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ABSTRACT
Networks-on-Chip (NoC) architectures provide a scalable solution
to on-chip communication problem but the bandwidth offered by
NoCs can be utilized efficiently only in presence of effective flow
control algorithms. Unfortunately, the flow control algorithms pub-
lished to date for macronetworks, either rely on local information,
or suffer from large communication overhead and unpredictable
delays. Hence, using them in the NoC context is problematic at
best. For this reason, we propose a predictive closed-loop flow con-
trol mechanism and make the following contributions: First, we
develop traffic source and router models specifically targeted to
NoCs. Then, we utilize these models to predict the cases of possible
congestion in the network. Based on this information, the proposed
scheme controls the packet injection rate at traffic sources in order
to regulate the total number of packets in the network. Evaluations
involving real and synthetic traffic patterns show that the proposed
controller delivers a superior performance compared to the tradi-
tional switch-to-switch flow control algorithms. 

Categories and Subject Descriptors
B.4 [Hardware]: Input/output and data communications.

General Terms
Algorithms, Performance, Design.

Keywords
Multi-processor systems, networks-on-chip, flow control, conges-
tion control.

1. INTRODUCTION
Network-on-Chip (NoC) architectures have been proposed to
address the communication problems generated by the increasing
complexity of the single chip systems [1,4,9]. While the NoC
architectures offer substantial bandwidth and concurrent communi-
cation capability, their performance can significantly degrade in
the absence of an effective flow control mechanism. Such a control
algorithm tries to avoid resource starvation and congestion in the
network by regulating the flow of the packets which compete for
shared resources, such as links and buffers [2,5].
In the NoC domain, the term flow control was used almost exclu-
sively in the context of switch-to-switch [4,7,8,11,18] or end-to-
end [16] transport protocols. These protocols provide a smooth

traffic flow by avoiding buffer overflow and packet drops. How-
ever, the flow control can also regulate the packet population in the
network by restricting the packet injection to the network [2]1.
This is precisely the main objective of this paper. To the best of our
knowledge, this is the first study which addresses the congestion
control problem in the NoC domain.

1.1.  Overall approach
Switch-to-switch flow control algorithms, such as on-off, credit-
based and ack/nack mechanisms, regulate the traffic flow locally
by exchanging control information between the neighboring rout-
ers. These approaches have a small communication overhead,
since they do not require explicit communication between source/
sink pairs. However, the switch-to-switch flow control does not
regulate the actual packet injection rate directly at the traffic
source level. Instead, it relies on a backpressure mechanism which
propagates the availability of the buffers in the downstream routers
to the traffic sources. Consequently, before the congestion infor-
mation gets the chance to reach the traffic sources, the packets gen-
erated in the meantime can seriously congest the network.
End-to-end flow control algorithms, on the other hand, conserve
the number of packets in the network by regulating the packet
injection rate right at the source of messages. For example, in win-
dow-based algorithms, a traffic source can only send a limited
number of packets before the previously sent packets are removed
from the network. However, the major drawback of end-to-end
control algorithms is the large overhead incurred when sending the
feedback information [2]. Besides this, the unpredictable delay in
the feedback loop can cause unstable behavior as the link capaci-
ties increase [12]. Since this is very likely to happen in NoCs, such
algorithms are not directly applicable to regulate the NoC traffic.
Starting from these considerations, in this paper, we propose a pre-
dictive flow control algorithm which enjoys the simplicity of the
switch-to-switch algorithms, while directly controlling the traffic
sources, very much like the end-to-end algorithms. Towards this
end, we first present a novel router model based on state space rep-
resentation, where the state of a router is given by the amount of
flits already stored in the input buffers. Using this model, each
router in the network predicts the availability of its input buffers in
a k-step ahead of time manner. These availability values are com-
puted via an aggregation process using the current state of the
router, the packets currently processed by the router, and the avail-
ability of the immediate neighbors. Since all predictions are based
on the data the routers receive directly from their immediate neigh-
bors, the computations are decentralized and no global data
exchange is required. Moreover, we note that the availability infor-
mation computed at time n is obtained by aggregating the avail-
ability of the immediate neighbors at time n – 1. This information,
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1. This function is also referred as congestion control. However, following the
convention in [2] and [6], we do not make such a distinction.



in turn, reflects the state of the routers situated two hops away, at
time n – 2, and so on so forth. Therefore, due to the aggregation
process the local predictions actually reflect the global view of the
network. Finally, the traffic sources utilize the availability of the
local router to control the packet generation process and avoid
excessive injection of packets in the network.

