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Performance Testing of Packet / Ethernet Connections and Ne

For Predictable A RFC-2544 \ Service Level Agreements

Managed Networks A ITU Y.1564 (SAM)/ from Network Providers, a must

A RFC-6349 (TCP)
\ User Experience,

Application-Network Sensitive,

TCP Tuning

SAM 1 Service Activation Methodology

TCP 1 Transmission Control Protocol
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Packet / Ethernet Testing

HTTP, FTP, Email,

Application Facebook, Youtube, etc.
~
Network
RFC 2544
Datalink o~ ExpertSAM (Y.1564 testing)
Physical
vy
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End-to-End Throughput

Network Throughput
Latency

Packet Loss
Back-to-Back

Jitter
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Typically
Packet Loss

0.0005 % to 1%

Latency

36 to 75 ms

Availability
99% to 99.9%

ypicabLA

EXHIBIT D — Service Level Agreements

1. Service Level Agreement Matrix

Service Level Agreement Metrics

Category/Service : :
gory Mean T'":'E Availability Packet Delivery or Jitter Latency
To Repair Loss
Internet Services
Internet Dedicated | 4hrsto8
(North  American depgfdmg 99.90% > 99.50% <1ms | <45ms
IP Network Only) ON ACCess
SOHO Services
Internet Cable 24 hrs
(Excludes
Internet DSL - | VWeekends 99.00% 99.00% <=4 ms =75 ms
Office & Solo and
Holidays)
Internet  Satellite
Enterprise & Office NJA 99.90% =1% NA MN/A
Managed PBX and VolP Services
Hosted IP Centrex EF- =2 99.995%,
_ 0,
P Flexible T1, P | <aps | 99.90% | o 299% 1 e |<36ms
Integrated Access, depending on
IP Trunking access
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RFE544 vs. ITU Y.1564 (ExperiSAM

Both are Connectionless
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ITUY.1564
Multiple Services with different priorities

RFC 2544
Single Service Test
Throughput <
Latency
Frame Loss
Back-to-Back
Jitter



RFE544 Testing

Dual Port RFC-2544

—

- TX
Qi 980060000000000660000
LI
<€
Rx

PacketExpert 10GX

Single Port RFC-2544

Layer: Edermet -
Edernet - 0921280 0344 > 00.21.2 09 03 fe, LenlType| 8347 -
VLAN - Disabled -

Tx TIME

194 Disadled
UOP: Disadled

Payload - Fixed Patiern, 1234 o
Traffic - Rate « 25.000.RatcUnit « Peccentage -

PacketExpert™ 10GX Rx TIME

Latency=Rx TIME- Tx TIME

RFC-2544 test application includes the following tests:

MAPS, IP/UDP -
T - /

Frame
Loopback

NETWORK

Layer2 (Stacked VLAN),
MPLS, IP/ UDP

)

A Throughput - Maximum number of frames per second that can be transmitted without any error

A Latency - Measures the time required for a frame to travel from the originating device through the network to the

destination device.
A Frame Loss-Measur es

A
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t he net wor kods

response

i n overl oad

Back-to-Back - It measures the maximum number of frames received at full line rate before a frame is lost.
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ITU Y.1564 (ExpertSAM

Service Level Agreement IR, FLR, FTD, FDV
(SLA)

Service Configuration Test

(5CT) ﬁﬁ Multi-Stream

Service 1

|
60 sec E 60 sec
|

Time b ] Service 12
{in sec)

Service 1 | 5 Mbps A Throughput

Service 2 ( " 2 Mbps A Latency
Service Performance Test A PaCket L. oss
(SPT) Service 3 O 3 Mbps .

| A Jitter
Service 12 ' 10 Mbps

Time Video, Data, Voice

{in mins)

Duration: 15 mins — hours
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Testing Relevance

Single-service
Layer 2/ 3/ 4 SLA Yes Yes N/A
Issues like loss, jitter

Multi-service
Layer 2/ 3/ 4 SLA No Yes N/A
Issues like loss, jitter

TCP window sizes

(CPE issues) No No ves

Excessive retransmissions due to policing No No Yes

A Running RFC-2544, Y.1564 or another L2/L3 layer test is always first step.
A However, even after these performance tests are passed with good results, end-customers can still complain that
t he Anetwork is slowo and the cause of poor application

A Lack of TCP testing is a turn-up gap because end-customer applications are transported using TCP.

A Save operating expense costs by eliminating or quickly resolving painful end-customer finger pointing scenarios.
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TCP Principle

(Packet Loss and Waiting for ACK Reduces Throughput)

; WebServerHost FTP

53

Browser, Email, FTP ~o
' == Packet Loss 7; =
- & A Data Storage Tﬁ'{l‘;’_tp S[I;,IJSP
Network ~ TCP
- @ﬂ B
Email server FTP
Application Application
Read Write Read Write
T \if DATA T wlb
e W i | Rwno  cwno.
o : ' }Data _: : : :
I T === e e e . e o s s o o o o — -
(I il R D Et;""EcR( """"""" : :
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Major TCP ThroughputRe&tionships

A Bandwidth of Applications

A Latency/Delay of Networks

A Packet Loss Networks

A TCP Retransmission Scheme

A Maximum Transmit Unit of Network
A Transmit/Receive Windows of TCP

A # of TCP Simultaneous Connections
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Bandwidth Delay Product (Bits or Bytes)

Application and Network are Matched, TCP is Tuned

Clients Web Servers

= N Bandwidth (B) -
L :' Bandwidth (bps), Mbps, the

= = Ty maximum rate at which an

B= 10 Mbps T — . : application can transmit or
RTT = 50 ms — e receive data (the smaller of
the two). Line rate may be

shared among applications

B*50 = 500,000 bits
or 62,500 Bytes

Bandwidth Delay Product

65,535 Bytes is max Y
(BDP) - measured in bits or

window .

(Decreases bytes (divided by 8), the
Achieving max throughpuf) number of bits (or bytes) in
throughput the network that are

i \{ Sent to Web Server UnaCknOWIedged (In
o transit), B (bps) * RTT
(secs) = BDP bits
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Effect of Increased Network Delay or Smaller Tx or Rx Buff

B = 10 Mbps
RTT =100 ms

B*100 = 1,000,000 bits
or 125,000 Bytes

But 65,535 Bytes is max
window

NOT Achieving max
throughput, 50% or less
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Latency, Delay, Round
Trip Time (RTT) - in
seconds (secs), or
milliseconds (ms), round
trip time includes
acknowledgement delay

TCP Throughput -
bits/second (bps), million
bits/second (Mbps), One
way throughput
(RFC2544, Y.1564),
Round-trip throughput
(RFC-6349) is a different
story since
retransmissions and
acknowledgements are
involved.
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