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Agenda

– Company Experience
– Broadband Service Assurance

• VoIP Use Cases
– Key Performance Indicators (KPIs) Recommendations
– Demo
– Q&A
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Company at a Glance
• Headquarters in Bedford, MA

• ~ 250 employees worldwide
• Regional offices in the United Kingdom and Japan

• Sales offices - Argentina, Distributors - Mexico/Brazil

• Empirix founded 2001
• started as Hammer Technologies, founded 1992

• Strong balance sheet; no debt

• 3 Business Units
• Service Assurance, Network Assurance & Call Center

Empirix leads the market in 
service quality assurance 
solutions for new 
IP communications.

•
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Hammer Technology 
For VoIP/NGN/IMS Test & Monitoring

• Call Generation
– Load and feature
– IP and TDM
– Signaling and media

• Analysis
– Protocol
– Media
– Voice quality

• Device and Network Emulation
• SIP trunk testing

• Service Monitoring (XMS)
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History of Telecom Industry Innovation
• First test system with the ability to 

recognize voice prompts
• First to include industry-standard scripting 

(Hammer Visual Basic)
• First VoIP test system with industry 

standard voice quality assessment
• First IP-based call generation products 

with H.323 and SIP capabilities
• First test system to provide wire-rate 

Gigabit network emulation ability
• First test platform to incorporate multi-

media test capabilities
• First to provide a VoIP-specific test suite
• First VoIP test system to incorporate 

network processors
• First application-aware system with real-

time multi-stage call display
• First to provide an IMS core application 

device & function emulator

First telecommunications system to integrate 
both voice and data test capabilities in a single 
system

First to deliver VoIP test system with industry 
standard voice quality assessment (PSQM)

First VoIP test system to incorporate network 
processors

First to provide an IMS core application device 
emulator 
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Experience through…
participation in the Industry

• Industry Forums and Standard Groups
– IP Forum
– IMS Forum
– MultiService Forum
– University of New Hampshire Interoperability Lab
– V2oIPQA (Voice & Video over IP Quality Alliance)
– CableLabs
– ETSI, IETF
– VXML Forum

•Customers and Partners (NEM) 
– Verizon Labs
– Nortel
– Siemens/Nokia 
– IBM
– Sonus
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Service Provider deployments (partial list)
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IP Voice Quality : Factors impacting quality

Gateway Gateway/Phone

Lost Packets
CODEC
-introduces 
some distortion

Jitter

Late packets 
are discarded
by jitter buffer

Round trip delay

Thinking on this level NOT enough
-'...-
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• Not Pipes & Packets BUT…
People & their applications/transactions
– Being alerted proactively to any anomaly,anytime,asap

• 24/7/365 visibility
– Knowing exactly who & what services were affected
– Finding out exactly where problem occurred

Requires Change of Mindset

VoIP is the “canary in the coal mine” 
for Broadband Services

-'...-
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Network Health & Diagnosis
Real-time & Historical

•From National down to individual 
caller
•Real-time and Historical data to 
provide critical views to help 
operations:

–Identify failed calls due to trunk 
group utilization or provisioning 
problems
–Identify and remedy voice quality 
problems due to network 
equipment anomalies
–Recognize resource constraints 
leading to service degradation
–Perform failure analysis and 
provide both proactive and reactive 
network monitoring

Busy Hour Call Graph for Jun 6, 2005 through Jun 22, 2005
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What Customer Service Rep sees (if monitoring in place)
- The Good, the bad or the ugly? 

Hammer

If Search)IEither Phone 81 Begins With BI
oLast Hour 0Today 0 Range Start 103/01/2006 932 AM ~ End ~05/04/20061 032 AM PI

/~,

Time .. Subscriber Name Source Address Subscriber Phone Destination Name Destination Address Destination Phone Duration Fail Reason Istatus IDetails )
Man, Mar 27 091944 EST 2006 5.52.184 2604853660 1.16.164 8102589319 000000

Man, Mar 27 091944 EST 2006 1.16.13 2604853660 5.52.184 8102589319 0000:00 SS7 No circuit available; Escalate

Man, Mar 27 09:1944 EST 2006 5.52.184 4072488504 1.255.160 5166989438 0000:00 Escalate

Man, Mar 27 09:19:44 EST 2006 1.16.13 4072488504 5.52.184 5166989438 00:00:02 Escalate_. -

Man, Mar 27 091944 EST 2006 5.52.184 7819326915 1.16.11 01138733647011 000000 SS7 User bUSYi . . Escalate

Man, Mar 27 091944 EST 2006 1.16.3 7819326915 5.52.184 01138733647011 000000 _SS7 User bUsy;_ Escalate
.- --