1.2.  Related work and paper contribution
From a flow control perspective [5,6], the majority of work pre-
sented in the NoC domain relies on the switch-to-switch flow con-
trol [4,7,8,11,16,18]; this is primarily due to the large overhead
incurred by the end-to-end flow control algorithms. The work pre-
sented in [16] employs the end-to-end flow control for guaranteed
service in addition to the basic link-level control. A comparison of
the overhead of flow control algorithms can be found in [15]. 
Congestion control is well studied for macronetworks [2,6,12,17].
In [12], the authors develop a decentralized control system, where
the sources adjust their traffic generation rates based on the feed-
back received from the bottleneck links. A predictive explicit-rate
control mechanism is presented in [17]. The authors consider a sin-
gle bottleneck node and infinite buffering resources. The sources
adjust their traffic rates using the congestion information received
from the bottleneck node via control packets. 
Our approach is different from the previously mentioned work in a
number of ways. First, our technique is computationaly light since
it relies on local data transfers, similar to the basic switch-to-
switch flow control. At the same time, due to the aggregation per-
formed at each router, the information exchanged between the
switches actually reflects the global view of the network. Further-
more, since the predictions reflect the state of the network k steps
ahead in time, the packet sources across the network can sense a
possible congestion situation early on and then adapt in order to
avoid excessive packets injection to the network.
We note that, in real applications, the best effort (or non-real time)
and guaranteed service (or real time) traffic coexist. The proposed
framework is a convenient way to control the best effort traffic
such that it makes best use of network bandwidth without sacrific-
ing the bandwidth allocated to the guaranteed service traffic.

1.3.  Paper organization 
Section 2 and Section 3 present the traffic source and router mod-
els, respectively. In Section 4, we propose a flow control mecha-
nism for NoCs. Experimental results appear in Section 5. Finally,
Section 6 concludes the paper.

2.  SYSTEM AND TRAFFIC MODELS
2.1.  System model and basic assumptions
We assume that the network nodes are populated with processing
and storage elements (referred to as PEs) but we do not make any
assumption about the underlying network topology. The nodes
communicate by exchanging packets across the network. Since we
consider wormhole routing, the packets are divided into flits. The
length of a packet (S) is measured by the number of flits it con-
tains. For convenience, the flit size is assumed to be equal to the
physical channel width (W). 
In order to avoid packet loss, a basic link-level ON-OFF flow con-
trol mechanism is implemented at the routers [5]. The proposed

predictive control technique works together with this link-level
mechanism to control directly the behavior of the traffic sources. 

2.2.  Traffic source model
Since the traffic injection rate into the network is the main knob for
source control, an accurate model of the input traffic is necessary.
Such a model will not only show how the input traffic can be han-
dled by the actual design, but also describe its impact on the packet
delay in the network. Towards this end, we observe that the NoC
nodes can be in two different states:
OFF STATE: The PE is either processing data or waiting for new
data. While in this state, the PE does not generate traffic (hence the
name OFF) as shown in Figure 1. 
ON STATE: The PE injects packets to the network so the traffic
source and its corresponding state are referred to as ON. In this
state, the source injects packets in a bursty manner until the mes-
sage is completely transmitted.
Let the discrete time stochastic process λ(t), t ∈ Z+ denote the
instantaneous flit injection rate at time t. The cumulative traffic
volume generated up to time t (denoted by V(t)) is given by:

(1)

In the ON state, the flit injection rate λ(t) is constant and equal to
channel width, i.e.  λON =  W bits/sec. If a header flit is injected to
the network at time t0, one can see that λ (t0 + ∆) ≠ 0 for 0< ∆ < S,
where S is the packet size in flits. Similarly, when the PE is in the
OFF state, one can get an idea of how much longer the OFF state
will continue, given the amount of time already spent for process-
ing and type of processing done by the PE. Therefore, the inter-
arrival times are not memoryless, (i.e. not exponentially distrib-
uted) and so the flit injection process cannot be Poisson. Conse-
quently, we need to modify the classical ON/OFF [13] model to
work for NoC traffic sources.
2.2.1. Distribution of tON
The duration of the ON state is determined by the size of the pack-
ets generated by the node and λON; specifically,

