








ABSTRACT
Optical packet switching is a new emerging technology for next generation data transfer. Optical Packet Switching (OPS) utilizes the very large bandwidth of the optical
fer. In OPS, contention among the packets is a major problem, which can be solved
by using the buffering of contending packets. The need of the buffering of contending
packets gave birth to optical switches designs. This paper presents analysis of an opti-

power when switches are placed in the network.
Keywords: Optical packet switch, wavelength division multiplexing, power and noise
analysis.
INTRODUCTION
gence of data centric applications. On the other hand, massive data centers (Google, Yahoo
etc.) are also generating lot of heat and their expansion is not possible. This growth/limitation
has necessitated new technologies which can handle enormous data. It is well known that the
bandwidth. Thus optical communication can provide a possible solution. The development of
optical communication took place with very slow pace, however now most of the optical components are commercially available, thus making optical communication as feasible solution.
The only two components Tunable Wavelength Converter (TWC) and Optical 3R-(Re-ampli-
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commercialized by the end of this year. But the use of 3R in optical communication is very
In this paper, we have shown that an isolated switch analysis is deceptive as it does not
provide insight into the switch when placed in the network. Therefore, a careful design analysis is necessary when switches are placed in the core network.
OPTICAL NETWOROKS
The generic layout of OPS network is shown in Figure 1. Here, the edge nodes have E/O
and O/E conversion capability, while in OPS nodes data propagates optically. However, clients generate data electronically. As electronic data is aggregated and edge nodes, the size of
packets is generally larger. These aggregated larger size packets traverse in the core networks
and passes through OPS nodes [1-4]. Therefore, design of these core switches is very critical
and integral part of the network design. In optical core networks optical switches play very
important role in the over-all performance in terms of both physical and network layer parameters [5-7]. In past, many design have emerged with their pros and cons [5-12]. In this paper,
we have selected a switch which has very simple buffer design.

Figure 1: Generic Layout of Optical Network
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SWITCH ARCHITECURE
A recently published switch design has been selected for analysis. In this switch design,
packets are directly transmitted to output by tuning their wavelengths appropriately through
input TWCs and at the output, corresponding TF tunes its wavelength to accept the packet.

Figure 2: Switch Design Under Consideration

As per the required amount of delay, different FBGs can be selected. For detailed description on the architecture reader can refer to Srivastava et al. [8].
ARCHITECURE MODIFIATIONS
When such switches are placed in the networks, at the input of the switch splitter and at
the output of the switch, combiners are required. As in the network, data propagates using
routed within the switch and again at the output of the switch, data has to be multiplexed using
combiner.
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PHYSICAL LAYER ANALYSIS
The power budget analysis is necessary to identify the minimum power of the signal which
analysis, following steps are to be followed:
1. Calculation of accumulated losses when signal passes through different components of
the switch.
2. Gain calculation of EDFA, which is numerically equal to the total loss of the switch.
3. Total signal power received at the output using additive noise.
4. Noises accumulation within the switch and at the receiver.
5. Bit Error Rate analysis at different power levels.
-9

6.
the switch.
Loss Analysis

N 1
The loss of the input which consists of TWC and combiner is ATWC ACom
, the loss of output
1 N
unit which consists of splitter and TF is AFBG ACir ASpt ATF , and the loss of buffer unit is BAFBG .

Thus the maximum possible loss when a packet passes through the switch is

A

N 1
1 N
ATWC ACom
( B 1) AFBG ACir ASpt
ATF

(1)

This loss is compensated by EDGA, and it is found that the condition AG 1 , a condition
which maximizes the SNR [1].
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When switch placed in the network, the new loss can be formulated as

A

1 N
Spt

A

N 1
Com

ATWC A

1 N
Spt

( B 1) AFBG ACir A

N 1
Com

(2)

ATF A

Additional loses is encountered due to the splitter and combiner.
Power Analysis
Again, power entering the switch is

Ps

bPin

(3)

b [0,1]
0

/P1) is assumed to be zero.

