
the Path to Excellence

Net.Audit distributed Test System

SLA check, SLA definition, SLA Monitoring, SLA Monitor, SLA Quality System, SLA 
Service Assurance, SLA test, SLA conformance, IP QoS, Y.1541, real-time detection and 

classification of disturbances, IP QoE, SLA verification, IPER, IPRR, IPTD, IPDV IPLR 
measurement, Availability, MPLS QoS, SLA telecom, bandwidth profile, GOLD SILVER 
service, VoIP IPTV testing, Live Monitoring 24/7, Enterprise Grade Central Monitoring,

SLA & QoS in-service Measurements in Ethernet / IP networks



©
 2

01
1 

A
LB

E
D

O
 T

el
e

co
m

 -
 A

ll 
rig

h
ts

 r
e

se
rv

e
d

2
 2

3About ALBEDO Telecom 

ALBEDO Telecom offers a full range of telecommunication products and services that help your 
organization make the most of your investment in telecoms.

• Hand-held testers: E1, SDH, GbE, SyncE, IP, IPTV, VoIP, Datacom, Jitter, Wander

• Impairment Generator: Carrier Ethernet and IP

• Acceptance Labs: IPTV, VoIP, ISDN, POTS

• Distributed Test System: SLA, QoS, Bandwidth profile

• Professional Training: xDSL, PON, Carrier Ethernet, MPLS, SDH, Synchronization, IPTV, VoIP

• Consultancy / Integration: IPTV, VoIP
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3How different Circuit & Packets networks are

SDH NG

Ma
pp

ing
 in

 Fr
am

es

S
D

H
 N

G

SDH NG

NE-y

NE-x

NE-y

NE-x

NE-y

NE-x

NE-x

NE-y

NE-y

NE-x

Network-j

Network-i

Network-k

Circuit Networks Packet Networks

Dedicated Service Shared Service

- Permanent Performance

- Delay constant

- Jitter/Wander predictable

- BER follow known patterns

- Performance is function of the traffic

- QoS depends on traffic, routing, service, time

- Packet Jitter is unpredictable

- Error may follow multiple patterns



©
 2

01
1 

A
LB

E
D

O
 T

el
e

co
m

 -
 A

ll 
rig

h
ts

 r
e

se
rv

e
d

4
 2

3Test & Measurement in TDM networks

• In TDM measurements (Quality, Round-Trip-Delay, BER) are executed out-of-service (OOS)

• A physical loop-back is generally used

• Results are also valid when the network is in-service (IS)

ADM ADM

A
D

M

ADM

A
D

M

ADM

PWR
DC

SDH Tester

SDH

BERT test APS test

PWR
DC

SDH Tester

loop back loop back
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3Measurements in IP / Ethernet

• QoS and Performance measurements are just a snapshot of the network when test is executed

• However, traffic is changing continuously then networks conditions too

• Measurements must be executed IN-SERVICE and permanently

CONCLUSIONS

1. Out-Of-Service performance tests (i.e. RFC-2544) are NOT VALID in IP / Ethernet

2. QoS results on Jan 23th at 10:45am are ONLY CORRECT for Jan 23th at 10:45am

Loop back DeviceRouter Router

Server

Switch

PWR
DC

Ethernet/IP Tester

Tester

BUT Network Traffic Conditions are changing permanently !!

Jan 23th at 10:45am
RFC-2544 test

IP / Ethernet
PWR

DC

GbE / IP Tester

Out of Service
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3IP Bandwidth is based on complex algorithms

Admission control for Ethernet/IP may use four parameters defined by the MEF

• Committed Information Rate (CIR) — average rate up to which service frames are delivered as per 
the service performance objectives

• Committed Burst Size (CBS) — maximum number of bytes up to which service frames may be sent 
as per the service performance objectives without considering the CIR

• Excess Information Rate (EIR) — average rate, greater than or equal to the CIR, up to which service 
frames do not have any performance objectives

• Excess Burst Size (EBS) — the number of bytes up to which service frames are sent (without 
performance objectives), even if they are out of the EIR threshold

O
u

tg
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ng
tr
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fic

Mbit/s

Mbit/s

EIR

Incoming traffic

0
EIRCIR

CIR

Green
Traffic

Yellow

0

Burst

8
7
6
5
4
3
2
1
0

CIR CBS

EBSEIR

100 Mbit/s

Incoming

MB
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R
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Y
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CIR

DropOutgoing

Outgoing

(green)

(yellow)

(red)

CBS

EIR

Incoming

EBS

CIR, CBS, EIR, and EBS

Drop (?)

