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Abstract 
 

The rise in complexity of SOC (System-on-Chip) architectures has brought into focus the 

need for better communication models for SOCs. The traditional bus based approach is 

reaching its limit with the emergence of high core count SOCs.  The theory and practices of 

wired communication networks is being applied to tackle communication issues in complex 

SOCs. This is referred to as the Network on Chip (NOC) model. Routers are one of the most 

important elements of an on chip network. The underlying architecture of a router is based on 

a crossbar switch as it offers higher throughput and lower latency due to point-to-point 

architecture. Homogenous sizes of the input module in the router may not be efficient as some 

cores may be underutilized while some of them may be overloaded. A heterogeneous size of 

the input module is preferred for the predicted traffic but bursty in nature. We proposed, 

input module of size 64_packet array for the most busy node in the design while the most 

underutilized input module can also satisfy the need of the packet array of size 16. For 

moderate traffic, the input module with 32 packet array can be an efficient solution. The Islip 

based IQ_VOQ is the most practical combination, popular in the CISCO router [12000 

series]. The input module proposed here is based on Virtual output queuing while Islip 

scheduling algorithm is based on unfolding and folding concept. First, the RTL 

implementation of input module for 3-proposed design has been carried out and later it 

realized using a standard-cell-based ASIC flow using 90 nm saed-typ technology library of 

Synopsis Educational Design Kit.   
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1. Introduction to IQ_VOQ [input queuing_virtual output queuing] 
 

Traditionally, the difference in switches_ design was in the way the queuing function is 

implemented. There has been extensive research work in this area and many switching 

architectures have been proposed, such as output-queued (OQ) and input queued (IQ) 

switches. It is well known that OQ switches are highly desirable for their optimal 

performance and QOS guarantees [1], [2], [3], [4].  

However, the high internal speedup coupled with the limitation in memory access time 

prohibits the OQ to scale to even a medium sized switch [1]. On the other hand, IQ switches 

have gained more interest because of their low cost and high scalability. The only drawback 

with the IQ switches are the head-of-line (HOL) blocking problem which limits the 
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achievable throughput to approximately 58.6% [1]. By using a simple buffering strategy, 

HOL blocking can be entirely eliminated [1], [2], [3]. Specifically, if each input maintains a 

separate queue for each output, HOL blocking is eliminated because a cell cannot be held up 

by a cell queued ahead of it that is destined for a different output. This scheme is called 

Virtual Output Queuing.  Figure 1 is an example of a 3 × 3 VOQ switch. With the VOQs, a 

cell at the head of a queue can no more block any cell destined to another output. 
 

 

Figure 1. Virtual Output Queuing 
 

Apart from the above discussed queuing techniques, Combined input/output queuing 

[CIOQ] and Combined Input Crosspoint Buffered Switch [CICBW] techniques are also 

available. The following table compares the advantages and the disadvantages of all such 

techniques. 
 

1.1 Summary of the Queuing Techniques 
 

Table 1. Summary of the Queuing Techniques 

 
 

A router requires a scheduling algorithm to decide which one of the queues at each input 

can forward its HOL cell to the destination output. 
 

1.3 Overview of  iSLIP Scheduling Algorithm 
 

Finding a scheduling algorithm that is simple, fair and efficient is critical in designing a 

high speed input queued switch. Studies have shown that a suitable scheduling algorithm can 

increase the throughput of an input-queued switch to 100% when arrivals are independent.  

Researchers proposed many practical algorithms such as MUCS [1], iSLIP [1], and RPA 

[1]. Here, we will look into the iSLIP algorithm proposed by McKeown for input-queued 

switches [11] above. In an iterative algorithm called iSLIP [11] can achieve 100% throughput 
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under uniform traffic. When the input traffic is non-uniform, SLIP still has a good 

performance if the input load is not too much. Moreover, it’s fast, fair and easy to implement 

in many switch fabrics [11]. If the system demands more area efficient scheduler, ISLIP 

based folded scheduler [1], [2] can also be used to save silicon area by around 31-33% over 

the existing ISLIP scheduler by Nick McKeon [11]. 
 

2.   Function of IQ_VOQ based input_module 
 

The input module proposed here consists of packet array, FIFO, Destination Head array, 

Destination Tail array and the linked list array, Figure 3. The input module receives the 

packets in two phases from the input IP block, 36 bits in each phase [1]. It stores into packet 

array at the address given by FIFO. Destination Head maintains the record of the oldest 

pending packet for that destination while the record of all the newest pending packets are 

maintained jointly by linked list array and the Destination Tail array. The linked list array 

provides the next packet for that particular destination [15].  All the arrays in the design are 

based on DFFs, see Figure 2.  
 

