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Abstract—Current and future on-chip networks will feature an
enhanced degree of reconfigurability. Power management and
virtualization strategies as well as the need to survive to the
progressive onset of wear-out faults are root causes for that. In all
these cases, a non-intrusive and efficient reconfiguration method
is needed to allow the network to function uninterruptedly
over the course of the reconfiguration process while remaining
deadlock-free. This paper is inspired by the overlapped static
reconfiguration (OSR) protocol developed for off-chip networks.
However, in its native form its implementation in NoCs is out-
of-reach. Therefore, we provide a careful engineering of the
NoC switch architecture and of the system-level infrastructure
to support a cost-effective, complete and transparent reconfigu-
ration process. Performance during the reconfiguration process
is not affected and implementation costs (critical path andarea
overhead) are proved to be fully affordable for a constrained
system. Less than 250 cycles are needed for the reconfiguration
process of an 8x8 2D mesh with marginal impact on system
performance.

I. I NTRODUCTION

The new mobile usage models that are coming about require
the execution of multiple use cases on the same device while
optimizing resource consumption for each of them. On the
other hand, the hardware and software design convergence
in todays complex embedded systems call for an upgrade of
architecture building blocks in the direction of runtime re-
configurability and adaptivity. As a result, applications should
be able to frequently reconfigure the underlying hardware
platform on-the-fly and in a cost-effective way, thus selecting
the most convenient operating point that suits their needs and
allows an efficient use of system resources.

Modern multi-core integrated systems achieve scalable com-
putation horsepower and power efficiency by integrating a
large number of processing cores on the same silicon die.
This trend is unmistakable since current products already
include tens and even hundreds of processing cores, such
as the Tilera multicore processor [1]. In this context, on-
chip interconnection networks (networks-on-chip, NoCs) are
typically used to provide communication parallelism and the
reference integration infrastructure for the whole system.

To address the new functionalities, the NoC must be en-
riched with an efficient reconfiguration process which en-
ables the smooth and transparent transition between system

(a) Configuration A (b) Configuration B

Fig. 1. Two NoC configurations where the routing algorithm needs to be
adapted.

configurations. For instance, Figure 1 shows two different
configurations of a multicore system over time. In the first
one (configuration A) different applications are mapped to the
NoC nodes and execute concurrently, while other resources
are powered down. Later, the resource manager may trigger
a chip reconfiguration to power on unused resources and thus
activate a new application (configuration B).

The transition between configurations needs a careful design
of the NoC routing algorithm, which establishes the paths for
every packet in the network. At each configuration a different
routing algorithm is needed. In both cases, the algorithm must
be deadlock-free (should not introduce cycles in its channel
dependency graph). However, in the transition between config-
urations, both algorithms can induce extra dependencies that
lead to deadlock.

Therefore, in order to migrate from one configuration to
the other, one possible approach is to drain the network, then
changing the routing algorithm to the new one and finally
resuming traffic injection with the new algorithm. This is
the case of the so called traditional static reconfiguration
(TSR). In this case system performance is likely to be heavily
impacted by the reconfiguration process due to the temporarily
low resource utilization. Alternatively, the network can be
dynamically reconfigured, in the sense that traffic is not
stopped during the reconfiguration process, but an effort is
needed to avoid deadlock situations. This is typically achieved
by devoting extra resources to the network. We refer to this



case as the dynamic reconfiguration.
In this paper we advance state-of-the-art in reconfigura-

tion frameworks for NoC-based systems. However, instead
of designing a brand new reconfiguration mechanism, we
recognize the large amount of bibliography and proposals
made for reconfiguration mechanisms in high-performance off-
chip networks. In this sense, we pick the approach that better
suits the NoC domain and the tight resource budgets of the
on-chip environment.

The Overlapping Static Reconfiguration process (OSR) in
[2] enables a transparent system reconfiguration process. How-
ever, in [2] only the protocol was described while at the same
time highlighting the key architectural requirements to prop-
erly support it (namely virtual channels, routing tables, event
notification, involvement of end-nodes in the reconfiguration
process). Unfortunately, no practical implementation insights
were provided, thus raising the reader’s skepticism on the
applicability of OSR to an on-chip setting.

