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Abstract— A novel adaptive scheduling algorithm for CDMA-
based Networks-on-Chip is proposed. An Orthogonal Variable
Spreading Factor (OVSF) code is combined with the Dual Round
Robin Matching (DRRM) algorithm to obtain efficient usage
of orthogonal codewords. The length of codewords is adjusted
depending on how many active IP blocks have packets to send at
any given time. In addition, pointers are maintained to perform
the necessary input and output arbitration. SystemC simulation
results demonstrate that our scheduling technique exhibits the
fairness property.

I. INTRODUCTION

With the increasing complexity of Systems-on-Chip (SoC),
the limited bandwidth available for communications between
intellectual property (IP) blocks is becoming a serious bot-
tleneck. Traditional bus designs act as a shared resource
which can become saturated as the number of bus masters
increases. Networks-on-Chip (NoC) offer the potential of
greatly increased total aggregate inter-block communications
by using the paradigm of packet-based switched networks.
Even here, however, difficulties may arise due to collisions
between packets destined for the same block. Therefore, an
effective scheduling or arbitration strategy is vital in order to
obtain good system performance.

Several researchers have recently proposed various types
of NoC implementations [1], [2]. In a previous paper [3],
we proposed a new type of NoC which is based on using
Code Division Multiple Access (CDMA) techniques. The
paper of Bell et al [4] proposed using PN sequences to
communicate between multi-processors. However, that work
only used one large central switching element to perform all
of the communication and did not consider issues such as
buffering, packet contention, scheduling and arbitration.

CDMA has been widely used in wireless networks but has
only been rarely applied to implement wired and/or on-chip
networks. Each data bit is mapped into the assigned signature
code. This operation is known as spectrum spreading, and N
is also called the spreading factor. By assigning codes that
are mutually orthogonal and of variable length to each traffic
channel, an OVSF-CDMA system is realized [5]. Because it
adaptively assigns OVSF codes to channels on a time-slot basis
according to the actual number of channels, the overhead of
modulation and demodulation is reduced and potential packet
transmission time and power consumption are also decreased.

An input-buffered switch does not require the buffers to
operate at higher than line speed and it has an efficient

hardware implementation. However, it suffers from head-of-
line (HOL) blocking which limits the maximum throughput
to approximately 58.6% [6]. However, HOL blocking can
be eliminated by using virtual output queuing (VOQ) in
conjunction with a good scheduling algorithm [7] [8] [9] [10]
[11]. Along with high throughput, other desirable properties
of an input buffered switch are small delay-jitter and a
fair resolution of packet contention situations. Therefore, a
scheduling algorithm should also satisfy these requirements
[12]. In this paper, we present the design of high-performance
scheduling and arbitration for use with the CDMA-based NoC
and determine its fairness and performance characteristics
through simulations.

II. CDMA-BASED NOC SWITCH ARCHITECTURE

In a wired CDMA communication network each data bit is
represented as either an N-bit Walsh codeword or its one’s
complement depending on whether the bit is a 0 or a 1,
respectively [3]. We refer to this process as modulation. While
this represents an expansion by a factor of N in the number of
bits to be transmitted by each resource, it is offset by the fact
that up to N resources are transmitting concurrently through
the switch. Each packet is comprised of source, destination,
and payload fields. The transmitter-modulator (TX-MOD)
block selects a codeword to use depending on the state of the
scheduler and sends out a corresponding modulated codeword.
The modulated codewords from different sources are then
summed together using a code adder block. At the receiving
side, the receiver-demodulator (RX-DEMOD) block recovers
the original transmitted data using the same codeword that was
used for modulation.

