
  

 
Abstract—In this paper, results obtained under the Static 

Round-Robin (SRR) technique implemented in Memory-Space-
Memory (MSM) and Space-Memory-Memory (SMM) Clos 
switching fabric were analyzed and compared. The SRR 
technique was first proposed for the single-stage switching fabric 
(crossbar). The intuition behind this packet dispatching scheme is 
to desynchronize the pointers of the arbiters in a static way to 
considerably improve the delay performance. The implementation 
of this technique in the MSM Clos-network switches is known as 
the Static Round-Robin Dispatching (SRRD) arbitration 
algorithm. We contribute to this research area by implementing 
the SRR idea in the SMM Clos switching fabric made of the 
Crosspoint Queued (CQ) switches with virtual crosspoint queues 
(VCQs). The performance of the MSM and SMM Clos-network 
switches under the SRR technique and uniform and nonuniform 
traffic distribution patterns has been evaluated using computer 
simulation. Three main performance measures were investigated: 
cell delay, throughput and input buffers size. Selected results are 
shown in this paper. 
 

Index Terms—Clos-network, Dispatching Algorithm, Packet 
Switching, Packet Scheduling. 
 

I. INTRODUCTION 
HE architecture of switching fabric for high-performance 
switches/routers is still a big challenge, for both researches 

and equipment vendors. A switching fabric is responsible for 
transmitting packets from the ingress side to the egress side of 
a switch, and may be organized as a single-stage (crossbar) or 
multiple-stage, such as the Clos switching fabric [1]. The 
crossbar fabric is not scalable, so the Clos-network 
architecture is a very attractive solution for constructing a 
multiple-stage switching fabric made of smaller-size switching 
elements, where each such element is usually a crossbar. 
Currently, network equipment vendors such as Cisco, Juniper, 
and Brocade use this switching fabric to build core routers: 
CRS series, T series, and BigIron RX Series, respectively.  

Taking into consideration buffer allocation schemes Clos-
network packet switches may be classified as: Space-Space- 
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Space (SSS or S3), Memory-Memory-Memory (MMM), 
Memory-Space-Memory (MSM), Space-Memory-Memory 
(SMM), and Space-Space-Memory (SSM) switches [2]. Two 
of these architectures, namely the MSM and SMM are 
investigated in this paper.  

The MSM Clos switching fabric is made from nonblocking 
crossbars as switching modules. This architecture uses 
bufferless modules in the second stage, but it has buffers in the 
first and third stage. Since the architecture has no buffer in the 
second-stage modules, the out-of-sequence problem is 
eliminated but how to dispatch cells from the first stage to the 
second stage becomes an important issue. The cells are fix-
sized packets obtained by segmentation of variable-length 
packets arriving to the ingress line cards of a large-capacity 
switch. Packets are assembled from cells at the egress line 
cards, before they depart. Cells are transmitted through the 
switching fabric during a time slot. Since buffers are allocated 
in the first stage the Virtual Output Queuing (VOQ) 
mechanism may be implemented very easy, to avoid the Head-
Of-Line (HOL) blocking phenomenon [2]. Internal blocking 
and output port contention problems in the MSM Clos-
network switches must be solved by fast arbitration schemes. 
The well known dispatching schemes for buffered Clos-
network switches were proposed in [2-5]. The basic idea of 
these algorithms is to use the effect of desynchronization of 
arbitration pointers and common request-grant-accept 
handshaking routine. Most of these schemes can achieve 100% 
throughput under the uniform traffic, but under the nonuniform 
traffic the throughput is usually reduced. A switch can achieve 
100% throughput under the uniform or nonuniform traffic if 
the switch is stable, as it was defined in [6]. 

The SMM architecture was proposed in [7]. This 
architecture employs bufferless modules in the first stage, and 
output-queued modules in the central and output stage. Since 
the input stage is bufferless the SRR mechanism may be used 
to dispatch cells to the second stage. We propose to replace 
the output-queued modules in the central and output stage with 
the CQ switches with VCQs. 

