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ABSTRACT

This paper considers an optical packet switching (OPS) network subject to asynchronous, variable-length
packets and connection-oriented operation. The problem of providing QoS in such a scenario has been widely
discussed and several solutions have been provided. They mainly suggest the use of some form of resources
reservation on top of the contention resolution algorithm in order to isolate the higher priority traffic from the
lower one. Recently we propose the novel technique called SCWS and evaluated it in a single node scenario.
SCWS consists of implementing different contention resolution algorithms, each one specifically designed to
cope with the requirements of a given priority traffic. In this paper we analyze the performance results when
applying SCWS technique in a network scenario. Obtained results highlight the merits of such technique.
Keywords: optical packet switching, connection-oriented network, QoS provisioning, performance evaluation.

1. INTRODUCTION

Optical packet/burst switching (OPS/OBS) approaches are currently promises solutions for the next generation
high-capacity Internet [1]. Both technologies are based on statistical multiplexing, and therefore packet/burst
contentions may arise at each node. In order to make the statistical multiplexing more efficient and thus reduce
the loss probability, contention resolution algorithms must be applied. They typically exploit space domain, by
means of deflection routing, frequency domain, by means of wavelength multiplexing, and the time domain, by
means of optical queuing using Fiber Delay Lines (FDL) [2]. In order to reduce the control complexity and
improve the network performance, recent works suggest the integration of a connection-oriented path
management protocol (for instance MPLS) on top of the contention resolution algorithm [3, 4].

In this paper we focus on this scenario and in particular we deal with the QoS provisioning problem. The
technology limitation of the optical queuing motivates significant research efforts in recent years dealing with
the design of simple contention resolution policies able to provide QoS differentiation. The impossibility of pre-
emptying packets already buffered makes unfeasible the implementation of conventional fair queuing scheduling
commonly used in electrical switches. At the same time, QoS schemes must be kept very simple to be effective
in OPS/OBS where each node must be able to schedule tens of Tbit/s. The mechanisms proposed in literature
use some form of resource reservation (either a buffer threshold or wavelength threshold), offset time or hybrid
electrical/optical buffers. The limits of such mechanisms have been widely discussed (see for instance [5, 6]).
Therefore to provide effective QoS, a novel generic technique called Service-Category-to-Wavelength Selection
(SCWS) has been proposed in [6]. The aim of this paper is to apply this technique to an OPS network scenario
and evaluate the resulting performance.

The rest of the paper is organized as follows. In Section 2 we provide brief descriptions of the connection-
oriented OPS network scenario and the SCWS technique. Section 3 evaluates the application of SCWS in
a network scenario. Section 4 concludes the paper.

2. NETWORK REFERENCE SCENARIO

In this connection-oriented OPS network, the tasks of the nodes are two-fold. On the connection side, the edge
nodes are in charge of setting up and maintaining the Label Switched Paths (LSPs) throughout the network by
means of a signaling protocol such as RSVP, as well as configuring the LSP forwarding table at each core node
of the path by means of a Routing and Wavelength Assignment (RWA) scheme. This approach is similar to the
ASON/GMPLS circuit switching solutions, but it achieves statistical multiplexing by sharing the wavelengths
among several LSPs. Indeed, on the packet side, each node (either an edge or a core) is a generic non-blocking
OPS node acting as an output queuing switch with full wavelength conversion capabilities and an optical buffer
made by B FDLs. At the edge nodes, packets coming from the client networks are classified into a finite number
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of subsets such as the Forwarding Equivalent Classes (FECs) concept defined in the MPLS environment. Each
FEC is identified by an additional label added to the variable-length packets. As packets belonging to the same
FEC are identical from a forwarding point of view, they are transferred from source to destination along the LSP
which corresponds to their label. This approach simplifies the tasks of the core nodes; in fact a simple label
matching operation on the LSP forwarding table is required for each incoming packet, which speeds up the
forwarding function compared with the connectionless OPS case and implicitly reflects the QoS requirements of
the packets belonging to their LSPs. A contention resolution algorithm must be applied in case of packet
contention. It is normally solved in time using the optical buffering; in case of heavy wavelength congestion (i.e.
optical buffering is not sufficient to solve contention) the LSP is moved to another wavelength and the
forwarding table is updated concordantly.

