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1. Major accomplishments

During this past quartemne of our main accomplishments involved the completion of
milestoneS2.cand the submission of the corresponding technical ndtes.milestone involved
demonstrating a working prototype of an experimental-case. More specifically, we
demonstrated a protection mechanism, whereby the unified measurement framework (UMF)
[erm_1] monitored the optical power of a 10Gb/s modulated signal. If the optical power
undershot a predefined threshold, the UMF exported this information such that an external
protection scheme switched the signal to a protected lightpath that containetc@endeator
optical amplifier (SOA), which could amplify the power and improve theiydr rate (BER) of
the signal. This experiment was performed at the Lightwave Research Laboratory [Irl_1] at
Columbia University.

Another main accomplishment involvedorking to prepae for a demoat the GECS8
conference on July 2P2 at San Diegdn preparation for this demonstration, we made a visit to
the Breakable Experimental Network (BEfEN_1] which is a regionaGENI optical network
located inNorth Carolha. We successfully integratéao optical components, a semiconductor
optical amplifier (SOA) and a variable attenuatoto the lightpath at BENAfter visiting BEN,
we have worked on enabling programmable control of these two optical components. To control
the SOA, we developed a wrapper (consisting of Perl script, Verilog code, and a specially
designed prototype board) around the SOA. To eng@btgrammability of the variable
attenuator, weare currentlydeciding betweegontroling the attenuator via its RS232 serial port
or by using LabView through its GPIB po& few weeks from now, & plan on making another
visit to BEN to combine our work ih the integrated measurement framework (INIF)f 1],

[imf_2] in preparation for the GEC8 demo

2. Milestones
The following section discussé®e progressnade on thenilestonedor theERM project.

Milestone S2.aPrototype UMF Software (completet2/3/2009)
Design and develop software for prototype implementation of the UMF by means of a NetFPGA,
according to the evaluated GENI requirements forties# measurements from year

We decided to implement the UMF usingNetFPGA Cube. The UMF consssof a UMF SW
component (implemented on the general purpose processor) and a UMF HW component
(implemented on NetFGPA cardjach component has a defined role in facilitating the UMF to
access the networking elemeantsd its measurement datdditional information, as well as a
technical note, on milestone S2.a is available online [erpferth_2].
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Milestone S2.b Demo software interface from UMF to embedded measurement subsystem
(due 3/4/2010)
We implemented and demonstratadvorkingsoftware interface between UMind at least one
subsystem that is capable of embedded physical layer measurements, suchrras fate
measurement or optical power monitorifithe specific subsystem we d®oto use is a set of
four Polatis [polatis_1] switches from the ORCSBEN [orca_1] network, from which we
retrievel the optical power. In doing so, we have merged our UMF design with the IMF project
implementation. By realizing the MH for the Polatis switch and testing the functionality of the
XMPP sever and PSM, we demonstrdtthe ability of IMF to obtain realime optical power
measurements from any of the four Polatis switches in the OBEM network. Additional
information, as well as a technical note, on milestone S2.b is available online [derm2]3].

Milestone S2.cDemo UMF in an experimental usease(due 6/3/2010)

We demonstragd a working UMF prototype by implementing an experimentalees®e at the
Lightwave Research Laboratory at Columbia University. We set up a protected ligthtatath
switches the input signal into a path containing an SOA if the input optical power is below a
predefined threshold, and bypasses the SOA otherwise. We compare the eye diagrams and BER
curves for the unprotected and protected paths while changidt¢émeation of the input signal.

We find that when the power of the input signalimve-12 dBm, the SOA introduces a positive
power penalty on the lightpath, and it is not useful to use the SOA to compensate for the
attenuated power. However, when theut signal falls underl2 dBM, the SOA starts to have

an advantage, and we examine a negative power penalty by introducing an SOA into the
lightpath.

Milestone S2.d: Integrate UMF with BEN (due 8/31/2010)

Contribute to the Cluster D effort by integragithe UMF subsystem with the Cluster D network
substrate. This will be done by physically migrating the developed hardware and software
resources to the BEN infrastture at RENCI.

Milestone S2.e: Design and demo XML data exchange software modulesg(®1¢2010)

Design the XML data exchange software modules for the UMF to interact with the researcher or
an intermediate measurement software architecture (e.g. SILO, perfSONAR, etc.) Demonstrate
the interoperability of these software modules with BEN &NI.

Milestone S2.f Plan to integrate UMF within another infrastructure (due 8/31/2010)

Work with other GENI clusters (outside of Cluster D) and/or other networking communities,
such as Wisconsinbés Measur ement SRdIraneworkGE NI p
to define mechanisms to integrate the UMF within their infrastructures.

3. Deliverables made
1 ERM Milestone Sz (June2010
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4. Description of work performed during last quarter

1 Organizational work

Working with the GPO (specifically Harry Mussman), details regarding our ongoing work
and our contributions to GENI Spiral 2 were released on the GENI ERM Wikipage; this includes
quartery reports and the Milestone $Zechnical noteWe havealso participated in several
Cluster Dand GENI IMFmeetngs through teleconference.

