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Abstract 

 
Photonic routers are key elements in Photonic network-on-chip(NoC). In the 

future, the transmission speed will become the processing bottleneck in NoCs. It is 

really important to use routers which are coordinate with high-speed photonic 

platforms. Most previous routers are based on microring resonators (MRs). MRs 

have lower speed in packets transporting compare to Mach-Zehnder interferometers 

(MZIs). In this article non-blocking 4- and 5- port optical routers based on MZIs are 

introduced. To solve the blocking problem the West First (WF) routing algorithm is 

used. This algorithm has a lower limit compared to XY routing algorithm. The 

simulation results show using the MZIs, improves the speed of proposed routers 

compared to previous routers based on MRs and the number of switching elements 

have reduction because of using WF algorithm. The proposed routers can transport 

the optical signals with 20GB/s speed and have appropriate evaluation parameters 

to use in photonic NoC.  

 
Keywords: Mach-Zehnder interferometer, optical router, photonic network on chip, West First routing algorithm  

 

 

1. Introduction 

In recent decades, need to increase the processing speed, has led to use chip 

multiprocessors[1]. In this model of processor, the communication between the 

processing cores is one of the most important issues that affect the overall performance 

of system[2], [3].The optical network on chip(ONoC) idea has been proposed as an 

attractive solution for solving the communication problems in multiprocessor 

chips[4].In this model, the optical communication technology has been used as a 

replacement for electricity-based communication. This solution improves network on 

chip(NoC) parameters such as: delay, noise and power consumption. Optical routers 

are a key element in optical communication. An appropriate optical router not only 

should transmit photonic packets, but also it should prevent blocking during the 

communications[5], [6]. In addition an optimized router should have optimized area 

consumption, low power consumption and less delay. Two primary methods of design 

optical routers include: A)using microring resonator(MR), B)using MZI switches[1], 

[3], [7]–[9]. Because of the higher speed of the MZI switches compare to MRs, they 

are more in line with the optical communications platform and this very important 

advantage can solve the speed challenge in NoC communications. These basic 
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switching elements (MZIs) are capable of switching optical signals at nanosecond 

speed which is an important advantage compared to MRs. Due to the different structure 

of the Mach-Zehnder switches, their thermal tolerance is far greater than MRs, this will 

be useful to high-volume communications in multi-core processors. Despite all the 

advantages, none of the two mention basic switching elements provide a guarantee for 

the prevention of  blocking in packet routing. to solve this problem, using non-blocking 

routing algorithm solution in the router design is useful. This has led to the design of 

optical routers based on the XY routing algorithm already. This algorithm which is a 

subset of dimension order routing(DOR) algorithms, reduces the probability of 

blocking by applying limitations in packet rotating [7], [10]. Figure1 shows this 

algorithm[13]. 
 

 

Figure 1. The XY routing algorithm function 

 

 The primary disadvantage of XY algorithm is the extreme limitation that reduces the 

router’s flexibility and fault tolerancy[11]. This issue in this article made us to looking 

for a replacement for this routing algorithm. Since the West First(WF) routing 

algorithm besides guarantying the non-blocking routing, applies less limitation in 

transmission of packets than the XY algorithm, it can overshadow the flexibility of 

router less[11]. Figure 2 shows WF routing algorithm function. Like XY routing 

algorithm, the WF algorithm is appropriate for use in mesh and torus topology-based 

NoC(which are the most used topologies in NoC)[11].  
 

 

Figure 2. The WF routing algorithm function 

 

In this article for the first time, 4- and 5-port optical routers with WF routing 

algorithm are designed. Also, due to the aforementioned advantages of  MZI switches, 

these basic elements are used in the design of these proposed routers. Finally, the 

proposed optical routers are managed to provide non-blocking routing with 20 Gb/s 

speed, by combining the advantages of WF routing algorithm and MZI switches. 

Figure3 shows the advantages of MZIs and WF routing algorithm and manner of 

solving the challenges in optical NoC. In next part, after reviewing some of the 

previous researches and their advantages and disadvantages, the structures of proposed 

routers are presented; then the evaluation results are described. The last part is 

dedicated to research conclusion. 
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Figure 3. How to solve some photonic NoC challenges by using the advantages of MZIs and WF 

routing algorithm  

 

2. . Related Works 

Although so many MZI or MR based optical routers are designed since 2000, when 

the first idea for optical router was proposed, but all of them are based on MRs and 
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there is no report for XY optical router based on MZI yet [7], [10], [12]. Here are some 

important designs. 