Man, Mar 27 091944 EST 2006 5.52.184 8564246554 1.255.160 9547843752 0000:00 SS7: User busy; Escalate

Man, Mar 27 09:1944 EST 2006 5.52.184 9374733007 1.16.11 9378847408 00:00:01 Media Escalate
- --

Man, Mar 27 09:1944 EST 2006 1.16.13 8564246554 5.52.184 9547843752 00:00:00 SS7 User busy; scalate

Man, Mar 27 091944 EST 2006 1.16.13 6083287121 5.52.184 6084820832 0000:00
-- - --

Man, Mar 27 091944 EST 2006 1.16.13 9374733007 5.52.184 9378847408 000001 Media Escalate

Man, Mar 27 091944 EST 2006 5.52.184 6108266359 5.65.29 5703258310 0000:00 SS7 User busy; . Escalate
-

Man, Mar 27 09:1944 EST 2006 1.16.13 6108266359 5.52.184 5703258310 0000:00 SS7 User busy; . Escalate
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Need to quickly escalate to technical resource
•

File EdIt View FavorJte~ Tools Help

VIlGO unks»~'"

Hammer

P Search U Favorites

Either Phone

Time Subscriber Name Source Address Subscriber Phone Destination Name Destination Address Destination Phone Duration Fail Reason Details

Wed, Mar 0815:28:47 EST 2006 Michael Khan 10.16.82.2 6171010001 10.16.82.112 6171010025 00:00:13 Show

Wed, Mar 08 15:28:42 EST 2006 Michael Khan 10.16.82.2 6171010001 10.16.82.112 6171010030 00:00:00 MiM=Mma Show

Wed, Mar 08 15:28:30 EST 2006 Michael Khan 10.16.82.2 6171010001 10.16.82.112 6171010029 00:00:06 Show

Wed, Mar 08 15:28:12 EST 2006 Michael Khan 10.16.82.2 6171010001 10.16.82.112 6171010028 [00:00:13 Show

,", @]lflOOE:3'f»J !iead

https:!/192.168.20.75/Monitor/CaIlQLadder.jsp?5744739
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Using Diagnostics to trouble shoot issues

• Active and completed calls
– Search and filtering parameters
– Error highlighting
– Sort by any field in display
– Save call for future reference

• Drill-down to call details
– Simple double click
– Multi-leg ladder diagrams
– Call Info for each call leg
– Signaling and media metrics
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Call Detail – Voice Quality measurements 
hops from PoP1 - PoP2 - VoiceMail servers across IP backbone

Voice quality metrics 
on every RTP stream 
through PoP.

[20, 14:38:00.209793, RTP 2, 10.128.86.58, 198.181.94.163, 54702, 9106]

OutBound Stal:t Media:

Stal:t Timestamp
End Timestamp
Call SI:C IP
Call SI:C POl:t
Call Dst IP
Call Dst POl:t
Payload
R Factol:
MOS

~ed Jan 30 14:38:00 EST 2008
~ed Jan 30 14:38:03 EST 2008
10.128.86.58
54702
198.181.94.163
9106
pnrn
93
4.19531 vi



Empirix Confidential 1515
| 15

Customer Experience by Stream direction 
Media Quality and Stream Quality Signature (SQS)

- Call Details LJ[Q]~

Media Destination IP 10.16.82.2

Media Destination Port 50018
Direction InBound

No data available for display.

Payload PCMU

R Factor 93
Worst Instantaneous RFactor 93
MOS 4.19531
Worst Instantaneous MOS 4.19531

"P".'",ke",t",'Rc;:e:::'e::iv:;:e"d -F,;84"'1=,--- -I- 8 SQS
Bytes Received 183338

Packets lost 0 SQS Graph

B MOS/Packet loss % liS, Time

MOS/Packet Loss % ys. Time

0.0-==================================================-0.0
12:55:50 12:55:55 12:56:00

Time

II'"
SQS

5.0,r---------------------------------;:---------------,110.0 ";t
7.5 ~

5.0 ~

2.5 ..,

~ 500­
;;;
> 250-

0-

U>
o 2.5:::

Media Destination IP 10.16.82.3
Media Destination Port 40018

Payload PCMU

Media Source Port 50018

Worst Instantaneous R factor 45

Average Burst loss Rate 0.00%

Direction OutBound

Average Burst length (ms) 0

R factor 59

Packets 005 0

Jitter Avg, (125 us) 3

Jitter Min. (125 us) 0
Jitter Max. (125 us) 6

Packets Duped 0

Metric Value

Start Time Thursday, March 18, 2010 ... ,.,

End Time Thursday, March 18, 2010 ..
Media Source IP 10.16.82.2

Packets Dropped by JBE 0

EJ RTP-2

"P".c:::ke",t",'Rc;:e:::'e::iv:;:e"d -f,'80"'0=,--- -I- 8 SQS
Bytes Received 174400