Bandwidth (BW)
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3QoS rec. ITU-T Y.1541 

• The ITU-T Y.1541 is equivalent to TDM (G.821, G.826, M.2100) applied in IP network

• The rules for TDM based quality objectives defined in a single event: BER

• The latency Y.1541 incorporates the objectives through new parameters: IPTD, IPDV, IPRR

IPTD: IP Packet Transfer Delay, 
IPDV: IP Packet Delay Variation,

Network Class (ITU-T rec. Y.1541)

0 1 2 3 4 5 6 7

IPTD 100 ms 400 ms 100 ms 400 ms 1 s U 100 ms 400 ms

IPDV 50 ms 50 ms U U U U 50 ms

IPLR 1x10E-3 U 1x10E-5

IPER 1x10E-4 U 1x10E-6

IPRR Undefined 1x10E-6

Any route/path
Long queue, drop 

priority
Low loss only( short transactions, bulk 

data, video streaming)4

Any route/path
Separate queue 
( lowest priority)

Traditional applications of default IP 
networks5

Constrained routing 
and distance

Real-time, Jitter sensitive, high 
interaction, high quality (IPTV)6

Less constrained 
routing and distances

Real-time, jitter sensitive, interactive , 
high quality (IPTV)7

Less constrained 
routing and distances

Transaction data, interactive3

Constrained routing 
and distanceSeparate queue, drop 

priority

Transaction data, highly interactive 
(Signalling)2

Less constrained 
routing and distances

Real-time, jitter sensitive, interactive 
(VoIP, VTC)1

Constrained routing 
and distanceSeparate queue with 

preferential servicing, 
traffic grooming

Real-time, Jitter sensitive, high 
interaction (VoIP, VTC)0

Netw ork Techn iquesNode Mechan ism sApp lications (exam ples)Class

Any route/path
Long queue, drop 

priority
Low loss only( short transactions, bulk 

data, video streaming)4

Any route/path
Separate queue 
( lowest priority)

Traditional applications of default IP 
networks5

Constrained routing 
and distance

Real-time, Jitter sensitive, high 
interaction, high quality (IPTV)6

Less constrained 
routing and distances

Real-time, jitter sensitive, interactive , 
high quality (IPTV)7

Less constrained 
routing and distances

Transaction data, interactive3

Constrained routing 
and distanceSeparate queue, drop 

priority

Transaction data, highly interactive 
(Signalling)2

Less constrained 
routing and distances

Real-time, jitter sensitive, interactive 
(VoIP, VTC)1

Constrained routing 
and distanceSeparate queue with 

preferential servicing, 
traffic grooming

Real-time, Jitter sensitive, high 
interaction (VoIP, VTC)0

Netw ork Techn iquesNode Mechan ism sApp lications (exam ples)Class

IPLR: IP Packet Loss Ratio, 
IPER: IP Packet Error Ratio 
IPRR: IP Packet Reordering Ratio

Class 0: i.e. PSTN-quality VoIP
Class 1: i.e. ISDN-quality VoIP
Class 2: i.e. Signalling
Class 3: i.e. Business Data, Internet access
Class 4: i.e. Internet access
Class 5: i.e. file transfer, back-up, P2P applications
Class 6: i.e. IPTV conference 
Class 7: i.e. Video on Demand.
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3Net.Audit: a real-time test system

• Active and Independent In-Service measurements of IP QoS + Bandwidth

• Net.Audit does not compete but complements router based applications (i.e. CISCO SLA)

• Net.Audit competitors ARE testers that execute unappropiate out-of-service measurements

 

Probe

web server

SLA Monitoring

IP
LAN

Results

IP

VoIP

IPTV

Data
Multiplay

BW

Up & Downstream 

Internet
 Browser

SLA

Q
oS

GPS 

Router

Switch

Results

Results

GPS 

Net.Audit

Net.Audit

Probe
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3SLA Reports: Traffic Load (UP/DOWN)

In IP Networks bandwidth demands are generally Asymmetric!
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23SLA Reports: Delay and Jitter 

IP Networks require ONE-WAY-DELAY measurements because UP/DOWN delay is often different
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23SLA Reports: Network Availability 

Upstream
Downstream

Availability is not five-nines any more (99,999%) but when failure occurs?
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23SLA settings - PASS/FAIL results

Customer SLA Settings

Customer SLA PASS/FAIL
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23Why Net.Audit is UNIQUE - ten reasons ten

1. Net.Audit is a system based on Active Probes and distributed Measurements

2. It’s NOT based on Routers or Switches MIBs but oriented to Connectivity Services

3. All the measurements are performed In-Service then it matches packet network nature

4. Net.Audit is able to measure ONE WAY DELAY

5. Probes does not NOT rely on NTP but can be GPS synchronized to get accuracy < 1ms

6. Support of DSCP Classes of Service to check how the network manage each type

7. Net.Audit probes can be connected at ANY Ethernet interface with IP connectivity

8. Measurements architectures: Serial, Parallel, Point-to-Point, and Multipoint-to-Multipoint

9. Full Net.Audit solution includes Net.Storm an In-Service Internet Simulator

10. Automatic Report Generation (Executive, CSV, HTML) to disk or to e-mail
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23In-Service Measurements 

• QoS & Performance measurements in IP networks must be in-service and long duration tests

