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Abstract—3D many-core NoCs are emerging architectures for
future high-performance single chips due to its integration of many
processor cores and memories by stacking multiple layers. In such
architecture, because processor cores and memories reside in dif-
ferent locations (center, corner, edge, etc.), memory accesses behave
differently due to their different communication distances, and the
performance (latency) gap of different memory accesses becomes
larger as the network size is scaled up. This phenomenon may lead
to very high latencies suffered from by some memory accesses, thus
degrading the system performance. To achieve high performance, it
is crucial to reduce the number of memory accesses with very high
latencies. However, this should be done with care since shortening
the latency of one memory access can worsen the latency of another
as a result of shared network resources. Therefore, the goal should
focus on narrowing the latency difference of memory accesses. In the
paper, we address the goal by proposing to prioritize the memory
access packets based on predicting the round-trip routing latencies of
memory accesses. The communication distance and the number of the
occupied items in the buffers in the remaining routing path are used
to predict the round-trip latency of a memory access. The predicted
round-trip routing latency is used as the base to arbitrate the memory
access packets so that the memory access with potential high latency
can be transferred as early and fast as possible, thus equalizing the
memory access latencies as much as possible. Experiments with varied
network sizes and packet injection rates prove that our approach can
achieve the goal of memory access equalization and outperforms the
classic round-robin arbitration in terms of maximum latency, average
latency, and LSD1. In the experiments, the maximum improvement
of the maximum latency, the average latency and the LSD are 80%,
14%, and 45% respectively.

I. INTRODUCTION

3D die stacking technology is an emerging solution for future
high-performance single chip design, because it continuously in-
creases the number of processor cores and memories by stacking
multiple processor layers and memory layers, and reduces the
long wire latency and improves the memory bandwidth by using
massive TSVs (Through Silicon Vias). Such many processor cores
and memories are connected by pipelined communication networks
(called Network-on-Chip (NoC)[1]) rather than buses, so hundreds
or thousands of communications can go on concurrently at any
time. Such architecture is referred to as 3D many-core NoC, which
has attracted great attentions. For instance, Kim, et. al. proposed
a 3D multi-core system with one 64-core layer and one 256KB
SRAM layer using Tezzaron TSV/bonding technology[2]. Fick,
et. al. designed a low-power 64-core system, named Centip3De,
which has two stacked dies with a layer of 64 ARM Cortex-M3
cores and a cache layer[3]. Furthermore, they extended Centip3De

1LSD: Latency Standard Deviation measures the amount of variation or disper-
sion from the average latency. A low standard deviation indicates that the latencies
tend to be very close to the mean. Therefore, LSD is suitable to evaluate the memory
access equalization.

to be a 7-layer 3D many-core system including 2 processor
layers with 128 cores in total, 2 Cache/SRAM layers, and 3
DRAM layers[4]. Wordeman, et. al. proposed a prototype of a 3D
system with a memory layer and a processor-like logic layer[5].
Yuang, et. al. proposed a 3D mesh NoC, which tightly mixes
memories and processor cores so as to improve the memory
access performance[6]. All of these researches use NoC as the
communication infrastructure and TSV to connect multiple layers.

In 3D many-core NoCs, since processor cores and memories
reside in different locations (center, corner, edge, etc.), the mem-
ories are asymmetric so as to be a kind of NUMA (Non Uniform
Memory Access)[7][8] architecture and memory accesses behave
differently due to their different communication distances. As the
network size is scaled up and the number of processor cores
and memories increases, the communication distance difference of
memory accesses becomes larger and a large increased number of
memory accesses worsen the network contention and congestion,
thus the performance (latency) gap of different memory accesses
becomes larger. This phenomenon may lead to very high latencies
suffered from by some memory accesses that are the bottleneck of
the system and even extremely degrade the system performance.
To achieve high performance in emerging 3D many-core NoCs, it
is crucial to reduce the number of memory accesses with very high
latencies. However, this should be done with care as shortening one
memory access’s latency can worsen the latency of another because
the network resources such as router buffers and communication
links are shared. Therefore, the goal should focus on balancing the
latencies of memory accesses (i.e. narrowing the latency difference
of memory accesses) as well as ensuring a low average latency
value, which is referred to as the “memory access equalization”
problem in 3D many-core NoCs.

