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ABSTRACT 
This paper presents the hierarchical monitoring architecture and the Operation Administration and Maintenance 
(OAM) Handler proposed within the framework of the ORCHESTRA project. The architecture enables to 
confine sets of monitored physical parameters within specific levels in the hierarchy, with the aim of limiting the 
overload of the management plane. Monitored information is efficiently exploited for self-configuration in the 
optical layer.  
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1. INTRODUCTION 
Core and metro optical networks are evolving to support ultra-high rate communication systems enabling elastic 
adaptation, optimization of transmission parameters while guaranteeing high reliability. In this context, the 
operation, administration, and maintenance are fundamental functionalities of networks [1]. Monitoring is 
crucial to verify the actual matching of quality of transmission (QoT) requirements and Service Level 
Agreements (SLAs). In case, the monitoring and the management plane have to trigger proper actions (e.g., 
adaptation of transmission parameters, re-routing) to react against link degradations/fault which degrade QoT 
and, in turn, SLA. An emerging candidate for the control and orchestration of next generation optical networks is 
the Application-Based Network Operations (ABNO) architecture [2] which includes the management of 
monitoring functionalities. In particular, the ABNO architecture encompasses a specific functional module called 
Operation Administration and Maintenance (OAM) Handler. The OAM Handler is responsible for: i) receiving 
alerts about potential problems; ii) correlating them (e.g., for fault localization); iii) triggering other components 
of the ABNO, such as the Path Computation Element (PCE), to take actions to preserve or recover the network 
services that are interested by the fault or the degradation. The OAM Handler interacts with devices devoted to 
monitoring and testing. It is important to notice that the amount of alarms generated by an optical network may 
be very large, even when no particularly relevant events occur, so that the number of false positive or redundant 
alarms can be very high. This may generate an overload of the OAM Handler that has to correlate the several 
received alarms and detect the possible affected services. 

In this paper, we present the hierarchical monitoring architecture proposed within the framework of the EU 
project ORCHESTRA [3]. The monitoring infrastructure consists of virtual monitoring entities and agents with 
the OAM Handler at the root of the hierarchical monitoring infrastructure. Instead of a fully centralized OAM 
approach, improved scalability can be achieved through a hierarchical organization of monitoring/control 
actions. The hierarchical monitoring infrastructure enables effective fault management and dynamic network re-
optimization based on the feedback from the monitors/physical layer. This hierarchical approach keeps the 
complexity and the intervention to the network as low as possible, avoiding to overwhelm the central network 
controller. 

2. HIERARCHICAL MONITORING CONTROL AND MANAGEMENT PLANE 
With the solution proposed in this paper, optical networks are monitored through the digital signal processing 
(DSP) of lightpath coherent receivers and/or other monitors (e.g., power monitors) [4]-[6]. The monitoring plane 
is organized as a hierarchy of virtual monitoring entities (Fig. 1). The virtual entities at the bottom of the 
hierarchy (leafs) correspond to individual lightpaths, while entities at higher levels may include ingress nodes, 
nodes corresponding to network regions, and others, which are related to several subgroups of lightpaths, links, 
or nodes. The hierarchy‘s root is the OAM Handler [6][7]. Each monitoring virtual entity can take decisions for 
all lightpaths under its responsibility in the hierarchy. The decisions pertain to several control-dimensions, and in 
particular: (i) transmission parameters configuration, such as the modulation format, the baud rate, the FEC, and 
also (ii) resource allocation parameters, such as the path, the spectrum and the regenerators used. Then, 
monitoring entities can pass “filtered” monitored information to the upper-layers monitoring entities. As an 
example, an amplifier degradation may generate tens of alarms in the lightpath monitoring layer. Higher layers 
can filter and correlate this information so as to localize the problem, avoiding forwarding all the alarms and 
overloading the OAM handler, increasing in this way the scalability of the system.  
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The OAM Handler interacts with the hierarchical control/monitoring plane which handles various types of 
tasks, such as establishing a new connection, adjusting the transmission rate, or resolving performance 
deterioration alarms, handling failures of links or nodes, to just name the basic ones. According to the hierarchal 
structure, the control plane starts by running procedures at a leaf node, i.e., taking local decisions about the 
transmission configuration of the connection that is involved. Then, as long as the problem is not resolved or the 
network is not effectively optimized, the problem passes to the higher level where actions on more network 
elements and lightpaths are allowed, with the ABNO network controller being the final level that can interact 
with all connections. 
The available control actions form a library of control primitives (shown in Fig. 2) that include: 
• Re-configuration of the transmission parameters such as the modulation format, the baud-rate, the FEC, 

the spectrum (without affecting neighbors) used by an established connection  
• Shifting an established connection in the spectrum domain 
• Rerouting an established connection (over a protection path)  
• Establishing of new lightpaths (Establish New in Fig. 2) that also will leverage information of OAM 

(e.g., avoiding failed links). 

