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Internet Service Providers Advertise “Speed”:
Upload and Download Data Rate 

www.swisscom.ch/en/residential/internet/speed.html

www.upc.ch/en/internet/subscriptions
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Users Want to Check their Speed
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1. Performance Benchmarking 
with Speedtests
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Homenet ISP Internet

Performance Pinpoints

ISP

Backbone

Internet Service Provider (ISP)

1.  Client Computer

• Parallel Processes

(Background Traffic) 

• Operating System, 

Browser, Software, 

Hardware Limitations

• Ethernet Interface 

Settings (100Mbit/s or 

1Gibt/s Data Rate, 

Duplexmode)

3. Accessnet

• Configuration Errors  

(Account Settings)

• Overload

(Cell, DSLAM/CMTS or

Backbone Connections)

• Interfrence, Noise  (Cablenet)

• Cable Length (xDSL)

• Aceess Unit (CPE, 

Router/Modem)

2. Homenet

• WLAN Data Rate Limitations

• WLAN Load by Other Users

• WLAN Radio Interference

• Network Component Limitations

(Router WAN-LAN Throughput)

• Buffer Problems 1Gbit/s-

100Mbit/s  (in Switches)

• Ethernet Interface Settings

• Ethernet Cables (4-Wire Cable)

• Usage by other computer users

in the network (PC, Mobile, 

Tablet)

• Digital TV Sets (xDSL)

4. Reference System & 

Backbone

• Data Rate Control Settings

• Capacity (Overload), Location

ISP

Accessnet

Homenet
Access 

Unit
(Router / 

Modem, 

CPE)

Homenet

Client

Computer

Reference 

System

4

2

3

1

Internet

5

5. Connections, Peerings

• Overload at ISP-to-Internet 

• Overload on International Links

• Overload on Network Devices)

6

6. Webserver

• Overload

• Data Rate Limitations

• Configuration (Congestion

Control, Window Scaling)

Internet

Internet-

Connection

(Peerings)

(Web)

Server

Speedtest

7

7. Content Distribution (CDN)

• Capacity

• Server Assignments

CDN Server
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Performance Parameters to Check (to Define) 
when you Run a Speedtest

• Download and
Upload Data Rate
–Reference Server location

–Measurement duration

–File type (compressable)

–Number of parallel TCP streams

–TCP congestion control schemes

–TCP window size schemes

• Response Time
– ICMP

–TCP connect time

• Packet loss

• DNS Response Time
–1st request

–2nd request after x seconds
(expected from DNS caches)

• Reference System Access
– IPv4 and IPv6

–http, http2.0

–https
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Speedtests: Solutions

ISP

Backbone

Internet Service Provider (ISP)

Browser 

• with Flash (Ookla)

• with Java Applet (cnlab)

• with HTML5/JavaScript 

(cnlab, …)

PC Programs (cnlab)

Mobile Apps (Ookla, cnlab, …)

Client Side Tests ISP

ISP

Accessnet

Homenet
Access 

Unit
(Router / 

Modem, 

CPE)

Homenet

Client

Computer

Reference 

System

4

2

3

1

Internet

5
6

Reference Servers  (cnlab)

Performance Monitoring Servers

• YouTube

• Akamai

• Netflix

• ….

Server Side Speed Tests

Internet

Internet-

Connection

(Peerings)

(Web)

Server

Speedtest

7

CDN Server

Probes

cnlab 

Controlled

Accessnet

Benchmarking 

(CAB)

Access Unit 

Tests

Monitoring Software

Internet Backbone Probes

• Cnlab Internet Backbone 

Benchmarking

• Cnlab Page Load Time 

Benchmarking
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Speedtests: Network / System Coverage

ISP

Backbone

Internet Service Provider (ISP)

Browser  Speedtests

PC Programs (cnlab)

Mobile Apps (Ookla, cnlab, …)

Internet Backbone Probes

Client Side Tests ISP

ISP

Accessnet

Homenet
Access 

Unit
(Router / 

Modem, 

CPE)

Homenet

Client

Computer

Reference 

System

4

2

3

1

Internet

5
6

Reference Servers  (cnlab)

Server Side Speed Tests

Internet

Internet-

Connection

(Peerings)

(Web)

Server

Speedtest

7

CDN Server

Probes Access Unit 

Tests

Personal  Accessnet Benchmarking (PAB) – Client Programs 

Java Applet, Java Programm, JavaScript,  Apps

Mobile  Performance Benchmarking (MPB) - Mobile Apps

CPE Speedtest

Controlled  Accessnet Benchmarking (CAB)  Probes

Internet  Backbone Benchmarking (IBB) Probes
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2.  Cnlab Personal Accessnet
Benchmarking (PAB) and IPv6
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speedtest.cnlab.ch hsi.bluewin.ch hsi.upc.ch speed.sunrise.ch