In the paper, we address the goal by proposing to prioritize the
memory access packets on the basis of predicting the round-trip
routing latencies of memory accesses in the network. A round-
trip routing latency of a memory access is its elapsed time in the
network, which is equal to the time of the memory request (read or
write) routing in the outward trip from the source to the destination
plus the time of the corresponding memory response (read data
or write acknowledgement) routing back to the source from the
destination in the return trip. The basic idea of our approach is
that the memory access with longer round-trip routing latency
should go first when it competes with other memory accesses. The
round-trip routing latency includes the elapsed routing time and
the future routing time, which is unknown when a memory access
is traversing in the network and hence requires prediction. We
use the communication distance and the number of the occupied
items in the buffers in the remaining routing path to predict the



future routing time of a memory access on-the-fly. Experiments
demonstrate that our approach can achieve the goal of memory
access equalization and has performance improvement in terms of
maximum latency, average latency, and LSD in comparison to the
classic round-robin arbitration.

The rest of the paper is organized as follows. Section II discusses
the related work. Section III details our approach containing the
target architecture, motivation, and router design supporting the
round-trip routing latency prediction of memory accesses. Section
IV reports the experimental results and the performance analysis.
Finally, we conclude in Section V.

II. RELATED WORK

For memory access equalization, prior work first studied it in the
context of computer systems[9], then some literatures turned their
eyes to the chip and paid attentions to studying the equalization
of memory accesses to the off-chip SDRAM, because off-chip
SDRAM has high capacity and serves a large number of memory
accesses so that it is a hotspot/high congestion region with possible
heavy contention and the latencies of memory accesses may be
so different. Usually, the equalization of memory accesses to
the off-chip SDRAM is studied in two aspects: balancing the
memory access performance in memory interface to the off-chip
SDRAM[10][11][12] or on-chip routers[13]. For the first aspect,
In [10], targeting Chip Multiprocessors, Mutlu, et al. presented a
fair memory access scheduling mechanism in SDRAM interface,
which balances the ratio of memory access latency between shared
and alone cases in memory access latency among cores. According
to NoC-based multicores, some literatures utilized the on-chip
network information to perform fair scheduling of the memory
requests in SDRAM interface so as to achieve memory access
equalization. For instance, Both [11] and [12] proposed to prioritize
requests in SDRAM memory interfaces according to the conges-
tion information such that requests from less-congested regions
prioritize over the other requests. The definition and the concrete
implementation of their congestion information are different. For
the second aspect, memory requests are considered to be scheduled
during their transmission in on-chip networks in order to avoid
large congestion near the SDRAM interface so that the memory
access latency would be more balanced [13]. As the memory size
in a single chip increases, on-chip memory access performance
gradually attracts researchers. In [14], Pimpalkhute et. al. proposed
a holistic solution for intelligently scheduling network packets (on-
chip cache requests) and memory packets (off-chip requests) to
optimize overall system performance. They balance the latency
performance between the on-chip requests and off-chip requests.
Different from them, we focus on balancing the latencies amongst
the on-chip memory accesses. In [15], Sharifi et. al. addressed
balancing latencies of memory accesses issued by an application
in an execution phase. They prioritized memory response messages
such that, in a given period of time, messages of an application
that experience higher latencies than the average message latency
of that application are expedited. However, they divided a whole
memory access into two parts: outward trip for memory request
(read or write) and return trip for memory response (read data
or write acknowledgement) and treated them separately. Their
scheduling scheme only prioritizes the memory response messages
and balances the return trip latencies. Different from them, our
approach considers the two parts of an memory access as a whole
and the round-trip routing latency is used to prioritize memory
accesses so as to achieve the goal of memory access equalization,
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Fig. 1. A homogenous 4×4×3 3D many-core NoC

since considering the entire round trip of a memory access is more
reasonable. Besides, to the best of our knowledge, there is little
work studying the memory access equalization in the context of
3D many-core NoCs.

III. OUR APPROACH

A. Target Architecture: 3D many-core NoCs

Fig. 1 shows an example of our target architecture: homogenous
3D many-core NoCs. The example system is composed of 4×4×3
nodes interconnected via a packet-switched 3D mesh network.
Each node is connected to a router. Routers are interconnected with
bidirectional links. In homogenous 3D many-core NoCs, all nodes
are identical and so are the routers. A node contains a processor
core and a shared memory that is visible to all nodes. Memories are
distributed and shared so that the centralized memory organization
and hence the hotspot area are avoided.