. While λON is constant, S depends on the par-
ticular packet (or packets) generated by the source after complet-
ing a certain task. In an NoC, the type of the tasks performed by
each PE and the size of the resulting message are typically known
at design time. For example, a DSP core implementing DCT/IDCT
operations in a multimedia chip, can only produce the cosine or
inverse cosine transforms of a fixed size data block. Hence, S can
take only certain discrete values, usually known at design time.
Note that, this is in stark contrast with a general purpose network,
where a node can generate a much wider range of messages. As
such, we model the probability mass function FON as: 

(2)

We can actually compute FON(t), since the communication volume
between the network nodes and λON are known at design time. 
2.2.2. Distribution of tOFF
The duration of the OFF state is the sum of two random variables.
The first is the processing time of the PE, tproc; this can take cer-
tain discrete values, based on the number of different tasks imple-
mented by the PE. Therefore, tproc is a discrete random variable
with discrete probability mass function: 

V t( ) V t 1–( ) λ t( ) V 0( ),+ 0 t Z+∈,= =

tON SW λON⁄=

FON t( ) p tON t≤( ) p tON i=( )
i 0=

t

∑= =



The second component of tOFF is the waiting time (twait) for new
data, before the node cannot start processing. Unlike tON and tproc,
the waiting time twait can take a wide range of values as it depends
on the latency in the network. One can express the distribution of
tOFF as a function of the waiting time, p(twait ≤ t), as follows: 

(3)

2.3.  Predictive control of the traffic sources
Suppose that the ON states of several traffic sources overlap and
lead to congestion in the network. Consequently, starting at time t0,
the packets generated by source i cannot be delivered to their desti-
nations. In this scenario, the source i will continue to inject packets
to the network until it senses congestion, let say at time t0+∆. The
number of flits injected during this time is given by:

where the first element in the tuple represents the total number of
flits that can be generated by the source, while BT is the available
buffering space along the path from source i to the congested
router. If the interval (t0, ∆] covers the ON period of the source, it
is likely that the source will continue to inject packets until it
senses the backpressure effect due to the buffer starvation. This, in
turn, can further increase the number of packets in the network and
hence make the congestion more severe. Since there are many
sources sharing the same network resources, it is extremely impor-
tant to minimize ∆. 
∆ can be reduced by predicting the possible congestion before it
becomes severe and propagating this information to all traffic
sources. Since the availability in the routers may indicate conges-
tion, the traffic sources can send a packet to the router only if its
availability of greater than zero. Otherwise, the traffic source can
delay the packet injection until the resource availability improves,
as illustrated in Figure 1. Delaying the packet injection effectively
regulates the total number of packets in the network, hence the
average packet latency. While the precise time for packet injection

is difficult (if not impossible) to find at design time, an online pre-
dictor can guide the packet generation at the source in order to uti-
lize the network resources in the best possible way.   

3. STATE SPACE MODEL FOR NoC ROUTER
To obtain accurate predictions, we also need a good model for the
NoC router. Traditionally, the network research has been focused
on directly computing the router delay [3,14]. Unlike previous
work, our goal is to predict how many flits the router can accept
over the next k time steps. For this reason, the parameter of interest
is the occupancy of the router input buffers1. 
We propose a state space representation of a NoC router driven by
stochastic inputs, as shown in Figure 2. The state of the router at
time n is given by the number of flits in its input buffers; that is: 

(4)
where xP(n) is the state of the input port P (i.e. total number of flits
in all of the input buffers associated with port P) and ‘T’ denotes
the transposition operation. For instance, a router with d neighbor-
ing routers and one local PE connection has (d+1) ports. Hence,
X(n) is a (d+1)×1 vector.
The input received at port P, at time n, is denoted by uP(n). uP(n) is
equal to 1, if a flit is received at time n and is 0 otherwise. Simi-
larly, the output from port P is represented by yP(n), where
yP(n) = 1 implies that a flit is transmitted to the downstream router,
at time n. Consequently, the input and output processes of the
router are given by the following P×1 vectors:

, 

(5)
Next, we model how the flits are read from the input buffers.
oP(n) = 1 means that one flit is read from the input buffer at port P,
and the vector O(n) = [o1(n),...,oP(n)]T represents the outcome of
reading process from the input buffers. Note that this is different
from the outputs Y(n) of the router. The output of the input buffers
goes through the crossbar switch and then ends up at one of the
router output ports (Figure 2). 
As a result, the knowledge of either Y(n) or O(n) provides informa-
tion about the other, given the connections in the crossbar switch.
As a result, the router can be described by an integrator where the
next state is determined by the current state, current input and cur-
rent output processes, as follows:

(6)
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Figure 1. Illustration of the ON-OFF source model and the
control action. By delaying the start of the ON period, the
waiting time in the network can be reduced.

