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1. APPENDIX: SLIDES PRESENTED AT THE WORKSHOP

1.1  Prof. Henning Schulzrinne

O My 2014

OPEN INTERNET

Henning Schulzrinne
FCC

Ol May 2014

Two markets

transitnetwork

BIAS-to-consumer
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Shared resources

- (J0S = generally, protect low-bandwidth, high-sensitivity
flows against high-bandwidth, low-sensitivity flows
+ otherwise, reverts to TOM network (lose statistical multiplexing
gain)
+ LB QoS: provide guality gain with minimal impact on HB senices
- Thus, good for protecting
- QoS does not create capacity

« thus, ifvideo (40% of peak-hour usage) is priortized, likely others
suffer

Open Internet R&O 2010 + DC Circuit

No unreascnable discrimination. Fixed broadband
;:urcu'-,-'lders n not unre Htul' Lil scriminate in
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Ol My 2014

Verizon holding

- Upheld Commission’s authority to promulgate
Open Internet rules under section 706

- Upheld transparency rule

- Vacated and remanded blocking and
discrimination rules as impermissible commeon
carriage regulation of an information service

Ol M3y 2014

FCC

- Independent federal agency
- About 1,700 employees
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O My 2014

The US hierarchy of laws

Section &: To regulate
Commerce with foreign Mations,
*Commerce  ang among the several States,
clause and with the Indian Tribes
(1787}

SEC. TD8. ADVAMCED
TELECOMMUNICATIONS
INCENTIVES. {a! IN GENERAL- The

= Telecom - encourage the

00 My 2014

Rule making process
NOI

* Motice of Inquiry

NPRM

* Motice of Proposed Rule Making
comments,
~ replies & ex
R&0O parte

* Report & Order

Petition for reconsideration

far highly
contentious
items

Federal court review
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I
Section 706

+ {a) The Commission and each State commission with requlatory
Jurisdiction over telecommunications services shall encourage the
deployment on a reasonable and timely basis of advanced
telecommunications capability to all Americans (including, in
particular, elementary and secondary schools and classrooms) by
utilizing, in a manner consistent with the public interest, convenience,
and necessity, price cap regulation, requlatory forbearance,
measures that promote competition in the local
telecommunications market, or other regulating methods that
remove barriers to infrastructure investment.

(b) ... Commission shall determine whether advanced
telecommunications capability is being deployed to all Americans in a
reasonable and timely fashion. If the Commission's determination is
negative, it shall take immediate action to accelerate deployment of
such capability by removing barriers to infrastructure investment and
by promoting competition in the telecommunications marlket.

. owa |
Title 11, Section 201 & 202

. §2D1: ‘to establish physical connections with other carriers”,
All charges, practices, classifications, and regulations for and
in connection with such communication service, shall be just
and reasonable, and any such charge, practice, classification,
or regulation that is unjust or unreasonable is hereby declared
to be unlawful”

§202:t shall be unlawful for any common carrier to make any
unjust or unreasconable discrimination in charges, practices,
classifications, regulations, facilities, or services for or in
connection with like communication service, directly or
indirectly, by any means or device, or to make or give any
undue or unreasonable preference or advantage to any
particular person, class of persons, or locality, or to subject any
particular person, class of persons, or locality to any undue or
unreasonable prejudice or disadvantage.
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Title Il Section 208 (Complaints)

- §208 (Complaints to the Commission). Any person, any
body politic or municipal organization, or State
commission, complaining of anything done or omitted to
be done by any common carrier subject to this Act, in
contravention of the provisions thereof, may apply to said
Commission by petition which shall briefly state the facts,
whereupon a statement of the complaint thus made shall
be forwarded by the Commission to such common carrier,
who shall be called upon to satisfy the complaint or to
answer the same in writing within a reasonable time to be
specified by the Commission.

Title 1l Section 214

- §214: The Commission shall have power to issue such
certificate as applied for, to refuse to issue it, or to issue it
for a portion or portions of a line, or extension thereof, or
discontinuance, reduction, or impairment of service,
described in the application, or for the partial exercise
only of such right or privilege, and may attach to the
Issuance of the certificate such terms and conditions as in
its judgment the public convenience and necessity may
require.
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Title || Section 202 (Privacy)

« (a) IN GENERAL .—Every telecommunications carrier has a duty to
protect the confidentiality of proprietary information of, and relating to,
other telecommunication carriers, equipment manufacturers, and
customers, including telecommunication carriers reselling _
telecommunications senvices provided by a telecommunications carrier.

. {h COMFIDENTIALITY OF CARRIER INFORMATION A
telecommunications carrier that receives or abtains proprietary
information from another carrier for purposes of providing an%
telecommunications semnvice shall use such information only for such
purpose, and shall not use such information for its own marketing efforts.

« PRIVACY REQUIREMENTS FOR TELECOMMUMICATIONS
CARRIERS -—-Except as required by law or with the approval of the
customer, atelecommunications carrier that receives or obtains customer
proprietary network information hrwrtue of its provision of a
telecommunications senvice shall only use, disclose, or permit access to
individually identifiable customer proprietary network information in its
provision Df_[AE] the telecommunications senvice from which such
infarmation is derived, or (B) services necessary to, orused in, the
ﬁ_rmw?mn of such telecommunications service, including the publishing of

irectories.

Title |l Section 251

- (a) GENERAL DUTY OF TELECOMMUNICATIONS
CARRIERS —Each telecommunications carrier has the
duty--

* (1) to interconnect directly or indirectly with the facilities and
equipment of other telecommunications carmers; and

+ (2) not to install network: features, functions, or capabilities that do
not comply with the guidelines and standards established pursuant
to section 255 or 256.
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Section 706 authority

» S3ection 706 is an independent grant of authority

- Ol Order explicitly rejected Advanced Services Order
language that 706 “does not constitute an independent grant
of authority” = D_C. Circuit satisfied.

» The Commission had rightly identified harms that
fall within the scope of its authority under 706

+ Virtuous circle (edge innovation drives consumer demand,
which stimulates broadband investment, which leads to more
edge innovation and investment) is a Ieg'rtimate reason for
promulgating Ol rules.

- Broadband providers have incentives and ability to
discriminate against edge providers = prophylactic rules
appropriate.

Ol M3y 2014

DC Circuit: discrimination rule

- “Little hesitation” in concluding that nondiscrimination rule
= common carriage regulation.

- The rule requires broadband providers to offer service to
all edge providers = “by its very terms compels . . .
providers to hold themselves out ‘to serve the public
indiscriminately,” which is the essence of common
carriage.