B. Motivation

In such architecture shown in Fig. 1, a large number of memory
accesses are generated. Memory accesses behave differently due
to their different communication distances. For instance, the up
left corner node in the top layer accesses the shared memory in
its neighboring node in 2 hops for a round-trip memory read, but
it takes 16 hops over the network if it reads a data in the shared
memory of the bottom right corner node in the bottom layer. The
latency difference results in unequal memory access and some
memory accesses with very high latencies, thus negatively affecting
the system performance. The impact becomes worse when the net-
work size is scaled up, because the latency gap of different memory
accesses becomes bigger. Because memory accesses traverse and
contend in the network, improving one memory access’s latency
can worsen the latency of another. Therefore, we are motivated
to focus on memory access equalization in 3D many-core NoCs
through balancing the latencies of memory accesses (i.e. narrowing
the latency difference of memory accesses) while ensuring a low
average latency value.

An entire memory access is a round-trip one containing two
parts: memory request (read or write) in outward trip and memory
response (read data or write acknowledgement) in return trip, so the
performance of a memory access includes that of the two parts. We
envision that, to achieve the goal of memory access equalization,
it is better to consider the total routing latency of the round-trip
of a memory access as the base to prioritize the memory accesses
when they contend in the routers (i.e. the memory access with
longer round-trip routing latency gains the link successfully and
go first), because the round-trip routing latency represents the full
performance of a memory access and the two parts should not be
considered separately.
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Fig. 2. A short motivation example: two memory accesses traverse and contend.

Let us take Fig. 2 as an example. Fig. 2 shows a 4×4×3 3D mesh
NoC, which is packet-switched, performs deterministic DOR2 X-
Y-Z routing and takes one cycle for one hop. In the figure, Node
A starts a memory access to the shared memory in Node B, which
contains two parts: the memory request from Node A to Node B
(the red line 1©) and the memory response from Node B to Node
A (the blue line 2©). Meanwhile, a memory access is started from
Node C to the shared memory in Node D, which contains two
parts: the memory request from Node D to Node C (the red line
3©) and the memory response from Node C to Node D (the blue

line 4©). Assume that memory request 1© and 3© contend at router
R for the downstream link and memory request 3© occupies the link
successfully, therefore memory request 1© has to wait one cycle in
router R due to its failure. Finally, memory access (A-B) takes 6
cycles3 for its outward trip and 5 cycles for its return trip, thus 11
cycles in total, while memory access (C-D) takes 6 cycles for its
round trip. The average latency of the two memory accesses is 8.5
cycles, and both the two memory accesses deviate from the average
latency by 2.5 cycles. Actually, when at router R, memory access
(A-B) has taken 1 cycles and memory access (C-D) has used 2
cycles. Although the elapsed time of memory access (A-B) is less
than that of memory access (C-D), the former’s total time is bigger
than the latter’s. if the total time (round-trip routing latency) is used
as the base for arbitration, memory request 1© obtains the link of
router R successfully. Therefore, memory access (A-B) takes 10
cycles, while memory access (C-D) takes 7 cycles with 1-cycle
waiting time at router R. Although the average latency is still 8.5
cycles, the deviation of both memory accesses from the average
latency becomes smaller to be 1.5 cycle. Thus, the difference of the
two memory accesses is narrowed and memory access equalization
is achieved. Fig. 2 is an intrinsic case to describing our motivation
and idea. As we know, when a memory access is being routed in the
network, the past routing time is known but the future routing time
is unknown, so the round-trip latency (equaling the past routing
time plus the future routing time) is needed to be predicted. The
next subsection describes our router design supporting round-trip
routing latency prediction of memory accesses in detail.

C. Router Design Supporting Memory Access Equalization

The communication infrastructure in our target architecture is
a packet-switched 3D mesh network with deterministic DOR X-
Y-Z routing, thus preventing cyclic dependencies and avoiding
network deadlock. Memory access equalization is supported in
routers during the transmission of memory access packets in the
network.