λ(t): Injection rate with-
out controller
λcont(t): Injection rate
with controller
∆: Delay due to the con-
trol action
twait: Waiting time with-
out controller
twait: Waiting time with
controller
tproc: Processing time at
PE

1. A similar model for the output buffers can be also developed. 
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Figure 2. The state variables, inputs and outputs of a 4-port
router are shown. 
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Router stability
The router described by Equation 6 becomes unstable (i.e. the state
grows unbounded), if the average arrival rate to the router is
greater than the rate at which the router can serve any given
packet. In practice, however, the input buffers are all finite. Hence,
in order to avoid packet loss, no more flits are accepted by the link-
level flow control, when the buffers are full. As a result, the router
model given in Equation 6 can be refined as: 

(7)
where H(n) = [h(b1-x1(n), h(b2-x2(n), ... ,h(bP-xP(n)]T. h(xi) is the
unit step function (i.e. h(xi)=0 if xi<0, and h(xi)=1 otherwise), and
b1 to bP represent the capacity of each input buffer. 
Finally, solving Equation 7 with respect to a known state X(n0),
gives the state at time n+n0 as 

 (8)

Obviously, the router described by Equation 8 has a bounded
response. However, since such a control does not limit the source
injection directly, if the average arrival rate becomes larger than
the service rate of the router, the input buffers will remain full for
most of the time. This, in turn, results in blocked links and large
delays in the network. While one could regulate the traffic injec-
tion by an open loop controller [5], even under a light load, the
packets may experience congestion due to the overlaps between
the ON periods of the traffic sources. For instance, consider a 4×4
2D mesh network running hotspot traffic1. Although the traffic
load is kept low such that the input buffers of the most congested
router are empty more than 80% of time and the buffers become
full only about 1% of time (Figure 3(a)), about 18% of the packets
experience delays more than twice as large as the average delay.
The delay histogram is shown Figure 3(b). Such packets will not
only block the network resources, but also affect the other packets
as well. As a result, we cannot merely rely on such an open-loop
control scheme. In what follows, we show how the router model
presented in this section can be used to implement a predictive
flow controller which regulates the traffic injection to the network. 

4. PREDICTIVE FLOW CONTROLLER
Unpredictable delays in the feedback loop of flow control algo-
rithms prevent the timely transmission of the congestion informa-
tion and control signals. To mitigate this problem, we propose a
prediction-based control which relies on the traffic source and
router models developed in sections 2 and 3, respectively. These
models enable us to predict the availability of any router at a future
time step, as described next.

4.1.  Availability predictor
The optimal k-step predictor for network state, , is
the conditional expectation at n0+k, given the state at time n0 [10]: 

Using Equation 8, we have:

(9)

where  stands for  (for notational sim-
plicity). To compute the k-step forward prediction, we need the
expected value of input and output processes, given the current
state and input. If sufficient processing power is available (e.g.
when the predictor is implemented in a data macro-network with
plenty of resources), then Equation 9 can be directly used to esti-
mate the conditional mean values of the input and output processes
to predict the state at n0+k. However, for NoCs we have to keep
the area overhead as small as possible. For this reason, we use
Equation 9 to predict how many flits a given input port can accept,
over the following k steps, rather than dealing with the absolute
value of the state. 
We call the number of flits the input port P can accept, over the
next k steps, the availability of port P and denote it by aP(n0 ,k).
aP(n0 ,k) is simply the sum of the number of empty slots in the
buffer at time n0+k, and the number of flits that are expected to be
admitted in the following k steps (i.e. +