I_ MOS - Packet Loss % -Avg. Packet Loss % -Final MOS Score 1

'"
SQS

SQS Graph

Export as HTMl I

0-

..
~ 250­
>

Packets Dropped by JBE 0
Average Burst length (ms) 480

Jitter Min. (125 us) 0

MOS 2.91797

Packets OOS 6

Average Burst loss Rate 14.00°/0

Packets Duped 16
Packets lost 42

Jitter Avg. (125 us) 4

Jitter Max. (125 us) 150

Worst Instantaneous MOS 2.21484

Slide Sorter
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Accessing Reports for Network Health

• Standard reports for:
– Call Summary 
– Call Details
– VoIP Media
– Protocol summary reports
– Busy Hour Call Attempts
– Top N Callers

• Customize view of data by:
– Time
– Carrier Customer
– Network Segments
– Network Identifiers (tags)
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Defects Per Million Report

Alarm threshold

~ Call Detail Summary for March 3, 20

Regions =Region1

" New column " "CI) CI) CI).. .. 1i) "~ ~- Q. "
..!c-

E CI) ';
CI) c.2 - IL U)

~
0 en 0 ';
U en U IL en D-

CI) - uCI) en Et: Et: ::E en u en en "ii ::JE - - u - - u =-; U) W D. -; ::::I N -; > 0
i= u <C z Q UU) U U ~ ce ::Ec

MOl reb 3, 2009 278,815 82% 89% 250 8,157 26'1,903 49,819 19% 3 456,620.23

Ma reb 4, 2009 488078 83% 91%) 220 487,622 83,071 17% 6 11,949 p27 .32

Ma reb 5, 2009 738,276 84% 91%) 180 738,807 117 ,293 16% 9 13,175 ,8 28 .1 7

Ma reb 6, 2009 751 ,603 85% 92%) 755,426 116,464 15% 9 13,711,396.42

MOl reb 7, 2009 558,731 84% 92% 472 043 569,249 86,999 15% 6 11 ,'127,696.65
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Identification of an abnormal spike in traffic

• Recognition:  BHCA graph shows calls spiking during busy hour while “unique 
callers” is normal

BHCA- Analysis for Feb 15, 2006
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Spammer identified
• Identification:  Drill down into specific calls originating from same subscriber 

during hour in question shows sequential Invites as spammer looks for answer

• Resolution:  With proof in hand, service provider terminates service based on 
contract violation.

Request: Invite

From: ff~aa9" <;!llP:~192.168.30.3>;te.9·e.;!lS6d7e.33b
To: <;!llP: 1916i88150SB1;:;~r;;?~o>

~tts·CtI~..~6tY
M"RoWllJ" C"",Cl'WI'fIWtd ,.,nnl00l'M 1100:lltl ...... Fflbl ... 2OOfo- $I~N-..• """'dd"".

_...... -- ~~IQftAdlttK~ -- """'" ..
""'15Ie:S'l:~IFST~ Srl,v~Ko'IIIl'/ 11).1"',~.Z 3ll1nlM(t3 ltl.lto.trl.llZ JWOIOO)'} OO:OCJ:IS
febl'5IQ:W:I(lC5'r2llOl!oSe_~ 10.16,12.: ~lil(tlLl(r((r 10,160.12.112 '1210100':(1 00:00:11)

edFSlI511;SS;5DEST2006Sd~~ 1ll.lti.$('.l :mlOlllD03 l(l.l"'.~.lll 312101c:m? 00;00;D6
FdaI51e:~:18EST2006Sn~~ 11).1(..QU JIZlfHM)3 IO.l~.trl.lli 2.12:10100)6 OOIl:(I:;l1

~,.".".'''- ,,- 10..16.82.2 'jlZtlIltnii 10,1&.12.112 212101r)'J.I$ 00:00:1)(,
fdI1511;!57;13EST2lI06511ji~ 1B.16.~.2 31210lllD03 IO.lfio.3Z.1Il 3121010042 00:00;%.1
,.,.. 15 I$:S)':Q:' FST 1t)l)i. Sn~vel.Ko'IIIl'/ lll.l ....i!2.Z 31;>lnlfRU IO.lto.iJl.112 .)111011»11 M:OO:OO
febl'5IQ:~:35C$r2llOl!o~~~ 10.16,az.2 :JlillllOOO':) 10,1&.12.112 'IIOI~ 00:00:21'
"ebl~n,::;6:ttL.:"r2'l);)(,':>I.~ 10.16.12.2 :1I'ilUlOUQJ 10,1&.12.112 'J12101t:m9 OO:OO:iJti.
NlI511;55:45EST2006Sd.~ 1I),I6.8H" 3121010003 IO.16.e.z.ll~ 31210loo:Jl 00:00:115-

