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A B S T R A C T

Assigning input ports to output ports and allowing flits to pass through the switch without colliding is
accomplished by Switch Allocation (SA), a crucial pipeline stage in the Network-on-Chip (NoC) router. Earlier
research improved the efficiency of matching to enhance SA processes. The studies in question, however, failed
to account for the importance of information sharing between the various phases of the router’s pipeline.
To improve NoC routers’ allocation, this article introduces the Allocation Service (AS) concept. By adding
a new pipeline stage called Request Finalization (RF) before the SA stage, the AS can be optimized. The
RF stage’s objective is to complete the uniform request and Endpoint Congestion Causing (EPC) requests
for SA before sending them on their way. These results inform the proposal of a new design, the CUE-
Router, to increase AS by the integration of an RF stage and inter-pipeline communication between routers.
Two new types of router architecture form the basis for CUE-Router. The first thing we do in this work is
introduce URR-Router, a router that only allocates EPC requests if there are no uniform requests in the SA
stage, effectively giving uniform requests a priority. The second example is the EPR-Router, which alleviates
endpoint congestion by favoring EPC requests over uniform ones. In this work, we take a fresh look at the SA
process optimization that underpins the low-latency CUE-Router architecture by cycling through a series of
prioritization changes between uniform requests and EPC requests. CUE-Router greatly improves SA efficiency
and network performance by facilitating communication between the various stages of the pipeline. Based on
the results of the analysis, our approach has the potential to significantly enhance performance with minimal
additional effort.
1. Introduction

With the involution in the applications of Network-on-Chip (NoC),
its efficient design remains a challenge, as it deals with interconnecting
more than hundreds of cores [1]. Network latency is largely determined
by router micro-architecture, which has been included in many existing
works to improve the design of NoC [2]. The Input-Queued (IQ) router
is the most well-known router design [2,3] which deals with five stages
of the pipeline, namely the Routing Computation (RC) stage, Virtual-
Channel Allocation (VCA), Switch Allocation (SA), Switch Traversal
(ST) and Link Traversal (LT). The majority of current research focuses
on improving one of the IQ router’s pipeline stages. The most crucial
phase of the IQ router pipeline is SA, as it determines a router’s
throughput by guaranteeing a conflict-free flit transmission in the ST
stage, with the assignment of output ports to input ports. Many existing
works focus on improving the matching efficiency in the SA stage [4–9].
To maximize the matching effectiveness, authors have advised treating
the incoming requests using time series during the SA stage [3,8]. Other
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works have added dedicated circuitry to bypass the routers [1,9]. How-
ever, none of these works have suggested maximizing the Allocation
Service (AS), while implementing SA strategies.

We define AS as the router’s ability to improve or enhance further
functions during allocation of packets in the SA stage. AS can be
enhanced by incorporating the allocation results into later pipeline
stages to improve router features like adaptive routing choices and
congestion control. Prior research that aimed to maximize matching
solely considered the SA stage’s efficiency. The majority of current
work bases its allocation decisions only on data from SA requests,
rarely taking into account data from other pipeline stages or efforts to
boost the efficiency of other pipelines. If taken into account, AS can
be enhanced to give increased matching efficiency in SA and hence
enhance the performance of NoCs. AS is the association between the
pipeline stages to have informed decisions while allocating ports in the
SA stage, which is the crucial point to improving NoC’s performance.
As a result, co-designing between router pipelines should be done
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to enhance the AS in SA. The following techniques can be used, in
particular, to enhance AS through the co-design of router pipelines.

To begin with, endpoint congestion can be lessened by using the
information about congestion from the RC stage in SA. Endpoint con-
gestion and network congestion are a part of on-chip congestion. When
a network channel or a network is unable to transfer a packet promptly,
this is referred to as network congestion. Adaptive routing, which aims
to boost routing adaptability, may help to lessen the effects of network
congestion by sending packets over congested network channels [10–
14]. Authors of recent research studies [10] seek to lessen endpoint
congestion in the RC stage by restricting the resources utilized by
Endpoint-Congestion-Causing (EPC) packets during the RC stage. Sev-
eral packets that have the same destination are referred to as EPC
packets because they can result in endpoint congestion. Other packets,
such as those sent at random and those with diverse destinations that
may cause network congestion, are not EPC packets. When an EPC flit
advances, the other one becomes an ordinary flit (if there are no more
flits to the same destination node). Traditional switch allocators, on the
other hand, can weaken resource limitation because they treat EPC and
normal requests equally. In addition, endpoint congestion brought on
by tree saturation [2] and output port congestion may limit the number
of requests that make it to the switch allocator, lowering matching
efficiency. As a result, the SA should take the impact of EPC into
account.

Second, by using SA stage results to better manage other pipeline
stages, the switch allocator will receive more requests that are conflict-
free. Routing algorithms have traditionally been created to relieve
network congestion rather than improve the efficiency of other pipeline
stages such as SA. The outcome of RC can have a direct impact on the
SA matching efficiency. In-depth, if the RC process selects an output
port that is already in use by other requests, conflicts are bound to
happen in that particular output port, thereby limiting the performance
of the SA stage. Consequently, the results of the SA stage need to be
considered during the RC stage to ensure that the matching efficiency
is maximized in the SA stage.

This paper proposes a novel category of routers that we refer to
as AS-Routers, with the goal of maximizing the AS. The AS factor is
improved by using the two methods described in the previous para-
graphs and following which three instances of routers are proposed.
In order to limit the distribution of EPC requests during the SA stage
and mitigate the effects of endpoint congestion, we first develop a
Uniform Request Recognize (URR) Router. In URR-Router, we suggest
using the data from the requests during the RC stage, contributing
to the EPC. To implement the design of URR-Router, the strategy is
giving the highest priority to the uniform requests in the SA stage.
URR-Router anticipates endpoint congestion and seeks to mitigate its
impact in the SA, resulting in higher SA performance over long periods.
We then design a second router namely, Endpoint-Congestion-Causing
Request (EPR) Router, which reduces the endpoint congestion by giving
priority to EPC requests over uniform requests in the SA stage. In EPR-
Router, EPC requests are allocated using a special priority mechanism
along with the other uniform requests, whose output ports are different
than the output ports of the EPC request selected. This helps in getting
further improvement in matching efficiency in the SA stage over some
time. Finally, we propose Combining URR EPR (CUE) Router, based
on URR-Router and EPR-Router, to make efficient use of information
received from the new pipeline stage, namely Request Finalization (RF),
to optimize the SA process. URR-Router and EPR-Router are partial
mechanisms used in the design of CUE-Router. CUE-Router is designed
by combining both URR-Router and EPR-Router to optimize the SA
process by switching the priority between uniform requests and EPC
requests one after another. Because low-priority requests would have
little possibility of being allotted for a long time, we have carefully
constructed the SA process to reduce the impact of unfair allocation.
Since the NoC flit size is relatively wide, our method works well
2

for two-dimensional (2D) mesh. We favor 2D mesh topology in this
study due to its scalability and regularity. The proposed design is also
implemented for Flattened butterfly (FBFly) topology; however, it is
not suited for 3D. The lightweight implementation of our idea allows
for effective latency reduction with minimal hardware overhead.