2.1 Service Category-to-Wavelength Selection technique

SCWS consists of implementing a set of K different contention resolution algorithms (usually referred as
wavelength selection algorithms in connection-oriented environment), each one specifically designed to cope
with the requirements of a given service category. When a packet belonging to an LSP with category i arrives at
the node, the control unit executes the corresponding algorithm i to forward the packet which guarantees only
the required services. In this paper we define a case study with two service categories:

® Real Time (RT) for interactive applications, which requires strict performance (very low Packet Loss

Rate -PLR— and very short delay)

e Best Effort (BE) with no requirements

We hence use two different wavelength selection algorithms, which will be implemented in the control unit.
The packets belonging to the BE service category is forwarded using the Minimum Gap Wavelength Selection
(MGWS) algorithm [7]. In case of packet contention, it selects the queue with the smallest delay. If the
wavelength is congested (i.e. no queues are available) it moves the LSP to the wavelength with the minimum
gap, which is the shortest time between the end of the last packet routed to that wavelength and the beginning of
the present one after delaying it, if needed. Regarding the RT packets, they will be forwarded by Sequence
Keeping Wavelength Selection (SKWS) algorithm. It has been originally proposed in [8], and its aim is to
achieve excellent level of PLR maximizing the resource utilization and throughput. It takes decisions controlling
the delay in order to preserve the correct packet sequence belonging to the same LSP.

The integration between different algorithms is not trivial as shown in [6]. Indeed, the algorithm obtains
Packet Loss Rate figures that are dependent of the FDL granularity D (being D the length unit of the FDLs),
and, in general, they show the best results with different values of the D. A solution could be having two
different FDL structures, each one reserved for a given category, but it can need very large buffers. As we
proposed in [6], also here we design an ad-hoc FDL architecture based on non-degenerate delays [9] that
decreases buffer requirements and achieves the perfect performance alignment between the algorithms.
A detailed analysis is presented in the following section.

3. PERFORMANCE EVALUATION

In this section we present the performance evaluation. It is divided into two parts. Firstly we present the
simulation results when the algorithms are evaluated independently. This part allows the design of the ad-hoc
FDL architecture able to integrate the algorithms. Therefore we evaluate the resulting system.

3.1 Simulation scenario

The European Optical Network (EON) topology shown in Fig. 1 is considered. Each link transports 16
wavelengths at 2.5 Gbit/s.

Figure 1. European Optical Network topology.

Regarding the traffic pattern at the connection level, we consider that each wavelength is uniformly occupied
by 3 LSPs. Shortest Path routing and Grouping wavelength assignment [10] are used. At the packet level, packet
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length follows an exponential distribution with a mean equal to 500 bytes and a Poisson distribution is used for
the inter-arrival packets with a mean that provided a 0.8 offered load per each LSP.

3.2 Ad-hoc integrated FDL architecture design

We firstly analyze the performance of the MGWS and SWKW algorithms to find their optimum granularity.
We consider a degenerate buffer with B=8 in each node. In Fig. 2 we plot the PLR fixing the granularity
(normalized to the average packet size) of MGWS algorithm to the value of D=0.4 (Fig. 2a) and D=10.6
(Fig. 2b), and varying the SKWS granularity, i.e. the x-axis values represents the ratio between granularities. For
example, if the x-value indicates 2.0, it means that the SKWS granularity is twice as MGWS (e.g. 0.8 in
Fig. 2a).

The first particularity to note from these figures is the opposite performance of the algorithms, which drives
to a trade-off between PLR of high and low service category. This behavior can be easily explained with the fact
that the algorithm with the higher granularity has more possibilities to forward a packet in the further delays,
while the other algorithm with the lower granularity cannot reach such positions. Therefore, the lowest
granularity class packets experiment very bad performance because of the reason aforementioned, and that bears
to an emptier network where higher granularity algorithm packets never get lost.
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Figure 2. PLR as a function of the ratio between the granularity D of SKWS and MGWS,
fixing a) D = 0.4 and b) D = 0.6 for MGWS.

To design the integrated FDL architecture, we have to select the granularity ratio achieving the desiderated
performance and saving buffer requirements (i.e. there are common delays available for both categories).
Interesting ratios are 1.5 and 2 as shown in Fig. 3¢ when two buffers of 8 delays are merged. For example
selecting 2.0, we can set up two degenerate buffers: Q" with consecutive delays of D and length B for the BE
packets and Q"” with consecutive delays of 2 D and length B"” for RT packets. Then these buffers can be merged

in a non degenerate buffer Q = Q" U Q”’, where the common delays are available for both service categories.

Fig. 3b shows an example with B"=B""=4, and a resulting length B =6 of buffer Q (instead of 8 if we had
used two separated buffers).
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Figure 3. a) Number of required delays in the integrated buffer using different granularity ratio, b) Non-
degenerate buffer configuration with 6 FDLs; BE packets can use delays {0,D,2D,3D}, while RT packets can
use delays {0,2D,4D,6D)}.

3.3 Simulation results

In this section we evaluate the performance of the EON network where each node uses an integrated buffer and
the traffic consists of 50% of BE packets and 50% of RT packets.

Fig. 4 shows the PLR as a function of the normalized fiber granularity. In Fig. 4a the ratio is equal to 2 with
a resulting length buffer of B =12 delays while the ratio is 1.5 in Fig. 45 and the length is B = 13 (the original
buffers have B =28 delays). In the figures we include a secondary x-axis which indicates the granularity
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perceived by SKWS (2 and 1.5 times D in Fig. 4a and Fig. 4b, respectively). As expected, the performance of
RT and BE categories are almost aligned and in particular RT obtains very low PLR.