(I) Router Microarchitecture

2Dimension-Ordered Routing
3For calculation simplicity, only the time elapsed in the network rather than in

the node is considered in the example.
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Fig. 3. a) A packet-switched credit-based virtual channel router supporting round-
trip routing latency prediction; b) Pipeline stages in baseline and pipeline bypassing

Fig. 3 a) shows the microarchitecture of our router, which is a
state-of-the-art packet-switched credit-based Virtual Channel (VC)
[16] router. It is enhanced by supporting round-trip routing latency
prediction implemented in the Switch Allocator (SA) module. Two
virtual channels (VC1 for memory request packets and VC2 for
memory response packets) are used to break deadlocks induced by
the dependency of memory requests and memory responses. The
router is designed as a typical microarchitecture with 5 logical
stage pipeline[17], as shown in Fig. 3 b). A packet (its type can
be “memory request” or “memory response”), upon arriving at an
input port, is first written into the input buffer according to its input
VC in the Buffer Write (BW) pipeline stage. In the next stage, the
routing logic performs Route Computation (RC) to determine the
output port for the packet. The packet then arbitrates for a VC
corresponding to its output port in the VC Allocation (VA) stage.
Upon successful allocation of a VC, the packet proceeds to the
Switch Allocation (SA) stage where it arbitrates for the switch
input and output ports. On winning the output port, the packet
is then read from the input buffer and proceeds to the Switch
Traversal (ST) stage, where it traverses the crossbar to be sent
over the physical link finally. To accelerate the packet transmission
speed over the router, a mechanism called “Pipeline bypassing”[17]
is adopted. The BW, RC, VA and SA stages are combined and
performed in the first stage which is named the “setup stage” where
the crossbar is set up for packet traversal in the next cycle while
simultaneously allocating a free VC corresponding to the desired
output port. Therefore, moving one hop takes 1 clock cycle in our
NoC. If there is a port conflict in the switch allocation between
the packets in the two VCs, the packet with the higher priority is
prioritized over the other. To support memory access equalization,
we use the round-trip routing latencies of memory accesses as the
prioritization base, since considering the outward trip and the return
trip of an memory as a whole is more reasonable. The packet with
longer round-trip routing latency has higher priority to go through
the router. When the packet is traversing in the network, how much
time will be taken in its future routing path is not known exactly
but can be estimated. The next describes how to predict the round-
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trip routing latency of a memory access.
(II) Predicting Round-trip Routing Latency
An entire memory access is a round-trip one containing two

parts: memory request (read or write) in outward trip and memory
response (read data or write acknowledgement) in return trip, so
its appearance is a memory request packet in the first “memory
request” phase of its transmission and a memory response packet
in the second “memory response” phase of its transmission. The
round-trip routing latency (notated as L) of a memory access can
calculated by Formula (1).

L = (DLp +WLp) + (DLf +WLf ) (1)

The part in the first parentheses is the time that a memory
access has consumed during its past transmission, which contains
DLp and WLp representing the distance latency and the waiting
latency4 in the past transmission respectively. The part in the
second parentheses is the time of the remaining transmission of
a memory access, which includes DLf and WLf represents the
distance latency and the waiting latency in the future transmission
respectively. Because our network adopts the deterministic DOR
X-Y-Z routing strategy, DLf is deterministic. Therefore, Formula
(1) is refined as:

L = DLt +WLp +WLf (2)

where DLt is the total round-trip distance latency that is equal to
DLp plus DLf .

To predict the round-trip routing latency, we need to calculate
DLt, WLp, and WLf .

(i) Calculating DLt

DLt is known in the deterministic routing network and can
be calculated by Formula (3) according to the coordinates of the
source and the destination.

DLt = 2 · (|Xsrc −Xdst|+ |Ysrc − Ydst|+ |Zsrc − Zdst|) (3)

where Xsrc,Ysrc, and Zsrc are the X, Y, and Z coordinates of the
source, and Xdst, Ydst, and Zdst are the X, Y, and Z coordinates
of the destination. They can be extracted from the packet (see Fig.
4).

(ii) Obtaining WLp

WLp is obtained from the “waiting latency (WL)” field in the
packet. Fig. 4 illustrates the packet format. When a memory access
starts, “WL” is initialized as zero in its memory request packet. The
initial value of “WL” in its memory response packet is equal to
the “WL” value of its memory request packet at the time when it
reaches the destination shared memory. “WL” is incremented by 1
per clock cycle when the memory request packet or the memory
response packet is blocked in the buffer due to the arbitration
failure.

(iii) Estimating WLf

4Distance latency is the transmission time of a packet without any contention,
which is determined by the hop count and the clock cycles per hop. Waiting latency
is the time consumed by a packet when it has to wait in the buffer due to its failure
of winning the arbitration.