In this paper, implementation of the SRR packet dispatching 
scheme in the MSM and SMM Clos-network switch is 
presented. Performance parameters of these two architectures 
are also evaluated. The remainder of this paper is organized as 

Implementation of the Static Round-Robin 
Dispatching Scheme in the MSM and SMM  

Clos-Network Switch 
Janusz Kleban, Member, IEEE 

T 

2012



  

follows. Section II introduces some background knowledge 
concerning the MSM and SMM Clos switching fabric. The CQ 
switches with VCQs are also presented in this section. Section 
III presents packet dispatching schemes. Section IV is devoted 
to performance evaluation of the investigated switching fabric 
architectures. The paper is concluded in Section V. 

II. MSM AND SMM CLOS SWITCHING FABRIC 
Clos-networks were proposed by C. Clos in [1]. The three-

stage Clos-network architecture is denoted by C(m, n, k), 
where parameters m, n, and k entirely determine the structure 
of the network. The MSM Clos switching fabric is shown in 
Fig. 1. To define the architecture the terminology proposed in 
[3] is used (see Table I).  
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Fig. 1.  The MSM Clos switching fabric architecture. 

 
TABLE I 

A NOTATION FOR THE MSM CLOS SWITCHING FABRIC 
Notation Description 
IM Input module at the first stage 
CM Central module at the second stage 
OM Output module at the third stage 
m Number of CMs 
n Number of input/output ports in each IM/OM 
k Number of IMs/OMs 
i IM number, where 0  i  k-1 
j OM number, where 0  j  k-1 
h Input/output port number in IM/OM, where 0  h  n-1 
r CM number, where 0  r  m-1 
IM(i) The (i+1)th input module 
CM(r) The (r+1)th central module 
OM(j) The (j+1)th output module 
IP(i, h) The (h+1)th input port at IM(i) 
OP(j, h) The (h+1)th output port at OM(j) 
LI(i, r) Output link at IM(i) that is connected to CM(r) 
LC(r, j) Output link at CM(r) that is connected to OM(j) 
VOQ(i, j, h) Virtual output queue at IM(i) that stores cells from IM(i) to 

OP(j, h) 
 
In the MSM Clos switching fabric architecture the first stage 

consists of k IMs, and each of them has an  
n  m dimension and nk VOQ(i, j, h) to eliminate Head-Of-
Line blocking. The second stage consists of m bufferless CMs, 
and each of them has a k  k dimension. The third stage 
consists of k OMs of capacity m  n, where each OP(j, h) has 
an output buffer. Each output buffer can receive at most m 
cells from m CMs, so a memory speedup is required here.  

The SMM Clos-network architecture can be defined by 
analogy with the MSM architecture. To transform the MSM 
architecture into SMM, the central stage must be replaced with 
the input stage. The organization of buffers in the switching 
modules must be also changed, because the central stage in the 
SMM switching fabric uses only output buffers. The VOQs are 
not used this architecture.  

Currently, the implementation of crosspoint queued 
switching fabric with large crosspoint buffers has become 
feasible, because the technology for VLSI chip manufacture 
has matured. Recently, the CQ switches with VCQs (Fig. 2) 
have been proposed to eliminate the large RTT (Round Trip 
Time) delay between the line card and switching fabric the 
CICQ (Combined Input and Crosspoint Queued) switch suffers 
from [8]. This kind of switch consists of NxN crosspoint 
queues and N VCQs associated with individual input ports. All 
schedulers, crosspoint buffers (CPBs), and VCQs are located 
inside a single chip. In the CQ switch with VCQs the capacity 
of buffers to store cells was considerably increased because 
cells may be buffered in both CPBs and VCQs. 
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Fig. 2.  CQ switch with VCQ: VCQ-S – VCQ scheduler, CP-S – CPB 

scheduler. 
 

We propose employing the CQ switches with VCQs in the 
second and third stages of the SMM Clos-switching fabric to 
investigate the architecture made of real switches. 