Besides the PLR, we also consider other performance measures, which have been already proposed in [6]:
the mean delay at the buffers (it does not include the propagation delay), the Forwarding Opacity (evaluated as
the percentage of packets requiring a wavelength selection over the total number of packets), and the Out-of-
sequence (OS) (evaluated as the percentage of packets delivered out-of-order at the destination over the total
number of packets). Forwarding Opacity (FO) is an estimation of the overload of the node control function; in
fact higher percentages indicate higher amount of times a node requires to move an LSP from one wavelength to
another, which is the highest demanding task. Table 1 shows the results considering a ratio of 2 and D = 0.3.
We highlight that required services are obtained: 1) the PLR isolation between RT and BE is five orders of
magnitude, 2) RT packets obtain lower buffering delay than BE packets, 3) switching RT packets is more
demanding than switching BE packets, and 4) RT packets are always delivered in correct order.
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Figure 4. Packet Loss Rate packets as a function of the granularity by each category of traffic
a) ratio equal to 2, and b) ratio equal to 1.5.

Table 1. PLR, delay, FO and OS with RT granularity ~ Table 2. PLR, delay, FO and OS with RT granularity
equal to 0.6 and BE to 0.3 and an integrated buffer equal to 0.6 and BE to 0.3 and an integrated buffer

with B = 12. with B = 10.
PLR | delay | F.O. | O.S PLR | delay | F.O. | 05
BE | 1.19 1073 2.23us 16.1% | 4.4% BE | 1.23107° 2.20pus 17.3% | 4.1%
RT | 2.10 10°® L41ps | 64.7% | 0% RT | 2.90 1077 | 1.20us | 65.2% | 0%

Once we have tested the network performance with this buffer configuration, we have tried to get similar results
by using smaller buffers. We have reduced the number of FDLs assigned to the RT buffer (SKWS) to 6 (RT
performance was so good that should not be a problem to reduce its buffer), which drives to an integrated buffer
of B =10 delays. Therefore we can compare the results obtained with the reduced buffer architecture (Table 2)
with the ones obtained previously (Table 1).

4. CONCLUSIONS

In this paper we have considered an optical network integrating connection-oriented mechanisms and OPS
technologies. In such a scenario we have applied the SCWS (Service Category-to-Wavelength Selection)
technique to provide QoS. A case study with two different service categories has been carried out. The obtained
results highlight that this technique, up to now only tested at node level also performs correctly in a whole
network environment.

REFERENCES

[11 L. Xu, H.G. Perros, G. Rouskas, “Techniques for optical packet switching and optical burst switching,”
IEEE Commun. Mag., vol. 39, no. 1, Jan. 2001, pp. 136-142.

[2] L. Dittman, ef al., “The IST project DAVID: a viable approach towards optical packet switching,” IEEE
J. Select. Areas Commun., vol. 21, n0.9, Sep. 2003, pp. 1026-1040.

[3] F. Callegati, W. Cerroni, C. Raffaelli, P. Zaffoni, “Dynamic wavelength assignment in MPLS optical
packet switches”, Optical Network Mag., vol. 5, no. 5, Sep. 2003, pp. 41-51.

[4] C. Qiao, “Labeled optical burst switching for [P-over-WDM integration,” IEEE Commun. Mag., vol. 38,
no. 9, Sep. 2000, pp. 104-114.



ICTON 2006 5 Mo.P.1

F. Callegati, W. Cerroni, C. Raffaelli, P. Zaffoni, “Wavelength and time domain exploitation for QoS
management in optical packet switches,” Computer Networks, vol. 44, no. 4, Mar. 2004, pp. 569-582.

D. Careglio, J. Solé-Pareta, S. Spadaro, “Novel contention resolution technique for QoS support in
connection-oriented optical packet switching,” in Proc. IEEE ICC 2005, Seoul, South Korea, May 2005.

F. Callegati, G. Muretto, W. Cerroni, C. Raffaelli, P. Zaffoni, “A framework for performance evaluation of
OPS congestion resolution,” in Proc. ONDM 2005, Milan, Italy, Feb. 2005.

F. Callegati, D. Careglio, W. Cerroni, J. Solé-Pareta, C. Raffaelli, P. Zaffoni, “Keeping the packet
sequence in optical packet-switched networks,” in Proc. NOC 2004, Eindhoven, The Netherlands, Jun.
2004.

D.K. Hunter, M.C. Chia, I. Andonovic, “Buffering in optical packet switches,” IEEE/OSA J. Lightwave
Technol., vol. 16, no. 12, Dec. 1998, pp. 2081-2094.

D. Careglio, S. Spadaro, J. Solé-Pareta, “Service category-to-wavelength assignment technique for QoS
support in connection-oriented optical packet switching,” accepted for publication in Computer Networks.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for IEEE Xplore. Created 15 December 2003.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