E"''''''''''''''''- ..,,,,~.... II:I.H•. tJ2.1 31;>IOI(l(ll)J ItJ.lto.U2'.112 1.z101@7 (l(I:oo:1lfj,

f.eb1'5IQ;$4:~L512'OO(j,:.a.~ 10.16.12,2 :ll21lJIOW'J 10,1&.12.112 ZI210100"J(, 00:00:19'

~NlI511:S+:I)EST2006Sd.~ 11).16.$?7 :U2101llD03 I(I.l6.8<'.II~ 21210lC03$ 00:00:21
F(lblSle:53:saE$T.lQl)l,sn,~ 11J.1(,..82.1 JlllOIOOO3 10.tG.lYl.112 312:1010)1.(: 00:00:1)7

Elebl:'lt1:...:r:~lw.rll)J6':>1.~ 10..16.12.2 :l121UltlUDJ 10,1&.12.112 ""121010041 00:00.00
F.IlI511:S3:14EST2006Sd.~ lo.l6.$2.l 3121010003 10,115-.~.112 31210100+0 00:00:21
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El'ebl:'lt1:'.J):~L:.rlOOtio':>l~~ 10.16.12.2 :l1<!'lUIOUQJ 10,1150.12.112 21210100"h 00:00:11
FebI518;50;24EST2:lIOi5o'd~ lo.l6.$2.l 3121010003 1(l.16.~.11~ 312101C042 00:00:11

e''''''''''''''''''- ....,"'''''"' IILH•.82.:l' ~l?lnlt1(1(13 1l,J.ll'l'.Oi.lli ,3llI01l))i1 00:00:1))
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Elebl:.nl:iO:2tL.:"r2'l);)(,~.~ 10.11i.12.2 :l121ultIDU'J 10,1&.12.112 ""1iI01@1 1JU:00:1'
ft111518:"7:59EST2006 Sd.'t'lrt.Is«wr 10.16.$2.1 3121010003 1(l.16.~.112 21210100)6 00:00:12

E'''''''''''''''''-''''''''''"' II:I.H•.82.1 3mOl(l(ll)J Itl.lto.lJ2.112 11.z1010Cl:l!5 00:00:00
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Daily, Weekly, or Monthly Quality Reports 
– Unacceptable service issues identified

Connect 
latency

Post-dial 
Delay

% Failed 
calls

Call Detail Summary RepOlt for Tuesday 01 January 2008 - Wednesday 30 January 2008
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1 Jan 00,00
EST

2 Jan 00,00
EST

3 Jan 00,00
EST

4 Jan 00,00
EST

5 Jan 00,00
EST

6 Jan 00,00
EST

8

274

203

278

,65

23

75

38

52

58

62

43

75

40

57

61

62

43

274

203

278

23

4

215

134

166

42

15

5[j

78

66

60

65

65

o 00:00:50 00:00:40 00:01:00 ,630

00:0 1:04 00:00,0'2 01 :00:04 881

00:00:23 00:00:0,1 00:01:43 319

00:0 I :43 00:00,[j'1 02: 0:37 320

00:00:28 00:00:01 00:01:00 89

00:00:29 00:00,05 0!ll:00:5Q 180

135

7

7

7

12

1,124

6,200

6,109

5.900

283

358

6.212 96 41.841

3.348 118 24..232

4.312 88 27.784

4.286 106 24.390

7.214 168

19
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17

78

45

49

44

7 Jan 00,00
EST

8 Jan 00,00
EST

9 Jan 00,00
EST

10 Jan 00:00
EST

11 Jan 00:00
EST

12 Jan 00:00
EST

570

318

529

340

138

60

53

50

49

45

49

62

53

50

50

46

49'