). So the availability vector

A(n0,k) = [a1(n0,k),...,aP(n0,k)], can be found using Equation 9 as

(10)

where B = [b1,b2,...,bP,]T is the vector containing the depth for
each input buffer. Intuitively, B - X(n0) represents the availability
at time n0, while the last term is the expected number of flits that
will be read from the router. Since a new flit can be written to the
buffer for each flit being read, the sum of these terms gives the
availability for the interval [n0, k].
The expected value of the read process from the input buffers (the
last term in Equation 10) can be approximated using the router out-
put Y(j) as follows:

(11)

where the coefficients gi,k(n0) are determined based on the state of
the switch matrix and channel allocations in the router. If we let
G(n0) = {gi,k(n0)}, then Equation 10 can be written as:

1. Under hotspot traffic, all nodes in the network receive packets with uniform
probability, while four randomly selected nodes receive some extra traffic.
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Note that  is the expected number of flits
transmitted by the router in the interval [n0, k]. However, this is
nothing but the availability of the immediate neighboring routers.
In other words, instead of predicting the number of flits transmit-
ted over the next k steps, we aggregate the availability information
already predicted by the neighboring routers. As a result, the avail-
ability of a router is updated using the following equation: 

(12)
where the vector C(n0-1, k) denotes the availability of the immedi-
ate neighbors predicted at time n0-1, as illustrated in Figure 2.

4.2.  Practical implementation of the predictor
The predictor defined by Equation 12 represents an iterative pro-
cess. The availability predicted at time n0 is a function of the avail-
ability of the neighboring routers predicted at time n0 –1. The
initial availability values are the sum of buffer capacities and the
prediction step, i.e.

(13)
since all of the buffers are empty at time 0. 
The computation of the availability depends mainly on the coeffi-
cients gi,k, as illustrated in Figure 4. The update process consists of
distributing the availability of the neighboring routers to the input
ports as a function of the current connections in the crossbar
switch. For example, when processing the availability data from
port 1 (i.e. c1), we first check whether or not one of the input ports
is connected to port 1 through the crossbar switch. If this is true
(e.g. input port 2) and δ flits have been already sent over this con-
nection, the remaining flits coming from the same input port will
use this connection. As a result, min(c1,S-δ) flits are allocated to
the input port 2, while the remaining slots are distributed among
the remaining ports. 
The coefficients gik determine this allocation process. In our
implementation, we do this distribution uniformly to minimize the
area overhead for the predictor. The allocation requires (P – 1)2 m-
bit full adders and P m-bit shifters, where m is the total number of
bits needed to express the maximum availability, i.e. log2(a1(0, k)).
For instance, in our implementation m = 4, and the area overhead
of the predictor is in the order of 1000 transistors. We estimate the
overhead of the predictor implemented for a 5-port wormhole
router with 16x16 bit input buffers to be about 10%. A more pre-
cise analysis of the implementation complexity for the predictor is
left as future work. 

4.3.  Using prediction for network control
Each router in the network updates periodically its availability by
aggregating the data received from the immediate neighbors using
Equation 12. As a result, the availability of a local input port con-
nected to a traffic source reflects the backpressure from all of the
downstream routers. As such, when a traffic source sees that the
input port connected to it has a zero availability, it delays the gen-
eration of new packets until the availability of the port becomes
greater than zero. Since the information exchange between the
neighboring routers is achieved by a small number (i.e. log2(aP(0,
k))) of dedicated control wires, the congestion prediction does not
experience long queuing delays. In order to guarantee the timely
transmission of the prediction to the traffic sources, k is selected to
match the diameter of the network.

5. EXPERIMENTAL RESULTS
Next, we demonstrate the effectiveness of the proposed flow con-
trol technique using an audio/video system complying with the
H263.1 standard, as well as synthetic benchmarks which are all
mapped to a 4×4 2D mesh network. The simulations are performed
using a custom cycle-accurate NoC simulator which implements a
basic ON/OFF switch-to-switch flow control, the ON/OFF traffic
sources and the proposed flow control scheme. The simulations are
repeated for a range of buffer sizes in routers and local PEs. The
results reported next are obtained for 4-flit input buffers in the
routers and 100-flit local memory in the host PE1.

5.1.  Audio/Video traffic
The audio/video system from [8] is first simulated using only the
switch-to-switch flow control. When the offered load is about half
of the maximum achievable throughput, the average and maximum
packet latencies in the network are found to be 149 and 897 cycles,
respectively. After that, the simulations are repeated with the pro-
posed flow controller. As shown in Table 1, the average packet
latency becomes 47 cycles, while the maximum packet latency
drops to 466 cycles. This huge reduction in packet latencies is
mainly due to the reduced number of packets in the network. 
As mentioned before, unlike the switch-switch flow controller, the
proposed controller regulates the number of packets in the network
directly. As such, the number of packets in the network drops from
129 to 52 packets which is about a 2.5× reduction.