In this paper we report on the first-time implementation
of the native OSR protocol in an on-chip network, proving
that the needed network over-provisioning is such to make
the protocol not viable in practice. As a consequence, the
paper targets the modification of OSR to better match the
requirements of the resource-constrained NoC setting, thus
resulting into the OSR-Lite framework. Such modifications
concern both selected protocol features (without giving upthe
goodness of the underlying idea) and relevant implementation
techniques.

With OSR-Lite in place, it is possible to reconfigure a whole
64-node network in a few hundreds of cycles, enabling the en-
tire and transparent transition between any pair of independent
and unrelated configurations. Moreover, this is achieved with
no impact on network latency and with no impact on switch
delay. The reconfiguration performance of OSR-Lite makes
it the enabling tool for planned reconfigurations in multicore
systems. The following specific scenarios can be therefore
materialized by the outcome of this work:

• Virtualization of the system. Our method enables the
runtime division of the entire network into sets of virtual
regions for assignment to different applications running
concurrently.

• Power management. The reconfiguration mechanism can
be exploited for powering down unused resources; such
functionality becomes compulsory to keep power con-
sumption levels to reasonable bounds.

• Reliability. When a NoC is augmented with transient
fault tolerance, then this kind of faults can be tolerated
without any loss of information. However, intermittent
faults are likely to be an indicator of the gradual onset
of a permanent fault (typically, a wear-out fault). In this
case, OSR-Lite can be used to reconfigure the network
so to exclude the affected link/switch component, before
the permanent fault shows up and causes packet loss.

The rest of the paper is organized as follows. In Section II
related work for reconfiguration is described. Then, in Section
III the OSR technique is briefly described. Section IV focuses

on the OSR-Lite proposal, whereas Section V deals with
implementation issues. Then, Sections VI and VII deal with
high-level results and synthesis results, respectively. The paper
is concluded in Section VIII with conclusions and future work.

II. PREVIOUS WORK

During the last two decades, a large number of proposals
have been presented about resilient routing for both off-chip
and on-chip networks. These approaches are either nonre-
configurable fault-tolerant routing strategies which tolerate a
limited number of faults [3]–[6], or reconfigurable routing
mechanisms that allow unlimited changes to the network. We
focus on schemes of the second category, in particular on those
based on reconfiguration processes that consider such changes
to the network structure to obtain new routing paths replacing
the previous ones.

In off-chip networks, such as those used in clusters, during
a reconfiguration process, the topology resulting from the
connection/disconnection or failure of network components is
discovered by a central node, which runs the reconfiguration
algorithm in software. The management software computes
new routing tables and distributes them to each node. De-
tecting the new topology and communicating the new routing
tables can be completed with or without traffic into the
network. Static reconfiguration first stops and drains all user
traffic from the network before completing the reconfiguration
process [7], [8]. This reconfiguration method is unable to
provide real-time and quality-of-service support needed by
some applications. On the contrary, dynamic reconfiguration
updates routing tables without stopping user traffic. In this
case, the main challenge is to guarantee deadlock freedom as
old and new routing functions are simultaneously active [2],
[9]–[15].

In the context of networks on chip, new techniques have
been proposed and other retain some features of the above.
The Vicis NoC architecture [16] uses the turn routing model
during fault-free operation, and a heuristic solution thatmakes
exceptions to that routing model to maximize connectivity.
Reconfiguration process rewrites the routing tables based on
the information from built-in-self-test units in each router.
When large number of faults occur, exceptions sometimes
result in deadlocked routing paths.

A reconfigurable fault-tolerant deflection routing algorithm
based on reinforcement learning for NoC has been proposed
in [17]. The algorithm reconfigures the routing tables through
reinforcement learning based on 2-hop fault information. In
[18], a reconfigurable routing algorithm for a 2D-mesh NoC
is presented. This algorithm introduces low hardware cost
but can only be used in one faulty router or regular region
topology. Other proposals can deal with irregular fault regions.
A mechanism to tolerate failures in networks for parallel com-
puters is described in [19]. It tolerates any number of failures
regardless of their spatial and temporal distributions. Immunet
is limited by the network connectivity and results in high area
overhead because it requires three routing tables per router.
In [20], a region-based routing has been proposed to handle



irregular networks. This algorithm groups destinations into
regions to make routing decision. However, it does not provide
a reconfiguration method to migrate from one configuration to
another.