The remaining portions of this paper are structured as follows.
Related research is introduced in Section 2, including endpoint con-
gestion and the origins of SA in NoC. We give a scheduling example
in Section 3 to show how the SA procedure works for our suggested
architecture. A thorough router architecture of the proposed design
is presented in Section 4. To show how the proposed design’s SA
procedures outperform earlier allocation algorithms, a SA example is
also given. Section 5 discusses the implementation of our design and
results. Finally, in Section 6, the article is concluded.

2. Related work

For on-chip routers, SA is the most crucial pipeline stage since it
influences the latency of packets in NoCs. To facilitate packet trans-
mission over the switch, the input port’s packets are now mapped to
the output port. The main purpose of the SA stage is to allow the
smooth movement of packets from the input port to the corresponding
output port without any conflicts in the mapping process. Every flit
undergoes SA, and a period is set up for each flit to travel through
the switch. To get efficiency in SA, previous popular works maximize
the matching number in one cycle such as iSLIP, augmenting paths,
and wavefront [3,7]. However, these works either need repeated cycles
or are too complex to achieve desired performance. Many prior works
have used the time-series method of allocation for achieving efficiency
in SA namely, Packet-Chaining [8] and Pseudo-circuit [4], these meth-
ods make use of allocation information from the previous cycle to the
current SA stage. Other works like TS-Router [3] uses future request
allocation to take current SA decision.

Other works add extra hardware to increase the matching efficiency
in the SA stage. Multiple input VCs in any input port can pass across
the switch in one cycle thanks to the virtual input crossbar [9]. To
facilitate packet transmission during the SA, SB-Router [15] arranges
the input buffer as a swapped buffer. To reduce router frequency,
authors in [16,17] break the SA step into numerous sub-stages and
pipeline them. However, these works rarely take AS or information
from other pipeline stages into account when improving SA to improve
NoC performance. The benefit of our proposed methodology is to
lessen the impact of endpoint congestion. Endpoint congestion can be
exacerbated by a large number of short packets. Most NoC packets
only contain a control instruction or a memory address, and these
packets are known as short packets. The vast majority of these packets
have the same output port, resulting in endpoint congestion. Endpoint
congestion can harm SA matching efficiency due to occupancy in
output ports and, as a result, a decrease in the count of SA requests
over time. To the greatest of our knowledge, no previous work has
been done to relate endpoint congestion details to the SA technique.
Previous works have designed various types of traffic control strategies
to alleviate the influence of EPC. Authors in [18] have suggested a
reservation protocol using a short message to target the minimization of
EPC initiated by short messages. Authors in [19] have discussed using
the congestion information from the intermediate routers to recognize
EPC at the particular node. Authors in [20] strive for achieving efficient
reservation, especially for short packets by chaining them flexibly
using reservation granularity. However, these methods are complex for
adoption in NoC to manage congestion. Another approach is congestion
notification [21,22] that relives EPC by using a hardware approach. A
method for reducing traffic injection rate based on network congestion
is the Explicit Congestion Notification (ECN) [23]. However, due to
the time required to detect and throttle congestion-causing traffic,
ECN responds slowly. Furthermore, ECN’s performance is significantly
impacted by its throttling parameters. Speculative Reservation Pro-

tocol (SRP) uses a handshake reservation between the starting and
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Fig. 1. An instance showing the benefits of URR-Router and EPR-Router, the red links showcase the congested links, those can be reduced and the packets having uniform traffic
can be sent through free links showcased by green links.
intended nodes to prevent overloading in network endpoints [24].
In oversubscribed networks, some SRP-based studies employ multiple
resource reservation protocols [25]. These methods, however, are too
complicated to be used in NoC.

Recent research focuses on mitigating the effects of endpoint con-
gestion through adaptive routing optimization [10]. By offering more
path or port options to avoid the crowded link, adaptive routing suit-
ably mitigates network congestion-induced performance loss [10–14].
However, even though these adaptive routing techniques can improve
network performance in the face of adverse traffic conditions, they
cannot reduce endpoint congestion and may even make matters worse
when combined with congestion regulation techniques [26]. According
to CBCM [26], it is crucial to distinguish between network congestion
and endpoint congestion since adaptive routing might be challenging to
handle when faced with endpoint congestion. By restricting the number
of hot-spot packets that are queued on the footprint VC, footprint [27]
is proposed to reduce Head-of-Line (HoL) blocking [28] brought on
by endpoint congestion. The influence of improved routing algorithms,
however, may mitigate the negative consequences of endpoint conges-
tion in the SA process. The switch allocator may prioritize EPC requests
over uniform requests during the SA process. Therefore, it is necessary
to completely remove the impact of endpoint congestion from the SA
process. Fortunately, this can be done by including additional links, as
we suggest in our design.

3. Motivation

Limiting the allocation of EPC requests during the SA stage is the
goal of URR-Router. Endpoint congestion occurs when a hotspot node
receives a large number of packets having the same destination. In light
of this, packets that are moving through the network sharing the same
destination might be categorized as EPC packets. As a result, if URR-
Router senses that various arriving packets share the same destination,
these packets are classified as EPC packets. By carefully restricting the
3

EPC request allocation in the SA stage, output port congestion can be
relieved, which results in an increase in the free links in the network
over some time. As shown in Fig. 1, there are many advantages of using
the proposed technique in 16-node 2-D mesh NoC. In Fig. 1, the red link
(dark color) showcases the congestion and the green color (light color)
denotes the congestion-free link. As illustrated in Fig. 1(a), permutation
traffic is observed for the traffic flows shown below:

𝑓1 = 𝑛13− > 𝑛5
𝑓2 = 𝑛8− > 𝑛5
𝑓3 = 𝑛10− > 𝑛1

When the conventional SA strategy is applied in the network, using
Dimension-Order-Routing (DOR), node 𝑛5 will be overcrowded by 𝑓1
and 𝑓2, resulting in endpoint congestion. This endpoint congestion in
𝑛5 also propagates back-pressure up to the source nodes (𝑛8, 𝑛10 and
𝑛13) forming a congestion tree, causing congestion in four links. As
illustrated in Fig. 1(a), DOR fails to tackle endpoint congestion in such
situation. However, Fig. 1(b) shows an illustration that by restricting
the EPC requests during the SA step, the number of clogged links can
be reduced. During the RC process, node 𝑛9 of the router chooses the
south port as the output port for 𝑓1, 𝑓2, and 𝑓3. This shows that at
the SA stage, there are three requests competing for the output port,
out of which two are EPC requests and one is uniform request. Within
node 𝑛9 in the router, by limiting the allocation of EPC requests during
the SA process, the congestion situation of the south output port can
be mitigated. As a result, the links from 𝑛10 to 𝑛9 and 𝑛9 to 𝑛5 would
not be congested and 𝑓3 can be transmitted to the node 𝑛1 using a
congestion-free link.