 

                                                Figure 2. DFF Schematic 
 

 

Figure 3. Input Module 
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The design considers total 72 bits size of the packet, see Table 2, which further consists of 

two fields control field and payload. Control field consists of 6 bits, each 3 bits is used to 

describe source and destination address while Payload consists of 66 bits.  

 
Table 2. Packet Size 

 
 

3. Input Block to Handle Uniform and Discrete Traffic 
 

Prioritized SLIP has 100% throughput under uniform traffic, but real network traffic is 

highly correlated from cell to cell and so in practice, cells tend to arrive in bursts. So a good 

scheduling algorithm should have an acceptable performance under bursty traffic too, but 

when the input traffic is burst, performance of Prioritized SLIP can decrease.  

In order to handle the non uniform traffic, two more sizes of the input modules are 

designed. Homogenous sizes of the input module may not be efficient as some cores may be 

underutilized while some of them may be overloaded. In the section described below, it 

facilitates the appropriate size of the input module depending upon the traffic imposed by an 

input IP core. Heterogeneous sizes of the input module is preferred for the predicted traffic 

but bursty in nature. The input core is feeding more data packets at the input module, 

logically to handle such traffic and to accommodate more no. of data packet, the size of the 

packet array has to big. While the input module which occasionally receives the data packet 

from the input IP core, such IP core do not need to have the big size of input module. We 

proposed, input module of size 64_packet array for the most busy node in the design while 

the most underutilized input module can also satisfy the need of the packet array of size 16. 

For moderate traffic, the input module with 32 packet array can be an efficient solution. 

The following section exhibits the size of the input module with packet array 16, 32, 64. 

With the change in the size of the packet array, other arrays like FIFO, linked list, Destination 

Head and the Destination Tail also modified, see following tables. 

 
Table 3. 16_Entry Packet Array 
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Table 4. 32_Entry Packet Array 

 
 

 
Table 5. 64_Entry Packet Array 

 

 

4.  Functional Simulation of the Input Module_32_Packet Array 
 

 

Figure 4. Functional Simulation of the Input Module_32_Packet Array 
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5. ASIC [FRONT END] Implementation of Input Module  
 

This section intends to implement the RTL Synthesis Flow using Design Compiler of 

SYNOPSYS [1] to obtain the result of area, timing and power of the input block.  

 To optimize and analyze the design, two different kinds of constraints are applied. First set 

of constraints cover all the basic parameters including Environmental attributes, see table 5.1, 

while second set covers only 3-parameters, see section 7.  In the first phase of analysis, the 

design has been synthesized using simple compile command, while in the second phase of 

analysis it was partitioned and then compiled. For best synthesis results, it is recommended to 

apply maximum constraints to the design. However, more precise results are obtained by 

applying partition and then compile method [16].  

The tcl commands are written in the script file to set the constraints for the design of the 

input module, see Table 6.   

 
5.1 Constraints in the Input Block With Packet Array Size 16, 32, 64. 

 
Table 6. Constraints in the Input Block With Packet Array Size 16, 32, 64 
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5.2 The Following Tables Exhibit the Results Obtained After Synthesis 

  
Table 7.  Input_Module[16_32_64]_Cell Area 

 

 

Table 8. Input_Module[16_32_64]_Data Arrival Time 

 

 

Table 9. Input_Module[16_32_64]_Dynamic_Cleakage Power 
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6.  Summary of the Synthesis Results of Input Module 
 

Table 10. Summary of the Synthesis Results of Input Module 

 
 

7.  ASIC Implementation of the input_module [16_32_64] with Second Set 

of Constraints 
     

To analyze the synthesis results, in this category only 3-basic constraints were uniformly 

applied to all 3-designs of input module: Clock period –  20 ns, Input delay – 4 ns, Output 

delay – 4 ns. 
 

Table 11. Summary of the Synthesis Results of Input Module after Second Set 
of Constraints 

 
 

8. Four times Faster Scheduler than IQ_VOQ based_Input Block [Error! 

Bookmark not defined.] 
 

Table 12. Comparative Table 
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Scheduler can run at 5ns while input module run at 20ns without violating slack. This 

makes scheduler faster 4 times compared to input module. 

 

9. Conclusion 
 

To handle uniform and bursty traffic at each input module, effective use of the size of the 

packet array, FIFO and the linked array could help. The above comparison of the input 

module for various sizes of the packet array facilitates to select the appropriate size depending 

upon the input traffic by IP block. Right selection could also help to make design more area, 

time and power efficient. IQ_VOQ based input module designed for the packet array of size 

32. This input module accept packets in two phases each of 36 bits. To handle non uniform 

traffic, two more sizes of the input module designed, mainly 16 and 64. It facilitated the 

design engineer to select the appropriate size of the input module depending upon the input 

rate of feeding. The scheduler is four times faster than the input block for the same kind of 

parameters set as constraints.  
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