- Commission never argued that the “no unreasonable
discrimination” standard differed from the general
nondiscrimination standard that applies to common
carriers.
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Ol NPRM May 2014

- Seeks comments on applying Section 706 or Title |l

- Ban paid prioritization outright?

- Initial comments until July 15, reply comments until
September 10

- Includes a rebuttable presumption that exclusive contracts
that prioritize service to broadband affiliates are unlawful

- Tentatively excludes peering and interconnection

Ol NPRM: transparency

- Enhance the transparency rules to provide increased and
specific information about broadband providers’ practices for
edge providers, consumers.

- Asks whether broadband providers should be required to
disclose specific network practices, performance
characteristics (e.g., effective upload and download speeds,
latency and packet loss) and/or terms and conditions of service
to end users (e.g., data caps).

« Tentatively concludes that broadband providers should disclose
“meaningful information” about the service, including (1)
tailored disclosures to end users, (2) congestion that may
adversely impact the experience of end users, including at
interconnection points, and (3) information about new
practices, like any paid prioritization, to the extent that it is
otherwise permitted.
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Ol NPRM: transparency

. . . Einpisiom Unes 13 W
- Audience-specific disclosure e e————
« consumer “nutrition label” e
+ include more than justintra-network e
performance =
+ edge providers (CDMN. transit ——
providers) — —_—
- performance L
- peering policy? | e e
- Metrics e [
* network performance: averages, o ——
variability _ it .
* built-in measurements at finer —— iﬁ?&ztmﬁ:ﬁ* {
geographic scale s e e {
+ bandwidth caps (and tools
ps ( ) Mew America Foundation
+ M-year cost

example

Ol NPRM: Rule proposals

- Prohibit blocking
- Non-blocking requires minimum level of service:
1. “best effort”
Z minimum quantitative performance
2. “reasonable person® standard
- Applicability to mobile
+ 2010: web sites, voice &video telephony
+ expand to other competing applications?

- “Commercially reasonable” for discrimination
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Ol NPRM: Enforcement

- Proposes the creation of an ombudsperson with
significant enforcement authority to serve as a watchdog
and advocate for start-ups, small businesses and
CONSUMErs.

- Seeks comment on how to ensure that all parties, and
especially small businesses and start-ups, have effective
access to the Commission’s dispute resolution and
enforcement processes.

- Considers allowing anonymous reporting of violations to
alleviate fears by start-ups of retnibution from broadband
providers.

What could “fast [ane” mean?

- Separate mechanism from who pays
+ e.q., customer buys “commercial-grade” semnvice (SLA)
+ edge provider pays
- Separate logical IP-based “pipe” to end user
+ e.q., UVerse “cable TV video delivery
+ may be faster than broadband Internet senice
- Resource reservation
+ guaranteed bandwidth (e.g.. similar to MPLS CIR})
- Scheduling or drop priority
« priority packets get priority access to shared resources
- Impact on best-effort services
« well-provisioned wvs. artificial starvation
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O My 2014

Range of concerns

00 My 2014

Differentiation universe

Content-neutral By content type By edge provider

Packet dropping, YolP (non-LUS)
RET, delay

Limit flow bandwidth TMo: reduce speed
(e.g., 10 Mbpsiflow) after cap

Specialized senice BIAS or affiliated
Interconnection refuse all peering Cogent, Level3,
Metflix
Bandwidth cap (e.q., Satellite (count only  AT&T proposal
10 GB/month) videao)
App restrictions SIS payment app FaceTime
bootloader
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O My 2014

The problem with analogies

- “Fast lane”
« implicitly assumes that congestion is normal and unavoidable

» confused with different consumer subscription levels
« Google 51 semvice is“slowlane”

+ unclear whether impairment is
« artificial = induce upgrade

Specialized services

- R&O 2010: “services that share capacity with broadband
Internet access service over providers' last-mile facilities”
« FCC OIAC report noted definitional difficulty
+ separate logical facilities?

« cannot reach almost all IP addresses?

- EuP 2014: "an electronic communications service
optimised for specific content, applications or services, or
a combination thereof, provided over logically distinct
capacity, relying on strict admission control, offering
functionality requiring enhanced quality from end to end,
and that is not marketed or usable as a substitute for
internet access service.”
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O My 2014

Specialized services

- What's the difference to offering a “fast lane™?
- Definitional
+ only available tofacilities-based provider (but not restricted)

» doesn't provide accessto whole Intermnet
+ wouldinclude CDMN and Metflix deals

- Capacity impact

« reduce investment into general-purpose Internet

+ or encourage benign neglect (middle mile, peering, ...) = US DSL
- Remedies

+ treat “specialized semnice” as catch-all non-BE senvice class subject
to “commercially reasonable™ restrictions

Other issues

- Device attachment & software apps

+ Can a provider prevent use of software, such as tethering or video
apps?

+ Alternate boot loader and OS versions?
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NETWORK
MEASUREMENTS

Henning Schulzrinne
FCC

WTS 2014 z

FCC measurement history

- FCC has acquired and analyze data on legacy PSTN

- More recent and evolving broadband interest
+ Section 706 of 1996 Telecommunications Act = annual report on
availability of advanced telecommunications semnices to all
Americans
+ Resultedin information on deployment of broadbandtechnology (*Form
4777)
« put not its perfarmance
« FCC's Mational Broadband Plan — March 2010
* Proposed performance measurements of broadband services delivered
to consumer households
« Waork plan evolved from recommendations of Mational Broadband Plan
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Consumers don’t know

FCC survey: 80% of consumers didn't know speed
they purchased from their ISP

49% of consumer volunteers inaccurately reported
their advertised broadband speed

Sources of data found lacking

= New approaches and tools for understanding
consumer broadband needed

WTS 2014

The role of network measurements

User diagnostics
& validation

hard failures = soft
failures

. L i icy
ISP Plb|{ﬂ_[][?l_|l[j.__a
diagnostics : -
“my Interwebs are

ust beach balls”
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Principles

- The FCC Measuring Broadband America program is
based on principles of openness, transparency and
partnership with diverse stakeholders.

- We are committed to:

+ Ensuring that commaonly accepted principles of scientific research,
good engineering practices, and fransparency guide the program;

+ Encouraging collaboration of industry, academia and government;

» Fublishing the comprehensive fechnical methodology used to
collect the data, including the source code for the tests as open
S0OUrce;

+ Releasing data used to produce each report coincident with the
report's release, and releasing all data for each collection cycle
within one year of collection.