In 2012, HatamiRad et al. designed the XY 4-port optical router based on MR. This 

router is shown in the Figure 4. With the help of XY routing algorithm, 4 switching 

elements and 4 waveguide crossings provide the 2.5Gb/s speed router [7]. Although 

this model has had improvements than its previous ones, but it has two important 

disadvantages: first, low speed of transmission that is due to the limited bandwidth of 

MRs, and second, applying more limitation in routing because of using XY algorithm 

(elimination of 4 rotations out of 8 present rotations in routing). High-speed MZI 

switches can be used to solve the bandwidth problem. This solution can be seen in a 

router designed by Genge et al[5]; In the later sections, this router is introduced further. 

On the other hand, the high limitation of the routing algorithm used by the 4-port router 

can also be somewhat overcome by replacing the WF routing algorithm. There are 

same issues and solutions for next router that is designed by Shabani et al. in 2013[10]. 
 

 
Figure 4. 4-port XY optical router[7] 

 

 
Shabani et al. designed their 5×5 router with a similar method (based on XY 

algorithm and MRs). This router is also non-blocking and 12 MRs along with 9 

waveguide crossings, formed a router with 2.5Gb/s speed; its structure is showed in the 

Figure 5[10]. Like the previous router with all of the present advantages of this router, 

two issues persist: high limitation and low bandwidth. In network on chip, to have an 

optimum delay it's important to match the router's speed and optical communication 

platform's speed; but MRs have less bandwidth than MZIs and they reduce overall 

NoC speed. So the idea of using the MZI switches can solve this problem. As 

previously explained, MZI switches have higher bandwidth than MRs and their thermal 

tolerance is far greater than MRs; This affects the overall network on chip 

performance[5]. All of these benefits of the MZI switches made the Genge et al. to 

design a general router based on high-speed MZI switches[5].  
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Figure 5. 5-port XY optical router[10] 

 

As mentioned in 2017, Genge et al. proposed a general non- blocking router based on 

MZI. The schematic of 4- and 5-port router’s structures are given in the Figure 6[5]. 

Using the MZI switches improves the speed of the routers significantly. Although these 

routers have 20Gb/s bandwidth which is optimal for ONoC, but the high number of 

MZI switches that are used in their structure (in which 8 switches in 4-port router and 

15 switches in 5-port router) lead to increase area consumption and power 

consumption. To cope with these challenges, we should be able to use the least number 

of MZI switches in the router structure. In order to have a better explanation Table 1 

shows the comparison between the previews routers. 
 

 
Figure 6. Samples of N-port non-blocking routers[5], A) n = 4 B) n = 5 

 

 As an effective solution for this purpose we can remove some unnecessary paths in 

the router structure. This is the same method that DOR algorithm are used for routing 

in NOC. For example, in section1 it was said that in XY routing algorithm, four 

rotations of a total routers rotations were illegal. In WF routing algorithm just two 

rotations are  unallowable, so it can be said that the WF routing algorithm has more 

flexibility and fault tolerancy than the XY routing due to the number of its allowed 

paths.  
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Table 1. Comparing parameters & advantages/disadvantages in previous routers 

 

Disadvantages Advantages 
Restriction 

in rotation 

Speed 

(Gb/s) 

No. of 

crossings 

No. of 

switching 

elements 

No. of 
Input/output 

ports 

Routers 

-Is not suitable to 
use in all kind of 

optical NoCs 
-Reduction in 
fault tolerancy 

due to the 
elimination of 
some routes 
- low speed 

routing  

-Use less 
switching 

elements and 
waveguide 
crossing 

improves area 
consumption and 

power 
consumption and 

delay 
-Non blocking 

routing 

Four 

rotations of 

eight 

rotations are 

prohibited 

2.5 4 4 4 
XY 

router[7] 

- High number of 
switching 

elements lead to 
increase area 

consumption and 
power 

consumption 

-General routers 
can use in all 
kind of NoCs 
-Non blocking 

routing 
- High speed 

routing 

0 20 0 8 4 

4-port 

General 

router[5] 