The structure of our CDMA-based switch is shown in Figure
1. The example design shown has 8 input/output ports. At
each input port the virtual channels are demultiplexed and
buffered in FIFOs according to the operation of the scheduler.
The difference between VOQ and traditional output queuing
is that in VOQ only one queue per input port can be read
per iteration. Therefore, all logical queues of one input port
can be implemented with a single physical FIFO. In order to
meet the constraints of having one read per physical memory,
conflict free routing and at most one write per output port, the
read accesses on the queues must be scheduled. The resulting
contention-free packets are modulated in the TX-MOD blocks



and the summation value of the codewords is broadcast to the
receiver side.
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Fig. 1. CDMA Switch Architecture

III. SCHEDULING ALGORITHM

We propose a new scheduling algorithm which combines
the Orthogonal Variable Spreading Factor (OVSF) of Ref.
[13] for variable-length codewords with the Dual Round
Robin Matching (DRRM) technique of Ref. [14] to reduce
modulation/demodulation overhead, packet latency, and power
consumption while guaranteeing fair scheduling and maximum
throughput. We can best explain how this proposed schedul-
ing algorithm works using a diagrammatic aid consisting of
concentric circles and pointers. Hence we refer to the new
approach as Concentric Circles Dual Round Robin Matching
(CC-DRRM).

TABLE I
MAPPING TABLE FOR 2, 4, OR 8 CHIPS CODEWORDS.

Number of Active resources
Codeword and

Adaptive OVSF codewords
Number 2 resources 4 resources 8 resources

1 00 0000 00000000
2 01 0101 01010101
3 00 0011 00110011
4 01 0110 01100110
5 00 0000 00001111
6 01 0101 01011010
7 00 0011 00111100
8 01 0110 01101001
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Fig. 2. CC-DRRM Codeword assignment

Table I gives a simple variable-length codeword assignment
scheme and Figure 2 shows how the codewords are arranged
in our CC-DRRM scheduler. We assigned corresponding code-
words to the concentric circles as shown in Figure 2. In the
innermost circle, the first column of Table I is assigned alter-
natively. The second column and third column in Table I are
also assigned alternatively in the middle and outermost circle,
respectively. Each circle is related to the number of maximum
input ports which have packets to send. The decision of which
circle is used for modulation is as follows: The innermost
circle is used for modulation if N

23 ≤ T ≤ N
22 , the middle circle

is used for modulation if N
22 < T ≤ N

2 and the outermost circle
is used for modulation if N

2 < T ≤ N. where T is the number



of input ports which have packets to send to the output ports
and N is the number of input ports.

The outermost circle in Figure 2 is used for scheduling via
the movement of pointers as in DRRM for fairness. The two
inner circles are utilized for newly assigned codeword modula-
tion and demodulation, depending on the number of currently
active resources to achieve an efficient use of codeword bits.

Figure 2(a) shows the case where only 4 connections are
established without codeword overlaps. Four arrows indicate
the positions that newly assigned codewords for modulation
are located. In this case, the packets are modulated with
the encircled four codewords in the middle ring. Figure 2(b)
shows that assigned codewords are overlapped. When selected
codewords are overlapped such as 0101 and 0101 in Figure
2(b), we then invoke a priority ordering. The arbiter having its
pointer located farthest from the starting point has the lowest
priority, so the pointer moves to the next available codeword
slot, which is 0110 in the Figure 2(b).

In the proposed CC-DRRM scheme, when an input and an
output are matched only one cell will be transferred from the
input to the matched output. After that, both input and output
will move their pointers by one position. Therefore, in the next
time slot this input-output pair will have the lowest priority of
being matched together.

Each input port maintains N VOQs. An input arbiter at
each input selects a nonempty VOQ in a round-robin fashion.
After the selection has been made, each input port sends
at most one request to an output arbiter. An arbiter at each
output port receives up to N requests and chooses one of them
on a round-robin basis and sends a grant token to the selected
input port. A description of the algorithm is as follows:

Step 1: Request. Each input sends an output request
corresponding to the first nonempty VOQ in a fixed round-
robin manner, starting from the current position of the pointer.
The pointer remains at that nonempty VOQ if the selected
output is not granted in step 2. The pointer of the input
arbiter is incremented by one location beyond the selected
output if and only if the request is granted in step 2.