564

318

528

340

351

138

212

342

223

250

109

53

67

65

66

71

79

00:00:32 00:00,0'1 0!ll:23:O'2 478

00:01:10 00:00,01 01:ll>4:23 343

00:00:55 00:00,[j'1 01:21:32 1..215

00:01: 17 00:00,[j'1 00:33:44 584

00:00:57 00:00,0,1 [j1 :29:32 ,605

00:00:29 00:00:0,3 00:01 :43 520

6,700

2.775

14.853

6,8IIT

6,751

5,100

3.987 5

3.308 7

6.620 11

5.074 3

5.171 12

2.578 71

35.522

28.087

33.344

23..296

24.609

12..276

35

30

35

26

30

18

189

94

87

13 Jan 00:00
EST

38 45 45 3B 29 00:00:34 00:00:03 00:0!ll:5Q 400 1.337 161 131 177

14 Jan 00:00
EST

15 Jan 00:00
EST

426

46

45

47

45

365

426

252 69

69

o 00:00:24 00:00:0,1 00:01:27 536

00:00:23 00:00,0,1 00:00:32 550

6,537

5,198

2.957 20

2.910 7

18.157

25.175

17

15

199 ,..-
- rrnen wuafjty Matters rM
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Example SIP Protocol Report

Verify proper  
registration 
and 
authentication

-) Hammer XMS - Microsoft Internet Explorer ~~[8]

File Edit View Favorites Tools Help

vlmGO Links»

o Settings ....Send to ....

Search i:l FavoritesBack -

Address 11[1 http://172,31,27,B4IMonitor/

Coogle I~· v IGo .. 'll' ~. 1:1 Bookmarks. II • AutoLink. ~ '""oRIl

IP 1-1·1· IEJ • ,~" • ~ - '* Favorites -"-=--I--[Z]--~-:' 'Maps - of Slog It • Q • e!i!S Spaces • ~ • 0 8 -r, - ISearch web.. ,

Hamme.r s"" I Diagnostics ... I Reports ... I Analysis ... I Admin .... I Options ... I Help I logout
EmpfrlX

------- SIP Protocol -------

Report: ISIP Protocol LV I Tags: - None Time Range: LIP-"'icke-a=-:d"'aY'-- '-L'V2j1 <January 29) 2008>

~ I~ ~ II ~ ~I D [QJ[]JIDJ ~~1166% vi

~ SIP Protocol Summary Report for Tuesday 29 January 2008

-

SIP SIP·T SIP
Time Packets Packets SIP Invites SIP 1xx SIP 2xx SIP 3xx SIP 4xx SIP 5xx SIP Bye Register SIPAck

29 Jan 00:00 10,150 0 0 550 2,124 0 2/376 0 0 4,160 0
EST

29 Jan 01 :00 10,066 0 0 546 2,100 0 2/360 0 0 4,124 0
EST

29 Jan 02:00 10,138 0 0 534 2,136 0 2/366 0 0 4,142 0
EST

29 Jan 0300 10,130 0 0 560 2,115 0 2/370 0 0 4,139 0
EST

29 Jan 04:00 10,164 0 0 566 2,106 0 2/393 0 0 4,159 0
EST

29 Jan 05:00 10,122 0 0 566 2,095 0 2/383 0 0 4,138 0
EST

v-
<I >,

Page 1 of 1

iI) Done, 5 • Internet

, When QuaHty Matters 'M
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Transaction (by Path) Summary Report 

Filters

Transaction Type: !--AII-- v I

[ Generate Report I [ Generate PDF I [ Generate CSV

Transaction Sum mary Report for Mon February 1,2010

Avg Potn Ma.
Retr8l1snissions Retransnissions Retransnissions

Count Count Cou"

.:.l'gions =local region· Transedion Type =All

Avg Potn Ma.
Transactions Transaction Transaction Transaction

TIme AIten1Jted length length length

12:00:00 I'M EST 21,008 556 0 19131

1:00:00 I'M EST 21,139 553 0 19139

2: 00: 00 I'M EST 21,178 553 0 19131

3: 00: 00 I'M EST 21,165 554 0 19128

4:00:00 I'M EST 21,145 554 0 19131

5: 00: 00 I'M EST 21,196 555 0 19136

6: 00: 00 I'M EST 21,192 554 0 19118

7:00:00 I'M EST 21,068 555 0 19109

8: 00: 00 I'M EST 21,296 571 0 19139

9: 00: 00 I'M EST 21,189 553 0 19115

10:00:00 I'M EST 21,164 554 0 19128

11 :00:00 I'M EST 21,133 555 0 19117

12:00:00 PM EST 21,rnO 556 0 19116

1:00:00 PM EST 2,873 359 0 19101

Summary Average, Min, Max and T0181 s:

277,756 554 0 19139

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.37

0.36

0.36

0.36

0.36

0.17

0.36

o

o

o

o

o

o

o

6

6

6

6

6

6

6

6

6

6

6

6

6

6

6

Transaction
Errors

6,800

6,827

6,822

6,829

6,817

6,840

6,820

6,816

6,840

6,834

6,819

6,817

6,800

1 ,219

89,900
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Analysis capability

• Trending analysis of live, or historical data

• Parse the data on any searchable field to focus analysis

• Drill down to individual call messages and call details

- DIstributIon Graph ~rQ)~

"''''''''' DrilUp

Distribution of Can Duration
Time range 319106 9:00 AM through 319106 10:00 AM

I Dhlrllu'll.o" Gr<lllh '_ fJ:j rX]
Distribution of Call Duration

1.~r~:J"!IJIHi9:l111"M11V1II1gI1:JJ'!J,UU'0".00 AM
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Poor Voice Quality identification

• Identification:  Analysis of all calls during the high jitter spike point to single outlying 
call; Further analysis show high jitter in only one RTP stream.