 
Figure 1. Hierarchical monitoring architecture. 

The above primitives are ordered according to the criterion of increasing cost and complexity. It is worth 
noting that all these operations must be hitless. Moreover, as outlined above, each virtual monitoring entity can 
take decisions only about the network elements under its responsibility, with these decisions being applied using 
the appropriate primitives from the above list. Thus, starting from a single lightpath and local actions involving 
that lightpath, and going towards the root of the hierarchy, the cost and complexity of the actions increase, and 
so does the number of lightpaths that are involved in each case. The overall goal is to select the control 
primitive(s) that is (are) least expensive still acting as a remedy to the abnormal situation, such that the 
complexity is kept small and the problems are kept local, in order to avoid overwhelming the root (central 
network controller) and disrupting the network as a whole. Note that, even though the related control actions can 
be taken/applied by the virtual entities in a distributed manner, the central OAM Handler needs to be notified 
about the changes made so as to have an up to date view. In this sense, the OAM Handler can also be used to 
keep coherence and avoid conflicts (race problems).  

The special case of local actions is of particular interest. This, actually, involves just the transmitter and the 
receiver and can be viewed as a sort of automatic self-tuning. Assuming that the underlying network is quite 
complicated, having transceivers with self-tuning capabilities can be very beneficial. These transceivers can be 
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used in different networks with totally different characteristics, from the type of fibers to the amplifiers and 
optical switches that are used. Note that even a network that belongs to the same operator may be heterogeneous.  

The transceivers envisioned in ORCHESTRA packed with self-adjusting capabilities enabled by their 
enhanced impairment estimation-monitoring capabilities can yield superior performance and operate close to 
their maximum capabilities in any type of network under any capacity requirement.  On the other hand, once that 
information on monitoring is passed to the upper layers (e.g., network island), more information coming from 
different parts of the network can be correlated (e.g., through Network Kriging technique [5]) uniquely 
identifying the failed/degraded network devices. 

 
Figure 2. Library of control primitives. 

3. USE CASE 
This section presents some possible use cases for the proposed architecture. A first sub-section discusses use 
cases for information correlation: when correlation solves fault localization or not. In the latter case, fault 
localization is given in charge to higher hierarchical layers. Then, a second subsection summarizes some fault 
use cases and the possible actions that can be taken. 

3.1 Information correlation enabled at different layers 
Figure 3 shows some possible use cases of the proposed hierarchical monitoring architecture where alarm 
correlation is enabled at different levels. In Fig. 3a, two lightpaths are active and common link A-B is degraded. 
As an example, Q-factor monitors can be assumed in the DSP of receivers placed at node B and C, respectively, 
for LP2 and LP1. Such monitors are related to the leaf level of the monitoring hierarchy. After some processing 
of the monitored information, a degradation is detected. A reaction can be locally taken, such as Forward Error 
Correction (FEC) adaptation. Indeed, if FEC does not require an increase of the occupied ITU-T frequency slot 
[8] (i.e., the portion of spectrum associated with the LP that is switched), such operation can be immediately 
performed at the lightpath level. Moreover, the monitoring entities (of LP1 and LP2) at the lightpath level send 
alarm to the upper monitoring layer, i.e. the one associated with the Ingress node (in this case A). Such level 
identifies link A-B as degraded link, so that such “filtered” monitored information is sent to the OAM Handler, 
that, in collaboration with PCE, identifies all the involved lightpaths, thus updating their related information 
(e.g., availability information). 

 
Figure 3. Examples of use cases. 

In Fig. 3b, two lightpaths are active and common link E-F is degraded. Again, the monitors at the lightpath 
levels reveal a degradation and send alarm to the Ingress node monitoring layer (in this case D). Monitoring 
entity associated with node D is not able to identify the degraded link, being unable to discern between links D-E 
and E-F. Thus, this monitoring layer communicates with an upper layer (e.g., associated with a group of ingress 
nodes) that becomes in charge of fault localization. This layer can correlate more alarm information coming 
from different ingress nodes, thus having more chances to identify the degraded link. 

