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Abstract

As the scale and complexity of data-intensive applications keep
growing, the communication demand in current many-core systems
increases dramatically, and the systems using electrical intercon-
nection suffer from ever-increasing communication delays. The
prolonged communication latency leads to severe performance bot-
tlenecks, as cores may experience significant stalls while waiting for
data, which can exceed predefined timing constraints. The timing
violations can result in functional failures, marking the end of the
system’s operational lifetime. Wavelength-routed optical networks-
on-chip (WRONoCs) have been widely recognized as a promising
solution to reducing communication latency in many-core systems,
which shows the potential to extend system lifetime but receives
relatively little attention. In this work, we present the first investi-
gation into the impact of WRONoCs on system lifetime, including
exploring different task mapping strategies and their resulting time
and power overhead. Specifically, we propose a framework consist-
ing of a many-core system with a WRONoC router to accommodate
inter-core communication using light, a task mapping generator to
generate multiple mapping strategies, and a simulator to evaluate
a mapping strategy’s resulting lifetime and power consumption.
The simulation results show that our system using WRONoCs can
extend its lifetime by about 3 — 9 years compared to the one using
the electrical interconnection.
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1 Introduction

As the CMOS technology keeps scaling down, many-core systems
are more widely used to meet the requirements of the fast and
vast computing applications, such as video processing and machine
learning [11, 13, 20]. The growth in communication demand chal-
lenges the efficiency of current interconnect techniques, i.e., the
data transmission speed among cores fails to keep pace with com-
putation speed, limiting system performance and the ability to scale
with more cores [16, 21]. In a many-core system, each core must
receive and process data within a predefined time frame. As the
number of cores increases, the associated rise in power consump-
tion and latency further escalates communication delays, which
causes cores to experience prolonged stalls and challenges the sys-
tem’s ability to meet timing constraints [21]. Furthermore, cores
can naturally age and their processing speed becomes slow over
time. When communication delays or data processing times exceed
the predefined time window, causing timing violations, the system
is considered functionally failed, i.e., at the end of its lifetime [5, 6].

Currently, most research on extending system lifetime has over-
looked the impact of communication delays on timing violations.
The systems of current works are built upon electrical networks-
on-chip (ENoCs), which have significant limitations in terms of
communication delay and power consumption. In particular, con-
straints in the on-chip power budget make it extremely difficult to
further increase data transmission speeds, limiting ENoCs to meet
the growing communication demands [21]. For example, Figure 1(a)
shows a task graph, and Figure 1(b) shows a typical mesh-based
ENoC for four cores. As shown in Figure 1(c), if we map the tasks on
the four cores to maximize the task parallelism, which is the typical
strategy to meet the timing constraints [5], the resulting overall ex-
ecution time is shown in Figure 1(d). The timing constraints cannot
be satisfied due to the communication delays between core c; and
core c3. The signal path between them can only be set up after the
data transmission from core ¢z to core c; is done. Therefore, reduc-
ing communication delays is important to avoid timing conflicts
and extend system lifetime.

To address the limitation of high communication delays in ENoCs,
wavelength-routed optical networks-on-chip (WRONoCs) have
been widely considered as an effective solution thanks to several
critical advantages [19]. First, in WRONoCs, the signals are con-
verted into optical signals, which can be transmitted at ultra-high
speed through silicon waveguides, such as 10 ps/mm [20]. Second,
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Figure 1: (a) A task graph with six tasks. (b) Four cores are con-
nected by a mesh-based ENoC, where ry denotes the router
connected to corey, x € {1,2,3,4}. (c) The colors of the circles
indicate the mapping of the six tasks on four cores: the tasks
ty, ty, and t4 are mapped to core;. The remaining three tasks
are mapped to the other cores. (d) The overall time of task
execution on the cores using ENoCs exceeds the deadline
due to high communication delay. Note that c; 3 cannot start
simultaneously with c3 ; and cz 4 as the routing resources are
occupied by the communications from c; to c¢; and cs. cx,y
represents the setup time for the signal paths from corey
to core, and t; ; denotes the transmission time for the data
from task ¢; to t;. (e) The overall time of task execution on
the cores using WRONOoCs, indicated by the purple dashed
line, is much earlier than the deadline thanks to the reduced
communication time.