Step 2: Grant. If an output receives one or more requests,
it chooses the one that appears next in the fixed round-robin
schedule starting from the current position of the pointer.
The output notifies each requesting input whether or not its
request has been granted. The pointer of the output arbiter is
incremented to one location beyond that of the granted input.
If there are no requests, the pointer remains at its current
position [14].

Step 3: Codeword Assignment. At this step, the OVSF
codes are assigned depending on the number of active input
ports, as described earlier in the discussion of Figure 2.

Step 4: Packet Transmission. After Step 3, contention-free
input-output pairs are constructed. Based on the pointer
location of the input-arbiter, we modulate those packets using
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Fig. 3. Scheduling example

the codewords given by the input-arbiter and transmit those
packets.

Figure 3 shows the operation of the contention resolution
process for the case when 8 resources are active. The request
arbiter selects the output that is nearest to the current position.
If an output receives any requests, each grant arbiter selects
the requesting input that is nearest to the current position.
Each accepted pointer decides which grant is accepted, as
does the grant pointer. After the grant phase, knowing that
only 4 connections have been established, we would then use
the 4-bit codewords from the middle circle of Figure 2 for
modulation/demodulation.

Table II gives the component utilization of our CDMA
switch for the case in which there are a total of 8 re-
sources in the system. Compared to the fixed-length code-
word design in which 8-bit codewords are always used for
modulation/demodulation, the utilization is reduced because
the adaptive scheduling process adjusts the codeword length
depending on the actual number of connections. This means
that power will be saved during those times when the number



TABLE II
COMPONENT UTILIZATION OF CDMA SWITCH [3]

Active number of resources 1∼2 3∼4 5∼8
Assigned codeword length [bits] 2 4 8

TX-MOD 25% 50% 100%
Code Adder 25% 50% 100%
RX-DEMOD 25% 50% 100%

of communicating resources is small.

IV. SIMULATION RESULTS

We have developed a SystemC [15] based simulation model
for the above NoC and scheduler. Packets are generated at
a constant rate and then queued until they are able to enter
the network. To measure the fairness of the algorithm, each
of the 8 IP blocks generates an ensemble of packets having
a uniformly distributed set of random destinations. A total
of 10,000 packets are generated (with a packet generation
probability of 75%) and the load of each input/output port
is equally distributed to 12.5% (i.e., 1250 packets). The
maximum queue size has been set to 8 in this simulation.
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Fig. 4. Average packet latency for each of the 8 IPs

We measured the packet traveling time from each IP block
to their destination ports. The average latency of generated
packets is then found for each of the IPs. As shown in Figure
4, the average latency is found to be nearly constant for each
of the 8 IPs in CC-DRRM scheduling. Therefore, we conclude
that CC-DRRM scheduler does, in fact, achieve fairness. This
is in marked contrast to an alternate scheme based on priority
scheduling, which is also shown in the figure for comparison
purposes. It can be seen that the latter scheme is not a fair one
since the packet latency for the high priority resources (those
with small IP number) is smaller than that for low priority
blocks (those with high IP number).

V. CONCLUSIONS

The integration of packet-based communication through
network switches into the SoC design space presents many
challenges. The contribution of this paper is the development
of a novel scheduling algorithm, called Concentric Circles

Dual Round Robin Matching (CC-DRRM), which is an exten-
sion of the Dual Round Robin Matching (DRRM) scheduling
technique to allow for variable-length codewords. We have
applied this algorithm within the context of a CDMA-based
network-on-chip platform to provide concurrent transmission
of data amongst a set of IP resources. By combining this
scheduling approach with virtual output queuing, we have
obtained fairness in the arbitration mechanism. SystemC sim-
ulations demonstrate the desired operation of the scheduler.
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