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How to measure a million end users 

•  be   www.google.net 
 
or 
 
•  Get your code run on millions of 

machines 



Approaches to Measurement 

A case study: APNIC’s approach 
•  we wanted to measure IPv6 deployment as seen 

by end users 
•  We wanted to say something about ALL users 
•  Our website isn’t that popular 
•  …So we were looking at a way to sample end 

users in a random but statistically significant 
fashion 

•  We stumbled across the advertising networks... 



…buy the measurement 



Placement 

At low CPM, the advertising network needs to 
present unique, new eyeballs to harvest 
impressions and take your money. 

–  Therefore, a ‘good’ advertising network provides 
a fresh crop of unique clients per day 

–  Pay for placement of ads, embed the 
measurement in flashcode. 

–  Result is lots of Unique IP addresses to 
measure. 



Unique IPS? 

•  Collect list of unique IP addresses seen 
– Per day 
– Since inception 

•  Plot to see behaviours of system 
– Do we see ‘same eyeballs’ all the time? 



Lots of Unique IP’S 

Cumulative Unique IPs 

Daily Unique IPs 



What are we finding? 

•  http://labs.apnic.net/ipv6_measurement 
–  Breakdowns by ASN, Economy, Region, 

Organisation 

•  125+ economies provide >200 samples/
interval consistently in weeklies 

•  150+ at monthlies. 
•  2400 ASN provide graphable data 
•  Over 35,000 ASN seen during the last year. 
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Google visualization API 



Draw your own graphs 
http://labs.apnic.net/ipv6-measurement/datafields.html 



http://labs.apnic.net/dists/v6dcc.html 



http://labs.apnic.net/dists/v6dcc.html 



IPv6 measurement 

•  Penetration rate of IPv6 into the global AS economy is 
slowly rising. 

•  Signs Global-Unicast IPv6 will shortly overtake Teredo 

•  Widely distributed hop-over for IPv6 being seen.  
–  due to the CPE gap ? 
–  Even IPv6 enabled ISPs have customers tunnelling over the air-gap 

•  Much more information about IPv6, global internet 
behaviour is in the data 
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What about Taiwan? 

•  Can we “drill down” inside an individual 
economy? 
–  Get the “per AS” view of the IPv6 capability 

•  You bet we can! 
–  435,000 measurements being run against 

Taiwanese Internet Users in the last 30 days 
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Taiwan by ASN 

Number of ASN in Taiwan Number of Taiwanese ASN seen in 
globally routable BGP 

310 98 

Around 1/3 of the ASN allocated to Taiwanese 
entities (32%) are visible in the global BGP view. 
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Taiwan by ASN 

Number of Taiwanese ASN seen in 
globally routable BGP 

Number of Taiwanese ASN seen in 
this experiment 

98 105 (!) 

All of BGP active ASN in Taiwan have been 
seen in the experiment. (and some which aren’t 
currently active. Records go back to 2010) 



Tiawan by ASN 

Number of taiwanese ASN seen in 
this experiment 

Number of Taiwanese ASN  
with globally routable IPv6 in BGP 

105 26 

24%-26% of BGP active ASN seen in Taiwan 
have at least one globally routable IPv6 prefix 
(depending on which ASN count you use) 



Taiwan by ASN 

Number of Taiwanese ASN  
with globally routable IPv6 in BGP 

Number of Taiwanese ASN  
seen with globally routable IPv6 

26 9 



Taiwan by ASN 

Number of Taiwanese ASN  
with globally routable IPv6 in BGP 

Number of Taiwanese ASN  
seen with globally routable IPv6 

26 9 

Only 35% of IPv6 BGP active Taiwanese ASN 
seen, appear end-user active in IPv6, using 
global-unicast. 
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The Taiwan Leaderboard 