all signal paths in WRONOoCs are pre-defined and fixed so that the
data between cores can be transmitted in WRONoCs at any time
without wasting time dynamically setting up the signal paths [22].
Third, the wavelength-division multiplexing (WDM) technology en-
ables different signal wavelengths to be simultaneously transmitted
in a single waveguide, thus achieving high bandwidth communica-
tion [19]. For example, with the same task mapping strategy shown
in Figure 1(c), if we replace the ENoCs with WRONoCs, we can save
time in setting up the signal paths and transmitting data. As shown
in Figure 1(e), core ¢z can simultaneously communicate to the other
cores without any delays, which helps in satisfying time constraints.
The improvement indicates the potential of using WRONoCs to
enhance system lifetime, which is beneficial to system performance
but has received relatively little attention.
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Figure 2: (a) An optimized task mapping example aimed at
reducing inter-core communication in WRONoCs. Tasks are
mapped to the cores marked with the same color. (b) Four
cores are connected to a centralized-placed WRONoC router.
(c) The optimized task mapping only requires three inter-
core communications: core; to corey, corey to coreq, and core;
to cores, and their corresponding communication times are
denoted as t 3, t3 5, and t3 4, respectively.

In this work, we present the first investigation into the effect of
using WRONoCs on system lifetime. Moreover, we take the aging
effect on data processing time into consideration and optimize
the task execution according to the timing constraints and power
consumption. Specifically, different ways of mapping tasks on cores
lead to various time and power results. For example, maximizing
task parallelism, i.e., enabling more tasks to execute simultaneously,
requires frequent inter-core communication, inevitably increasing
the power and time for communication. On the other hand, reducing
the degree of task parallelism, i.e., mapping multiple tasks to the
same cores, can avoid frequent inter-core communication but result
in long data processing time. Thus, it is essential to identify the
optimal task-mapping strategies for both timing and power budgets.

Figure 2 shows a motivating example illustrating the benefits of
optimizing task mapping. For the application shown in Figure 1(a),
if we optimize the task mapping strategy, as shown in Figure 2,
we reduce one inter-core communication and further shorten the
total execution time compared to the mapping results in Figure 1(c).
Furthermore, since no tasks are mapped on corey, it can be powered
off, and the communication from/to this core is not required, which
benefits in reducing power consumption.

We summarize the main contributions of this paper as follows:

e We present the first investigation into the impact of using
WRONO0Cs on the system’s lifetime. To this end, we pro-
pose a framework that consists of three components: (1) a
many-core system integrated with a WRONoC router to accom-
modate the inter-core communication, (2) a task mapping
generator to generate different mapping strategies, and (3)
a simulator that evaluates the resulting lifetime and power
consumption of a mapping strategy.

e We consider four state-of-the-art WRONoC routers for our
proposed system and design two general layout templates
that define the connection from the router to the cores. In
particular, the general layout templates show good generality
and can be used for any WRONoC router without significant
modification.

Our task mapping generator can automatically generate mul-

tiple mapping strategies covering two typical aging scenar-

ios: (i) all cores are under similar aging conditions (symmetric
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Figure 3: (a) A WRONOoC router is placed in the middle of the chip with 16 cores. (b) A node consists of a core with its private L1
cache, a transmitter, and a receiver. (c) The circuit for sending optical signals on wavelength A;¢. (d) The circuit for receiving
optical signals on wavelength 1;¢. (¢) A 16-inputx16-slave Light router.