-is not suitable to 
use in all kind of 

optical NoCs 
-reduction in fault 
tolerancy due to 
the elimination of 

some routes 
- low speed 

routing 

-Use less 
switching 

elements and 
waveguide 
crossing 

improves area 
consumption and 

power 
consumption and 

delay 
-Non blocking 

routing 

Four 

rotations of 

eight 

rotations are 

prohibited 

2.5 9 12 5 
XY 

router[10] 

- High number of 
switching 

elements lead to 
increase area 

consumption and 
power 

consumption 

-General routers 
can use in all 
kind of NoCs 
-Non blocking 

routing 
- High speed 

routing 

0 20 0 15 5 

5-port 

General 

router[5] 

 

In the design of optical routers, we're looking for a compromise between the 

evaluation parameters. For this purpose, the proposed ideas will be introduced in next 

section. 
 

3. Architecture 

Several purposes are considered in modeling proposed routers: 1.offering wide 

bandwidth and thus reducing delay 2.reducing the number of switching elements that 
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use in the router design 3.prevent packet blocking 4.enhance router flexibility over 

previous XY routers. To accomplish the first purpose, MZI switches are used as a 

replacement for MRs[1], [5]. In order to reach the second and third goals, a good 

solution is using a DOR algorithm and applying restrictions on routing; with this 

method, some of the needless paths are eliminated and it not only optimized the 

number of used elements and evaluation parameters, but also non-blocking routing will 

be guarantee [7], [10]. As mentioned in preview section, until now only XY routing 

algorithm is used in the design of optical routers. As seen, Figure 1 shows the function 

of XY routing algorithm; by this algorithm four turns are not allowed(north to east, 

south to west, north to west and south to east are forbidden) [13]. Here this issue is in 

contradiction with the fourth goal. Therefore, in this article for the first time 4- and 5-

port non-blocking optical routers are designed with WF routing algorithm. The 

function of WF routing algorithm was shown in Figure 2; compare with XY routing 

algorithm, in WF routing algorithm just two turns are forbidden (south to west and 

north to west are not allowed) [13]. As mentioned, the lower limitation in routing 

algorithm increases router's flexibility; By considering  this point, we will have more 

flexible routers if we use WF routing algorithm instead of XY routing algorithm. 

The structures of the proposed non-blocking routers based on WF routing algorithm 

are showed in the Figure 7 and Figure 8. 
 

 
Figure 7. The structures of proposed 4-port non-blocking WF optical router 

 

 

Figure 8. The structures of  proposed 5-port non-blocking WF optical router 
 

In 4-port router, 5 MZI switches and in 5-port router, 12 MZI switches and 6 

waveguide crossing have provided the possibility of 20Gb/s transmission speed. 

Although the proposed routers don't have any similar model in previous, but the 

Table2 has presented a comparison between the number of used elements in proposed 

4-port router and previous structures (including: general router and XY algorithm 

based routers); Also Table3 for 5-port routers. 
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Table 2. Comparing parameters in proposed 4-port router with previous routers  

Restriction in rotation 
Speed 

(Gb/s) 

No. of 

crossing 

No. of 

switching 

elements 

Routers 

Two rotations of eight 

rotations are prohibited 
20 0 5 WF proposed router 

Four rotations of eight 

rotations are prohibited 
2.5 4 4 XY router[7] 

0 20 0 8 General router[5] 

 

 

 

Table 3. Comparing parameters in proposed 5-port router with previous routers 

Restriction in  

rotation 

Speed 

(Gb/s) 

No. of 

crossing 

No. of 

switching 

elements 

Routers 

Two rotations of eight 

rotations are prohibited 
20 6 12 WF proposed router 

Four rotations of eight 

rotations are prohibited 
2.5 9 12 XY router[10] 

0 20 0 15 General router[5] 

 

 

By noticing in the Table 2 and 3, it can be seen that the proposed routers have 

managed to establish a compromise between bandwidth, the number of used switching 

elements and its flexibility; so that by presenting high bandwidth and maintaining 

relative flexibility, will retain the number of used switching elements in an acceptable 

range. As mention in previous parts, using the less number of switches and waveguide 

crossing in the router structure improves its parameters. So this article tries to introduce 

routers with consider this issue. 

In Table 4 ,inner optical paths of the 4-port WF optical router are shown. It's seen 

that six of the sixteen inline paths are illegal (Total limitation of U-shaped paths and 

WF algorithm constraints). 

