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Optical Transmissions
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* High capacity
* Low energy
* Error-free
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Optical Transmissions
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* High capacity
A ASE Non-linearities
* Low ene rgy Chromatic Disp (SRS, SBS,CPM,FWM)

PM

* Error-free

log(BER)

>
Launch Power (dBM)

Optical resources should be used more efficiently



Dynamic Optical Networks

* Optical devices are becoming dynamic
* ROADMSs, modulators, tunable lasers, and filters

e Modern networks are static

* Overprovisioned, manual configured, fragile
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Dynamic Optical Networks

* Optical devices are becoming dynamic

e ROADMSs, modulators, tunable lasers and filters

e Modern networks are static

* Manual configured, overprovisioned

e Optical Performance Monitors (OPMs) as enablers
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Our Contributions y

Yower Control Measurements

\ Amplifiers, Attenuators OPMs

 We formulate power control problem for
dynamic operation

* We develop a measurement-based algorithm

 We evaluate the performance of the
algorithm using a realistic optical simulator
and in an optical testbed
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Optical Model
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Optical Model

y OSNR (p})
i —o Gy Pi  BERY (p")

L M Attenuator

{/ \} OPM
Laser Modulator

0
=

N . <
' Pl
N . P
N . P
4 td
. ' .
. 4 -
' .
.
- ® o
PR o P
- - -
--- ‘— f‘
- ® - td
=" Pl .
. .
-
- * --‘ "
- - - .

'
- ] . [y
- . N .
- ® - s ]
s =" '»’ - ! N
- .
.= e ® . ’ .
- = .- - P .
-"- Pl . .
L. L. .- '
.= " - - . '
. 4
VOA ' . R

Receiver




Performance Measurements

* Optical Performance Monitors (OPMs) provide
OSNR, BER functions OSNR(p;), BER(p;)

e Convex functions

A ASE Non-linearities
Chromatic Disp (SRS, SBS.CPM.FWM)
PM

log(BER)

Launch Power (dBM)



Problem Formulation

Eﬁ et

minimize hyro (P, D) = (z;) (pi' — Dy
Uy Ad

subject to BERY (p) < BER}’, V(u,\;) € Aggr
OSNRY(p) > OSNR}, V(u,\;) € Aosnr

0 < p < SAF,
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Algorithm (SiMPLE)

 Simultaneous Multi-Path
Lambda Enhancement (SiMPLE)

* Convex solver

* Unique requirements
— Runs on live optical network

— SLA requirements are more Launeh Power (dBM)
important than optimality

— Functions and derivatives are not known

\ ASE Non-linearities
(SRS, SBS,CPM,FWM)

log(BER)

— Runs continuously
* Propose algorithm based on direct-search method
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v) BER(p?

OSNR(p;

1

Algorithm (SiMPLE)

1. Pick a direction from Dy
2. Increase step size by T
3. Decrease step size by 6~
4. Repeat until step size
reaches threshold

Parameters

(67,67)

| Z! Direction heuristics

PP D, (H1-H3)



Gain Stealing Impairment
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e Since the output power is constant, one
wavelength steals the gain of the other



Simulation setup

* Network-level Optical Simulator
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Sample Simulation Results
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Effect of Parameters
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Effect of Noise
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* Increasing noise value creates fluctuations

* Prevents convergence

— Mitigated by the continuous operation



Experimental Setup
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* 1-hop experiment
— 25km fiber
— 8 wavelengths that can be controlled in two groups

e Uses off-the-shelf telecom equipment
* Central controller manages power levels










Experimental Results
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Experimental Results
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Yower Control

\ Amplifiers, Attenuators

Measurements

OPMs

 We formulate control problem for dynamic

operation

* We develop a measurement-based power
control algorithm

* We evaluate the performance of the
algorithm using a realistic optical simulator
and in an optical testbed

* First-step towards SDN for optics
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