aging), and (ii) some cores are mapped with fewer tasks and voltage can reduce the switching speed of pMOS transistors. In the
remain healthy for future use (asymmetric aging). long term, the reduction leads to the extension of a core’s processing
e We propose a simulator that can simulate the task execu- time, which may result in timing violations [5]. In this paper, we
tion on the cores and the data transmission on ENoCs or consider the impact of AV}, on the core processing time and model
WRONOCs. Specifically, our simulator can identify the time the aging effect of cores.
and power for task execution and communication. Moreover,
our simulator considers the aging effect of cores, evaluates 2.2 Optical Components
the aging condition of each core, and outputs the lifetime In WRONOCs, there are four main optical components for data
when the timing constraints are no longer satisfied. transmission [18, 24]: (1) a laser source that provides the power
To evaluate the impact of using WRONoCs on the system’s life- of optical signals on various wavelengths, (2) a transmitter that
time, we compare our system, which uses WRONoCs to transmit converts electrical signals into the optical domain, (3) a receiver
data, to the system using ENoCs for various data-heavy cases. The that converts optical signals back to the electrical domain,
simulation results show that our system using WRONoCs outper- As the heart of WRONoCs, a typical WRONoC router can support
forms the system using ENoCs with a significant increase in lifetime. collision-free communication between every two cores, i.e., full-
For example, for an application with many tasks and communi- connectivity. Each communication relies on an independent and
cation loads (indexed as casey), the lifetime of our system using predefined signal path in a router so that a core can talk to another at
WRONOCs is extended to four years, while the system’s lifetime any time [19]. To date, many efficient and fully connected WRONoC
using ENoCs is only one year. routers have been proposed, such as Light [23], GWOR [17], A-

router [9], and Snake [15]. Specifically, for communications among

2 Preliminaries N cores, a WRONOoC router has N input ports connected to the

In this section, we introduce the aging effect considered in this transmitters and N output ports connected to the receivers. Based

paper and the optical components employed for the on-chip com- on the port positions, current WRONoC routers can be divided into

munication. two categories: one is placing input and output ports indicating the
same core adjacent to each other, such as Light and GWOR, and the

2.1 Aging Effect other is placing inputs and outputs at two sides, such as A-router

As introduced before, a core can age, i.e., degrade, over time. One ma- and Snake. All of their structures are extendable and scalable to

jor aging effect is negative-bias temperature instability (NBTI) [10], support any scale of networks.

which occurs when a pMOS transistor is under negative bias. In

this situation, the interaction between inversion layer holes and 3 Our Proposed Framework

hydrogen-passivated Si atoms breaks the Si—H bond, generating
H or Hy molecules [10]. Due to the diffusion of the molecules,
interface traps accumulate between silicon and the gate oxide inter-
face, resulting in an increase in threshold voltage, denoted as AV;,
which can be calculated as follows [8]:

In this work, we propose a framework to extend the system life-
time by taking advantage of WRONoC:s. Firstly, we introduce our
target many-core system integrated with a WRONoC router in
Sec. 3.1, including the detailed settings of the cores, transmitters, re-
ceivers, and the WRONoC router. Based on the system, we propose
a task mapping generator introduced in Sec. 3.2 to generate various
mapping strategies. For every mapping strategy, we evaluate its
where V4 is the supply voltage, T is temperature in Kelvin, d is resulting system performance, i.e., the time and energy for task
the duty cycle, A and C are experimentally determined scaling execution and inter-core communication, with a simulator. The
parameters, and ¢ is the time in seconds. The increase in threshold details of the simulation process is introduced in Sec. 3.3.

AVip =0.05%e T xVE wdi s Axlog1+Cx1) (1)
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Figure 4: (a) The PDN waveguides represented by the red lines
are routed from the couplers to every transmitter to deliver
the power output from the off-chip lasers. (b) The layout
template for the routers that place the inputs and outputs
representing the same nodes close to each other, such as Light
and GWOR. The transmitters and receivers of every node
are connected to the inputs and the outputs of the router by
waveguides represented by the turquoise lines.

3.1 Our Target System

As shown in Figure 3(a), our target system consists of 16 computing
cores and a WRONOoC router. Every core has a transmitter and a
receiver to send and receive data. We denote a core, including its
transmitter and receiver, as a node. Figure 3(b) shows the structure
of a node. A transmitter has 16 sets of sending circuits serving for
16 wavelengths?, and a receiver also has 16 sets of receiving circuits.
Figure 3(c) and (d) detail the components of a sending circuit and
a receiving circuit, respectively, for the wavelength A16. In both
types of circuits, a thermal control loop (CTRL) is used to tune the
resonant wavelength of a microring resonator (MRR) [12]. Only
the optical signals on the resonant wavelengths of an MRR can be
coupled to the MRR [23]. On the sending side, an MRR modulates
the amplitude of its resonant wavelength to align with that of the
serialized electronic signals [12]. On the receiving side, an optical
signal is filtered by being coupled to the MRR that resonates to the
same wavelength as the signal. According to the intensity of the
detected optical signal by a photodiode, a transimpedance amplifier
(TIA) outputs the electrical signal to a comparator that deserializes
the data, which will be processed by the core connected to the
receiver [12].