It has to be noticed that such an architecture increases the scalability of next generation optical networks 
while guaranteeing reliability. Indeed, a single link degradation (such as introduced attenuation through 
a variable optical attenuator)  may produce a huge amount of alarms associated to a single connection. Assuming 
that each network link carries tens of channels, a centralized OAM Handler is not a scalable solution. Such 
hierarchical architecture limits the number of alarms sent towards the root of the hierarchy. Correlation of 
information can be enabled at each layer. 

3.2 Triggered reactions 
By referring to the library shown in Fig. 2, that possible actions can be associated to the following use cases: 
• Failure: such event typically does not permit the connectivity if a lightpath traverses a failed network 

element (e.g., link). The action required to react to such an event is re-routing (e.g., either on the protection 
path or on a new established on the fly according to the recovery scheme implemented). 
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• Network element degradation/aging: such events are not intrusive such as failures but cause service 
performance degradation. Transmission parameter adaptation can be enough to provide more robustness 
(usually at the expense of more required spectrum) to the service. As an example, more robustness can be 
achieved by adapting to a lower-order modulation format or introducing more redundancy through FEC 
adaptation. 

• Undesired degradations on specific frequencies: this typically occurs due to interference between channels. 
In particular, when margins due to cross-talk or cross-phase modulation (thus, impairments involving 
channel interference) are kept low and new channels are established in the network, negative effects can 
happen on native channels. In these cases, a shift of lightpath in the spectrum [9] may be enough to reduce 
the interference  and properly react to such degradation. 

4. CONCLUSIONS 
This paper presented the hierarchical monitoring architecture the OAM Handler proposed within the EU 
ORCHESTRA project. OAM Handler functionalities are spread into several layers following a hierarchical 
approach, enabling to confine sets of monitored physical parameters within specific levels in the hierarchy. This 
results in the limitation of the management plane overload. Monitored information can be correlated at each 
level of the hierarchy in an efficient way, and adaptation of transmission parameters (e.g., FEC) or re-routing are 
automatically triggered in case of physical layer degradations or faults. 

ACKNOWLEDGEMENTS 
This work was supported by the EC through the Horizon 2020 ORCHESTRA project (grant agreement 645360). 

REFERENCES 
[1] A. Martinez, M. Yannuzzi, V. Lopez, D. Lopez, W. Ramirez, R. Serral-Gracia, X. Masip-Bruin, 

M. Maciejewski, J. Altmann,"Network management challenges and trends in multi-layer and multi-vendor 
settings for carrier-grade networks," IEEE Communications Surveys & Tutorials , vol. 16, no. 4, 2014. 

[2] D. King, A. Farrel, “A PCE-Based Architecture for Application-Based Network Operations”, IETF RFC 
7491.  

[3] http://www.orchestraproject.eu/  
[4] D.C. Kilper, R. Bach, D.J. Blumenthal, D. Einstein, T. Landolsi, L. Ostar, M. Preiss, A.E. Willner, 

"Optical performance monitoring," Journal of Lightwave Technology, vol. 22, no. 1, pp. 294-304, 
Jan. 2004. 

[5] N. Sambo, Y. Pointurier, F. Cugini, L. Valcarenghi, P. Castoldi, I. Tomkos, "Lightpath establishment 
assisted by offline QoT estimation in transparent optical networks," IEEE/OSA Journal of Optical 
Communications and Networking, vol. 2, no. 11, pp. 928-937, Nov. 2010. 

[6] F. Cugini, F. Fresi, F. Paolucci, G. Meloni, N. Sambo, A. Giorgetti, T. Foggi, L. Potì, P. Castoldi, "Active 
stateful PCE with hitless LDPC code adaptation [Invited]," IEEE/OSA Journal of Optical Communications 
and Networking, vol. 7, no. 2, pp. A268-A276, Feb. 2015. 

[7] L. Velasco, F. Paolucci, L. Gifre, A. Aguado, F. Cugini, P. Castoldi, V. López, “First experimental  
demonstration of ABNO-driven in-operation flexgrid network re-optimization,”  in Proc. OFC 2014. 

[8] “Draft revised G.694.1 version 1.3,” Unpublished ITU-T Study Group 15, Question 6. 
[9] F. Cugini, F. Paolucci, G. Meloni, G. Berrettini, M. Secondini, F. Fresi, N. Sambo, L. Potì, and P. Castoldi,  

"Push-pull defragmentation without traffic disruption in flexible grid optical networks," Journal of 
Lightwave Technology, vol. 31, no. 1, pp. 125-133, Jan. 2013. 

 4 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