• Resolution: Local endpoint issue, does not indicate potential network issues

DlstnbulJon Graph ~LQl~

I

I

I

1

~lludftl~­

~tM~(M):»

~w:.v~Q

OK.tM-.> •

'. -.lSPI,.oI'\t,.<ofIO~....

...... frt~!lCIOO"

~c."Icr.It..aU

--'1l)oI~ ...-;:

--~
~lll1

M;l$101~

.eIMto ...... lfOl...............
....".\lIItll.- .-. .

"""·OO!!l~l'Ol

......... 011.,.0
___tll!i.,. ".

bitt-.. _iiOlSca"~I_

""lIr-' .....,N\l5..~lwr~

.-
.::::1;;,;;.-----===3
~~~ j---
-t§§"""'~u~:::j"...'~--,--,

,•
Distribution Range

Distribution of Jitter
Time range 715106 8:00 AM through 715106 9:00 AM

c.... Up
ex._

-
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Example Distribution Graph - MOS

Call quality 
problems quickly 
identified

crosofllnternet Explolel-

FUe Edit view Favorites Tow Help

EmpfrlK

AutoLink y JAIJtoFill Gf. Send toy

Distribution of Minimum MOS
Time range 1110108 1:00 PM through 1/10108 2:00 PM

-.. - ... ~- ~ ...

e Distribution Graph [';][gJL8)

~ y 'C1 Bookmarl<sy 1!5b Popup, okay I' '~Check y

... 1+1'"
• I Analy

P Search *FavoritesBack ...

Analysis: 1VoIP Media vi Tags: --N

I Generate Analysis I I Generate PDF Generat 2e 30

Hour Packets Received Byt Avg MOS MinMOS MaxMOS

Thu Jan 10 00: 00: 00 EST 2008 0

Thu Jan 10 01 :00: 00 EST 2008 0
'"Thu Jan 10 02: 00: 00 EST 2008 0 ro

Thu Jan 1003:00:00 EST 2008 0 0
()

10'0
Thu Jan 1004:00:00 EST 2008 0 0 :;;
Thu Jan 10 05: 00: 00 EST 2008 0 0

~Thu Jan 10 06: 00: 00 EST 2008 0 0 z
Thu Jan 10 07: 00: 00 EST 2008 300 65,4 4.1953 4.1953 4.1953

Thu Jan 1008:00:00 EST 2008 410,571 89,4 4.1953 4.1953 4.1953

Thu Jan 1009:00:00 EST 2008 808,122 1761 4.1953 4.1953 4.1953

Thu Jan 10 10:00:00 EST 2008 7,832 1,70 4.1953 4.1953 4.1953

Thu Jan 10 11 :00:00 EST 2008 11,389 2,48 4.1953 4.1953 4.1953

Thu Jan 10 12:00:00 EST 2008 342,559 74,6 4.1953 4.1953 4.1953

Thu Jan 10 13:00:00 EST 2008 701,338 152, 4.1803 1.4688 4.1953

Thu Jan 10 14:00:00 EST 2008 411,936 89,8 4.1953 4.1953 4.1953
Thu Jan 10 15:00:00 EST 2008 4,754 1,03 4.1953 4.1953 4.1953

Thu Jan 10 16:00:00 EST 2008 332,639 72,5 4.1953 4.1953 4.1953

Thu Jan 10 17:00:00 EST 2008 32,699 7,09
.,.. _",-9 ,')-<¥ ,~.. ",<f ," "," "of' ~.. ,<J> 4.1953 4.1953 4.1953",'" "'~ ", ,,-; .'Thu Jan 10 18:00:00 EST 2008 5,023 1,09

() .1' .f" ",tf>' tf>' O" ~'

"'"
,j' "'()' 4.1953 4.1953 4.1953

Thu Jan 10 19:00:00 EST 2008 0 0 ,'! ~
.,

,,~

" "', "', "', ",
Thu Jan 1020:00:00 EST 2008 7,184 1)56

Distribution Range
4.1953 4.1953 4.1953

Thu Jan 1021 :00:00 EST 2008 0 0
Thu Jan 10 22: 00: 00 EST 2008 0 0

Thu Jan 10 23: 00: 00 EST 2008 0 0 Drill Down DnllUp Print II Save as CSV Close

t)Done. • Internet

, When QuaHty Matters 'M
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Drill down capability 

Quickly 
identify  
error

Quickly identify  
error conditions 
and drill down 
to problem

EmpfrlX
• I Help I logout

1':1 Bookmarks .... 1~ Popups okay I A.:f Check .... AutoLink.... :I Aut.oRIl ~ Send to ....

Favorites • I [Z] Maps· []j' Blog It • Q • S!lB Spaces • f8 •

Back ...

FOe EdJl VIew Fiivorites Tools Help

IP Search ~ Favorites

-------- By Type Analysis Hide Search cnteria

Analysis: IError By Type v I Tags: IL"..:.N:::.on...:e_'_' ~vI Time Range: LIP..:.ic..:.k..:.a..:.d..:.ay'--- ~v_'JI <January 29,2008>

I Generate Analysis 1I Generate PDF 1I Generate CSV

Time SIP:401