The power of multiple wavelengths used by inter-core commu-
nication is provided by an array of off-chip continuous wave lasers,
as shown in Figure 3(a). The output wavelengths from lasers are
injected into the chip by a set of couplers and delivered to the trans-
mitters by a power distribution network (PDN) [14]. The typical
PDN design for a 16-core system is shown in Figure 4(a). Specifi-
cally, it appears like a tree: the waveguide connected to the couplers
act as the PDN root, and each transmitter is a leaf. The branches
of the PDN are implemented by splitting devices, also known as
splitters, formed by Y-junctions and the direction couplers of MMI

2The state-of-the-art WRONoC routers require at most 16 wavelengths for the com-
munications among 16 cores, i.e., 16 X 15 = 240 inter-core communications [3, 23].
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Table 1: Chip and Component Dimension

Chip area 16 mmXx16 mm
Node area 2mmx1mm
Router area 1.5 mmX1.5 mm
MRR radius 15 um
Waveguide width 0.5 pum

devices [14]. A splitter can split the input power of wavelengths
into two portions and output them from two joint waveguides,
respectively. In our PDN, we apply 3 dB-splitters, commonly used
in WRONOoCs [14], which can split the input power into two equal
portions, i.e., the splitting ratio is 50 : 50.

The optical signals from a node to any other nodes are routed by
a fully connected WRONoC router. We consider the four state-of-
the-art routers introduced in Sec. 2.2, i.e., Light [23], GWOR [17], A-
router [3], and Snake [15]. Figure 3(e) shows a 16-inputx 16-output
WRONOC router, Light [23]. To support the communications among
16 nodes, we connect the input ports of the WRONoC router to
the transmitters of the nodes and the output ports to the receivers
of the nodes. Figure 4(b) shows our way of connecting the 16x16
Light router to the nodes, where the length of waveguides and the
number of waveguide bends are optimized to minimize the insertion
loss. More importantly, we prevent the waveguides from crossing
with each other, which avoids the crossing loss and crosstalk noise.
Besides the Light router, the layout template shown in Figure 4(b)
can be used for GWOR, which arranges its inputs and outputs in the
same way as Light. For A-router and Snake, which arrange the ports
differently than Light, we propose another layout template, where
the connection between nodes and routers is optimized regarding
the length of waveguides and the number of crossings and bends.
Table 1 shows the chip size and dimension of components in this
system [2, 14].

3.2 Task Mapping Generator

As illustrated before, different ways of mapping tasks on cores lead
to various time and energy for task execution and communication.
To optimize these two metrics, we propose a simple but efficient
approach, which starts by generating multiple mapping options
to achieve two typical aging scenarios: (1) all cores in the system
have a similar amount of tasks and thus are under similar aging
conditions; and (2) the cores are mapped with different amounts
of tasks and are various in aging conditions [5, 6]. Specifically, for
each scenario, we apply a randomized algorithm to generate N
mapping strategiesb.

For every mapping strategy, we evaluate the resulting time and
energy by simulating the task execution on cores and inter-core
communication on WRONOoCs. The details of the simulation process
will be introduced later. After traversing all options, we identify
the strategy that maximizes the value of the optimization function:

Maximize : a * Tjig, — B * Uporal 2)
bThe main reason is that a randomized algorithm can probabilistically ensure a good

balance between the different task mapping requirements of optimizing the system’s
lifetime and energy efficiency, and N is a user-define value to control the search space.
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Table 2: Insertion Loss Parameters