Fixed Testing Panel

* Panel of U.S. broadband subscribers drawn from pool
of 145 000+ volunteers Goal of covering major ISPs in
the 48 contiguous states across five broadband
technologies: DSL, cable, fiber-to-the-home, fixed
terrestrial wireless, and satellite

* Four Census Regions and split info speed ranges

* Whiteboxes distributions based on market share of
participating ISPs

* Pre-collection “True-up” maintaining panel
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Measurement architecture

Measuring 2011 &2012

Measuring Broadband America future?

Measurement Architecture

°6

Public Intarnet contant: pubic [ntirmet Contont TN o RORES By Muiple rvce providers, (Ot Sroviders a0d oy

RS I 3 QROGrapiCally Grvarse (workdwide) maner
Inmernet QAEmEY: (Rl POt SONE DTwten LASaiING Crovider 300 Sutil 1t For  Qiven Cordamey CORECtion

@ Unk Detween 2% mide and middle mile: D0adand Orvide! MATages MEONNeCTon Deteeen madie and last mie
@ Aggregation nede: First aurepiion Dot for Sraadiand provider (4. DSLAM, catle rode, sateiite, e )

Moden: Customer fromise equpment (CFF) trpcally Managed By § Deoadbond provider 2o the B CONMCION Point 19 the
maraged cetwirk (0.4, DSL modem, cCalie moders, sitelite soderm, Couc retwaring torsenal (ONT), et )

Consumer Gavices Compumer Gevice connectind to moden Bvough Intemyd wire or Wi (home setmorking |, nchuding
Sardware and SRt U0 10 aCCEss THe Intermet 30 process cantent (Customer-managed)
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Figure 4: Year by Year Comparison of Panclist Population by Speed Ticr—March 2011 and Apal 2012 Test
Dau

v

Rang
; 01 _13 37 7-10 10-15 15-20 20-25 25-30 30-50 50
01 | 37.50% | 15.28% 1667%  2.08% 1528% 764%  278% 139%  0.00%  1.39%
13 | 361% | 56.71% | 1764% 381% 782% 701%  140% 160% 040% 0.00%
37| 280%  1.49% | 63.72% | 3.86% 1131% 1297% 114%  167% 088% 0.18%
710 | 127%  0.25%  3.82% | 22.14% | S8.02%  662% 2.29%  153% 3E2%  0.25%
10415 | 127% 029%  261%  0.93% [ 30.80% | 51.07% 3.42% 486% 405% 0.69%
15-20 | 092%  0.13%  145% 039%  591% | S5.58% | 6.44%  552% 21.29% 237%
2025 | 113%  023%  L13%  0.00%  248% 13.51% | 44.59% | 3063%  4.05%  2.25%
2530 | 035% 035% 105% 0.70% 281% 737%  4.91% | 65.96% | 1333%  3.16%
30-50 | 202% 000% 000% 1.01% 202% 202%  1.01%  202% | 74.75% | 15.15%
50¢ | 333% 000% 000% 000% 333% 667% 000% 1000%  3.33% | 73.33% I

I T
The MBA project - logistics

- Enlisted cooperation:
+ 13 I5Ps covering 86% of LIS population
« vendors, trade groups, universities and consumer groups

- Reached agreement reached on what to measure and
how to measure it

- Enrolled roughly 9,000 consumers as participants
+ 5,800 (7, 782) active during March 2011 (April 2012)
+ Atotal of 9,000 active over the data collection period
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Whatis measured

Sustained Download Burst Download
Sustained Upload BurstUpload

Web Browsing Download LUDP Latency

UOP Packet Loss Video Streaming Measure
VolP Measure DME Resolution

OME Failures [CMP Latency

ICMP Packet Loss Latency UnderLoad

Total Bytes Downloaded Total Bytes Uploaded

Test Load Impact

Totad Est.
Test Targer(s) Duration
) Daily Volame
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Test Load Impact

* Roughlytwice every hour. Sometests reportresults once perhour.

* Downloadfupload dailyvolumes are estimates based upon likely line
speeds. Alltests operated at maximum line rate so actual consumption
may vary.

*  Testsrunfor a fivred duration of 30 seconds, with outputthe cumulative
average transferspeedevery 5 seconds (i.e., the first average is for
seconds 0-5,the secondis for 0-10, etc.)

* 60 seconds priorto and during testing, a ‘threshold manager' service
detects panelist actively using the Internet connection

* Trafficthresholds setto 64 kbps downstreamand 32 kbps upstream.

*  Statistics sampled and computed every 10 seconds andtest delayedfora
minute, retry process would continue forupto 5times

2011: Most ISPs deliver close to
advertised during peak hours

bt 1 A e o o] e i b el o] e % 8 e e ol
L e ]

PUCHRP S—— oy s
datwareisnanll Caceen coill
gl 1N

[T

[ LR T B
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WTS 2014 16

2012: You improve what you measure...
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5
Latency by technology
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.
CDF of sustained download speed
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=z |
The Internet is not a series of (fixed-width)

tubes

- Some cable companies advertise burst
speed
+ Quota based technigue providing temporary
speed increase of <15 seconds
+ Also affected by other household activity

+ Can't be applied generally to DSL where
sync rate often limiting factor

+ Marginal value to fiber where each
subscriber has potentially available 37 Mb/'s
to 75 Mb/s provisioned bandwidth

» = Links are no longer constant-size bit
pipes

- Measured both burst and sustained
speed

WTS 2014 23

Measuring Broadband America Mobile

- Expanding the MBA program to mobile broadband
networks by releasing the FCC Speed Test App for
Android and iPhone

- We employ the same core principles:

» open and transparent information about mobile broadband
performance

+ encourage improvements in mobile broadband networks and
drive competition and fact-based decision making
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Speed test apps

+ Available to download from
Google Play and Apple app
store.

the user, and also
automatically on a regularly-

Tests will run as requested by

WTS 2014 P!

FOCSPIED TEST SETTINGS (1.51)

Enable Testing

Eruable cr dinabie backgrond &
REALL

Data Used 27.86MB

The amount of mobile data exchading
WiFi) used by this application simce the
star of this billieg month

Mobile data cap: 100MB
The rra v amaunt of mabde data in

Abega Bytik (exchuding 'WiFi) that this
aspplication can wie in a Ballng manth

scheduled basis (Android

ony). et e S
* Measures speed, latency, and o e sl
packet loss. Y - W |
Enal matei L q
- The appis set with a default By | N
data limitof 100 MB per month. | =% B R b
Users mayincrease or e | - B A
decreasethis amount from p— T =
withinthe app. o as ]
th J ™

- Performance History

+ Consumers can view
performance history to see et e
changes in their mobile
broadband network
performance over time.