Tue Jan 29 OB:OO:OO EST 2008 0

Tue Jan 29 09:00:00 EST 2008 0

Tue Jan 29 10:00:00 EST 2008 3

Tue Jan 29 11 :00:00 EST 2008 0

Tue Jan 29 12:00:00 EST 2008 0

Tue Jan 29 13:00:00 EST 2008 0

Tue Jan 29 14:00:00 EST 2008 0

Tue Jan 29 15:00:00 EST 2008 0

Tue Jan 29 16:00:00 EST 2008 0

Tue Jan 29 17:00:00 EST 2008 0

Tue Jan 29 18:00:00 EST 2008 0

Tue Jan 29 19:00:00 EST 2008 0

Tue Jan 29 20:00:00 EST 2008 0

SIP:403 SIP:404 SIP:408 SIP:481 SIP:484 SIP:486 SIP:487 SIP:600 SIP:606

0 3 0 0 0 0 2 0 0

1 7 0 1 0 3 8 2 0

1 8 0 0 0 1 14 0 4

3 24 1 4 10 0 13 0 6

3 24 0 0 0 0 5 0 1

0 3 0 1 0 1 9 1 6

2 2 0 0 1 0 14 0 1

0 14

1 7

3 5

1 0

1 7

0 0

Time Subscriber Name Source Address Subscriber Phone

ue Jan 2913:30:41 EST 2008 10.128.3.40 7322426512

ue Jan 2913:04: 12 EST 2008 10.128.3.40 +18005214956

ue Jan 2913:04: 11 EST 2008 10.128.3.40 +18005214956

ue Jan 2913:04:09 EST 2008 10.128.3.40 +18005214956

ue Jan 2913:04:03 EST 2008 10.128.3.40 +18005214956

ue Jan 2913:03:58 EST 2008 10.128.3.40 +18005214956

Destination Name Destination Address

198.181.95.149

198.181.95.149

198.181.95.149

198.181.95.149

198.181.95.149

198.181.95.149

Destination Phone

+14105193008

+ 141 03560922

+ 141 03560922

+14103560922

+ 141 03560922

+14103560922

Call length

00:00:00

00:00:00

00:00:00

00:00:00

00:00:00

00:00:00

Fail Reason

-IP Not acceptable)
-IP Not acceptable) SIP r'-

-IP Not acceptable)
-IP Not acceptable)
-IP Not acceptable) SIP. r'-

-IP Not acceptable) SIP. ~

I@)Done. rnet

When QuaHty Matters 'M
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Device/Path Comparison Analysis

Transaction errors
Transaction length

Retransmissions

-

GJ©Jr8J". Hammer XMS - 10.16.82.193

Hammer !\MS'" I Diagnostics ... I Reports ... I Analysis ... I Scheduling ... I XPA ... I Admin ... I Options ... I Help ... I logout Emp,rlK
Region Selection: local region .. Nick Sf!iJrohc:flt@riH

IMS Device/Path Comparison

Analysis: IIMS Device/Path Comparison vi Tags:~ Time Range: IToday vi
<Jan 25/ 2010 EST> Transaction Data: I

Filters

Transaction Type: I_vi Transaction Data: ITransaction length v I Data For: o Network Path

o Network Device ~ Inbound D Outbound

~ I[ Generate Report I I Generate PDF I I Generate CSI/ I Generate (

Network Device Comparison (Inbound) for Mon Jan 25, 2010 EST-..
Region = local region; Transaction Type = All

,~

Transaction Length (ms)
0 1 2 3 • 5 10 20 30 100 200 1000 10000 100000

147.135.8.141 .756
3,413

les.lax.1 " ,710
2Q,871

192.168.8.245 ,gg2
O.51Q

Q) les.nyc ,020
.~ P2,213

> "Q) 192.168.0.3 ,555a 83,353
.><
2; appserver, lax 2•

.! 1,446
Q)

-
Z sub-srv, lax 85

18,077

"tollfi-ee.dca 6.
6,852

"sub-a,lax 58
0,531

"sub-a,nyc 31
7,032

.::::!
I_ Min Tx Length (msl - Avg Tx Length (msl _ Max Tx Length (msll

-
Sort by

o Network Device o Transaction Length o Ascending
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Network Device Flex Analysis

Wednesday, January 27,20104:00:00 PM EST

Wednesday, January 27,20104:00:00 PM EST
Wednesday, January 27, 20103:00:00 PM EST

Wednesday, January 27, 20103:00:00 PM EST

Wednesday, January 27, 20103:00:00 PM EST

Wednesday, January 27,20103:00:00 PM EST

REGISTER

SUBSCRIBE

BYE

CANCEL

INFO
INVITE

255,859
14,241
84,691
23,540
11,264
216,397

884
3,527
99
23
215
31,800

7.8876
5.442
34.9942