Table 3: Component Power Consumption Table 4: Power Efficiency

Loss type Notation Value ;
Propagation loss Ly 0.274 dB/cm Component | Notation | Value CouP ling E. 90%
Bending loss Ly 0.005 dB Laser Pr 30 mW efficiency
Crossing loss L. 0.04 dB Serializer Psri 3mW Lase-r E; 20%
Splitter loss Ls 0.2 dB Driver Pary 3mW efﬁgency
MRR Drop loss Ly 0.5 dB Comparator Pemp ImW Spl.ltter Esp 50%
MRR Through loss L, 0.005 dB TIA Pria 2mW ratlo.
Modulation loss L 0.5 dB Ctrl Pcrre | 0.06 mW Rece'l‘./e'r E, | -20 dBm
Demodulation loss Lam 0.5 dB sensitivity

where Tj;r, and Uz denote the system’s lifetime with unit in as follows [1]:

month and total energy consumption with unit in joule.  and Usore = (Eexecute * NEXECUI€) 1 (B, + NéEﬁT; (3)

are user-defined coefficients to adjust the optimization preference.

3.3 Our Simulator

To obtain the time and energy for task execution and communi-
cation using WRONoCs considering the aging effect introduced
in Sec. 2.1, we develop a simulator based on an open-source NoC
simulator, Noxim [4], and introduce our simulation process for an
application as follows:

Preparation: given the task graph of an application and a certain
mapping strategy, we store all tasks in a set T. For each task tsk € T,
we identify the core where tsk is mapped to and denote it as ¢4
Then, we find out the root of the task graph, i.e., the first task to
be executed, and denote it as tskyoos. According to the mapping
strategy, we identify all inter-core communications and create a set
P to store the payloads of all tasks. Before executing the tasks, we
configure the data processing speed of cores in Noxim®.

Task Execution: We simulate the task execution cycle by cycle.
In every cycle, we traverse every core, execute its mapped taskd
if this core is ready, and forward the data transfer between cores.
In the first cycle, we starts executing tskyoo: on its mapped core
Crskyoo, - ANd simulate the execution time of tskroo:©. After execut-
ing tskyoor, we consider it to be a parent task and store its child
tasks in a set Cgf ., If one child of ¢skyoo; is mapped on the same
core as tskroor, We check if the core is ready to execute it. On the
contrary, if the child of tskyoot, i.€., tskz;;;.’lfi € Cysi is mapped
on a different core as tskyoor, we need to send the payload of tskyroor
to the core Crskroot . The time and energy for communication will

root’

be introduced in the following paragraph. When Crskroot receives
chi

the payload of tskyroor, we also check the core’s availability. A core
is ready when it has no tasks to execute, or the executing task
reaches its maximum allowed time on this coref. For every task,
we repeat the same process to execute it, identify its child tasks,
and check the availability of the cores, where the child tasks are
mapped. When all tasks are executed, we record the total running
time for the application, denoted as t,,. During this period, for
every core, we count the number of execution cycles, denoted as
Ngxeeute and the number of idle cycles, denoted as NZ2¢. Then,
we calculate the energy for executing the tasks mapped on a core

“We set the initial clock frequency as 1 GHz.

dNote that the tasks on different cores can be executed in parallel.

€We apply the same way as Noxim to obtain the time for executing a task [4].

fwe apply round-robin scheduling to execute tasks on a core and allow each task to be
executed for 100 clock cycles at each time.

where Eexecute and E;gj, are two energy coefficients®. For the total
energy consumption Uy, for running the application at a time, we
calculate it as the summation of every core’s execution energy.

Inter-Core Communication: In our system, we use the optical
signal path in a WRONoC router to transmit the data. For the
time of transmitting a task’s payload from a core to another core,
r‘fr ’OS::OC, where p;s € P denotes the payload
of tsk, which is measured in bits, and ry,;onoc is the data rate of
WRONOoCs".

For the energy of WRONOoCs to transmit data, we use the equa-
tions listed below and the parameters shown in Table 2, 3, and
412, 14].

we calculate it as

Uwronoc = Uctrl + Uconversion + Ulaser (4)

o U, is the energy consumption for the CTRLs used by the
transmitter and receiver of every node and the activated
MRR in a WRONOoC router, denoted as #3;grg. We store all
nodes in a set N. For a node n € N, we find out the wave-
lengths used by its transmitter and receiver, store them in
Aps and Ap ., respectively. Thus, Uyypp = (Zpen (|Ans| +
|Anr|) + #MRR) * PCTRL * trun, where |Aps| and |Ap, | de-
note the number of used wavelengths by the transmitters
and receivers, respectively.