Finally, [21] presented Ariadne, an agnostic reconfiguration
algorithm for NoCs, capable of circumventing large numbers
of simultaneous faults, and able to handle unreliable future
silicon technologies. Ariadne utilizes up*/down* for high
performance and deadlock-free routing in irregular network
topologies that result from large numbers of faults.

Ariadne is implemented in a fully distributed mode. Thus it
results in very simple hardware and low complexity althoughit
comes with suboptimal solutions for lack of global view. The
up*/down* routing will not perform optimally under certain
configurations, specially in the absence of failures (in a 2D
mesh). In addition, up*/down* routing is encoded in routing
tables at switches. Unfortunately, the Ariadne latency badly
scales with network size (the configuration latency increases
with the square of the nodes number). This latter property has a
severe impact on the network performance especially because
Ariadne does not guarantee a transparent transition between
configurations. The flits have to freeze in the network pipelines
and the throughput drops to zero during reconfiguration. Even
when the communication resumes, a high contention due to
the fullness of injection queues strongly degraded the network
performance for a long period.

As opposed to these solutions, OSR-Lite does not use
routing tables at switches, allows coding any efficient routing
algorithm (even DOR routing) and requires lightweight switch
support to enable truly fast dynamic reconfiguration. Moreover
its latency smoothly increases with network size, and the
configuration transition is transparent, ultimately preserving
the throughput of the system.

III. N ATIVE OSRTECHNIQUE

Typically, a routing algorithm is deadlock-free when its
channel dependency graph (CDG) is acyclic (we do not
consider fully adaptive routing algorithms). The CDG is setby
representing the resources of the network by vertices (mainly
the buffers associated with the ports of each switch) and
the dependencies between two resources by arcs. There is a
dependency between two resourcesr1 andr2 if a message can
user1 and requestr2.

Two routing algorithmsR1 andR2 are deadlock-free when

Fig. 2. Channel dependency graph for two routing algorithmsand the
combination of both.

they have an acyclic channel dependency graph. However,
when using both algorithms at the same time new extra
dependencies are induced potentially leading to deadlock.This
can be seen in Figure 2 where a cycle is formed when using
two routing algorithms (XY and Y X) at the same time.
During a reconfiguration process we refer toRold as the
old routing function andRnew as the new routing function.
Similarly, packets routed withRold will be referred to as old
packets and packets routed withRnew will be referred to as
new packets.

The native OSR method is based on the fact that those cycles
are created only when old packets usingRold are routed after
new messages usingRnew. If old packets are guaranteed to
never go behind new packets the extra dependencies do not
occur in practice and then no deadlock can be formed. Indeed,
in a static reconfiguration process the entire network is drained
thus guaranteeing old packets will never go behind new ones.

OSR is a static reconfiguration process but localized at
link/router level, and not at network level. Indeed, it guarantees
that new packets are only forwarded via links that have been
drained from old packets. This is achieved by triggering a
token that separates old packets from new packets. The token
is triggered by all the end nodes and tokens advance through
the network hop by hop. Indeed, tokens follow the CDG
of the old routing function, draining the network from old
packets. However, in contrast with static reconfiguration,the
new packets can enter the network at routers where the token
already passed. Figure 3 shows the complete native OSR
mechanism, involving a central manager. In a first step, a
reconfiguration action is triggered, either by the detection of a
malfunctioning component or by a higher level manager in the
system stack requiring a reconfiguration, e.g. a new application
is admitted. In any case, when needed the central manager
may receive event notifications through the network (step 1).
Then, in step 2, the new algorithm for the new configuration
is computed by the central manager. The resulting information
is disseminated to all the switches in step 3. In step 4 the end
nodes trigger the token and the OSR reconfiguration spreads

Fig. 3. Reconfiguration steps performed in an OSR environment.
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Fig. 4. Token advance in a network: (a) check for absence of old messages
and input ports epoch, (b) token signal propagation. The token separates old
traffic from new traffic.

throughout the network (step 5).
Figure 4 shows how tokens advance in a network. At a given

output port, a token is triggered to the next downstream router
indicating the output port has been drained from old packets.
This is guaranteed when the token has been received through
all the input ports of the switch that have old (Rold) output
dependencies with the output port. These port dependencies
can be extracted from theRold routing algorithm. However,
how to perform this is not explained in [2], although it is key
to obtaining an efficient implementation.