III. IMPLEMENTATION OF THE SRR IN THE MSM AND SMM 
CLOS SWITCHING FABRIC 

The SRR scheme was first proposed for crossbar switches. 
The basic idea of this mechanism is to desynchronize the 
arbitration pointers at the beginning and to update the pointers 
in a static way according to the round-robin routine (Fig. 3). 
The pointers are kept desynchronized all the time. Since the 
SRR algorithm is very simple it may be implemented easily in 
hardware.  

Implementation of the SRR in the MSM Clos-network 
switches has been proposed in [4], and is called SRRD 
scheme. The SRRD scheme is the same as the CMSD 
(Concurrent Master-Slave Round-Robin Dispatching) [3] 
algorithm except the routine concerning updating the values of 
round robin pointers. The CMSD algorithm uses hierarchical 



  

round-robin arbitration during iterative matching within the 
IMs. Two types of round-robin arbiters (master and slave) are 
necessary to perform arbitration process in the first stage of 
Clos-network switch.  

 

 
Fig. 3.  Matching sequence in the SRR. 

 
Within the SRRD scheme the pointers are set up as follows: 

PV(i, j, h) = h, PSL(i, j, r) = r, PML(i, r) = (i+r) % k, PC(r, j) = i 
if PML(i, r) = j. In each time slot pointer PML(i, r) and PC(r, j) 
are always incremented by 1 (mod k), and pointer PSL(i, j, r) 
and PV(i, j, h) remain unchanged, no matter there is a match or 
not. PV(i, j, h) – represents the pointer of the VOQ(i, j, h) 
arbiter. Pointer PML(i, r) is assigned to the master arbiter in 
LI(i, r), whereas PSL(i, j, r) works as the pointer of the jth slave 
arbiter in LI(i, r). Pointer PC(r, j) works for the arbiter in  
LC(r, j). The initial configuration of the round-robin pointers is 
set to preserve the paths as shown in Fig. 3. To improve the 
performance of the SRRD scheme under nonuniform traffic 
rotation of the search directions of round-robin arbiters was 
proposed. Now, some round-robin arbiters are allowed to 
search the requests in clockwise direction and anti-clockwise 
direction alternatively, each for one time slot. The track of 
time is kept by a 0/1 counter, which will increment by one 
(mod 2) in each time slot. Therefore, if the counter=0, the 
master arbiter in LI(i, r) searches one request in clockwise 
round-robin fashion, and the other way round if the counter=1.  

The implementation of the SRR mechanism in the SMM 
Clos-network switches is much simpler. Since the first stage of 
the SMM switching fabric is bufferless no schedulers are 
needed. In this case the input stage is used to distribute cells to 
buffers located in the central stage. We propose to shift the 
static connection patterns in IMs under the influence of the 
backpressure signal (BP), sent by any CM module. The BP 
signal is transmitted to IMs controller when the cell, sent to 
any central module exceeds the value of the assumed threshold 
representing the number of cells waiting in VCQs. The 
algorithm works as follows: 
 
Phase 1: Cells forwarding between IM and CM 
o Step 1: Each cell arriving to IP(i, h) is transmitted, 

according to the static connection pattern of IM(i), to  
LI(i, r), and next to CM(r).  

o Step 2: Each cell arriving to CM(r) is stored in proper 
VCQ(r, i, j) buffer; e.g. the cell destined to OM(3) is 
buffered in the VCQ(r, i, 3) buffer. This buffer is 
associated with CPB(r, i, 3) buffer. All CPB buffers with 
j=3 are associated with LC(r, 3) output link. Cells buffered 
in these buffers will be sent by this link to OM(3).  

o Step 3: If arriving cell exceeds the value of assumed 
threshold send the BP signal to IMs controller to change 
the connection pattern used in IMs. 

o Step 4: If there is a room in CPB(r, i, j) buffers, the VCQ-S 
arbiters transfer cells from VCQ(r, i, j) to CPB(r, i, j).  