® Uconversion 1s the energy for converting signals between the
electrical domain and the optical domain, which is equal to
(ZnenAnsl* (Pspr+Pgary) + | Anr | % (Pria+Pemp))) * trun.

® Ujgser is the energy of activated lasers, i.e., 31 en ;0. (PL +
P)) * t) gctive» Where A denotes a wavelength and Agctive
stores all used wavelengths. P; is the supply power of A from

Imax

laser and can be calculated as (10% )/ (E¢ * Ej) accord-
ing to [2], where ilﬁmx denotes the maximum insertion loss
value of the wavelength!,

The total energy consumption Uy, is equal to Uryn + Uspronoc-

Setting Update Driven by Aging Effect: to simulate the ag-
ing effect of cores, we change the execution speed of a core as
time increases. As introduced in Sec. 2.1, the threshold voltage of
pMOS increases over time, which can be calculated with the Eq. 1.
Specifically, we set the parameters T =373.0K, d =0.5, A = 2.265,

8According to [4], we set Eexecure = 4.47¢ — 7J and E;gje = 2.18e — 10].

hye set the data rate of WRONoCs to 40 Gbps according to [20].

iWe calculate this value by identifying the signal paths on this wavelength. For each
signal path, we sum up the losses shown in Table 3. Then, we traverse the PDN and
determine the maximum loss value of this wavelength using the way in [14].
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Table 5: The Information of Task Graphs

Id #task | Exe. time range | Com. load range
Case; 9 30 - 70 flits
Case; 14 65 — 95 flits
Cases 28 30 - 70 flits
Case, | 27 | 20 390 cycles 65 — 95 flits
Cases 50 65 - 95 flits
Caseg 49 80 — 120 flits

#task: The number of tasks. Exe. time range: The range of the execution
time for every task. Com. load range: The range of the communication load
between every two task. A flit has 32 bits.
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9.0 8

4 4
1
|| . - -

Case3 Cased4 Case5 Case6

u System with WRONoCs

Lifetime/year
o
(=1

5
8 3
3.0
fg 0.8I 0.7
00 M -

Casel Case2

Figure 5: The lifetime comparison of the systems with mesh-
ENoCs and WRONoCs.

C =0.163, Vg4 =1.045V, and V;j, =0.41V according to [8]. With the
increase in time, V;, will rise by AV}, and the execution frequency,
foxe (Vddv;;/th)z
task execution for 100 times, we update the setting of V;; and fexe
for our simulator by setting ¢ in Eq. 1 to 1 month, repeat the same
simulation process for the new setting, and check if the running
time of the application exceeds a pre-defined deadline. If so, for
this mapping strategy, we mark the latest time point at which the
timing constraints can be satisfied as the system’s lifetime, denoted
as Tj;¢.. Otherwise, we keep increasing Vyy, until the timing con-
straints cannot be met.

, will decrease. Therefore, after simulating the

4 Results

We implemented our simulator and task mapping approach in C++.
We set the coefficients in Eq. 2 as 1 and 10° for a balanced opti-
mization preferencel. To evaluate our framework, we compare it to
the system with ENoCs in terms of the system’s lifetime and total
energy. The system with ENoCs, which also has 16 cores, uses the
classical mesh structure and XY routing to transmit data, denoted
as Mesh-ENoCs. We simulate the system based on ENoCs with
Noxim with the same setting as the system using WRONoCs and
test the same task mapping strategies on both systemsk. For each
system, we consider the strategy that maximizes our optimization
targets for comparison.