< fope 1 18 >
W | Upload 188 g
W | Labarey Ll
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1.2 Dr. Teresa Herrera Zamorana

I El Problema...

w
- .
- Como estimar los recursos que se -
necesitan para atender la demanda de los
clientes, en una estructura de Red
compleja
Gwstian - .
o St e e : Teeinica
I El Problema
.. Que cadavez se vuelve mas grande vy 5
- complicada

Dir. Gesfion y Proviskon ds Fed
Teletdnics Espafis
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I La solucion

Este es un problema con dos poblaciones interaccionando

entre si
[ W& W /

I‘;‘
" -
Un alto ndmero de clientes .

I LIn alto numero de
que puede decidir utilizar elementos de Red que han
susenicio en cualquier
g de absaorberesa demanda

mamento
Dir. Bes$an y Prowision ds Sed s f?‘m

Telettnica Espafia

I Cdomo resolvemos problemas

Warren Weaver

Articulo: “Science and Complexity” American Scientist, 36
536-544 (1948)

(Darta, (0220

Los cientificos nos enfrentamos a tres tipos de problemas:

Froblemas de Simplicidad Pocas variables

Problemas de Complejidad Billones de variables, casi

.. Desoiganizada |  ndependientes

MN? intermedio de variables,

Pr-_:_:rhlemas Jde_ con fuertes interacciones
Complejidad Organizada mutuas
E:ﬁ-.sﬁﬂ;;:'ﬁ“umm med z “Felefomicg h
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I Cémo resolvemos problemas

[ Problemas de Simplicidad ] Formulas Analiticas

Problemas de Complejidad Estadistica: La ciencia
? de w

i i i ??7?
Problemas de AL AR
- . Siglo XX Teorias de
Complejidad Organizada Complejidad
Dir. Gesbon y Prowision de Fed 7 Felefonoa

Telettnica Espafia

I ¢ Como es el servicio?

e La demanda es homogénea -

| 3

Todos los clientes requieren de la Red el mismo servicio: Un
canal de 4 KHz de ancho de banda, reservado de extremo a
extremo para la comunicacidn, por toda su duracién.

. .

T~ / WA\ \_~%

Dir. Gesan § Prowision d Red o Felefnic

Teletonica Expalis
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I La Demanda: Distribucion estadistica

El trafico de Voz obedecea una distribucion

2 .
T NG de Poisson J
Axe-ﬂ-
P(x,A) = por

P(x, A) = probabilidad de que ocurran x éxitos, cuando el
numero promedio de ocurrencia de ellos es A
A= media o promedio de éxitos por unidad de tiempo,
drea o producto
x = variable que nos denota el nimero de éxitos que se
desea que ocurra

Dir. Gesfion y Proviskon ds Fed 10 Tm

Telettnica Espafia

I ¢ Sonindependienes las fuentes, y sus efectos?

4  LaReden conjunto es un sistema lineal.
L.: M -~
La suma de procesos de Poisson independientes es
también un proceso de Poisson cuyo parametro es suma
de los parametros de las originales.

&/
/AN X

A\

Dir. Gesdion  Prowiskan ds Red i Felefnic

Teletonica Expalis

A=hi+ Ao+ Aot Agt s
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I .Y qué pasa en las Redes de Datos?

-

&

Redes de Redes de
Voz Datos

1 |La Demanda es homogénea

La demanda obedece a una
“_|distribucidn de Poisson

El sistema carece de memoria

QEICE
o ©

1i| El sistema es lineal

Dir. Basdon y Prowision de Fed - ’?m' ers
15
Telettnica Espafia —_—

I i A qué nos enfrentamos?

~ 2.

11' La Demanda es heterogénea =
No existe una distribucion Binsic e R eies

‘IE, estad'_St'ca universal que y Senvicios de Datos
describa la demanda >_ el

3 Elsistematiene memoria %(:g;r!u?zj;j{?;

4  Elsistema es altamente no

=

lineal _J
Cir. Gasdon y Prowiskin ds Fed T Tmm

Teletonica Expalis
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I i A qué nos enfrentamos?
""'\I

¢ La Demanda es heterogénea
Mo existe una distribucian
E.?,, estadistica universal que
describa la demanda
ﬁ El sistema tiene memoria
4  Elsistema es altamente no
)

lineal _J

Dir. Desdidn y Prowishon de Fed T
Teletonica Expalis

v

f: : -
1..""‘---.
El modelado de Redes
y Senvicios de Datos
es un Problema de
Complejidad
Organizada

Telefonicn
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1.3 Dr. Bert Wijnen

¢ & RIPE
WY NCC

RIPEstat, RIPE Atlas

Bert Wijnen
Science Division

EU SMART workshop, May 2014, Brussels

EU SMART Workshop - May 2014 - Brussels
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» Network operators use tools for monitoring health of
networks

- Ex: Nagios & Icinga
« Tools can receive input from RIPE Atlas, via API
» Benefits:
- Pings from 1,000 out of 5,000+ probes around the world

- Looking at your network from the outside

- Plug into your existing practices

) RIPE
NCC
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Three easy steps:

1. Create a RIPE Atlas ping measurement

2. Go to “Status Checks” URL

3. Add your alerts in Icinga or Nagios

£ & RIPE
"’ NCC

» General case - applicable for ping too!
» Log in to atlas.ripe.net
» Go to “My Atlas” and “Measurements”
» Choose “New Measurement” or “One-Off”
- Most measurements are periodic & last a long time

- Choose type, target, frequency, # of probes, region...
- You will spend credits (next slides)

» More details: https://atlas.ripe.net/doc/udm

e Or use API: https://atlas.ripe.net/docs/
measurement-creation-api/

£ & RIPE
"’ NCC
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« To perform measurements, you spend credits

- Ping costs 10 credits, traceroute costs 20, etc.
 Credits ensure fairness and protect from overload
» By hosting a probe, you earn credits
» Extra credits can be earned by:

- Being a RIPE NCC member

- Hosting a RIPE Atlas anchor or probe
- Sponsoring RIPE Atlas

» More details: https://atlas.ripe.net/doc/credits

& RIPE
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» Status Checks work via RIPE Atlas RESTful API
- https://atlas.ripe.net/api/v1/status-checks/MEASUREMENT _ID/

* You define the alert parameters:
- Threshold for % of probes that successfully received reply
- How many most recent measurements to base the status on
- Maximum acceptable packet loss

e« Documentation:

- https://atlas.ripe.net/docs/status-checks/

¢ & RIPE
W NcC

» Community of operators contributed configuration code!
- Making use of the built-in “check_http” plugin

» GitHub examples:

- https://github.com/RIPE-Atlas-Community/ripe-atlas-community-
contrib/blob/master/scripts for nagios icinga alerts

« Post on Icinga blog:

- https://www.icinga.org/2014/03/05/monitoring-ripe-atlas-status-
with-icinga-2/

¢ & RIPE
W NcC
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» “Old” DNSMON service migrated to RIPE Atlas
» RIPE Atlas anchors used as vantage points

- instead of TTM boxes
 Currently monitoring small selection of zones

- root name servers
- 30 ccTLDs and few gTLDs

» New zones will be added next year
» Give us feedback about DNS alerts!

 https://labs.ripe.net/Members/fatemah mafi/an-
updated-dns-monitoring-service

. & RIPE
W NCC
|
« 5,200+ active probes ———
» 7,000+ active users Gomany
» 52+ active RIPE Atlas anchors Podwaton
United Kingdom 604
 Four types of customised e s
measurements available to probe o -
hosts and RIPE NCC members: Cascn Repunlc 161

Ping, Traceroute, DNS, SSL

¢ & RIPE
W NcC
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e v1 & v2: Lantronix XPort Pro

» v3: TP-Link TL-MR3020 powered from USB port

- Does not work as a wireless router

- Same functionality as the old probe!

e RIPE Atlas anchor: Soekris net6501-70

or- [ — |

¢ 4 RIPE
@ NCC

» Anchors: well-known targets and powerful probes

- Regional baseline & “future history” }

« Anchoring measurements
- Measurements between anchors
- 200 probes target each anchor with measurements
- Each probe measures 4-5 anchors

« Vantage points for new DNSMON service

» Host are responsible for the hardware

» Benefits:_https://atlas.ripe.net/about/anchors/

¢ & RIPE
¥ NCC
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« IXP: Measuring the effect of
installing L-root in
Belgrade/SOX

* DNS: Looking for most popular s oo we

dns fra.nic.fr

instances of .FR anycast servers =~

173 36%
47 10%
2 %
25 5%
19 4%
8 4%

» Events: Measuring Internet
outage in Sudan

£

¢ & RIPE
7 NCC

Page 42 of 77



SMART 2012/0046 European Internet Traffic: Monitoring Tools and Analysis

« Seismograph
- Multiple ping measurements in one view
- Stacked chart and interactive control panel

e

~ e
J e N
1 i | i v  ; s
.- aon T Fios sator e ot
Geta;

sain

;Il; aU\ HH/!}/ n

L

¢ 3 RIPE
7 NCC

« Zoomable ping graph
- Replacing multiple RRDs graphs: zoom in/out in time
in the same graph
- Easier visualisation of an event’s details

- Selection of RTT class (max, min, average)
GERRNR it ik bl " “M

RIPE Atias Home - About AIPE Allas - Gelinvolved + Resuls - My Allas: Christian Teuschel -
You arm hare: hema » Dol & Tools » AIPE Atas
| MyProbes | PuicProbes | FEDIIASFIIC % | FED1:1LASIFIIC Mone *

PB:DA:11:A8:F3: €, None.

TTacomete 1o Frst Hop 192.168.1.1

Curnart data pont resobson o sgaregation sppied
B 200m out

1]

1100 1200 1300

RTT [ms]

Minimum  Average Maximum  95th percentiie
—RATTMin  0494ms 058ms  0.622ms 0.585ms
—RATTAwy  0504ms  O&ms  0.97ms 0.685ms
—RAITMax  D564ms  0.84ms  6.631ms 2.048ms
oNodala 0=0% ©30% =>30% w=>60% m 100%Pkiloss o OPkis sent

Srerming roaut for 10010/ rom 2013-09-04 06:45:40 UTG 10 2013-00-04 14:41:42 UTC

@ RIPE
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» Tagging probes and measurements as
“My Favourites” for easy viewing and selection

e More IPv6-related features

* Increasing probe distribution via RIR cooperation

« Tell us your feature requests:
- http://roadmap.ripe.net/ripe-atlas/

& RIPE
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« If you are a programmer, contribute your code:
- https://github.com/RIPE-Atlas-Community/

« If you are researcher, look & contribute here:

- https://github.com/RIPE-Atlas-Community/RIPE-Atlas-
data-analysis

« Measurements source code available:

- https://labs.ripe.net/Members/philip _ homburg/ripe-atlas-
measurements-source-code

¢ 5 RIPE
’ NCC

« If you want to...
- Help distribute probes
- Give workshops, tutorials and promote RIPE Atlas

e To become an ambassador:

- email mcb@ripe.net and we’ll ship you some probes
- https://atlas.ripe.net/go/ambassadors

» Or consider becoming a sponsor:

- https://atlas.ripe.net/go/sponsors

¢ 5 RIPE
’ NCC
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. Cable&Wireless ( %
=~ SIDN R %
ICANN
" AS34288 OpenDNS
COMCAST G p
e VERISIGN®
& RIFE
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https://stat.ripe.net

» RIPEstat is a “one-stop shop” for information
about Internet number resources

search RIPE

Your network: AS3333, 193.0.20.0/23 e.g.: IPv4 prefixrange, IPv6, ASN
¢ 5 RIPE
7 NCC
I

 Search by:

- IPv4 or IPv6 address/prefix

- AS Number

- Hostname

- Country

- Keywords (new)

e Data includes:

- RIPE NCC: registration data and RIPE Database, routing (RIS),
reverse DNS, RIPE Atlas measurements

- External sources: IRR, RIRs, geolocation, blacklists, M-Lab
network activity

« Web, widgets, data API, text service, mobile app

¢ 5 RIPE
’ NCC
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Other features:

- BGPlay2

- Abuse Finder

- Customisable “My Views”

- History view for RIPE NCC members
- Embed widgets on your site

&P RIPE

» Multiple widget and resource comparison

» In-widget comparison and monitoring

« Visualising bandwidth capacity and network activity
using M-Lab data

« Main old RIS interfaces integrated into RIPEstat

« Tighter integration with RIPE Atlas

- Zoomable ping graph, Seismograph

» Used extensively for Assisted Registry Checks by

Registration Services and LIRs

& RUPE
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RIPEstat - Data API RIPEstat | 27

e RESTful API - =

- first_seen: {
origin: "39556",

) Output JSON, YAMI_ prefix: "2001:67c:b0::/48",

time: "2009-12-11T716:00:00"
|

- last_seen: {
origin: "5580",
prefix: "2001:67c:b0::/48",
time: "2014-05-14T16:00:00"
b
less_specifics: [ ],
more_specifics: [ ],
- origins: [
=iq
origin: 5580,
- route_objects: [
"RIPE"
]
}
1.
query_time: "2014-05-14T16:00:00",
resource: "2001:67c:b0::/48",

