packet loss by utilising the Performance Counters for TCP
available within Windows. Packet loss is recorded as the percentage of TCP
segments transmitted from the Satellite machine that contain retransmitted bytes.

ISP Service Variability

Given the contended nature of broadband services, it is useful to try to quantify
the undulating nature of these services, specifically around performance over
peak and off-peak periods, as this “natural” fluctuation can impact upon customer
experience.

The best variable for measuring this variability is HTTP download speeds. For the
purposes of this graph, cached and non-cached download speeds were taken for
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the first three weeks of the month of September and averaged. This data is
represented in kilobits per second (Kbps).

The service variability data measures performance at peak and off-peak times
each day, represented as averages for all of those days in a month. For example,
in Figure 9, Monday at 0500 represents the average of four tests taken for each
Monday in September at that time. This was then repeated for each day in a
seven-day week. Four tests were conducted daily, at the following times; 0500,
1100, 1700 and 2300 hours. Because of space restrictions on the page, Figure 9
labels only two of these times — 0500 and 1700 — but the other points are also
present.

Isposure methodology

The Isposure agent is a small piece of software — approximately 3Mb — that can
be downloaded free of charge from www.isposure.com. Registration involves
providing details of the user’s broadband service package, and the first 5 numbers
of their telephone number. This allows the identification of the exchange, and
thereby the district, sub-region and region of the user’s location.

The diagnostic agent works 24-7 in the background to assess a consumer’'s
connection speed and other meaningful parameters. Consumers can check their
historical performance in addition to viewing the performance of other users in
their local post-code region.

The agent tests HTTP download speeds (from the same sites as ISP-1), DNS
response times and ping. In addition, the agent conducts a Transmission Control
Protocol (TCP) download and upload test to endpoint servers located in the
Auckland Peering Exchange. The TCP has a critical function in helping to manage
data transmission, controlling among other things message size, the rate at which
messages are exchange and network traffic congestion. This is therefore the most
accurate test for identifying a specific line’s maximum theoretical speed.

Other Factors: Broadband Service Experience

The service an ISP delivers to a consumer is not only affected by network—related
issues, as measured above; there are factors within the home or business
environment that can also play a significant role in repressing broadband service
performance. Epitiro’s testing has revealed these factors to include:

e The individual's choice of broadband plan, including speed and size of
data cap. This is particularly critical with ADSL2+, where full benefits are
only achieved on a 'maximum download, maximum upload' data plan.
While Epitiro's ISP-I data only measure the premium consumer plan,
Telecom Retail's broadband growth in the second quarter was driven by
a limited broadband deal designed to attract customers from dial up.

e Satellite television services, when the decoder is plugged into a
telephone jack without an ADSL filter;

o Faxes attached to the telephone jack, even if they are not operating and
have a ADSL filter;

e PC hardware specification;
e  PC operating system configuration;

e Extent of applications and malicious software or viruses that may be
running in the background on a user’s PC;

28


http://www.isposure.com/

=1DC C epitiro

Technologi
Analyze the Future echnologies

e Telephone line wiring quality;

e Number of cable pairs bundled together (when serving multiple
tenancies, for example blocks of flats), and the number of those running
broadband services.

The ISP-I data included in this study is collected in a way to standardise the
impact of these factors, to ensure like for like performance is from each ISP is
measured.

Reporting on Other ISPs

A total of twelve ISPs are measured, but a number were only measured in one
site or one city. For consistency, Epitiro-IDC's analysis of key performance
variables (KPV's) only specifies the top six service providers measured across all
cities and sites, while the second and third-tier ISPs have been aggregated into an
'others' category. The report does, however, note individual performances where
appropriate in the text.

Epitiro is no longer measuring Kiwi Online following its acquisition by Orcon.

Results for all twelve ISPs have nevertheless been reported in each city they have
been measured in. The second tier ISPs and sites measured include:

e  WorldxChange (11 sites)
e MaxNet (3 sites)

e Inspire (3 sites)

e Compass (2 sites)

o Actrix (3 sites)

e Snap (1 site)

e Woosh DSL (4 sites)

Woosh

The NZBBI does not measure Woosh's fixed wireless performance, but does
include Woosh's DSL service. This is because the wireless offering is targeted at
users who place a premium on mobility rather than high-speed access. Due to
limitations in the technical capability of its TDD-CDMA platform it is therefore not
directly attempting to compete with DSL providers with its wireless service.

29



	 
	Changes in the December report methodology 
	Reporting of unbundling and ADSL2+ 
	Methodology in reporting TelstraClear (TCL) results 
	Time to Connect 
	With the upgrade to ADSL2+ consumer premises equipment (CPE), the Time to Connect data can no longer be captured. The index has been adjusted to reflect this change. 
	Email Roundtrip Test Issues in Q4 


	 
	Broadband Overview  
	New Zealand's National Broadband Outcomes 
	National Key Performance Variables  
	Industry Raw Data 


	  
	Overview      
	ISP initiatives this quarter  
	Telecom's Quarterly Performance      
	TelstraClear's Quarterly Performance  
	TelstraClear's DSL results 
	TelstraClear's Cable result 

	Vodafone's Quarterly Performance    
	Orcon's Quarterly Performance 
	Slingshot's quarterly performance   
	Other ISP quarterly performance 


	SERVICE VARIABILITY BY TIME OF DAY   
	 
	CONCLUSIONS  
	 

	APPENDIX - METHODOLOGY  
	 
	Report collation methodology  
	Key Performance Variables tested  
	Synchronisation speed   
	Cached HTTP 
	Non-cached HTTP  
	Ping performance 
	Domain Name Server performance 
	Email Round Trip  
	Packet loss performance  

	ISP Service Variability   
	Isposure methodology    
	Other Factors: Broadband Service Experience  
	Reporting on Other ISPs   
	Woosh 






<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