For the test cases, we applied a tool, TGFF [7], to generate task
graphs. Table 5 shows the details of the generated task graphs
for our test. The cases can be divided into three categories: small,

IThis assignment balances the optimization preferences between Tj;re and Usorar as
Tiife is four orders of magnitude greater than Uoal-
kFor each aging scenario, we generate 500 different mapping strategies.
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Figure 6: The total energy consumption of the systems with
mesh-ENoCs and four WRONoC routers. The numbers in
blue color represent the total energy consumption denoted in
m]J and the numbers in red color indicate the communication
energy denoted in pJ.

medium, and large scales. Specifically, case; and casez belong to
the small scale since they have a small number of tasks, while
cases and caseg are the large-scale ones with many tasks. For all
task graphs, we set the execution time of a task with the range of
[50 — 350]. For each category, we generate the task graphs with
low and high communication loads, i.e., more flits between two
tasks introduce higher communication loads. As the TGFF does not
indicate the deadline of every application, we set the deadline to the
shortest time required for the ENoC-based system to complete one
execution of the application to evaluate the system’s lifetime under
the worst-case condition, i.e. extremely tight timing constraints.
Figure 5 shows the lifetime for the systems with Mesh-ENoCs
and WRONOoCs. It can be observed that the system using WRONoCs
has a much longer lifetime compared to the one with Mesh-ENoCs.
Generally, the lifetime of the system using WRONoCs is extended
by 3 — 30X than that of the system using Mesh-ENoCs. For ex-
ample, for a medium-scale case with high communication load,
i.e., casey, the lifetime of the system using Mesh-ENoCs is only 1
year under extremely tight timing constraints, while the system
using WRONoCs can meet the timing constraints until 4 years. The
improvement in lifetime becomes significant when the communica-
tion loads increase, which is mainly driven by the great reduction
in the communication time using WRONOoCs to avoid timing failure.
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For the communication-intensive cases, such as caseg, the system
with WRONOoCs can still satisfy the tight timing constraints after
operating for several years. In contrast, for the system with Mesh-
ENoCs, when the communication loads increase, its lifetime goes
down. For example, for the large-scale cases, cases and caseg, the
lifetime of the system with Mesh-ENoCs decreases from 0.5 * 12 =
6 months to 4 months when the number of flits increases.

In terms of the energy consumption for both task execution and
core communication, we compare the systems using four WRONoC
routers: Light [23], GWOR [17], A-router [3], and Snake [15], to the
system with ENoCs. Figure 6 shows the total energy denoted in mJ
and the communication energy denoted in pJ, for the systems with
ENoCs and WRONoCs. Generally, both systems are comparable in
total energy, which is dominated by the energy for task execution,
and the communication energy only contributes to a small part of
the total energy consumption. The four WRONOoC routers have very
similar results in communication energy. For the small-scale cases,
i.e., casej and casey, the system using WRONoCs has less commu-
nication energy compared to the system with ENoCs because only
a few optical signal paths in WRONOoCs are activated to transmit
data, and the rest devices remain inactive to save power. For the
larger-scale cases, the system using WRONoCs consumes slightly
more communication energy, i.e., 1 — 2 uJ, compared to the system
with ENoCs. That is because many signal paths in WRONoCs are ac-
tivated, and the optical components require power to transmit data.
The marginal energy increase is generally acceptable, considering
the significant enhancement in system lifetime.

5 Conclusion

In this work, we presented a novel framework for system lifetime
extension based on WRONOoCs. This is the first investigation on the
impact of optical interconnects on system lifetime, which opens
new perspectives for system longevity. The framework has three
elements: (1) an extendable WRONoC many-core system with two
general layout templates that fit current WRONoC routers, (2) a
task mapping generator that generates various aging strategies, and
(3) a simulator to simulate the time and power of task execution and
inter-core communication. Among all task mapping strategies, we
identify a mapping solution that optimizes the system lifetime and
energy consumption by balancing the degree of task parallelism
and the usage of optical resources. Our proposed framework can
be considered as a dynamic blueprint, inviting researchers and en-
gineers to reimagine and reinterpret the approaches to address the
reliability challenges in next-generation systems, including HPCs
using chiplets. The results show that the system using WRONoCs
significantly enhances the lifetime compared to the system with
ENoCs. By taking advantage of the ultra-low transmission latency
in WRONOoCs, the proposed framework can reduce communication
time and satisfy the extremely tight timing constraints, which ex-
tends the system’s lifetime by more than four years. Moreover, our
framework can be extended to support high-performance comput-
ing architectures such as chiplet-based systems.
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