Notice that the token divides two epochs in the network,
the old epoch (when packets are routed with theRold routing
function) and the new epoch (when packets are routed with
theRnew routing function).

IV. OSR-LITE

The OSR mechanism needs to be modified in order to
better suit the NoC environment so to become an efficient and
plausible mechanism for planned reconfigurations. Indeed,the
main issues addressed in this paper are the following:

• Codification of the routing information.During the re-
configuration process both routing algorithms coexist at
the same time at routers. This means resources need to
be sized for both algorithms. In OSR, routing tables were
used to store the routing info. In NoCs, however, routing
tables are an expensive resource in terms of access time,
area, and power consumption. Therefore, hosting two
routing tables per switch input port does not appear to
be a cost-effective solution for OSR-Lite.

• Control virtual channel (VC) used in OSR.Different
actions (sending routing information to routers, trigger-
ing the reconfiguration process) are performed during
the OSR reconfiguration which imply the exchange of
information between a central manager and the routers
or the endnodes. In [2] this was implemented by means
of a control VC. Unfortunately, using VCs only for that
purpose has a large impact on router implementation (will
be seen later) and is not fully justified in an on-chip.

• Reliable control VC assumed in OSR.A different
(spanning-tree) algorithm is assumed in OSR to effec-
tively route control packets through the control VC.

Fig. 5. Reconfiguration steps performed in an OSR-Lite environment.

• Involvement of end nodes in the reconfiguration process.
In OSR the end nodes were notified to trigger the
reconfiguration. This is done by end nodes injecting the
token directly as a new packet. In NoCs, reaching the
end nodes via dedicated packets from the central manager
would be a time-consuming course of action. In order to
cut down on the reconfiguration latency, involving only
switches and not endnodes in the reconfiguration would
be an appealing property in a NoC setting.

In order to address all these issues, we propose the OSR-
Lite approach. Figure 5 shows all the steps and the main
modifications performed. In particular, we exploit a control
network through which routers can inform about expected
topology changes (e.g., an output link is having frequent
transient failures and is going to fail soon, or a region of
the NoC is overheated and needs to be powered down). The
control network collects all the notification events and sends
them to a central manager (step 1). If the reconfiguration is
instead initiated by a resource manager in the context of power
management or virtualization strategies, step 1 can be skipped.
The central manager then computes the new configuration
(step 2) and disseminates the new routing information to the
switches (step 3). Then, every switch starts the OSR-Lite
reconfiguration process in step 4. Notice that end nodes are
not involved in the reconfiguration process.

The control network can be used also in step 3 for routing
bit dissemination to the switches. In previous work in [22]
we have presented the design of a dual network for switch-to-
global manager bidirectional signaling, thus offloading critical
control tasks from the main data network. In that work, the
dual network was used to notify diagnosis information to the
manager following the main NoC testing phase, and to notify
configuration bits of the routing mechanism to the switches.
The same network could be reused for other purposes, such
as congestion management, deadlock recovery and software
debugging. In [22] it is showed to be a cost-effective solution
for control signaling, which can be easily and effectively made
reliable through a combination of fault-tolerant and online
testing strategies. For this reason, this work relies on such
a fault-tolerant dual network to convey control information



of the reconfiguration process. Furthermore, [22] also reports
an efficient computation algorithm that comes up with the
routing configuration bits of a new network partitioning or
topology shape. This is the algorithm the controller runs in
step 2. Given that the control network and the computation
algorithm are covered by previous work, from now on we
focus on the core reconfiguration process of the network and
on the microarchitectural support for that. The reader should
keep in mind that all these mechanisms will work together in
the complete reconfiguration framework. In the next section
we describe the router implementation in more detail.

V. OSR-LITE IMPLEMENTATION

Without lack of generality, we use the xpipesLite switch ar-
chitecture [23] to prove viability of our OSR-Lite mechanism.
The switch implements both input and output buffering and
relies on wormhole switching. The crossing latency is 1 cycle
in the link and 1 cycle in the switch itself. The switch relieson
a stall/go flow control protocol. It requires two control wires:
one going forward and flagging data availability (”valid”)
and one going backward and signaling either a condition of
buffer filled (”stall”) or of buffer free (”go”). We assume
the following parameter values in the architecture: 32 bit
flit width, 6 flit output buffers and 2 flit input buffers. To
note that different flit width and input/output buffer depth
could be assumed while preserving the OSR-Lite mechanism
implementation.