Endpoint congestion could be dealt with at the RC pipeline stage,
but the SA stage is equally crucial for dealing with this problem.
Instead of focusing on the endpoint node, URR-Router accomplishes
this by identifying endpoint congestion at intermediate routers. When
compared to RC-based optimizations, this technique detects endpoint



Engineering Science and Technology, an International Journal 50 (2024) 101607M. Katta et al.
congestion earlier. Because endpoint congestion always leads to con-
gestion in the intermediate router, this strategy is effective. Endpoint
congestion is observed in node 𝑛5, as shown in Fig. 1(a), but contention
can be found within node 𝑛9 during the router’s SA stage. By optimizing
the SA process in intermediate routers, we may therefore detect end-
point congestion and enhance NoCs performance. Contention requests
can specifically be identified at the SA stage of the intermediate router,
and their corresponding destinations can specifically be identified in
the RC stage. Using this information in SA, the endpoint congestion can
be determined and its negative effects on network performance can be
alleviated.

Further, the design is modified for EPR-Router, by giving EPC re-
quests precedence over uniform requests. This is done to assure fairness
and boost the matching effectiveness of SA. To implement the design of
EPR-Router, a novel technique is among EPC requests, a special priority
mechanism is used to select any one request for allocation. Fig. 1(c)
illustrates that at the SA stage, there are three requests competing for
the output port, out of which two are EPC requests namely, 𝑛13 to 𝑛5
and 𝑛8 to 𝑛5 and one is uniform request i.e. 𝑛10 to 𝑛1. During the SA
stage, one EPC request namely, 𝑛13 to 𝑛5 is selected for allocation based
on the priority mechanism, as a result the links from 𝑛13 to 𝑛9 and 𝑛9
to 𝑛5 would not be congested and 𝑓1 can be transmitted to the node 𝑛5
using a congestion-free link.

Finally, we propose CUE-Router, based on URR-Router and EPR-
Router, by combining both URR-Router and EPR-Router to optimize
the SA process by switching the priority between uniform requests
and EPC requests one after another. This combination ensures that the
network will not be biased by prioritizing only one type of requests,
rather by switching the priority between uniform requests and EPC
requests one after another, the matching efficiency of SA will be
boosted and the request allocation will not be biased. This also provides
congestion free links and output ports over a period of time. We have
efficiently designed the SA process to alleviate the influence of unfair
allocation, where low-priority requests would not have any chance of
being allocated for an extended period.

3.1. Benefits of URR-router, EPR-router and CUE-router

It is to be noted here that in conventional SA strategy as shown in
Fig. 1(a), the endpoint congestion in 𝑛5 propagates back-pressure up to
the source nodes (𝑛8, 𝑛10 and 𝑛13) forming a congestion tree, causing
congestion in four links. When the same network is dealt with URR-
Router, it gives three green links i.e. the links from 𝑛10 to 𝑛9 and 𝑛9 to 𝑛5
would not be congested and 𝑓3 can be transmitted to the node 𝑛1 using
a congestion-free link as shown in Fig. 1(b). Further, the EPR-Router
allocates the requests in such a way that the links from 𝑛13 to 𝑛9 and
𝑛9 to 𝑛5 would not be congested and 𝑓1 can be transmitted to the node
𝑛5 using a congestion-free link as shown in Fig. 1(c). The CUE-Router
combines both URR-Router and EPR-Router by switching the priority
between uniform and EPC requests one after another, thus making sure
that links congested by different types of requests become congestion-
free, and over some time the network performance will improve as the
number of congestion-free link will increase.

Unlike URR-Router and EPR-Router, other measures (such adaptive
routing and congestion management) can dynamically estimate end-
point congestion, but they only start to function once the congestion
has started to harm network performance. Alternatively, CUE-Router
detects endpoint congestion in intermediate routers rather than at
the endpoint nodes and thereby provides a novel approach to solve
endpoint congestion more quickly. It should be made clear that our
solution only does local observation based on the specifications of the
router where SA is performed. Our system, however, is unable to detect
congestion in remote routers. For instance, in Fig. 1(a), in case the
router links in node 𝑛1 are congested, the router in node 𝑛9 will not
be able to recognize this congestion, making it impossible to properly
determine whether 𝑓 , 𝑓 or 𝑓 should have priority. The information
4
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Fig. 2. Baseline Router Architecture for URR-Router, EPR-Router and CUE-Router.

from the remote router may be kept in the present router, which would
address the issue. But getting information on the remote router does
not compensate for hardware complexity. In our proposed design, we
do not consider the integration of the remote router information in the
decision-making of the current router.

4. Router architecture in detail

4.1. Baseline router

The baseline architecture under consideration is a cutting-edge
router [29] as shown in Fig. 2. There are five pipeline stages in the
baseline router: RC, VCA, SA, ST, and LT. It employs traditional VC
flow control [30], with multiple VCs on each port at the input. Each
VC associated with the input port has a personal buffer that can hold
packets. The entire input port’s buffer is made up of the cumulative
buffer of all VCs that are present in it, and all of the VCs in it can share
the input port’s bandwidth. A VC serves as a kind of flit-buffering FIFO
queue. We can gain a better grasp of the basic router design by seeing a
packet’s journey through the router. A packet is written into the input
buffer as soon as it enters the input port; however, when the packet
enters the VC’s head, RC occurs. The VC allocator would then assign a
free VC to the input buffer of the next-hop router. After then, a switch
path would be assigned by the switch allocator for this packet to follow
as it traveled from the input to the output port. The packet is routed to
the output channel connection and after passing through the switch, it
is sent to the closest reachable router. Each pipeline stage in our design
requires only one cycle. This architecture serves as the foundation for
Packet Chaining, URR-Router, EPR-Router, CUE-Router, TS-Router and
other routers considered for comparison of results.

4.2. SA technique in URR-router

Endpoint congestion is reduced by URR-Router by restricting EPC
request allocation during the SA stage. To execute the architecture
of URR-Router, the technique is providing the highest priority to the
uniform requests while enabling EPC requests to be allotted primarily
when there are no uniform requests in the SA stage. Three requests
are vying for output port S, as shown in Fig. 3, two of which are EPC
requests (N→S and W→S) and one of which is a uniform request (E→S).
The uniform request will be given priority (E→S) under the proposed
method in the SA, and EPC requests will not be taken into account for
allocation. The allocation of EPC requests will only occur in the absence
of consistent requests.
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Fig. 3. A Switch Allocation Technique developed for URR-Router that provides the
highest priority to the uniform requests while enabling EPC requests to be allotted
primarily when there are no uniform requests in the switch allocation stage.

Although this approach can lessen the effects of endpoint conges-
tion, it also introduces additional issues to the network. First, there
is no assurance of justice during the SA stage. With this method, EPC
requests will not be awarded for a while if there are uniform requests.
This causes the starving of EPC requests. This can lead to an unfair
degradation in performance in the matching efficiency and can be
seriously degrading performance, especially in the routers close to the
destination of EPC requests. This is a result of EPC requests being held
for a long time, which might lower the number of packets that reach
the endpoint node and lower the efficiency of the routers attached to
such nodes. In addition to this, if temporary congestion is improperly
detected as endpoint congestion, such requests will be restricted from
allocation in the SA stage, causing poor matching efficiency in the SA
stage.