 Documentation:
« https://stat.ripe.net/docs/data api.html

EU SMART Workshop, May 2014, Brussels C.d RI PE
W’ NCC

RIPEstat - Widget API RIPEstat | 28

« “Graphical Ul for Data API”
 Build on web standards (HTML, CSS & Javascript)

Prefix Overview (140.78.0.0/16)

This prefix is announced by
AS1205
JKU-LINZ-AS University Linz, AT
and s pant of 140.0.0.0/8, Legacy space,
administered by ARIN. &
g et o 14 TR0 of 014047 080000 UTC

source daw embed code permaiink info

e Documentation:

e https://stat.ripe.net/docs/widget _api.html

EU SMART Workshop, May 2014, Brussels C.a RI PE
W NCC
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Questions & Feedback RIPEstat | 20

e https://stat.ripe.net/index/about-ripestat

e« Email:
 stat@ripe.net

 RIPE Labs:
« https://labs.ripe.net/ripestat

EU SMART Workshop, May 2014, Brussels RIPE

> NCC

 RIPE Atlas: https://atlas.ripe.net
» Apply for a probe: https://atlas.ripe.net/apply

» Apply for an anchor:
https://atlas.ripe.net/anchors/apply/

« Mailing list for active users: ripe-atlas@ripe.net

* Articles & updates on RIPE Labs:
https://labs.ripe.net/atlas

e Questions: atlas@ripe.net
« Twitter: @RIPE_Atlas and #RIPEAtlas

&P RIPE

1.4 Prof. Peter Heinzmann
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mforraSon Sohmodogy resaanch - warw onliabo o

cnlab Inputs to the
Study on European Internet
Traffic: Monitoring Tools
and Analysis

Prof. Dr. P. Heinzmann
cnlab AG undITA-HSRE Hochschule fir Technik Rapperswil
Obere Bahnhofstrasse 32b, CH-8640 Rapperswil
,Tel. +4155 214 3330

07.08. 2014

Deliverable D4: (Draft) Survey of
Measurement and Monitoring

What type of toolsfmeasurements are supported?
* \WWhat is the deployment method?
— Are endusers opting to test?
— Are researchers implementing passive maonitoring?
Metrics/data collected?
* Is the data open (to the public)?
— Whao has accesstothe data?
— Who has accesstowhich parts?
What is the process for verification?
— What are bestpractices for making data verifiable?
Requirements for mobile networks

— How do needs of mobilefwireless stretch our measurement and monitoring
capabilities?

O7.06.2014 Z
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SMART 2012/0046 Objectives

+ analyze existing internet monitoring tools and
methodologies
+ provide concrete recommendations about the

needs and the next steps that Europe should take
in this area

— identify new sources of information beyond the classic
active and passive measurement tools

— find or create new opportunities for data sharing to make
it possible to manage Internet performance on a wider
scale, while managing privacy concemns and exposures

07.06.2014 3

mforraSon Sohmodogy resaanch - warw onliabo o

What type of
tools/measurements are
supported?

Internet Traffic vs. Internet Application
Responsiveness Monitoring

07.06.2014 4
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Performance Benchmarking Environment in a Given

e el

B o B P
-

il

)

W T
Jr g — ISP Bacmone Pearings, IMematonal cormections

07.06.2014 &

ISP’s Definitions

L il DAL s andard D il y L
HATTL™ Pecr

Adveriised Epesd (Tangsd Speed)

Homerw
Praa,

1
1
1
' -
' |—| IEF"s configursd Bervios Epesd |—i
L]
L]
)
)
T
¢

|
'
1
L]
L]
n
1
1
1
1
L}
I

Experiencad Spead (AL Messuraman)  Edge-o-BIAS, Acoess Link >
1

07.06.2014 3]
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Performance Measurement
Platforms Issues

= Type of Organisation
— Academics (RIPE Atlas, _..)
— Cperators

— Regulators (Samknows,
measurement broadband
America)

— Companies (Qokla crniab)
— COpen X (openstreet map)

* Technical Focus
— Access network (wireline,
mokbile wifi, satellite)
— Interconnection/Peering

— Senvice responsiveness (Web,
Mail, DN S)

07.06.2014

= Objective
— Qs

v Speed fulfillment of advertised
speed (users, operaiors,
reguiators)

v Service availabilly (responss
time measurements, DNS, Web
Servers)

+ Web responsiveness
— Met neutrality

« Funding
— State funding
— Universities projectfunding
— Commercial (licenseeas)

Performance Benchmarking
PAB/MPB, CAB, IBB, IAB (Web/Mail)

_E!

Active Fobhg VT
[ i, v PR -
P ce— 50 Szcknone Bearings, Fheratinl commestins

07.06.2014
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cnlab Performance Benchmarking
Services

Personal Access network Benchmarking (PAB)
— End users (testers)run test
Controlled Access network Benchmarking (CAB)
— Probes at residentialzites run tests to reference systems and reference servers
Internet Backbone Benchmarking (IBB)
— Probes in the ISP backbone run tests to reference systems and reference servers
Internet Application Benchmarking (LAB)
— Web / Portal performance
— Mail performance
Mobile Performance Benchmarking (MPB)
— iPhone Speedtest Application
— Android Speedtest Application
— Symbian Phones Speedtest Application
Special services
— Regulator requirements benchmarking (incl. satelite links)
— network load testing
— Debugging, Performance optimization
07 .06 2014 ]

Stakeholders

» Operators / carriers (cnlab licensees)
Engineering, Marketing, Customer Support

+ Users (crowd)

* Regulators

« Consumer organizations
» Media (cnlab clients)

» Companies (cnlab clients)

OT.08. 2014 10
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What is the deployment
method?

Are end users opting to test?
Are researchers implementing passive
monitoring?

07.08. 2014

Accessnet Benchmarking
Customer Experience —
Benchmark ‘ I-, = ==in

! .
over-the-top (BEREC) | T | —
BIAS-to-consumer [FCC) w o

cnlab Personal Accessnet
Benchmarking {FAB)
Best Case

European Internet Traffic: Monitoring Tools and Analysis

eforration beolmology Teseanch - wawoonlatdy

Benchmark _— e
in-net (BEREC) —b — .