•  The 26 IPv6 enabled ASN that are globally 
visible in BGP 



The Taiwan Leaderboard 
ASN NetName ASN NetName 
1659 ERX-TANET-ASN1 3462 HINET 

4747 TFN-TW-TTN 4780 SEEDNET 

4782 GSNET 4845 SINGTEL-TW 

7482 APOL-AS 7539 TANET2-TW 

9216 PUNET-AP 9264 ASNET 

9311 HITRON-AS-AP 9415 ETWEBS-AS1-AP 

9505 TWGATE-AP 9676 SAVECOM-TW 

9831 UNIGATE-AS-AP 9919 NCIC-TW 

9924 TFN-TW 10229 YAHOO-TW1 

17408 ABOVE-AS-AP 17419 HINET-IPV6-TW 

17709 EBT 17716 NTU-TW 

18182 SONET-TW 18185 NTCU-AS-TW 

18391 MRNET-AS-SG-AP 18422 ITRINET-AS-TW 



The Taiwan Leaderboard 
AS AS#Name Description1from1aut#num

sample1
count

%1IPv61
preference

%1IPv61
coercible

17713 NSYSU(TW National1Sun1Yat(sen1University 402 42.96 70.85
1659 ERX(TANET(ASN1 Tiawan1Academic1Network1(TANet)1Information1Center 18169 7.89 31.99
18177 NCKU(TW National1Cheng1Kung1University 1544 6.79 56.82
9264 ASNET Academic1Sinica1Network 387 5.84 22.14
9916 NCTU(TW National1Chiao1Tung1University( 1728 3.51 49.58
18420 NCU(TW National1Central1University 1102 3.41 48.08
7539 TANET2(TW TANet2(1sponsored1by1NSC(1TAIWAN 612 1.91 54.05
17712 CCU(TW National1Chung1Cheng1University 500 1.38 50.79
38844 NTNU(TW National1Taiwan1Normal1University 880 0.88 51.71
17716 NTU(TW National1Taiwan1University 2212 0.49 40.12
4782 GSNET Data1Communication1Business1Group 846 0.47 1.64
17809 MONAD(TW(AP Monad1Digitnamic1Corp. 2632 0.45 30.23
18047 NTHU(TW National1Tsing(Hua1University 1133 0.44 50.92
18391 MRNET(AS(SG(AP Mediaring1Network1Services1Pte1Ltd. 333 0.29 6.92
9919 NCIC(TW New1Century1InfoComm1Tech1Co.(1Ltd. 1920 0.21 25.82
18182 SONET(TW Sony1Network1Taiwan1Limited 6990 0.20 3.73
3462 HINET Data1Communication1Business1Group 280685 0.09 22.78
18049 TINP(TW Taiwan1Infrastructure1Network1Technologie 3604 0.08 28.69
24165 PHOENIX(NET(TW PHOENIX11CATV11CO.(LTD 3025 0.07 24.00
9674 FET(TW Far1EastTone1Telecommunication1Co.(1Ltd. 4165 0.05 32.69
9924 TFN(TW Taiwan1Fixed1Network(1Telco1and1Network1Service1Provider. 26821 0.02 23.26
24164 YJL(MEDIATV(NET YEONG11JIA11LEH1CABLE1TV1CO.(1LTD. 5468 0.02 21.72
24158 TAIWANMOBILE(AS Taiwan1Mobile1Co.(1Ltd. 6185 0.02 31.58
9416 MULTIMEDIA(AS(AP Hoshin1Multimedia1Center1Inc. 18654 0.02 26.36
18185 NTCU(AS(TW 4F(1No.114(1Sec.1(1Chung(Shiao1W.1Road 9 0.00 0.00
18181 NHRINET National1Health1Research1Institutes 21 0.00 0.00
17408 ABOVE(AS(AP AboveNet1Communications1Taiwan 35 0.00 0.00
9918 KGTNET(TW KG1Telecommunication1Co.(1Ltd 5 0.00 0.00
10135 EASPNET(AS(AP EASPNET1Inc. 7 0.00 0.00
9415 ETWEBS(AS1(AP ETWebs1Taiwan1Co.1Ltd. 1277 0.00 23.36
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Only 25 ASN in Taiwan show end user IPv6 
preference. 

 
 
 

This is predominantly the Academic/Reseach 
sector. 



What about that potential 
market? 