4.2.1. Fairness-guaranteed using a priority mechanism in SA strategy
To enhance the efficiency of matching in SA and to ensure fairness,

a novel SA strategy is proposed in URR-Router. In this technique, EPC
requests can be allocated along with uniform requests. To deal with
EPC requests, a new stage called RF is added before the SA stage. In
actuality, the RF process and router pipelines can run simultaneously.
Yet, in this case, we treat RF as an independent pipeline stage for a
better explanation. The RF stage picks one or more of the EPC requests
depending on a priority mechanism after detecting all of the EPC
requests. Following the priority assigned to them, VCs are prioritized
at the input port. When a flit enters the router, the input port priority
is presumed to be an integer, and the input port with priority n (n =
0, 1, 2, . . . , 5) belongs to the 𝑛th class. A given input port’s priority
is indicated by the 𝑛th class of the input port. A lower index indicates
a higher priority for an input port. The output port is allocated to the
lowest index one, which receives priority based on the index of an input
port.

The volume of chosen queries is independent of network design or
traffic. In actuality, all EPC requests have an equal number of unique
destinations as there are requests that were selected. The RF process
gathers and evaluates each request’s destination to determine whether
it is an EPC request; if many requests have the same destination,
they are all classified as EPC requests. After identifying all of the EPC
requests, the RF stage will choose the EPC requests depending on the
suggested priority strategy. It is important to note that the RF method
compares the destinations of each request individually rather than all
requests with the same output. This is because, in order to reduce
the effects of endpoint congestion on time series, URR-Router strives
to identify all EPC requests. While other non-chosen EPC requests
are deleted, the switch allocator will receive and process the chosen
EPC requests as normal requests. The SA will also be informed of the
additional uniform requirements. The number of EPC requests that
were chosen is the same as the variety of destinations in the EPC
requests. The standard SA stage will be carried out after the RF stage.
5

A sample of the RF and SA stage of the URR-Router is shown in
Fig. 4. For this situation, the SA process adopts an output-first separable
instance [31]. The SA process comes after the RF procedure, as shown
in Fig. 4(a). The three EPC requests are N→S, W→S, and W→E and
the remaining requests are uniform requests. As can be seen in the
Fig. 4(a), the input port E is simultaneously receiving two requests.
This is a result of the potential for numerous VCs in a single input
port to simultaneously compete for switch traversal. Each VC is given a
chance to compete for the switch. Along with all the uniform requests,
the EPC requests selected in the RF process, based on the priority
mechanism, are added for SA. The priority mechanism is explained at
the beginning of this section. The number of output ports chosen is the
same as the variety of destinations in the EPC requests waiting for their
allocation. As a result, along with the other standard requests, the EPC
requests N→S, and W→E are chosen and approved for SA. In the output
arbitration of SA, as illustrated in Fig. 4(b), the EPC requests N→S, and
W→E are selected while discarding the uniform requests E→S, and L→E
because these requests contradict with the EPC requests on output port
S and E respectively. Finally, the switch allocator makes decisions on
three requests during the SA input arbitration, N→S, W→E, and E→L,
including two EPC requests as shown in Fig. 4(c). As illustrated in
Fig. 4, the URR-Router may provide fairness in the SA stage by adopting
a priority method to distribute the EPC requests while assuring fairness.
Restricting the distribution of EPC requests, this tactic can lessen the
effects of endpoint congestion.

4.3. SA technique in EPR-router

By giving EPC requests precedence over uniform requests, EPR-
Router lowers endpoint congestion. To implement the design of EPR-
Router, a novel technique is among EPC requests, a special priority
mechanism is used to select the request for allocation. Fig. 5 illustrates
an instance of the SA strategy using this technique. In this technique,
EPC requests are allocated using a special priority mechanism along
with the other uniform requests, whose output ports are different than
the output ports of the EPC request selected. Three requests are vying
for output port S, as shown in Fig. 5, two of which are EPC requests
(N→S and W→S) and one of which is a uniform request (E→S). With
the proposed technique in the SA, the EPC requests will be prioritized
(N→S) and among EPC requests based on the priority mechanism, one
or more requests will be selected and the total number of requests
selected is equal to the number of different output ports. In this case,
all the EPC requests are fighting for the same output port i.e. S, and
one of them, N→S will be selected for allocation.

An instance showcasing EPR-Router is illustrated in Fig. 6. This
strategy can prioritize the EPC request and relieve endpoint congestion
but brings new problems. First, a fair chance for all the incoming
requests to appear for SA is not guaranteed. In addition to this, the
uniform requests destined to the output ports same as the output ports
of the EPC request selected will be kept on hold, resulting in low
matching efficiency in SA.

4.4. CUE-router: A fair SA technique for both uniform requests and EPC
requests

URR-Router reduces the impact of endpoint congestion by prior-
itizing uniform requests over EPC requests and EPR-Router reduces
the endpoint congestion by prioritizing the EPC request over uniform
request. This is done by collecting information in RF stage and sending
the same to SA stage. By merging URR-Router and EPR-Router, CUE-
Router is created to enhance the SA process by sequentially altering
the priority between uniform requests and EPC requests in order to
further boost SA performance. The rationale for the alternating policy is
to reduce the effects of unfair allocation, wherein low-priority requests
would have little possibility of being allocated for an extended period
of time. This ensures a fairness in giving opportunity to the requests to
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Fig. 4. A specific instance of the switch allocation strategical procedure for the URR-Router. Before switch allocation, the RF process is performed to choose requests from among
all EPC requests (highlighted in red), and the chosen EPC requests as well as all uniform requests (highlighted in green) would be used as input requests for the switch allocator.
URR-Router’s switch allocator is a conventional output-first separable allocator, and both the chosen EPC requests and other uniform requests have an equal chance of being
allocated during the SA. A certain probability is given to EPC requests in this system, which limits the allocation of EPC requests while assuring fairness.
Fig. 5. A Switch Allocation Technique developed for EPR-Router, wherein EPC requests
are allocated using a special priority mechanism along with the other uniform requests,
whose output ports are different than the output ports of the EPC request selected.

be sent for SA. Moreover, neither uniform nor EPC requests will go in
starvation state by using this technique.

Fig. 7 depicts an illustration of the RC process and the SA process
in the CUE-Router, along with a comparison of the analogous processes
in the baseline router. The baseline router likewise uses a conventional
routing approach, but it is unable to make use of data from other
pipelines to provide routing outcomes that are better suited for SA.
CUE-Router’s RC procedure allows users to choose an output port that
will not be contended with additional SA requests in the ensuing cycle.
The packet at input port S has two possible options for output ports,
namely, 𝑁 and E, as depicted in Fig. 7, and these two output ports have
an equal chance of being chosen as the final output port. The switch
allocator will receive a new SA request S→N in the cycle after an output
port, let us say N, is selected (in this case, we use speculative SA [15],
where SA is executed concurrently with VCA, causing a one-cycle delay
between RC and SA stages). To lessen conflicts that the RC stage
produces in the following cycle of SA, certain SA data must be acquired
and applied. These details cover both the freshly created SA requests
that will be submitted in the following cycle (L→E in the RC stage
in Fig. 7) and the SA requests that were not allocated in the present
cycle (W→S, W→E, and E→S in the RC stage in Fig. 7). These two sorts
of requests will proceed to the SA stage in the subsequent cycle. Con-
ventional adaptive routing algorithms fail to take this information into
account when picking a route. Without this knowledge, a conventional
routing approach will often randomly choose a potential output port
(let us say, S→E), as shown in Fig. 7 (a). If the chosen output port
conflicts with upcoming SA requests, the switch allocator will receive
fewer conflict-free requests in the following cycle, which will result in
fewer matchings being possible in the following cycle SA. However, if
information regarding SA requests is taken into consideration during
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the RC process, then more SA matches can be made since the switch
allocator is provided more conflict-free requests. To prevent adding
more conflicts to the SA in the subsequent cycle, CUE-Router selects the
routing path S→N rather than S→E, as shown in Fig. 7 (b). By making
such a routing decision, CUE-Router enhances the number of matches
in the SA in the subsequent cycle.