1 Demo UMF in an experimental usase
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Fig 4.17 Experimental UseCase Setup

A 1550.92m distributed feedbackaser DFB) is connected to a polarization controller (PC) and
modulated at 10Gb/s usind-2 pseudorandom binary sequence (PRBS) via a pulse pattern generator
(PPG). This modlated signal is sent throughariable optical attenuatdr(VOA 1).

The input signal is sent infal of the Polatis switch. A NetFPGetfpga 1Jis used to monitor the
optical power on this input port. When the optical power is above a predefined threshold, the NetFPGA
directs the Polatis switch to maintain a croeanet betweerinl andOutl This path bypasses the SOA.

The NetFPGA further issues a command to the SOA via a general purpose /0 (GPIO) pin to turn off the
SOA. However, when the optical power is below the predefined threshold, the NetFPGA directs the
Polats switch to setup a crossnnect betweelml to Out 2 and In2 to OutThis creates a lightpath that

goes through the SOA. The NetFPGA further issues a command to the SOA via a GPIO pin to turn it on.

The output signabn Outlis then sent through ceiver setup. This first consists of a wavelength
filter, followed by anerbiumdoped fiber amplifier (EDFA)and followed by another wavelength filter.

The purpose of the filters is to reduce the amplified spontaneous emission (ASE) noise introduced by the
SOA and EDFA in the lightpath. The EDFA is typically used in a receiver setup to wrtigisignal

before inputting it into thehotodiode (PINTIA), limiting amplifier (LA), and biterror rate tester
(BERT), which is used to obtain the BER. The signall$® sent to a communication spectrum analyzer
(CSA) in order to observe the eye diagr&ased on the eye diagrams and BER curves obtained for both
the protected and unprotected paths, we determine the optimal input power threshold to turn on the SOA.
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1 Integrate optical components into ORG&N

In May 2010, we visited RENCI in North Carolina to integrat® optical components, a
semiconductor optical amplifier (SOA) and a variable attenuator, into the lightpath at BEN.
Before doing this, we had a megf with two representatives from Infinefafinera_1] We
were given permission toonnectthese two optical components into BEN if wade surehat
we would only drive the amplification on the SOA by no more than the amount reduced by the
attenuator. The reason is that the Infinera DTN is very expensive and we do not want to risk
sending too much power through the DTWe demonstrated that whehe SOA and attenuator
compensate each other so that net power ism, d&formation is successly passed through
the network, and that whehe attenuation is increased beyond compensation ftwSOA,
Infinera raises an alarm and begins dropping packet
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Furthermore, to ensure the programmability of the S@#&,developed &0OA Controller
wrapper as shown in Fig 4.2 that consists of UMF SW, UMF HW, a specially designed prototype
board, and a PCB board. The UMF SW consists of a Perl script with aR® wrapper that is
used to interface with SILO and other experimenter toble defined set of XMIRPC
commands include:

A get_gain_threshold( i) returns themaximum gain threshold allowed by the SOA. This
value changes as tI$0OA in the lightpath is changed.

A set_gain( absolute dB value)
- Maps the specified absolute gain vaineB to a current value that is needed to
drive the SOA.
- Maps the current value to the pinlva on the FPGA to drive the prototype board
and PCB board.

A change_gain_value(-+dB value)
- Supportgncreasing or decreasitiige dB gairby a delta value.
- Return 1 if successful
- Return 0 is the delta gain surpasses the maximum gain threshold of the SOA

A change_gain_percent(-®b)
- support increasing or decreasing the current gain by a percent value
- Return 1 if successful
- Return 0 is the percent gain surpageesmaximum gain threshold of the SOA

The UMF SW translates the commands requested by SILO to the UMF HW, which contains
Verilog code that is used to control a specially designed prototype board. This board consists of
threeoperation amplifiers that ineasethe 2.5V outputs from the NetFPGA general purpose I/O
(GPIO) pins to 5V. These amplified sigaare then sent to a digl 50KOhm potentiometer,
which variesits resistance based on programmable input from the NetFPGA. This potentiometer
is used to entrol a MAX 3656 Laser Driver, which is useddontrolthe gain of the SOA on the
PCB.Essentially, as shown in Fig 4.2, a SILO service or an experimental tool is adhedtely
control the gain of th8OA or query the SOA for its maximum gain thresheadlue.
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5. Activities and findings

5.1 Experimental Us€ase Results

Outlof the Polatiswitch is sent to the CSA to obtain the eye diagrams. We ran two separate
tests: protected path and unprotected path. For the protected path, the protection mechanism
activates when the attenuation reacaesrbitrary value 010 dB, at which point, thightpath
traverses through the SOA. For the unprotect path, the lightpath bypasses the SOA regardless of
the attenuation.

When the attenuation is below 10 dB, the protection mechanism is not yet activated, and the
protected and unprotected paths havestme eye diagrams. After the attenuation reaches 10 dB
or more, the protection mechanism triggers the SOA to turn on. As can be seen in Fig 5.1, the
protected path will then have more open eye diagrams than that of the corresponding unprotected
path.
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Fig5.17 Eye Diagrams
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