Interface Type

Results Details

WLAN Infos 

Measurement 

Parameters

Reference 

System Selection

Single/Multiple 

Measurements

Location 

Lookup

Avg, Fastest 

Second Values

ICMP / TCP 

Connect RTT
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Personal Data Analysis and Helpdesk Support
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Public Statistics
https://www.cnlab.ch/speedtest/stats.jsp

appr. 200’000 measurements per month
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Measurement to cnlab IPv6 Reference System 
with Swisscom Vivo S (20/4 Mbit/s) Account, Rapperswil

ch.cnlab.speedtest.library.data.traceroute:   hopCount: 10

1 internetbox.home [2a02:1205:34c8:95f0:7eb7:33ff:fe9e:df3b] 0.5 ms

2 ae60-60.ipc-lss690-m-pe-48.bluewin.ch [2001:4d98:bffd:1e::2] 24.3 ms

3 ae60-60.ipc-lss690-m-pe-48.bluewin.ch [2001:4d98:bffd:1e::2] 24.8 ms

4 be11-v6.i68geb-025.bb.ip-plus.bluewin.ch [2001:4d98:bffd:1b::3] 28.0 ms

5 zhh-005-lo0-0.ip6.ip-plus.net [2001:918:100:1::1] 27.2  ms

6 zhb-001-loo191.ip6.ip-plus.net [2001:4d98:a000::46] 28.5 ms

7 ipp-nlai-ch-rap-r-001-gig0-0-0.ce.ip-plus.net [2001:918:10b:1::67] 29.1 ms

8 2001:918:ff68::2 [2001:918:ff68::2] 28.9 ms

9 ipp-nlai-ch-rap-r-001-gig0-0-0.ce.ip-plus.net [2001:918:10b:1::67] 29.9 ms

10 2001:918:ff68:1::3 [2001:918:ff68:1::3] 29.3 ms

Swisscom 

appr. 60% of probes do 

run IPv6 tests
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Measurement to cnlab IPv6 Reference System 
with UPC Internet 250 (250/15 Mbit/s) Account, Rapperswil

ch.cnlab.speedtest.library.data.traceroute:   hopCount : 12

1 2a02:aa12:5401:6380:4632:c8ff:fe1d:cb82 [2a02:aa12:5401:6380:4632:c8ff:fe1d:cb82] 0.5 ms

2 n/a [n/a]  

3 2a02:aa00:2:5401::1 [2a02:aa00:2:5401::1] 8.2 ms

4 2001:730:2700::5474:806d 2001:730:2700::5474:806d] 8.4 ms

5 2001:730:2700::5474:800a [2001:730:2700::5474:800a] 7.8 ms

6 tix-035-xe-5-1-1-0.ip6.ip-plus.net [2001:4d98:a000::74] 8.8 ms

7 zhb-025-loo191.ip6.ip-plus.net [2001:4d98:a000::2] 8.5 ms

8 zhb-010-loo6.ip6.ip-plus.net [2001:918:100:10b::1] 9.5 ms

9 zhb-001-loo191.ip6.ip-plus.net [2001:4d98:a000::46] 8.2 ms

10 ipp-nlai-ch-rap-r-001-gig0-0-0.ce.ip-plus.net [2001:918:10b:1::67] 10.7 ms

11 2001:918:ff68::2 [2001:918:ff68::2] 10.0 ms

12 2001:918:ff68:1::3 [2001:918:ff68:1::3] 10.1 ms

upc

appr. 15% of PAB 

testers with IPv6 DS-

Lite
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3.  Cnlab Controlled Accessnet
Benchmarking (CAB) and IPv6
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RTT with IPv6:   Cable250M_upc to apple, 
facebook, google, ip-plus, heise
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RTT with IPv4: Cable250M_upc to apple, 
facebook, google, ip-plus

16.06.2016 19



RTT with IPv4 vs. IPv6: 
DSL20M_Swisscom_VivoS to www.google.com

IPv6 (RTT Min: 35.5ms, AVG: 39.6ms)

IPv4 (RTT Min: 32.2ms, AVG: 34.0ms)
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RTT with IPv4 vs. IPv6: 
DSL20M_Swisscom_VivoS to www.facebook.com

IPv6 (RTT Min: 38.4ms, AVG: 41.3ms)

IPv4 (RTT Min: 34.9ms, AVG: 36.3ms)
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RTT with IPv4 vs. IPv6: 
DSL20M_Swisscom_VivoS  to www.apple.com

IPv6 (RTT Min: 24.4ms, AVG: 27.0ms)

IPv4 (RTT Min: 25.5ms, AVG: 26.2ms)
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4.  Performance Benchmarking 
and „User Experience“
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User Experience and Use Cases

• Surfing: Page Load time (PLT):  RTT, R_down, Peering, CDN, Web-Page Design,  protocol, Browser, 
Rechner
– Subsecond response time needed

– Extra 1sec delay leads to 11% fewer page views and 16% decrease in customer satisfaction

– Take into account the tends in faster web protocol developments (HTTP2.0).