The switch architecture is extremely modular. A port-arbiter,
a crossbar multiplexer and an output buffer are instantiated
for each output port, while a routing module is cascaded
to the buffer stage of each input port. We implement logic-
based distributed routing (LBDR) [24]: instead of relying on
routing tables, each switch has simple combinational logic
that computes target output ports from packet destinations.
The support for different routing algorithms and topology
shapes is achieved by means of 16 configuration bits for the
routing mechanism of the switch (hereafter denoted as LBDR
bits). LBDR bits carry the routing algorithm information
(expressed in terms of routing restrictions), the connectivity
information of switch output ports and special detour bits.See
[24] for more details. Such bits make LBDR a flexible routing
mechanism while at the same time significantly cutting down
on the memory requirements of routing tables. LBDR bits are
computed by a central NoC manager and disseminated to the
switch input ports through the dual control network. Indeed,
two sets of LBDR bits are allocated at each router for OSR-
Lite. Upon receiving the new routing bits, a router triggers
the reconfiguration process by auto-generating initial tokens
at its local input port (port connected to an end node) and
processing the tokens accordingly.

The logic enabling the OSR-Lite mechanism was integrated
into the above mentioned baseline switch taking care to
preserve its modularity together with its performance. Thus,
the OSR-Lite logic was designed in new modules plugged into
the switch without affecting the existing blocks. Moreover, the
new modules were instantiated for each switch port following

Fig. 6. Switch input buffer enhanced with the OSR-Lite logicand a new set
of routing mechanism.

the modularity of the baseline blocks (the OSR-Lite mecha-
nism can be extended for switches of every arity by means of
simple logic replication).

A. OSR-Lite at the Input Ports

As a first step, the baseline switch was enhanced with a
second routing logic unit (LBDR1) collecting the new routing
info coming from the central manager. This unit is connected
to the input buffer as the baseline LBDR0 block (see Figure
6) although is used exclusively for routing packets in the new
epoch (new packets). The switch arbiters need to select the
routing info from the appropriate routing logic block (either
LBDR0 or LBDR1). This is obtained from a multiplexer
configured by the current epoch of the input port (in a flip-
flop). In order to reduce the reconfiguration latency, the input
port evolves to the new epoch as soon as there are no stored
header flits at the input port with the epoch bit set to zero
(Epoch 0 headerssignal) and the token has been received
from the upstream switch (upstream epochsignal). Notice that
in the case of the ports connected to end node (local port;
local port flag), the token is assumed to arrive with the arrival
of the new configuration bits (LBDR1 flag). In this case, the
header flits located in the buffers are considered of the new
epoch when the new configuration bits have arrived and the
routing mechanism (LBDR1) is set. Notice that local ports do
not introduce dependencies between channels that may lead to
deadlocks, therefore is safe to assume all the injected flitsas
belonging to the new routing function. To notice that the token
propagation will always start from local ports at switches,not
involving end nodes.

The number of flit headers to be routed by LBDR0 and
stored in the buffer is detected by a 2 bits counter monitoring
the incoming and outgoing headers of the input buffer module.
The counter increases its value when a header is accepted and
the incoming token is low and decreases its value when a
header is sent. In order to preserve the max performance of
the baseline switch, sequential logic stages were exploited to
avoid impacting the critical path in the OSR-Lite mechanism.

Notice that the implementation prevents possible race con-
ditions from occurring. For instance, a token may be received
from the upstream switch before the new routing bits are
received. In that case, the header flits in the input buffers are



Fig. 7. Switch arbiter enhanced with the OSR-Lite logic.

stalled and declared not valid to the internal switch logic until
LBDR1 is set.

B. OSR-Lite at the Arbiters

OSR-Lite requires a lightweight new module plugged
around the baseline arbiters. The logic is reported in Figure 7.
Basically, a set ofAND/OR logic blocks together with a set
of EXOR blocks allow the arbiter to process an incoming
header exclusively when the epoch of the switch input port
is the same as the one of the destination output port. On
the contrary, a packet residing in an input port with the new
epoch is stalled until the output port evolves to the new epoch
(guaranteeing old packets go first and then new packets).