4.5. Pipeline design of URR-router, EPR-router and CUE-router

To optimize the SA process, the URR-Router, EPR-Router, and CUE-
Router gather data during the RC stage. The simplest option is by
incorporating an additional pipeline stage (RF) ahead of the SA stage
to process RC information and finalize uniform and EPC requests to be
sent for SA. However, the low latency properties of the on-chip router
may be harmed as a result of such a design, which can cause a one-
cycle increase in router latency. To alleviate the performance loss, we
separate the RF process into two parts.

RF1 — The RF1 stage analyses the packets’ destination information
to identify EPC packets, because the input data (packet destinations)
for the RF1 and the RC stage are the same, they can be run in parallel.

RF2 — The RF2 stage is executed in first phase (selection of EPC
requests) and second phase (elimination of marked EPC requests).

RF2 first phase — simple selection logic can be used to implement
the selection of EPC requests, and it can be carried out concurrently
with the first two stages before SA.

RF2 s phase — During the SA stage, the marked EPC request can be
directly disregarded. Because of this, the second phase of the second
stage of RF can be embedded with the SA stage without significantly
delaying the SA stage.

As discussed above, the first stage analyses the packets’ destination
information to identify EPC packets, and the second stage determines
which EPC requests should be selected and disregarded before the SA
operation. Because the input data (packet destinations) for the first
stage and the RC stage are the same, they can be run in parallel.
Selection and elimination of EPC requests is necessary for the second
stage. Simple selection logic can be used to implement the selection
of EPC requests, and it can be carried out concurrently with the first
two stages before SA stage. By marking the EPC request before the SA
process begins, the elimination of marked EPC requests can be easily
implemented. During the SA stage, the marked EPC request can be
directly disregarded. Because of this, the second phase of the second
stage of RF can be embedded with the SA stage without significantly
delaying the SA stage, even though it cannot be carried out in parallel
with router pipelines. We also use the Cadence Encounter RTL compiler
to calculate the critical path delay of the suggested router design to
investigate the overheads in router frequency. The operating voltage is
1.8 V and the operating frequency is 1.0 GHz. 180-nm design libraries
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Fig. 6. A specific instance of the switch allocation strategical procedure for the EPR-Router. A novel technique is among EPC requests, a special priority mechanism is used to
select the request for allocation (highlighted in red), and the chosen EPC requests as well as all uniform requests (highlighted in green) would be used as input requests for the
switch allocator. This strategy can prioritize the EPC request and relieve endpoint congestion.
Fig. 7. Pipeline comparisons of the CUE-Router with the baseline router, which employs the conventional RC strategy. Before RC, certain data will be gathered, including the
SA requests that have not yet been allotted for the current cycle and those that will arrive in the following cycle (these requests will be utilized as requests for the following
SA cycle). Based on this data, CUE-Router can choose a routing path with the least amount of competition, allowing the SA process to get more requests without conflicts and,
as a result, more matches in the following cycle. The chosen routing method may compete with incoming SA requests to reduce the matching efficiency because traditional RC
algorithms, on the other hand, do not take advantage of this information.
are used to perform behavioral RTL. The outcome demonstrates that
our design produces a router that runs up to 885 MHz, so it is 11.6
percent slower.

The datapath of the URR-Router, EPR-Router, and CUE-Router in
a five-stage pipeline router is shown in Fig. 8. The figure depicts the
addition of a single forwarding connection from the RC stage to the
SA stage for the transmission of the EPC request data in the CUE-
Router. The initial stage of RF’s identification of the EPC request has
been combined with the RC process. URR-Router and EPR-Router are
the design model for CUE-Router. CUE-Router now has one more link.
The one from the SA stage is fed back to the RC stage to transfer the
information about unassigned SA requests back to the RC stage.

Since AS-Router’s design is independent of specific router architec-
tures or routing algorithms, it may be extended to other IQ routers
as well. CUE is basically an allocation policy that can be applied
to various routers within an NoC. It determines how communication
requests are assigned to resources within the router, thus influencing
congestion management and overall network performance. The router
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which applies this allocation policy is referred to as CUE-Router in our
paper. The design of CUE-Router architecture is orthogonal to majority
of prior SA techniques, because RF and SA stages are independent. As a
result, the performance of the SA process of CUE-Router can be further
enhanced by using previous state-of-the-art SA methodologies. Other
adaptive routing techniques can be implemented with CUE-Router as
well. With the aid of this design, we can select one of several possible
routing paths with the same likelihood of success during the RC stage.
Even though the routing paths are selected differently by different
routing algorithms, the likelihood of selecting two paths at the same
time is still quite high. In this way, the CUE-Router can be extended to
the majority of other IQ routers that have a capable adaptive routing
algorithm. However, CUE-Router cannot be combined with DOR. In
DOR, the routing path is determined by sequentially traversing the
dimensions of the grid and hence CUE-Router cannot be used to select
an output port to reduce SA conflicts.
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Fig. 8. The design can be implemented simply by inserting a new pipeline stage divided into two stages (RF stage 1 and RF stage 2). RF stage 1 is added ahead of the SA stage.
Because the input data (packet destinations) for the RF stage 1 and the RC stage are the same, they can be run in parallel. For the second stage, simple selection logic can be
used to implement the selection of EPC requests, and it can be carried out concurrently with the router’s pipeline stage. By marking the EPC request before the SA process begins,
the elimination of marked EPC requests can be easily implemented. During the SA stage, the marked EPC request can be directly disregarded. Because of this, the second phase
of RF stage 2 can be embedded with the SA stage without significantly delaying the SA stage, even though it cannot be carried out in parallel with router pipelines. One extra
link is added to CUE-Router. The one from the SA stage is fed back to the RC stage to transfer the information about unassigned SA requests back to the RC stage.
Table 1
Network parameters.

Network parameters Values

Topology 2D-Mesh and Flattened Butterfly (FBFly) [32]
Routing Algorithm Footprint [27]
Virtual Channel 2, 4, 8 per physical channel
Traffic Transpose, Tornado, Uniform Random, Bitrev, Hotspot, PARSEC benchmarks
Size of packet single-flit, 2,3,4.....16- flit packets
Flow Control Wormhole (credit-based)
Virtual Channel Allocator Round-Robin
Switch Allocator Packet Chaining [8], iSLIP, TS-Router [3], URR-Router, EPR-Router, CUE-Router
Speedup 1.0
5. Performance evaluation

5.1. Methodology used for experimental evaluation

Booksim, a cycle-accurate simulator, is used to evaluate the de-
sign [33] for an interconnection network. The design is simulated for
both the synthetic traffic and traces from realistic traffic from PARSEC.
The network configuration is listed in 1. The network consists of an 8x8
two-dimensional (2-D) mesh as well as Flattened Butterfly (FBFly) [32]
having 64 nodes. The proposed design is also simulated for 4x4 and
16 × 16 2-D mesh to check the scalability. These are the most popular
topologies used to test the design and evaluate the performance of
NoCs. Each router is connected to one router in 2-D mesh and four
other routers in FBFly. All the channels are having a delay of one cycle.
Conventional VC flow control [30] is employed. Each port contains 4
VCs. Every VC can accommodate 8 flits in a buffer and the proposed
design is also evaluated by varying the number of VCs. Footprint [27]
routing algorithm based on Duato’s theory [34] has been chosen for
both the mesh and the FBFly topology as it is a deadlock-free and
efficient adaptive routing algorithm Section 4 describes the detailed
router architecture. The credits can be transferred to the upstream
router in 2 cycles. The baseline allocator for Packet Chaining, TS-
Router, and the proposed router design is one-iteration iSLIP. In the
network evaluation, Packet Chaining uses the same port but different
VCs.