10,0309
31,3868
6,844.0837

Save as CSV

show Transaction Length by Response Code

Show Transaction Length by Network Path

Show Transaction Length by Network Device

- ................ .... .-...-..-.-

- Show Transaction Length by Network Device [,;](QJL8J
Transaction Length by Network Device for Wed Jan 27, 20104:00:00 PM EST

Region ~ Bedford; Transaction Type ~ REGISTER; Network Path ~ --AII-- ; Response Code ~ All

10,000

.,
5. 1,000

.c
C,
c
Q)

-'
c
0

100~

'"en
c

'"t=
10

Networl' Dev ice

• Min Transaction Length. Avg Transaction Length. Max Transaction Length

<I

~ I Save as CSV

)
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Business Level Reporting
-enrich data from other sources for customized reports

CDRs

Correlation

Tags

Calls

Reporting

Data 
Export

Carrier 
Customer 

Portal

Hammer XMS

BSS/OSS
Published 
Schema

Reports

Engineers/Technicians

Eng/Ops/Sup Mgnt

C-Level

CEO

DB 
scrape

Customer 
Portal

API

FCC

BI 
Analytics

BSS/OSS
(Data Source)

Enrichment

Reports & 
Dashboard

---
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Using Network KPIs to avoid/reduce Churn 
• Problem: Customer Churn – multidimensional problem 

proactively predicted by combining technical metrics
• Solution: BI Report that predicts potential customer churn 

by isolating patterns in the data:

• Value
– Customer Retention / Maintained RPU

Excessive PDD

Setup Failures

Short Duration

High Packet Loss

High Jitter

Low MOS

' ...-
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Broadband Internet Star Program
• FCC should initiate a NPRM to determine performance 

disclosure requirements for broadband
– Investigate development of an online decision-making 

tool for choosing a broadband service provider
– FCC should develop a broadband digital label 

summarizing performance
• Include aggregated quality of service rating incorporating Customer 

Experience (Call completion,MOS,delay and jitter) & Churn
Example 1

- 16 2-
- 10 1
- *****~",--.....-

__of

oII.......,~~~

...."11*'.-.

Delaillhal is slill clear and focused; lisl of common
applicalions and whal can be delivered wilh Ihis service

Example 2

Simplified, clear label wilh mosl
crilical information

Example 3

UStar" or index of service as
ranked by Ihird party



Empirix Confidential 3232

Recommendations to FCC
• Need “end to end” network service assurance

– Signaling and Media on for every customer call – 24/7/365
– Monitoring of Peering partners

• Require agnostic system that monitors all IP network elements
– Softswitch, media gateways, application servers, voice mail, and 

any SBC
• Must include Customer Experience (QoE) metrics

– Voice quality assessment for entire network, end to end
– media monitoring of each call leg of the call
– T.38 fax and DTMF diagnostics

• Mandatory Reporting and Analysis based on Network, Network 
Segments, and Customers
– Tagging of traffic allows segmentation
– Transaction monitoring of paths

• Alarming is necessary to avoid large scale loss of service
– Integration of SNMP MIBS with NMS

-'...-



Empirix Confidential 3333

Thank You!

Enter, r e
Assure the qluaIi t:y of
yo r c:usl_,Dl_.-.P-'_!~aJ~ent

experie ce n e
Contact Ie nte .

-

Se,rvice
I ovid r

uali y Matters™

E u'p e t
an fact re-5
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