Edge-to-BIAS [FCC) —
Access Link (FIRE) cnlzb Controlled Accessnet e
Benchmarking {CAB) Dimtsinese

OT.08. 2014
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Deployment Method: Media & Consumer Organizations

(o~ RUSIE g 3 C;\ [~ 0w |w
SCHWEIZER TYSROGRAS. W YIIEDS W PODCASTS S/ SNOP SNTIRNINMEN  HADRRGIN AT SITEMAP

FERNSEHEN

ST TAGESSOHAY S SPORT o METIO I|II M orwrl Saachen
TURZ

Aktuelle Sendung vom 26.09.2006

SERVICE

KLARTEXY

Pakot von Zunch
Tt verschiececs
t vorglichen, Bas
0 Letarschmcs

07.06.2014 13

Deployment Method:

ISP Marketing/Helpdesk

& Switzerland's number one in broadband Internet
Fastest average download speed **

E Contact
ACCONSNg %0 NEBNdex Com, Comect an of 20 02 204
(]
o
How fast do Hobbit part 2 now
you surf? On Demand .
D B UMM Corle
) ) ) ST
07.06.2014 14
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cnhlab Internet Performance
Benchmarking Services History (1)

« 19495
— developed at Computernetzwerklabor Technikum Rapperswil (P. Heinzmann)
« 19494
— Directory of Internet Service Providers (wwaw disp.ch® (Th. Lithi)
— 24 41555 Ktip, Modem Dialup Tests (Th. Lathi, Ch. Birchler)
« 2000
— performance test probes: SW developed at cnlak (Th. Bruhin}
« 2001
— Public Security Tester
« 2002
— Independent PAB Speed Tester for ADSL sunsite.cnlab-switch.ch (Th. Bruhin}
- 31.10.2002 InfoWeek, Die Kunst, den richtigen Provider zu finden
« 2003
- 18.2.2003 Kassensturz, Lahmes ADSL. Swisscom verspricht Bessemng
— Saldo, Facts Reports

07.08. 2014

n

chlab Internet Performance
Benchmarking Services History (2)

« 2004
— 1.2.2004 Pctipp, Mehr Tempa
— 232004 Kassensturz, Sicherheitslicken im Internet
— 20.6./57.2004 Kassensturz, Internet. Testen Sie lhren Provider
= 2005
— 2222005 Kassensturz, Internet: Provider im Geschwindigkeits-Test
— |BB Probes
- 2006
— 17.10.2006 Kassensturz, Surfgeschwindigkeit von turbo bis Schneckenpost
— Integrationin EL Project COST293
= 2007

— |BB probesin backbones of allmajor SwissSPs andinternational probesin
LIPC backbone

— PAB reference serversin 12 countries

OT.08. 2014

[ :lll
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cnhlab Internet Performance
Benchmarking Services History (3)

2008
— BAKOMIOFCOM Benchmarking «Grundversorgungs

= 2009
— Skylogic Satellitenlink-Tests
2010
— Muobile Performance Benchmarking (MPB) Anwendung fiir iFhone
— Muobile Performance Benchmarking (MPB) Anwendung Android
2011
— Mobile Performance Benchmarking (MPB) Anwendung Makia
— 1.3.2011 Smartphone Speedtest Ankindigung
— 1392011 3marphone Speedtest Bericht
2012
— Integrationwvon Access UnitDaten (Account, Access Profiles)
— Muobile Performance Benchmarking (MPB)LTE

07.06.2014 17

chlab Internet Performance
Benchmarking Services History (4)

= 2013
— Saldo Mobile Performance Benchmarking (MPB) Report
2014
— SRF Kassensturz
— TSR On enparle

OT.08. 2014 18
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Metrics/data collected?

p. 5, QoSitself is not well defined
p. 29, Lack of standards

07.08. 2014 15

QoS (1): EC Directive and
BEREC (ECC) Report

+ 2002/22/EC Universal Service Directive (as
amended by the 2009/136/EC Citizen’s Rights
Directive) contains some tools to empower
consumers to make more informed decisions
regarding their choice of ISP and subscription.

+ CEPT, Electronic Communication Community
(ECC), Report 195 on “Minimum Set of Quality of
Service Parameters and Measurement Methods for

Retail Internet Access Services”, April 2013 by
BEREC

07.06.2014 20
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QoS (2): Relevance of Technical parameters
for the evaluation of typical IAS

| ey Delay Packet
5 { licati 5 | Pack
ervice/Application peed Delay e iaton acket loss arror
| Downstream | Upstream
Broawse (text) ++ ++ i +H4
Browse (mwedia) add - 44 4 A a4
Download file i - v - bk I
Tramsactions - . 4 - Pie T
Strisaming media o . v - 1 [
VolP + + +HE 444 + +
Gaming * + +H + +++ 4+
= . not relevant + shghtly relevant ++! relavant +++: strongly relevant
07 .06 2014 21

QoS (2): Definitions of QoS parameters
which could be considered for I1AS

Parameters related to data transmission speed
Parameters related to service availability/unavailability
Parameters related to delay

Parameters related to delay variation

Parameters related of losing information/IP packets
FParameters related to errored IP packets

Parameters applicable to Internet access senvices that are accessed
via a login process

8. Parameters related to access to DNS senices

o = I T U FUR Y

9 Parameters applicable for mobile Internet access semices
10. Administrative / Mon-technical parameters
11. Subjective evaluation

07.06.2014

5]
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QoS (3): Recommended Minimum Set of
Values and Measurement Units

Determinations of the
No. Paramater Definition valies and measurement
units
The data traremession rate that = achieved sep y | Mirwmum and Average
T for 3 and uph g speciled lest ties values
! speed between a remote webd ste and 3 User's Comgeter

Expressed in Mot's or
(ETSI EG 202 057-04 clause 5 2) kba's

The delay = Ball 1he teng i edlliisoconds that = needod
for an 1CMP Echo RegquestReply (Ping) %0 o vabd IP Average value

ddress. Expeessed inms
(ETSI EG 202 057.04 clause 5 5)

For a grvon pasr of IP packets, parameters regresont
the dfference betweoen the delry in one deecthon
meaiured fof two consecuive packets. Average vidue

3 | Delay vanason
(As defined i ITU.T Recommendation Y 1540 chiuse Expeessed in ms
6.2 4 and with & calculaton method beng based on
ITUT Rec ¥ 1541 Aseex M)
The rabo of total lost IP packet outcomes %0 Sotal
o | Packetioss transsmatied 1P packets 1 3 pogetation of mterest Avesage vakse
rato Expeessed in x107

(ITULT Rec. Y 1540 cause 6 4)

The ratio of total ermoeed IP packet cutcomes 1 the
Packet etror 1otal of succosshul IP packet iransser cutcomes plus Average vakse
1045 erroeed P packet cutcomes in 3 population of merest Expressed in x10*

(ITU.T Recommendation ¥ 1540 clause 6 3)
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|s the data open (to the
public)?

Who has accessto the data?
Who has accessto which parts?