The design is evaluated for single-flit packets unless stated specif-
ically. Four types of synthetic traffic patterns are considered for the
design, namely, uniform, bit rev, transpose, and tornado. Moreover, the
performance of the design is evaluated by designing hot-spot traffic for
endpoint congestion conditions i.e. 10% nodes are chosen at random
that accept traffic from other nodes and these are known as hotspot re-
ceivers. In the remaining nodes, there is a 20% chance that packets will
be forwarded to hotspot endpoint nodes and an 80% chance that they
will be forwarded to a randomly chosen node. The design is evaluated
for the realistic traffic traces taken from PARSEC benchmark [35]. The
traces are from 64-node network full-system simulations. We received
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a thorough analysis of the design from the power, area, and time
analyses. Cadence Encounter is used to analyze the dynamic power of
the detailed Booksim factors.

5.2. Synthetic traffic network performance

The design of the URR-Router and EPR-Router is evaluated under
various traffic patterns for the mesh topology. The design is evaluated
by comparing it to other popular SA techniques. Fig. 9 depicts the aver-
age packet latency observed and plotted. Fig. 9 shows that URR-Router
and EPR-Router outcompete most other routers, and CUE-Router shows
further performance improvement. The proposed design shows lower
latency and higher saturation throughput for all the injection rates less
than the saturation injection rate. In comparison to TS-Router, URR-
Router improves saturation throughput by 4.34%, 2.85%, 3.70%, and
3.03% for uniform, transpose, tornado, and bit rev traffic, respectively.
Under uniform, transpose, tornado, and bit rev traffic patterns, the
EPR-Router improves throughput by 5.37%, 5.55%, 5.45%, and 4.47%,
respectively. For each traffic pattern, URR-Router and EPR-Router show
a reduction in packet latency, as the congestion is alleviated in the
SA stage, as a result of which packet latency is reduced. CUE-Router
shows further improvement in saturation throughput for each of the
four traffic patterns. The results are 6.38%, 8.10%, 7.14%, and 5.88%
improvement in saturation throughput for the four traffic patterns men-
tioned previously. To get higher performance than using URR-Router
and EPR-Router separately, CUE-Router is built on the foundation of
these two routers. The reason is the requests reaching the SA stage are
conflict-free now.

Fig. 10 shows the plot of average packet latency measured in cycles
v/s injection rate measured in flits/cycle/node under FBFly topology
for tornado and transpose traffic. The improvement in latency for URR-
Router is 17.5%, for EPR-Router is 30%, and for CUE-Router is 45%
as compared to TS-Router at the injection rate below the saturation
injection rate for tornado traffic. The average latency improvement is
21.05% for URR-Router, 26.31% for EPR-Router, and 31.57% for CUE-
Router as compared to TS-Router for transpose traffic at the injection
rate below the saturation.
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Fig. 9. Plot of average packet latency measured in cycles v/s injection rate measured in flits/cycle for (a) Uniform Random traffic (b) Bit Reverse traffic (c) Tornado traffic and
(d) Transpose traffic under mesh topology.
Fig. 10. Plot of average packet latency measured in cycles v/s injection rate measured in flits/cycle/node under Flattened Butterfly topology for (a) Tornado traffic (b) Transpose
traffic.
It should be highlighted that the improvement in overall perfor-
mance is insufficient to make up for the evaluation’s decreased fre-
quency (11.6%). This is due to a flaw in our architecture that will cause
the complex SA procedure to lower router frequency. Yet, our solution
offers an innovative way to boost SA’s performance, and we can get
even better performance by making further optimizations that balance
out the router frequency overhead. Yet, our solution can deliver great
performance in specific traffic scenarios or with bigger NoCs, which
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is sufficient to balance out the router frequency’s overhead. The next
paragraphs will give specific experimental findings.

Then we evaluate how many VCs affect NoC performance, as shown
in Fig. 11. We start comparing our design to a popular router, the TS-
Router, by changing the number of VCs. To avoid deadlock conditions
in the RC stage, the input buffer should have at least two VCs [36]. We
have chosen 2 VCs, 4 VCs, and 8 VCs in the design of the input buffer.
The amount of requests turning up at the switch allocator increases
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Fig. 11. Comparison of average packet latency for URR-Router, EPR-Router, CUE-Router, and TS-Router for various traffic patterns by varying the count of VCs.
as the amount of VCs increase, this increases the number of matching
during the SA process. The injection rate is kept below saturation
injection rate i.e., 0.25 flits/cycle/node for tornado traffic and 0.37
flits/cycle/node for transpose traffic under the mesh topology. From
Fig. 11, it is observed that for various SA strategies, performance can
be improved with the increase in the number of VCs. The SA method
performs better as we increase the number of VCs. However, if we
keep adding VCs, the performance bottleneck shifts from the volume of
requests to the switch allocator’s efficiency in allocating resources. This
makes it abundantly evident that, as the number of VCs rises, the per-
formance of various SA approaches will vary. Fig. 11 shows that when
using the same count of VCs, URR-Router, EPR-Router, and CUE-Router
outcompete the existing TS-Router in patterns of traffic. URR-Router
gives performance improvement for saturation throughput by 3.33% for
two VCs and 4.65% for 8 VCs, the corresponding saturation throughput
improvement for uniform traffic patterns for EPR-Router are 3.33% and
6.81% respectively, and for CUE-Router 9.37% and 10.8% respectively.

For AS-Router, the most prominent reason for being efficient is to
be able to remove the influence of endpoint congestion. To that end, we
compare the proposed design’s performance with that of other popular
SA techniques in hotspot traffic and uniform mixed traffic. Hotspot traf-
fic produces HoL blocking, which clogs other uniform flow and builds
a congestion tree. This has the potential to reduce network throughput.
Fig. 12 depicts the throughput latency curve, which demonstrates
the benefits of our architecture in attempting to mitigate endpoint
congestion’s effects. Fig. 12 showcases that as compared with other SA
strategies, CUE-Router can achieve quite a low packet latency for the
injection rates less than the saturation point. When the injection rate is
kept at 0.2 flits/cycle, CUE-Router reduces average packet latency by
10
Fig. 12. Comparison of average packet latency measured in cycles for various routers
under hotspot traffic.

26%, in comparison to TS-Router and 17.77% and 11.9% in comparison
to URR-Router and EPR-Router.