• Streaming Services (e.g. YouTube):  R_down and Packet Loss
– Player adapts video quality to channel quality

– Interruptions are most disturbing

– Pause, Forward, Backword control; Zapping

• VoIP: RTT, Packet Loss
– Voice Quality: Subjective quality measures (mean opinion score, MOS)

– Conversation Qualtiy: conversation problems with RTT > 200 … 800ms

• Cloud Services:  R_down and R_up
– Higher upload data rate i.e. symmetrical speed may be needed (cloud storage)

• Gaming: RTT 
– Bild Erneuerungsfrequenz / Tick Rate 100Hz (10ms)

– Lag Compensation zum Ausgleich unterschiedlicher Antwortzeiten der verschiedenen Spieler

– «Professional Gamer» expect RTT < 60ms 
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Web Page Load Time (PLT) 
for a Webpage with 193 Objects with a total of 2.3MB Data

After 1.4 seconds: Web page basic

structure with

- 46 of 193 objects

- 757kB of 2300kB data

loaded.

We get the page structure only.

After 4.2 seconds:

- 80 of 193 objects

- 1100kB of 2300kB data

loaded. 

We see some images but there is

still much missing.

After 7.6 seconds:

- 175 of 193 objects

- 2200kB of 2300kB data

loaded.

The page is usable..

After  8.5 seconds:

All 193 objects and 2300kB data

loaded.

All elements are displayed., page

is complete.
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Evolution of Web Page Structure
Number of http/https Requests (Objects), Page Size [kB] and Number of

Servers

<1s for the data download

2000kB (= 16Mb) with a 

20Mbit/s connection:

2.2sec to request objects typical web page with a 10ms Round Trip Time (RTT) 

connection (worst case, no caching):

• 100 http Request:  2 sec response time  

• 25 https Requests: 1 sec response time

• 20 DNS Requests: 0.2 sec response time

http://httparchive.org
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Setup Page-Load-Time Measurements

Peerings, international connections

ISP B

ISP A

ISP C

DSL

Access Network ISP Backbone

DOC

Access 

Unit

Access 

Unit

Access 

Unit

Website 2

cnlab 

Reference 

System 1

cnlab 

Reference 

System 2

Website 1

Website n

Website 3

CAB Probe with 

Page-Load-Time Tests

Access 

Unit

Access 

Unit

CAB Probe with 

Page-Load-Time Tests

CAB Probe with 

Page-Load-Time Tests

CAB Probe with 

Page-Load-Time Tests

CAB Probe with 

Page-Load-Time Tests N
e
te

m
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Media Sites Page Load Time (PLT) and Download Data Rate
(Netemulator Measurements at 250Mbit/s Account)

Higher speeds than 20Mbit/s bing only minor improvements of PLT.
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Media Sites Page Load Time (PLT) and RTT 
(Netemulator Measurements at 250Mbit/s Account)
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How and Where to Improve your RTT and PLT

Home-

net

Access 

Unit

(Router/

Modem)

Peerings

User

Akamai
Akamai

GoogleGoogle

R = 2 …. 1000 Mbit/s

RTT = 1 … 40ms
DSL 8 .. 35ms

FTTH 1..10ms

CableTV 10..15ms

R = 1 … 40 Gbit/s

RTT < 5ms

R > 100 Mbit/s

RTT = 5 … 500ms
CH <5ms

EU <50ms

USA 90..180ms

Asien 180..280ms

Australien 300ms

Internet
ISP

Backbone

ISP

Access Network

Name 

Server

Web Server 

(e.g..www.bluewin.ch)

Web Server (e.g. 

www.20min.ch)

Homenet
Access Network

Network Path

CDN external

Websites

CDN internal

DNS
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Page Load Time for https://www.google.ch
with Different Accounts (and RTT) 
(Google opens 4 TLS/SSL connections sequentially)

Measurements

with real accounts

Measurements with Emulator 

and 250Mbit/s Account
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Page Load Time for https://www.apple.com
(670kB, 39 Elements) with Different Accounts 

D
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M

_
u
p
c 

C
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M

_
u
p
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www.apple.com CDN Server Mapping for
different Users from Swisscom 
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www.apple.com CDN Server Mapping for IPv6 and IPv4 Users from
Swisscom 

DSL2M_Swisscom

LL1G_SC-ENT-cnlabCable250M_upc

DSL5M_Swisscom

DSL-Mobile-Bonding_Swisscom (IPv6)

FTTH1G_Swisscom  (IPv6)

DSL20M_Swisscom (IPv6)
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www.facebook.com CDN Server Mapping for
IPv6 and IPv4 for a UPC User 

2a03:2880:f01c:1e:face:b00c::25de

(Frankfurt)

2a03:2880:f007:1e:face:b00c::25de

(Wien)
2a03:2880:f01b:1e:face:b00c::25de

(Amsterdam)
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5.  Conclusion
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• End user Speedtests (PAB)
– Be careful when comparing Speedtest results

– Speedtest providers only begin to offer IPv6 tests

• Speedtests based on probes
– Similar Round Trip Time results for IPv6 and IPv4

– routing differences between IPv6 and IPv4

• Web surfing experience (Page Load Time)
– More than 20 Mbit/s brings only minor improvements

– Focus on RTT and Web engineering to improve PLT

– CDN is key to significantly improved PLT

• IPv6 will rather lead to application than to performance 
problems
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