 

 

 
Table 4. The inner optical paths of the WF optical router 

 Ei Ni Si Wi 

Eo --- M3, M5 M4, M5 M2, M4, M5 

No M1, M2, M4 --- M4 M2, M4 

So M1, M2, M3 M3 --- M2, M3 

Wo M1 --- --- --- 

 

 



 

Journal of Advances in Computer Research (Vol. 10, No. 1, February 2019) 59-72 

 

 

67 

 If we ignore the U-shaped path restrictions because of their commonality in all 

routers, Two unauthorized paths in the algorithm, reduces the number of switching 

elements compared to similar public routers. On the other hand, reducing restrictions 

compared to the XY algorithm, is the advantage of WF algorithm, so that increases the 

router's flexibility in confronting with faults. 

As an example in Table4 there are two MZI switches (M3 and M5) to guide the 

optical packets from Ni  to Eo; Similarly for Table 5. 
 

 

Table 5. The inner optical paths of the WF optical router 

 Ei Ni Si Wi Ci 

Eo --- 
M11,M4,M6,

M8 
M7,M8 M7,M8 

M1,M3,M4,
M6,M8 

No M2,M3,M5 --- 
M7,M8,M1

0,M5 
M7,M8,M10,

M5 
M1,M3,M5 

So M2,M3,M4,M12 M11,M12 --- 
M7,M9,M10,

M11,M12 
M1,M3,M4,

M12 

Wo M2 --- --- --- M1,M2 

Co 
M2,M3,M4,M6,

M9 
M11,M4,M6,

M9 
M7,M9 M7,M9 --- 

 

 

As mentioned, another important advantage of this router is its non-blocking routing; 

that means this router is capable of transmitting optical signals across all internal paths 

simultaneously. Tables 6 and 7 show some of router's internal paths. Here, the symbols 

"1" and "0" are used to represent the state of MZI switches(the bar and the cross). 

 For example, to send an optical signal from the Si port to the Eo port, the M4 and 

M5 MZI switches should be in cross and bar state, respectively which in Table 6 in the 

corresponding row and column, the "0" and "1" symbols have been used. In dashed 

lines, the switching element corresponding to that row and column does not interfere 

with the routing; also for the Table 7. By carefully looking at these tables, it can be 

seen that all the desired paths allow packets to be transported simultaneously; this is 

the definition of non-blocking routing. In the next section, two proposed routers are 

simulated and evaluation parameters are calculated for them. 
 

Table 6. Some of the inner optical paths of 4-port WF optical router 

  Input/ Output paths MZI switches 

 Row Ni Ei Si Wi 1M 2M 3M 4M 5M 

 
 
 

1 oS oW oE oN 1 0 1 0 1 

2 oE oW oN oS 1 1 0 1 0 

3 oS oW oN oE 1 1 1 1 0 

4 oE oN --- oS 0 1 0 0 0 

5 oS oN --- oE 0 1 1 0 0 

6 --- oN oE oS 0 1 0 0 1 

7 oE oS oN --- 0 0 0 1 0 

8 --- oS oE oN 0 0 0 0 1 

9 --- oS oN oE 0 0 0 1 1 

10 oE oS --- oN 0 0 0 0 0 

11 oE --- oN oS --- 1 0 1 0 

12 oS --- oE oN --- 0 1 0 1 
 

Routing States 
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Table 7. Some of the inner optical paths of the WF optical router 

  Input/ Output paths MZI switches 

 

Row Ni Ei Wi Si iC 
M

1 

M

2 

M

3 

M

4 

M

5 
M

6 

M

7 

  M

8 

M

9 

 M

10 
 M

11 

 M

12 

1 oE oC oS oN oW 1 0 1 0 0 0 0 1 1 1 1 0 
2 oS oC --- oN oE 1 0 0 1 0 1 1 1 1 0 0 0 
3 --- oC oS oN oE 0 0 0 1 0 1 0 1 1 1 1 0 
4 --- oC oS oN oE 0 0 0 1 0 1 0 1 1 1 0 1 

5 oS oC oN --- oE 0 0 0 1 0 1 1 1 1 1 0 0 

6 --- oC oN oE oS 0 0 1 0 0 0 1 1 1 1 0 1 
7 oE oC oN --- oS 0 0 1 0 0 0 1 1 0 1 1 1 
8 oE oS oC oN oW 1 0 0 0 0 0 0 1 0 1 1 1 
9 oC oS oE oN oW 1 0 0 0 0 1 1 0 1 0 1 1 

10 oE oN oS oC oW 1 0 1 0 1 0 1 1 0 0 1 0 
11 oS oW oC oE oN 0 1 0 --- 1 --- 0 0 0 --- 0 0 
12 oC oW oS oN oE 0 1 0 0 0 1 1 1 1 0 1 0 

 

4. Simulation 

The Optisystem simulator is used to simulate the proposed routers. Thus, the 

insertion loss parameters used in this simulation are listed in Table8. 
Table 8. Optical device insertion loss parameters. 