WLf represents the possible waiting latency of a memory access
in its future transmission. To estimate WLf , we propose to use the
number of the occupied items of the related input buffers in the
downstream routers along the remaining routing path of a memory
access. For instance, when a packet (notated as A) is going to its
1st downstream router (notated as R) through the inport whose
input buffer has 2 packets (the first and the second are notated as
B1 and B2 respectively), it will have to wait 1 hop (1 cycle in
our design) for the departure of packet B2 until it passes through
router R, since packet B1 leaves router R at the same time when
packet A enters router R. Therefore, the future waiting time of
packet A in its 1st downstream router R is considered to be 2.
WLf is estimated to be the sum of the count of the occupied
items of the related input buffers in all downstream routers along
the remaining routing path. Two steps are used to estimate WLf

as follows:
1) The list (notated as R) of the downstream routers in the

remaining routing path is obtained according to the packet’s
source and destination coordinates.

2) WLf is calculated by Formula (4).

WLf =
∑
R∈R

FWL (R) (4)

where FWL(R) is the function of calculating the future waiting
latency in the downstream router R and shown in Formula (5).

FWL(R) =

{
ηR − δR, when ηR > δR
0, when ηR 6 δR

(5)

where δR is the hop count from the current router to the down-
stream router R and ηR is the number of the occupied items of
the related input buffer in the downstream router R.

The two-step prediction method above considers the potential
waiting latency due to the Head-of-Line (HoL) blocking induced by
the packets that have existed in the input buffers in the remaining
routing path. It does not predict the possible waiting latency due
to the resource contention with other packets because the arrival
time of other packets is undetermined and contention is hard to be
described properly and estimated accurately.

(III) Implementing the prediction method
The two-step prediction method is generic and can be sim-

plified when in concrete implementation. From Formula (5), we
can see that the packet will not wait in the downstream router
R if the number of packets in the related input buffer in the
downstream router R is less than or equal to the hop count
between the current router and the downstream router R. Therefore,
the first step can be simplified to get the nearest 3 downstream
routers in the remaining routing path since the depth of the input
buffer in our router is only 4. Fig. 5 shows the pseudocode of
estimating WLf in our router. According to the X, Y, and Z
coordinates of the current router and the destination of the packet,
DownstreamRouterExist() judges whether the downstream router
exists, while GetDownstreamRouter() gets the downstream router.
In the router design, all of ηR in the nearest 3 routers come
together to be the “Prediction Factors In” input and all of ηR in
the current router form the “Prediction Factors Out” output, as
shown in Fig. 3. ηR keeps track of the number of the occupied
items of the related input buffer in the downstream router R. Its
implementation is similar with the “Credit” signal. Each input
buffer has a corresponding ηR counter, which increments when
a new packet goes into the buffer and decrements when a packet
departs the input buffer. ηR is the counter value.



WLf = 0;

if DownstreamRouterExist(1) == true then

R1 = GetDownstreamRouter(1);

WLf =WLf + (ηR1 − 1);

end if //the 1st downstream router

if DownstreamRouterExist(2) == true then

R2 = GetDownstreamRouter(2);

WLf =WLf + (ηR2 − 2);

end if //the 2nd downstream router

if DownstreamRouterExist(3) == true then

R3 = GetDownstreamRouter(3);

WLf =WLf + (ηR3 − 3);

end if //the 3rd downstream router

Fig. 5. Pseudocode of estimating WLf

D. Hardware Cost

The router design is synthesized in Synopsys R© Design Compiler
with TSMC R© 45nm process. Table I lists the logic synthesis results
excluding the wire cost. As stated in the previous paragraph, the
extra hardware for implementing the prediction method is some ηR
counters, so the extra hardware overhead is marginal. The extra
area values are shown in the parentheses in Table I. The extra
hardware does not degrade the frequency.

TABLE I
LOGIC SYNTHESIS RESULTS OF THE ROUTER

Area Frequency
Combinational Logic 34029.30µm2 (798.35µm2)

(RC+VA+SA+ST) (36.17k NAND gates) 1.96 GHz
Sequential Logic 24545.19µm2 (593.21µm2) (0.51 ns)
(Input Buffers) (26.09k NAND gates)

Note: The area of a NAND gate with two inputs is 0.9408 µm2.