Fig. 13 shows the outcome of the comparison of our solution with
the TS-Router utilizing various network scales. The TS-Router is used to
compare our design, and the results are presented in Fig. 13. For each
traffic pattern, the throughput of the URR-Router, EPR-Router, and
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Fig. 13. Comparison of throughput of URR-Router, EPR-Router, CUE-Router, and
TS-Router. The throughput of other routers is normalized to that of the TS-Router.

Fig. 14. Matching number during SA stage comparison for URR-Router, EPR-Router,
CUE-Router, and TS-Router for the mesh network under uniform traffic.

CUE-Router is normalized to the TS-Router. As shown in Fig. 13, the
increase in performance for our architecture is greater for the 16 × 16
mesh than for the 4 × 4 mesh; because a bigger network can aggravate
the congestion.

In 4 × 4 and 16 × 16 mesh topologies, URR-Router outperforms
TS-Router by 3.84% and 10.71%, respectively. EPR-Router achieves
4.76% and 13.04% improvement for these two meshes, while CUE-
Router achieves 8.25% and 18.03% improvement. Since larger NoCs
can more easily handle the router frequency overhead, the performance
advantage of our solution is more apparent for them. We do not
increase the number of VCs and the depth of VCs as well with the
increase in the network size. As the number of VC and the depth of
VCs increase, the performance of NoC shows improvement. The higher
buffer size and the complex scheduling logic are difficult to adopt in
the NoC router, even though adding more VCs or deeper VCs promises
better results in NoCs. A NoC router’s input buffer consumes a lot of
power and space, making it difficult to include a large buffer [37–41].

The matching number refers to a notion involving routing algo-
rithms. In NoC systems, routing entails choosing the best path or
route for data packets to travel from a source node to a destination
node. The matching number serves as a gauge of a NoC architecture’s
routing adaptability or capacity. Each node in a NoC has a network
of communication links connecting it to a group of surrounding nodes.
The matching number represents the most discontinuous paths that can
be created between any two network nodes at once. A higher matching
number suggests more flexibility in developing distinct communication
11
Fig. 15. For the mesh topology with a uniform traffic pattern, the improvement in the
matching number during SA stage for URR-Router, EPR-Router, and CUE-Router over
TS-Router.

pathways, allowing for better use of the network resources and possibly
lowering congestion. On the other side, a lower matching number
restricts the number of concurrent pathways and could cause more
congestion or longer routing delays. As it affects the network’s overall
performance, scalability, and efficiency, the matching number is a cru-
cial parameter in the design and analysis of routing algorithms for NoC
systems. Based on their matching numbers, several routing algorithms
and network topologies can be compared to determine which is best for
a given application. In an evaluation, the number of matching for URR-
Router, EPR-Router, CUE-Router, and TS-Router is compared as the
injection rate is increased from 0 to 0.9 flits/cycle/node. Fig. 14 depicts
the outcome of 1000 consecutive stable cycles for a mesh topology
with a uniform traffic pattern. The network becomes saturated for the
injection rate exceeding 0.4 flits/cycle/node, as shown in Fig. 14. As we
further boost the injection rate after reaching saturation, the matching
number falls instead of rising. The cause of this is that when there
is output port congestion, fewer requests in total are received by the
switch allocator, which lowers the number of SA requests. However,
when the injection rate is close to or above the saturation injection
rate, CUE-Router, EPR-Router, and URR-Router fulfill more matching
due to the advantages of the SA process. Fig. 15 illustrates the result of
our design’s benefits in raising the number of matchings. Fig. 15 shows
the increase in the matching count for URR-Router, EPR-Router, and
CUE-Router over TS-Router. In an 8 × 8 mesh network, the matching
amount of switch allocators is collected in 40,000 cycles for URR-
Router, EPR-Router, and CUE-Router injection rates ranging from 0.1
to 1 flits/cycle/node.

For each injection rate, URR-Router, EPR-Router, and CUE-Router
achieve greater matching than TS-Router as illustrated in Fig. 16. CUE-
Router can generate more matching than URR-Router and EPR-Router.
For the cases, when the packets are injected at less than 0.5 injection
rate, the matching number increases with the increase in the injection
rate. This is due to the fact that the matching number depends on
the total number of requests; when more requests arrive at the switch
allocator, the matching number grows as well. When the packets are
injected at an injection rate greater than 0.5, the matching number
starts to decline. The cause of this is the heavy load that runs the risk
of blocking the router’s output port. As a result, the number of valid
requests decreases, as does the switch allocator’s allocation efficiency.

URR-Router reduces the effect of endpoint congestion on aver-
age packet latency. This reduces packet waiting latency caused by
endpoint congestion. This reduces average packet latency. Although
CUE-Router alters how the routing algorithm is executed, performance
is unaffected. The latency distribution of the TS-Router, URR-Router,
EPR-Router, and CUE-Router are evaluated and the results for the
Cumulative Distribution Function (CDF) are shown in Fig. 16. The
test is carried out in a mesh 8 × 8 network with packets injected at
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Fig. 16. Plot of cumulative distribution function of the packet latency for URR-Router,
EPR-Router, CUE-Router, and TS-Router.

Fig. 17. Variation of packet length and measuring average packet latency for TS-
Router, URR-Router, EPR-Router, and CUE-Router for mesh topology under uniform
traffic.

the saturation injection rate. As shown in Fig. 16, our design has a
higher proportion of low-latency packets than TS-Router. Furthermore,
there is no significant tail latency in our design. In other words, when
confronted with endpoint congestion, our design can avoid a long time
waiting that causes long packet latency.

Next, we have also analyzed the impact of the length of the packet
on the latency of the proposed NoC. It is possible to determine the av-
erage packet latency of the URR-Router, EPR-Router, and CUE-Router
by varying the length of the packet between 1 and 16 flits. The
outcomes are depicted in Fig. 17. For each test, the injection rate is
set at saturation. As can be observed from the graph, URR-Router and
EPR-Router performs better than TS-Router when the packet length
is significantly less than 8 flits, and performs worse when the packet
length is greater than 8 flits. As packet length rises, the URR-Router
and EPR-Router performance suffers. Large packets limit the number
of queries the SA process can send to the switch allocator, limiting
its optimization. After the packet length exceeds 8 flits, TS-Router
undergoes a mutation. The reason for this is that each VC’s capacity is
limited to 8 flits. Two packets having the same VC are highly unlikely
to occur when the packet length is more than 8 flits. When the packet
length exceeds 8 flits, the chances of two packets being in the same VC
are extremely low. As a result, the possibility of obtaining information
about subsequent requests is reduced, resulting in lower TS-Router
performance. Most of the time, CUE-Router performs better than the
other two approaches, particularly whenever the packet length is kept
under 7. This shows that NoCs with a large percentage of short packets
are better suitable for CUE-Router [11].
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The proposed CUE-Router is compared to two other cutting-edge
routers, the RoB-Router, and the SB-Router [15], as shown in Fig. 18.
The injection rate is kept below the saturation injection rate i.e. 0.44
flits/cycle/node for tornado traffic and 0.37 flits/cycle/node for trans-
pose traffic under Flattened Butterfly topology. The channel count
between routers in FBFly is higher within the same dimension. Lower
latency improvement is accomplished as a result of shorter queues
waiting in the input port. In contrast to current routers, our suggested
router further reduces latency, as demonstrated in Fig. 18.