Power at the output of the switch is

Pout

Ps

Psp

Pout

bPin

1 N
nsp (G 1)h B0 ASpt
ATF

(4)

The term nsp (G 1) h B0
work the power of bit leaving the switch is

Pout

bPin

N 1
nsp (G 1)h B0 A1SptN ATF ACom

-

(5)

Noise analysis
Noise components generated at the receiver are shot noise, ASE-ASE beat noise, sig2
ASE beat noise, shot-ASE beat noise and thermal noise. Variances are denoted by s ,
respectively [9]. For the bit b, the different noise components in
the receiver area are:
2
s

2qRPs Be

2
sp sp

2R2 Psp (2Bo Be )

4 R 2 Ps

2
s sp

2qRPsp Be
K BTBe

th

100

Psp Be

2
sig sp

B0

Be
B02

(6)
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The total noise variance for bit b is
2

2
s

b

BER

Q z

Q

2
sp sp

2
sp sig

2
s sp

(7)

2
th

I 1

I 0

1

0

(8)

dz

(9)

1
2

e

z2
2

z

Where I(1) =RP(1) and I(0) =RP (0) are photocurrent sampled by receiver during bit 1 and
bit 0 respectively, and R is responsivity of the receiver.
CALCULATION AND RESULTS
Table 1: List of Parameters and Their Value [9].
Parameters
Size of the switch
Population inversion factor
Loss of Circulator
Speed of light

Loss of FBG
Responsivity
Electronic charge
Electrical bandwidth
Optical bandwidth
TWC insertion loss
Loss of TF

Value
4
1.2
1 dB
3 108 m / s

1.55
1 dB
1.28 A/W
1.6 10
10GHz
20GHz
2.0 dB
1.0 dB

19

C

The typical values of the parameters used in the calculation are shown in Table 1. Using
the above formulation and the values of the parameters as given in Table 1, the results obtained
in terms of BER at different power levels is shown in Table 2. It is clear from the Table 2 that
-9
, the minimum power level is nearly 3 micro-watts. When such switch make
compatible with network placement then the required amount of power increases to 17 microwatts (Table 2), which is nearly 6 times in comparison to isolated switch.
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Table 2: Switch Size 4×4, and Buffer 4.
Power in
micro-watts
1
2
3
4
5
6
7
8
9
10

BER
2.08×10-4
1.55×10-7
1.3×10-10
1.12×10-13
9.94×10-17
8.90×10-20
8.03×10-23
7.26 ×10-26
8.89 ×10-29
6.01×10-32

Table 3: Switch Size 4×4, and Buffer 4 in network
Power in
micro-watts
10
11
12
13
14
15
16
17
18
19
20

BER
1.95×10-6
6.13×10-7
1.93×10-7
6.10×10-8
1.92×10-8
6.12×10-9
1.94×10-9
6.20 ×10-10
1.97 ×10-10
6.31×10-11
2.02×10-11

NETWORK ANALYSIS
Finally these switches are placed in the network. In the network, two more parameters
need to be considered in the analysis:
1. Number of switches between a pair of source and destination,
2. Distance between the nodes though which data propagates form source to destination.
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(a)

(b)

(c)

Figure 4: Network Bio-graph
For example, we have considered 6 nodes and 11 edges network. Distances among different nodes are different in Bio-graph 1, however similar distances have been considered in
Bio-graph 2 and Bio-graph 3. In Bio-graph 1and 2, source node is 1 and destination node as 2,
while in Bio-graph 3, destination node is 6.
In Bio-graph 1, the shortest path is 1-6-2 and distance is 1.61 units.
In Bio-graph 2, the shortest path is 1-5-4-6-2 and distance is 1.36 units.
In Bio-graph 3, the shortest path is 1-5-4-6 and distance is 0.95 units.
In general, distances among adjacent nodes in optical core networks are in some hundreds
to some thousands of kilometers (considering 1unit=1000km).
Therefore, travelled distance in Bio-graphs 1-2-3 is 1610 km, 1360 km and 950 km, respectively. Considering EDFA of gain 30dB each, which are placed in the links of the network.
(10 of 30 dB and one of 22 dB) and 6 (5 of 30 dB and one of 20 dB), respectively.
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(a)