IV. EXPERIMENTS AND RESULTS

A. Experimental Setup

We implement a cycle-accurate homogenous many-core NoC
simulator with Verilog, as shown in Fig. 1. The simulator models
the processor cores, the shared memories and the NoC. The NoC
has a 3D mesh topology and its size is configurable. The router
is designed as described in Subsection III-C. To evaluate the
performance of our proposal, uniform synthetic traffic patterns are
considered. The random traffic represents the most generic case,
where each processor core sends in-order memory accesses to the
shared memories distributed in all nodes with a uniform proba-
bility. The target memories are selected randomly. In experiments,
each processor core begins to generate 10,000 memory requests
(read or write) to randomly selected destination shared memories
when an experiment starts, and an experiment finishes after all
processor cores receive their related 10,000 memory responses
(read data or write acknowledgement). All of the experiments are
performed with a variety of network sizes and packet injection
rates. For performance comparison, we take the classic widely
used round-robin arbitration as the counterpart and evaluate max-
imum latency (ML), average latency (AL), and latency standard
deviation (LSD) that are defined by Formula (6), (7), and (8)
respectively:

ML = max({L1, L2, · · · , LN}) (6)

AL =
1

N

N∑
i=1

Li (7)
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Fig. 6. Comparison of maximum latency between round-robin arbitration and our
approach under varied network sizes and packet injection rates
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Fig. 7. Comparison of average latency between round-robin arbitration and our
approach under varied network sizes and packet injection rates
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Fig. 8. Comparison of latency standard deviation between round-robin arbitration
and our approach under varied network sizes and packet injection rates

LSD =

√√√√ 1

N

N∑
i=1

(Li −AL)2 (8)

where N is the total number of memory accesses and Li is the
round-trip routing latency of the memory access with the id of i.



B. Performance Evaluation

Fig. 6, 7, and 8 respectively plot maximum latency, average
latency, and LSD under different network sizes and packet injection
rates. The percentages in the figures indicate the performance
improvement of our approach in comparison to the round-robin
arbitration. From these figures, we can see that:
• Compared with the classic round-robin arbitration, our ap-

proach can has lower maximum latency, average latency,
and LSD, thus making the latencies of memory accesses
more balanced and achieving the goal of memory access
equalization.

• As the network size is scaled up and the packet injection
rates increases, our approach can basically gain more perfor-
mance improvement in terms of maximum latency, average
latency and LSD, meaning that, under large-scale network
size with a large number of memory accesses, the classic
round-robin arbitration has large latency gap of different
memory accesses and our approach can balance the latencies
of memory accesses well. For instance, under the network size
of 8×8×4 and the packet injection rate of 1.0, in comparison
to the round-robin arbitration, the maximum latency, the
average latency and the LSD are improved by 80%, 14%,
and 45% respectively, which are the maximum performance
improvement we obtain in the experiments.

To further evaluate the memory access equalization, we collect
the number of memory accesses with different round-trip routing
latencies. Fig. 9 exhibits the latency dispersion of memory ac-
cesses. From the figure, we can see that:
• Our approach reduces the number of memory accesses with

high latencies in comparison to the classic round-robin arbi-
tration.

• Because the total number of memory accesses are the same
in both our approach and the classic round-robin arbitration,
our approach increases the number of memory accesses with
low latencies.

Therefore, our approach makes the latency dispersion curve be
narrower and higher so that the memory access equalization is
achieved.

V. CONCLUDING REMARK

In 3D many-core NoCs, as the network size is scaled up and
the number of memory accesses increases largely, the performance
(latency) gap of different memory accesses becomes bigger. Some
memory accesses with very high latencies exist, thus negatively
affecting the system performance. To achieve the goal of memory
access equalization (i.e. balancing the latencies of memory ac-
cesses and reducing the number of memory accesses with high
latencies), the paper proposes to prioritize the memory access
packets through predicting their round-trip routing latencies. The
communication distance and the number of the occupied items in
the input buffers in the remaining routing path are used to predict
the future possible waiting time of a memory access on-the-fly,
which is part of the round-trip routing latency. Experiments with
varied network sizes and packet injection rates demonstrate that our
approach outperforms the classic round-robin arbitration in terms
of maximum latency, average latency, and LSD and can achieve
the goal of memory access equalization. In the future, we plan
to apply real application workloads to evaluate the performance of
our proposal, and link and optimize our approach on other irregular
or heterogeneous 3D many-core NoCs.

Fig. 9. Comparison of memory access latency dispersion between round-robin
arbitration and our approach under varied packet injection rates in 4×4×4 network.
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