07.06.2014 24
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Number of Measurements per Day
Cablecom, Swisscom, Sunrise

Mumber of measurements per day (01-07-2008 - 09-01-2013) (Mot grouped )

T -
| e || i ”91"33;“]
iral Spead DS Senser DMS Sansesr
Upgrags Froblers
a3 | an
11000
sirpo
Py
PO
m.
©000
m.
#000
ey
e &
ey a4 ,'c-?:_s_

AT Y e

Smp-TOM Jar-T00% M- J00N Sap-J008 |en-3000 ME-T0LE Sap-20LD fen-3001 BE-3001 Sep-3001 jer-20LY Me-I003 Sap-J003 jen-3008
I = &1 Cablecom to Server Al = & Swisscom to Server Al - &8 Sunnse g 'S!rwr#|

07.06.2014 25

Public Statistics

= Historical (per month) for hispeed.ch
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My own Results (MPB Examle)
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CAB Licensees Statistics
(Probes
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PAB Licensees Statistics
(Crowd Measurements)

m[:lmwﬂmd Data Rate Cuomulathve (001-01-2014 - 19-05-2014) (Group by UserlD)
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Imforraiion feoimology rasaarcs - wwwoonlab o

What is the process for
verification?

What are best practices for making
data verifiable?
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Comparison: Average Download Datenrate
[% ofbestISP, averaged for allservers ofthe group]

terope (21)

100% = bast to 3l
referance servers in this group

07.08.2014 3

Comparison: Download Datarate Compared to
Bests

Compare to best for LLI0OM_SC-Residential_CH
Donmbiadivg (03-01-3914 0600100 - 33-03-2354 2011099}
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Comparison: Long Term Evolution
(History 2008Q1 ... 2014Q1)

100 = best w0 all refkrence
seners and nest mr sllparameners History: Overall Score
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Analysis: Crowd Sourced Results: Experienced
Speed/ Advertised Speed (20Mbit/s)

ml)ownload Data Rate Cumulative (01-01-2013 - 31-03-2013) { Group by UserlD)
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Analysis: CAB upc-cablecom Probes
250M Download by Time of Day

Vabues averaged by e of day from 24-02-2014 00:00000t0 25-04-2014 235959
]

TR

o /| .1 I " f
n“"““ mfoTrREon fcdmology resaancd - warw onlabooh
Requirements for Mobile
Networks
On the end device (browser-based, or
Smartphone App)
07 .06 2014 38
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MPB Crowd Sourced Approach

+ Up to 26’000 measurements per day

- Platforms 1<) "/ ovi—

+ Simple mode / expert mode app

07.06.2014 )

MPB Crowd Based
Measurements

[kbivs)

Tf"‘.v

0®
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Android Measurements
(last 30 Days)

07.06.2014 41
chlab MPB Apps Parameters (1)
iPhone | Android | Mokia
[User Inputs inhouse, outdoor, train, car, bus, other
Performance
Client Side| Dwowndoad, Updoad Data Rate, TCP Connect Time
[min, Tsec evg, mex, f second)
Download, Upload Data Rate, TOP Connect Time
ServerSide| Packet Loss, TOP Parameters | win, cemd, |
Location
Logical [Cperator Mobile Country Code [MCC), Mobile Network Code [MINC)
Geographig GPS, WLAN Cell Location, Mobile Cell Location
Movemnent Spesd, Distance Taweled durine Messurement
|RAM & Connection Parameters
CelllDg A EDGE Coilil: 14753 Cll: SSSDE510
Received Signal Level e S Y R —
[Signal Strength R A
Mabile EE EIEE! sk
evpa e A - Eraree 4] camsiace
wwan Miobil[ LTS
Connection Type Mobile [HEDPA ) Wik dade
Miohile| HERLY
OE
WLAN w\r‘r::e:x Wi iode
- — Ethemetiiods
0705 2014 Compare with: 4
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Crowd’s Own Results Viewer
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Download Fastest Second
JG-Messungen 14.7-13.9.2011, Swisscom

iPhone 4
1Phone 3GS

B

=
GT-19100
a0 HTC Desire HD
1| iPhone
’ a il 2000 3000 A000 5000 &l :lE_7 lesi] 000 000
[kbit/s]
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Geographic Distribution
Switzerland

07.06.2014 48
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Application Benchmarking

Per application measurement -- how to
tell whether there’s throttling, whether
certain protocols aren’t working and
why, etc.? (“root cause analysis”)

07.06.2014 47

What Happens in an Internet Minute?

Ref: February 24, 2012, Intel Free Press,
What Happens In An Internet Minute?

And Future Growth is Staggering

() (Ong & L5

rr— — . ‘ B & . 2 ’ = 1 IP
e (MU s -
retworked deviess "l : ratworked Sevices ~ H: 7o 3 yoors
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cnlab Webmonitor: Webmail
Messsystem

Mittelz eines in Java implementierten Testscriptz wird ein Firefox-Browser
ferngesteuert. Dabei kinnen sdmiliche Benutzer-Aktionen (Tastatureingaben,
Mausklicks, usw.)=simuliert werden.

Die Resultate der durchgefihrien Aktionen werdenin einer Datenbank gespeichert
und kbnnen dber ein Web-Interface visualiziert werden.

Jede Messung startet einen eigenen Browser 3

mit geldzchtem Cache. ’,e?- alktiviert- "3
 Sever 150NMhit's ess-Obyest

Aufgezeichnete Daten: ;1;_[‘_"‘“"’:," | WebMoniior

Timing aller Reguests Messscript spusichient

* Reguest- und Rezponse-
Header —visualisien-+ (@l =

+  Abgerufene Inhalte (bei Bedarf)
+ Fir jede Aktion kidnnen Test-Kriterien
(z.B. erwartete Inhake) definiert werden.
* Im Fehlerfall wird ein Screenshot gespeichert

Web-lmerfacs
Resullate

Bascheeibung cnlab WebhModitor:

07.06.2014

Total Load Time Histogram

GET hopc s/ wwah amazon.ch
GET houp /v, boodies ch
sCET hop/vew, Btk Of
wCET hnp /A, BB hopping o
wCET hop S fwven. exiben ch
wGET hop /v welthild ok

5 Mumper of fleasungments;:

07.06.2014 ]
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Total Load Time Graph
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Conclusion, Next Steps,
So What
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To understand
«End-user Experience»

* Do comparative measurements and analysis
» Bottleneck moves from the access network
— to the home network (wlan, pc, switches, nat, ...)
—to servers
—to backbones, and international connections
* Don’t forget
— Content Delivery Networks/Services (CDN)

— The real customer problem: specifically used
applications responsiveness

07.06.2014 53

Links

+ Some SpeedtestServers

Mew interface:

+ Maobile:
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