• This requirement guarantees real traffic conditions and identifies traffic correlations

• Gigabit Ethernet testers can give snapshots only of some traffic conditions in permanent change

• Out-of-Services measurements are only valid in TDM (SDH-PDH-WDM) networks

Net.Audit Probe Net.Audit Probe

SLA

LAN VoIP

IPTV

Data

Multiplay

QoS / BWp

Carrier VPN
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23 ONE-WAY measurements & GPS synchronized

• As routers are not Synchronized measurements CANNOT BE ACCURATED 

• Routers only measure TWO-WAY

• Vendor Router Applications do not separate Up / Downstream do not support ONE-WAY-DELAY

• Accuracy and one-way measurements matter: i.e. 15ms jitter causes video degradation

• Net.Audit probes are synchronized via GPS that provide traceable results better than 1ms

GPS 

GPS 

IP / MPLS

SDH NG

LER

LSR

MPLS

LER: Label Edge Router

LSR: Label Switched Router

LSP: Label Switched Path

CPE
Net.Audit Probe

Net.Audit Probe

Upstream

Downstream Ups
tre

am
Dow

nstr
eam

OWAMP
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23Automatic Reports Generation 

• Reports and Results CSV and HTML graphical formats

• Executive Summary Report export to email addresses
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23Net.Storm: in-service Internet simulator

• Emulate network conditions (IPTD, IPDV, IPLR, IPER, IPRR) by hardware (accuracy < 1 μs)

• Simulates link bandwidth with microseconds resolution

• Whole Bandwidth calculations with absolute precision

• 15 programmable filters based on VPN, VLAN / MPLS tags, MAC / IP address, and many more.

Packet Loss

Packet Delay

Contention

Continuity error

Packet Jitter

Transport error

HDTV

Packet Duplication

 Data

Net.Storm

Audio

Data

Video

Packet Reordering

Shaping

Bandwidth limitation

IP

Mobile

LTE

Net.Audit Net.Audit

VoIP
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23Point-to-Point & Multipoint-to-Multipoint

Multiple configurations and architectures are possible:

• Point-to-point, point-to-multipoint, multipoint-to-multipoint

• Serial and parallel configurations

Switch

Voice

Router

Switch

Switch

Critical Data

Data

VPN

SLA / QoS / BWSLA / QoS / BW

QoS VPN1

Voice Data

QoS VPN2

MPLS

Net.Audit

Net.Audit

Net.Audit

Server

OWAMP

OWAMP
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23Support of DSCP Classes of Service

• The DSCPs can be enabled to define high-quality services for applications and selected users.

• Net.Audit probes considers DSCP to confirm SLAs are met for both regular and exclusive services

• Net.Audit can measure the effect of different Classes of Service in terms of QoS

Voice

Switch

Voice VoiceVideoVideo DataData

#1: 10.0.0.1/10.0.0.2, DSCP Video

#2: 10.0.0.1/10.0.0.2, DSCP Data

#3: 10.0.0.1/10.0.0.2, DSCP de Voice

Optical 

MAC Tunnel LSP
VLAN

VCG Tunnel LSP
Fiber

WDM
Optical 

MACTunnelLSP
VLAN

VCGTunnelLSP
Fiber

WDM

Router

VPN VPN
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23ALBEDO Net. Audit Benefits

Net.Audit is an in-service test system to verify critical communication services:

• Real END-TO-END measurements even behind NAT 

• Based on OWAMP One-way Active Measurement Protocol [RFC4656] for one-way metric

• Synchronized probes for High accuracy QoE measurements of Bandwidth, QoS and SLA

• Automatic results by e-mail, web browser, and csv file

• Self installation system, no screen, no keyboard, no expertise required, only remote access

• Multiprotocol IPTV, VoIP, and Critical Data enabler

• Allows the customer to define QoS objectives or SLA

• Centralised management, remote configuration with no field engineer required

• Automatic results by e-mail, html / java, and csv file
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23What Routers CAN’T do 

Routers have not been designed to measure:

1. NO ONE-WAY measurements only two-way (or round trip)

2. NO MEASUREMENTS through NAT

3. NO END-to-END measurements

4. POOR ACCURACY since routers are no synchronized

5. NO MULTIVENDOR, only proprietary solutions (all routers must be of the same vendor)

6. Measurements based on PING which are low priority and can be dropped easily

7. NOT ABLE to SIMULATE network traffic conditions
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23What GbE testers CAN’T do

GbE / IP testers have been designed like the old PDH / SDH testers:

1. NOT ONE-WAY measurement enabled

2. NOT designed for IN_SERVICE measurements

3. NOT designed for LONG TERM measurement (at least one week)

4. POOR ACCURACY, -since hand-held testers are not synchronized

5. NO MULTIPOINT-TO-MULTIPOINT measurements

6. NO CENTRALISED measurements (requires field engineer)

7. NOT ABLE to SIMULATE network traffic conditions