5.3. Application-level network performance

The performance of our design has been evaluated and compared
the results with TS-Router. The mesh network was built using traces
from PARSEC 2.0 workloads [35]. Based on the application scenarios,
eight PARSEC benchmarks have been selected to analyze the per-
formance of our proposed design. For instance, fluidanimate, ferret,
channel, and bodytrack are used for the application domains like ani-
mation, similarity search, engineering, and complex vision respectively.
Financial analysis is the application domain for both blackscholes
and swaptions; however, blackscholes and swaptions are employed for
small and large working sets, respectively, to evaluate the influence of
working set size. Other applications are x264 and vips from the media
processing area, however, x264 uses a pipeline model of parallelization
whereas vips use data parallelization. This can be considered for the
evaluation of the input of various parallelization models. The applica-
tions are executed completely and traces have been taken for both the
series phases and parallel phases of the benchmarks. The simulation
results are observed after continuous injection of 1,000,000 cycles, for
each benchmark.

Fig. 19 presents the results for application-level performance. The
latency reduction (%) plots have been normalized to TS-Router for all
benchmarks. It is observed from the Fig. 19 that URR-Router, EPR-
Router, and CUE-Router, outperform TS-Router for all benchmarks.
CUE-Router outperforms URR-Router and EPR-Router in terms of per-
formance.

URR-Router shows an average improvement of 6.37% over all the
benchmarks, however, the maximum improvement is 12% for the
blackscholes benchmark. For EPR-Router, the average improvement
achieved is 6.88% while the maximum improvement is 13% for the
blackscholes benchmark. For CUE-Router, the average improvement
is 8.75% and the substantial increase is 15% using the blackscholes
benchmark. The PARSEC benchmark has a relatively low average in-
jection rate, which results in fewer requests reaching SA. As a result,
the performance increase for URR-Router is not that significant. This
limits the performance of URR-Router and EPR-Router in mitigating
the effects of endpoint congestion. However, CUE-Router shows much
better improvement in performance than URR-Router and EPR-Router.
The vast majority of the packets used in PARSEC benchmarks are small
ones, thus injecting little packets into a network makes CUE-Router
perform noticeably better.

5.4. Power and area estimation

The implementation of our design is done and we have taken utmost
care to reduce the overhead. A new pipeline stage RF is introduced
ahead of the SA stage for URR-Router, EPR-Router, and CUE-Router.
This aids in the processing of RC information as well as the finalization
of uniform requests and EPC requests that must be sent to the SA stage.
The main overhead comes from these added registers, the destination of
the request needs to be tracked in every VC. A 𝑙𝑜𝑔2(𝑁) bits of registers
are required per VC where 𝑁 denotes the network size. For 4 × 4 2D
mesh, with 4 VCs for each physical channel, it results in 16 bits of
storage for each port. For each port, only 16 bits of storage is required,
therefore for a 5-port router, 85 bits of storage is required. The extra
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Fig. 18. Plot of average packet latency comparison of the proposed CUE-Router with other routers namely, RoB-Router and SB-Router, under Flattened Butterfly topology for (a)
Tornado traffic (b) Transpose traffic.
Fig. 19. Plot of reduced packet latency for URR-Router, EPR-Router, and CUE-Router
in comparison to TS-Router under the mesh topology using PARSEC benchmarks.

Fig. 20. Rise in power consumption for URR-Router, EPR-Router, and CUE-Router a
compared to Baseline Router.

storage required for a wide flit NoC is roughly equal to around one
buffer arrival at the router.

For a p-port router, a 𝑙𝑜𝑔2(𝑝) bits of the register are required per
output port, contributing to p 𝑥 𝑙𝑜𝑔2(𝑝) bits of requirement per router.
As a result, CUE-Router has low overhead and minimal impact on the
router’s critical data path. As previously discussed, each design offers
just a few registers, and therefore overhead is minimal.

The Booksim in-detail parameters are evaluated and given to the
Cadence Encounter. This is utilized to get an estimate of the area and
power of our design. The router model from the simulator served as
13
Fig. 21. As compared to Baseline Router, rise in the area of a router for URR-Router,
EPR-Router, and CUE-Router.

the foundation for the design. The base router under consideration
contains five pipeline levels and 5 input/output ports. It has four VCs
per input port, each with an 8-flit buffer size. The setup options and
the implementation specifics are modified for the simulation of our
design. The injection rate in our evaluations is kept the same as that of
the average injection rate for the traces of realistic traffic of PARSEC
benchmarks. To match the storage overhead, register buffer space is
added. Fig. 20 shows the comparison of the baseline router, URR-
Router, EPR-Router, and CUE-Router. The power shown in the results
includes both dynamic and leakage power. It should be noted that the
register expense is located in the buffer. Thus, the primary cause of
the increase in power consumption is due to the buffer and the switch
allocator. To summarize, the power consumption of the URR-Router,
EPR-Router, and CUE-Router increases by 2.6, 2.6, and 3.7 percent,
respectively. The cost of the RF process is added to the switch allocator,
and the latter is responsible for most of the consumption of power.
Fig. 21 depicts the overhead area of our design. Our design area’s costs
are generally modest and in line with its energy consumption. The URR-
Router, EPR-Router, and CUE-Router have all grown by 3%, 3%, and
4%, respectively.

6. Conclusion and future scope

In on-chip systems, communication latency has emerged as a per-
formance bottleneck. To have an efficient design with optimum SA
strategy, router architecture is required to maintain low latency. Recent
works related to SA strategies concentrate more on the SA process and
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minimize matching efficiency, making it difficult to improve SA per-
formance further. In this paper, we propose a novel router architecture
called AS-Router that aims to maximize the AS. First, we introduce
URR-Router, which employs the strategy of giving uniform requests the
highest priority and allocating EPC requests only if there are no uniform
requests in the SA stage. We start designing the SA approach in URR-
Router to make sure the impartiality of the SA process. The second
instance is EPR-Router, this router reduces the endpoint congestion
by giving priority to EPC requests over uniform requests. Finally, we
propose a CUE-Router architecture, based on URR-Router and EPR-
Router that maintains low latency by optimizing the SA process by
switching the priority between uniform requests and EPC requests one
after another. CUE-Router aims to send the switch allocator the fewest
conflicts of requests by incorporating an additional pipeline stage (RF)
ahead of the SA stage for accessing RC information to finalize uniform
and EPC requests to be sent for SA. We implement lightweight proper-
ties in our design to attain highly desired performance while keeping
overheads. When compared to TS-Router, CUE-Router enhances NoCs’
overall performance by 8.10% with synthetic traffic, and it enhances
performance by an average of 8.75% with application-level traffic.
The CUE-Router reduces overhead by 4.1 percent and leakage power
consumption by 3.7 percent as compared to the baseline router.

Future work will concentrate on implementing the proposed design
with the appropriate modifications needed for 3D NoCs. Additionally,
the design can be further optimized in the future to balance out the
router frequency overhead. To further reduce NoC latency, the design
can be changed in the future to have fewer pipeline stages. The pipeline
can be reduced to two stages using some of the NoC routers that have
a bypass that is currently in use.
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