To better understand the effects of the controller, in Figure 5, we
further analyze the packet latencies. For the network without the
proposed flow controller, about 49% percent of the packets experi-
ence longer delays than the average delay (i.e 149 cycles). The
packets located at the tail of the distribution in Figure 5(a) are the
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Figure 4. Practical implementation of the predictor.
1. Note that the local memory in the host PE is not part of the router. The 100-
flit local buffer is used to emphasize that (i) its size is finite and (ii) PEs sense
the backpressure from the network for the switch-to-switch flow control.

Switch-to-switch 
control only

The proposed 
flow control

Reduction 
(×)

Ave. latency 149 cycles 47 cycles 3.2
Max. latency 897 cycles 466 cycles 1.9
Ave. # of packets 94 packets 29 packets 3.2
Max. # of packets 129 packets 52 packets 2.5

Table 1: The reduction in the latency and number of packets in
the network due to the proposed flow control algorithm.



main cause for this poor performance. The proposed technique pre-
vents the packets that are likely to experience such long delays
from entering the network. Indeed, as depicted in Figure 5(b), the
latency histogram is pushed significantly towards left so about
91% of packets experience less than 100 cycles latency.   

5.2.  Synthetic traffic
Similar to Section 5.1, new experiments are performed for uniform
and hotspot traffic patterns. First, we compare the performance of
a 4×4 2D mesh network under hotspot traffic with and without the
proposed controller. The average packet latency in the network is
plotted as a function of the packet injection rate in Figure 6(a). We
observe that without the flow controller, the network become con-
gested as the packet injection rate increases. The reason for this
behavior is uncovered in Figure 6(b). Indeed, in absence of a traf-
fic controller, as the traffic injection rate increases, the number of
packets in the network grows at an increasing pace. The proposed
flow controller, on the other hand, effectively limits the number of
packets injected to the network, as depicted in Figure 6(b). This, in
turn, results in significant improvements in the average packet
latency. Finally, Figure 6 (a) and (b) demonstrate that the average
packet latency is proportional to the average number of packets in
the network and justify once more controlling the packet injection
as an effective means for improving the NoC performance. 

The performance of the proposed predictive controller is further
analyzed for various buffer sizes for the local PE (see Table 21).
The impact of the controller becomes more pronounced as the size
of the buffer in the local PE increases. The switch-to-switch con-
trol is less effective for large local buffers, since the PEs cannot
deal with the backpressure, hence congestion, in time. On the other
hand, reducing the local buffer size does not solve the problem,

since in this case the PE has to stall to avoid packet loss. Neverthe-
less, the proposed controller works efficiently for various buffer
sizes, as shown in Table 2. 

6. CONCLUSION
While effective flow control mechanisms are necessary for effi-
cient utilization of network resources, neither switch-to-switch,
nor end-to-end control schemes proposed for macro-networks can
satisfy the requirements of NoCs. For this reason, we proposed a
predictive flow controller based on novel traffic source and router
models specifically targeted to NoCs. The proposed scheme con-
trols the packet injection rate in order to regulate the number of
packets in the network. Experimental results show that the pro-
posed controller effectively regulates the number of packet in the
network and delivers superior performance compared to traditional
switch-to-switch flow control algorithms. 
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Local PE buffer size 50-flit 100-flit 200-flit 500-flit

Ave. latency without 
proposed controller

80  
cycles

106 
cycles

158 
cycles

217 
cycles

Ave. latency with 
proposed controller

43  
cycles

44  
cycles

44  
cycles

44  
cycles

Table 2: Average packet latency for the hotspot traffic (at 0.2
packets/cycle traffic rate) w/o and with the proposed
controller for different local memory sizes are summarized. 

1. For confidence reasons, each experiment is repeated 50 times with different
seeds and average values are reported. 

Figure 5. Histogram of the packet latencies without (a) and
with (b) the proposed flow controller.

(a)

(b)

(a) (b)
Figure 6. (a) Average packet latency and (b) number of
packets in the network are plotted as a function of the
injection rate.