(b)

In network, the new equation for power calculation would be

Pout

bPin ( Ain Gin ) K

N 1
N sd nsp (G 1)h B0 A1SptN ATF ACom
Knsp (Gin 1)h B0

(10)

Where, Ain and Gin
K’ is the number of
Nsd is the numbers of switch through which data moves between source
to destination.
Again using equation (6)-(9), BER can be re-evaluated at different power levels.
Table 4: Performance in Network with Longest path.
Power in milli-watts
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
104

BER
2.75×10-8
5.77×10-9
1.21×10-9
2.56×10-10
5.43×10-11
1.51×10-11
2.42×10-12
5.23 ×10-13
1.11 ×10-13
2.38×10-14
5.11×10-15
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Table 5: Performance in Network with Shortest path.
Power in milli-watts
0.10
0.20
0.30
0.40
0.50
0.60
0.65
0.70
0.80
0.90
1.00

BER
0.0115
3.98×10-4
1.59×10-5
6.75×10-7
2.95×10-8
1.31×10-9
2.79×10-10
5.95 ×10-11
2.72 ×10-12
1.25×10-13
5.80×10-15

In Table 4, Power vs. BER is shown. Here minimum power level is 1.3 mW, and for the
shortest path, the minimum power level is 0.65 mW.
Table 6: Comparative Analysis of Switch.
Switch Design
Isolated Switch
Switch in Network
Switch in Longest Path
Switch in shortest Path

Power
3 micro-watts
17 micro-watts
1.3 milli-watts
0.65 milli-watts

of power for successful operation of the switch has been done. It is evident that isolated switch
analysis is very deceptive as it shows much lesser power requirement in comparison to when
placed in the network. When whole network is considered, power increases from micro-watts
to milli-watts. This is a tremendous rise in power.
CONCLUSIONS

network. It has been found that power requirement in isolated switch is very less- 3 microwatts. When such switch is made compatible with network placement, power increases sixfold and becomes 17 micro-watts. The power requirement also depends on the physical distance between source and destination pair and number of hops data traverse before it reaches
its destination. In the future work, how network layers parameters will be affected by different



105



Journal of Indian Research
REFERENCES

1. Tucker, R. S. & W.D. Zhong (1999). “Photonic packet switching: an overview,” IEICE
Trans. Commun., Vol.E82 B (2): 254-264, Feb. 1999. Available at http://citeseerx.ist.psu.
edu/viewdoc/download?doi=10.1.1.29.7997&rep=rep1&type=pdf

2.
IEEE/OSA Journal of Lightwave Technology, Vol. 16 (12):2081-2094.

3.
resolution schemes in optical packet switched networks,” IEEE J. of Lightwave Technol.,
Vol. 21, pp. 672-683, Mar. 2003.

4.
Architecture and experimental implementations”. Proceedings of IEEE, Vol. 82
(1):169-173.

5.
switch networks,” in Proc. Workshop All-optical network (WAON, 98), Zagreb,
Croatia, May, 1998.

6. Agrawal, G. P. (2002). “Fibre-Optic Communications Systems”, John Wiley & Sons.
7. Ahmadi, H. & W. E. Denzel (1989). “A survey of modern high-performance switching
techniques,” Journal on Sel. Areas of Communication, Vol. 7(7): 1091-1103.

8.
IEEE Photonic Technology Letters, Vol. 20(18):
1581-1583.

9.
Memory,” J. Lightw. Technol., Vol.27 (21): 4821-4831 (Nov.2009).

10.
networks,” IEEE INFOCOM 1994, pp. 120-129.

11.
packet switch architectures,” Journal of Optical Networking, Vol. 7(1): 94-105.

12.
Journal of Optical Networking, Vol. 6
(4):341-348.

106