Value Parameters 

3.45 dB Mach-Zehnder switch(bar)[14] 

0.5  dB Mach-Zehnder switch(cross)[14] 

0.16 dB Waveguide crossing[15] 

0.005 dB/90° Waveguide bend[16] 

1.7  dB/cm Propagation loss (silicon)[16] 

 

Ni→Wo and Si→Wo rotations (also Ci→Wo in 5-port router) are eliminated because 

of using WF routing algorithm. In designing routers, all of the U-turn paths (like 

Ni→No or Si→So) are passed up due to inefficiency[1]. Here, we call the rest of the 

present routes, “authorized internal paths”. A 20Gb/s speed optical signal is transmitted 

from each of the authorized internal paths of the optical routers by the simulator. The 

values related to insertion loss, quality factor, power budget and minimum bit error 

ratio(BER) corresponding to each authorized internal path, are computed. The values 

related to the insertion loss of 10 authorized internal paths of 4-port router and 18 

authorized internal paths of 5-port router are presented in the Tables 9 and 10. 
 

Table 9. Insertion loss (in dB) for 4-port proposed router’s paths. 

Wi Si Ni Ei  

7.4 4.25 1 - Eo 

1 3.45 - 4.45 No 

4.25 - 3.45 1.5 So 

- - - 3.45 Wo 

 

Routing 

States 
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Table 10. Insertion loss (in dB) for 5-port proposed router’s paths. 

Ci Wi Si Ni Ei  

11.51 4.11 1.16 5.27 - Eo 

4.45 11.33 8.38 - 7.4 No 

8.06 8.88 - 3.95 5.11 So 

4.45 - - - 3.45 Wo 

- 1.16 4.11 8.54 11.83 Co 

 

The values of the best and worst insertion loss can be observed by pay attention to 

these tables. For example in Table 9, the best insertion loss is 1; which is related to 

Ni→Eo and Wi→No paths. In these two paths, there are two MZIs in cross state, 

according to the Table 8 for each MZI switch the amount of insertion loss is 0.5dB in 

cross mode. The worst insertion loss in this table is 7.4dB, which is related to Wi→Eo 

path. In this path there are there MZI switches that one of the is in bar state and others 

are in cross state. Again according to Table8, the amount of MZI switch in bar state is 

3.45 dB. It has caused that  the amount of insertion loss of this path will be increased; 

but still the amount of insertion loss is in an acceptable rang. 

In Table 10, it can be seen that the best insertion loss is 1.16 dB that is related to 

Si→Eo and Wi→Co paths. In these paths there are two MZI switches in cross state 

(white the amount of 0.5 dB for insertion loss) and one waveguide crossing (with the 

insertion loss of 0.16 dB). Ei→Co path, with five MZI switches and three waveguide 

crossing has the worst insertion loss in this table. 

The ratio of power budget is also computed for 4- and 5-port routers. According to 

Table 11 in the best case, 4-port router has 20dBm and in the worst case it has 

13.6dBm. Also, these values are 19.84dBm and 9.17dBm for 5-port routers 

respectively in the Table 12. These values are related to the paths which have the 

minimum and maximum insertion loss in Table 9 and Table 10 respectively (by 

reducing insertion loss the amount of power budget can be improved).  
 

Table 11. The ratio of power budget(dBm) for 4-port optical router  

iW iS iN iE  

13.6 16.75 20 - oE 

20 17.55 - 16.55 oN 

16.75 - 17.55 19.5 oS 

- - - 17.55 oW 

 

 

Table 12. The ratio of power budget(dBm) for 5-port optical router 

iC iW iS iN iE  

9.49 16.89 19.84 15.73 - oE 

16.55 9.67 12.62 - 13.6 oN 

12.94 12.12 - 17.05 15.89 oS 

16.55 - - - 17.55 oW 

- 19.84 16.89 12.46 9.17 oC 

 

 

Two other important parameters are computed: "minimum BER" and "maximum Q-

factor". In order to have an optical router appropriate for use in ONoC, the values of 
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these two parameters should be less than 10e-9 and more than 6 respectively[17], [18]. 