AS AS#Name Description1from1aut#num
sample1
count

%1IPv61
preference

%1IPv61
coercible

17713 NSYSU(TW National1Sun1Yat(sen1University 402 42.96 70.85
18177 NCKU(TW National1Cheng1Kung1University 1,544 6.79 56.82
131146 CGU(AS(TW Chang1Gung1University 692 0.00 55.49
38847 NCHU(AS(TW National1Chung1Hsing1University 603 0.00 54.70
7539 TANET2(TW TANet2(1sponsored1by1NSC(1TAIWAN 612 1.91 54.05
38844 NTNU(TW National1Taiwan1Normal1University 880 0.88 51.71
18047 NTHU(TW National1Tsing(Hua1University 1,133 0.44 50.92
17712 CCU(TW National1Chung1Cheng1University 500 1.38 50.79
9916 NCTU(TW National1Chiao1Tung1University( 1,728 3.51 49.58
18420 NCU(TW National1Central1University 1,102 3.41 48.08
17716 NTU(TW National1Taiwan1University 2,212 0.49 40.12
17421 EMOME(TW Long1Distance1&1Mobile1Business1Group( 4,169 0.00 36.20
9674 FET(TW Far1EastTone1Telecommunication1Co.(1Ltd. 4,165 0.05 32.69
1659 ERX(TANET(ASN1 Tiawan1Academic1Network1(TANet)1Information1Center 18,169 7.89 31.99
24158 TAIWANMOBILE(AS Taiwan1Mobile1Co.(1Ltd. 6,185 0.02 31.58
17809 MONAD(TW(AP Monad1Digitnamic1Corp. 2,632 0.45 30.23
18049 TINP(TW Taiwan1Infrastructure1Network1Technologie 3,604 0.08 28.69
24157 VIBO(NET(AS Vibo1Telecom1Inc. 946 0.00 28.54
7482 APOL(AS Asia1Pacific1On(line1Service1Inc. 2,392 0.00 27.81
9416 MULTIMEDIA(AS(AP Hoshin1Multimedia1Center1Inc. 18,654 0.02 26.36
9919 NCIC(TW New1Century1InfoComm1Tech1Co.(1Ltd. 1,920 0.21 25.82
4780 SEEDNET Digital1United1Inc. 28,902 0.00 25.35
24165 PHOENIX(NET(TW PHOENIX11CATV11CO.(LTD 3,025 0.07 24.00
9415 ETWEBS(AS1(AP ETWebs1Taiwan1Co.1Ltd. 1,277 0.00 23.36
9924 TFN(TW Taiwan1Fixed1Network(1Telco1and1Network1Service1Provider. 26,821 0.02 23.26
4662 QTCN(ASN1 GCNet1(Reach1&1Range1Inc.) 1,934 0.00 23.22
3462 HINET Data1Communication1Business1Group 280,685 0.09 22.78
9264 ASNET Academic1Sinica1Network 387 5.84 22.14
38842 GMC(AS(TW Global1Mobile1Corp. 342 0.00 21.93
24164 YJL(MEDIATV(NET YEONG11JIA11LEH1CABLE1TV1CO.(1LTD. 5,468 0.02 21.72
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32 ASN have significant IPv6 capability latent in 
the userbase. 

 
 
 

This includes non-Academic/Research networks 
with over 20% of the current customer base 

ready, right now… 



Error bars 

•  We can’t directly measure iOS in the google flash 
mechanism (because flash isn’t being run on iOS devices) 

•  We can’t directly measure anyone with adblock enabled in 
the flash measurement (because .. Its an advert!) 

•  We can’t directly measure end users who have ACLs 
blocking youtube (the predominant ad placement website) 
in the flash measurement. 
–  These are ‘low side’ effects: we undercount in flash 

•  The javascript measurement is prone to distortions from 
repeat visits. We try to account for this. 
–  This is a ‘high side’ effect: we can over count in javascript 



Observations 

•  Most Research/Academic networks have good levels of 
IPv6 capability. 
–  Some Universities appear to have deployed an IPv6 enabled SOE 
–  Others appear less active (many Universities fold into TANET) 

•  Transit networks, providers clearly have IPv6 capability in 
their core.  

•  End user deployment was always going to be hard 
 CPE upgrade costs, customer-provisioning costs 

•  Other economies appear to be facing similar problems 
–  But some ISPs are also biting the bullet.  
–  Free/Internode/RCS/Comcast 



Conclusions 

•  We have a long way to go 

•  APNIC believes it can reliably measure end-user IPv6 
capability independently of the ISP, both within an 
economy, and inter-economy 

•  We’re committed to a long-term measurement and will 
continue to present data, results 

•  http://labs.apnic.net/ipv6-measurement 



IPv6 measurement 

 

 

 

If you see the advert 



IPv6 measurement 

 

 

 

If you see the advert 

PLEASE DON’T CLICK ON IT 

(it costs us more) 



A word for our sponsors 

•  Thanks to 
–  the Internet Society 
–  Google 
–  ISC 
–  RIPE NCC 

•  For funding, platform support, collaboration 



APNIC Research & Development 