Phase 2: Cells forwarding between CM and OM 
o Step 1: Each CP-S arbiter searches CPB(r, i, j) buffers with 

the same value of j, and selects cell to be sent to the OM(j). 
The round-robin arbitration is employed for this selection. 

o Step 2: All selected cells in step 1 are sent to OMs modules 
and stored in proper VCQ(j, i, h) buffers related to  
OP(j, h). 

o Step 3: If there is a room in CPB(j, i, h) buffers, the VCQ-
S arbiters transfer cells from VCQ(j, i, h) to CPB(j, i, h). 

o Step 4: Each CP-S round-robin arbiter searches CPB(j, i, h) 
buffers with the same value of h, and selects cell to be sent 
to the OP(j, h). 

IV. SIMULATION EXPERIMENTS 
Two packet arrival models are considered in simulation 

experiments: the Bernoulli arrival model and the bursty traffic 
model. The probability that a cell may arrive in a time slot is 
denoted by p and is referred to as the load of the input. In the 
bursty traffic model, each input alternates between active and 
idle periods. During active periods, cells destined for the same 
output arrive continuously in consecutive time slots. The 
average burst (active period) length is set to 16 cells.  

Several traffic distribution models (the most popular in this 
research area) have been considered, which determine the 
probability pij that a cell, which arrives at an input, will be 
directed to a certain output. The considered traffic models are: 
uniform, Chang’s, bidiagonal and transdiagonal [9]. 

The experiments have been carried out for the MSM and 
SMM Clos-switching fabric of size 64  64. There are no 
capacity limited buffers in the MSM as well as in the SMM 
Clos switching fabric. In each simulation experiment traffic 
load per input port, from p = 0,05 to p = 1, with the step 0.05, 
was considered. The 95% confidence intervals have been 
calculated after t-student distribution for five series with 
200,000 cycles, and are at least one order lower than the mean 
value of the simulation results, so they are not shown in the 
figures. The starting phase comprised 50,000 time slots, 
enabled to reach the stable state of the switching fabric. The 
threshold for BP signals was set to 15 cells. One and four 
iterations were considered for the MSM switch. Average cell 
delay in time slots, maximum size of queues in CMs and OMs 
in the SMM switching fabric, and throughput have been 
evaluated. Owing to the space limits, only selected results for 
the average cell delay will be presented in this paper (Fig. 4–
Fig. 8).  

Fig. 4 shows the average cell delay for uniform traffic and 
Bernoulli arrival model. The SMM architecture produces 
better results for high input load p>0.95. For lower input load 
the differences between both architectures are very small. 
Analogous trends, in the average cell delay can be observed 
for Chang’s traffic (Fig. 5). Fig. 6 shows average cell delay 
under the bidiagonal traffic. In this case, the throughput of 
both architectures is limited to 95% and 90% for the MSM 



  

switch and SMM switch respectively. Simulation results have 
shown that the MSM architecture under the SRR mechanism is 
not able to support the transdiagonal traffic. The achievable 
throughput is equal only to 70% for four iterations. The SMM 
architecture behaves in a different way. The throughput under 
the transdiagonal traffic is equal to 100%, and average cell 
delay is about 140. The results for bursty model and uniform 
traffic are shown in Fig. 8. The MSM switch produces slightly 
better results than the SMM switch. The maximum queue size 
(total VCQ and CPB) in CMs modules in the SMM switch was 
about 50 for uniform and Chang’s traffic, 180 for 
transdiagonal traffic, 4000 for bidiagonal traffic and 500 for 
bursty model. A little bit longer queues were observed in OMs. 
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Fig. 4.  Average cell delay, uniform traffic. 
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Fig. 5.  Average cell delay, Chang’s traffic 
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Fig. 6.  Average cell delay, bidiagonal traffic. 
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Fig. 7.  Average cell delay, transdiagonal traffic. 
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Fig. 8.  Average cell delay, uniform traffic, bursty model. 

V. CONCLUSION 
Simulation results for the MSM and SMM Clos-network 

switches under the SRR scheme are presented in this paper. To 
our knowledge, there are first results obtained for the SMM 
architecture made of CQ switches with VCQ. Proposed 
solution is implementable in hardware due to its simplicity. 
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