In 4-port router; as shown in Tables 13 and 15, the worst values related to these two 

parameters are 3.93118e-012 and 6.84101, which are related to Wi→Eo path (the path 

with the maximum loss). The best ratios are 2.18462e-012 and 6.92469 which are 

related to Ni→Eo path (the path with the minimum loss). In a similar way, Table s 14 

and 16 show  in 5-port router, the worst values for minimum BER and maximum Q-

factor are 2.18462e-012 and 6.43231 respectively, which are related to Ei→Co path. 

The Si→Eo and Wi→Co paths have the best values for the forenamed parameters, 

2.19234e-012 and 6.92419 respectively. As seen these values (BER and Q-factor) are 

in an acceptable range, so the proposed routers are appropriate to use in ONoC. 
 

Table 13. Minimum BER in 4-port WF optical router 

iW iS iN iE  

3.93118e012 2.50679e-012 2.18462e-012 - oE 

2.18462e-012 2.38253e-012 - 2.54547e-012 oN 

2.50679e-012 - 2.38253e-012 2.21053e-012 oS 

- - - 2.38253e-012 oW 

 

 

Table 14. Minimum BER in 5-port WF optical router 

iC iW iS iN iE  

4.32539e-011 2.48173e-012 2.19234e-012 2.74799e-012 - oE 

2.54547e-012 3.56404e-012 5.26732e-012 - 3.93118e-012 oN 

4.72899e-012 6.41434e-012 - 2.45495e-012 2.702e-012 oS 

2.54547e-012 - - - 2.38253e-012 oW 

- 2.19234e-012 2.48173e-012 5.58762e-012 6.28411e-011 oC 

 

 

Table 15. Maximum Q-factor in 4-port WF optical router 

iW iS iN iE  

6.84103 6.90519 6.92469 - oE 

6.92469 6.9124 - 6.90301 oN 

6.90519 - 6.9124 6.902302 oS 

- - - 6.9124 oW 

 

 

Table 16. Maximum Q-factor in 5-port WF optical router 

Ci Wi Si Ni Ei  

6.48883 6.90661 6.92419 6.89212 - Eo 

6.90301 6.51794 6.799 - 6.68103 No 

6.81452 6.77056 - 6.90815 6.89435 So 

6.90301 - - - 6.9124 Wo 

- 6.92419 6.90661 6.79049 6.43231 Co 
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To ensure maintaining the quality of the optical signal while it is passing through the 

router’s paths, the eye diagrams correspond to their internal paths are presented in 

Figure 9. It is observed that all of the eyes are open and diagrams have low width that 

is indicative the amount of noise does not cause the problem in routing packets. In 5-

port router(Figure 9(B)), the paths which have more loss (like Ei→Co or Ci→Eo), 

Causing the diameter of the eye diagram to increase slightly. However, the eye diagrams 

are also open in these paths and the evaluation parameters are in an acceptable range. 

All of the mentioned items indicate the correct routing function of proposed routers 

and their acceptable quality to use in ONoC. 
 

 
Figure 9. The eye diagrams for internal paths in proposed optical routers, with 20Gb/s speed optical 

signal (A) 4-port optical router (B) 5-port optical router 

 

 

5. Conclusion 

Two structures are proposed as 4- and 5-port non-blocking routers to use in ONoC. 

In the design of these routers, the goal was a compromise between design parameters. 

To reach this purpose, for the first time the WF routing algorithm is used in the design 

of the routers. This algorithm not only has the XY algorithm capabilities (such as being 

appropriate for mesh and torus networks and non-blocking routing), but also is more 

flexible than XY routing algorithm. MZI switches are used as proposed router’s basic 

switches. The most important advantage of these switches, is their high bandwidth, that 

has led to design routers with the speed of 20 Gb/s. All of the evaluation parameters 

such as: insertion loss, power budget, Q-factor, bit error ratio and eye diagrams are 

computed by Optisystem simulator. The results show by using the benefits of MZI 

switches and WF routing algorithm, the forenamed parameters are in an acceptable 

range and the proposed routers have been able to provide a guarantee for the desired 

goals. 
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