C. OSR-Lite at the Output Ports

Concerning the output port, an output port evolves to the
new epoch when all the input ports with output dependencies
to this output port have evolved to the new epoch. In order
to efficiently deal with the dependencies, OSR-Lite takes
profit of the routing bits used in LBDR. Routing bits indicate
the routing restrictions that exist at neighboring switches.
Therefore, they can be seen also as channel dependencies. If
the Rxy bit is set it means that there is a link dependency
between the output portx and the output porty at the next
switch. On the contrary, if the bit is reset it means there is
no dependency and in that case we can safely assume no
packets will come through the portx requesting output port
y. Therefore, the output port needs to receive both the epochs
of the input ports and the routing restrictions located at the
neighboring switches. The mechanism is enabled by a set of
OR blocks (each of them belonging to a different input port)
followed by anAND block, as represented in Figure 8.

Fig. 8. Switch output buffer enhanced with the OSR-Lite logic.

Fig. 9. Configuration information from neighbor switches and control
network

In contrast with the baseline OSR technique (where the rout-
ing restriction information was saved in the routing table), the
OSR-Lite mechanism needs to obtain channel dependencies
from the routing logic located at neighbor switches. As a
result, three additional routing bits are sent by the LBDR0
logic of the upstream switch together with the token bit.
To note that LBDR0 received its routing bits information
through the control network in an earlier configuration stage.
In addition, the input port needs to send the incoming routing
restriction signals to the appropriate output ports. Thus every
link is extended by 4 additional wires (i.e. 1 token wire + 3
routing restriction wires). See Figure 9.

Finally, the token is sent by the output port to the down-
stream switch when all the input ports with dependencies with
the output port have evolved to the new epoch, meaning all
these input ports have drained all the old packets from their
buffers (see theLocalEpoch signal in Figure 8).

Once the network has completely migrated to Epoch 1, the
central manager can safely fill LBDR0 bits with a copy of
LBDR1 bits, and instruct all the switches to safely swap to
Epoch0 again. This allows for the system to be ready in few
cycles for a new reconfiguration process.

VI. SYSTEM-LEVEL EVALUATION

In this section, we evaluate OSR-Lite. First, we show how
the OSR-Lite propagates over the network. Then, we evaluate
the reconfiguration time overhead under different injection
rates using synthetic traffic. Moreover, we compare the pro-
posed reconfiguration with a static reconfiguration processin
terms of network latency. Finally, we provide performance
results by running real applications in a full system simulator
environment.

A. Propagation

In order to simulate the reconfiguration process, we have
modeled the OSR-Lite scheme in our event-driven cycle-
accurate network simulator. A8× 8 mesh is used with worm-
hole switching (although the proposed method also works for



(a) (b)

Fig. 10. OSR-Lite propagation over a4×4 2D mesh topology: (a) scrolling
up, and (b) scrolling down.

virtual cut-through switching). Flit size is set to 4 byte and
messages are 5-flit long. For the transient state, 50K messages
are assumed and results are collected after 50K messages are
received.

Figure 10 shows how OSR-Lite tokens propagate over a
mesh when there is no traffic traveling through the network.
The diagonal arrows represent the bidirectional restrictions
imposed by the routing algorithm (Segment-Based routing [25]
in this case). In this figure, the numbers inside the switches
represent the cycle when the token signal is propagated to its
neighbors. Moreover, the arrows among switches depict the
direction of the token signal propagations. As we can see,
the token signals propagate among switches throughout the
network in the order of the routing channel dependency graph,
where Figure 10.(a) follows a scrolling up zig-zag direction,
and Figure 10.(b) follows a scrolling down zig-zag direction.

When no messages are traveling through the network and a
regular 2D mesh is considered then the number of clock cycles
required for the OSR-Lite reconfiguration process is modeled
by the following formula:

PropagationT ime = (4xDx(D − 1))− 1 (1)

where D represents the mesh dimension. As we can see, it
is a very fast process as the protocol uses only 223 cycles
when a 8 × 8 mesh is considered. The high speed of the
OSR-Lite reconfiguration process allows to perform frequent
planned reconfigurations without affecting the integrity of
the system operations. However, when there are messages
traveling through the network the switches must drain the input
queues of old messages before propagating the token signal as
explained in Section III. This fact delays the OSR-Lite prop-
agation depending on the network load. In the following, we
analyze this effect taking into account different injection rates.

B. Time Overhead

In order to analyze the impact of the network load over
the OSR-Lite reconfiguration framework, we have performed
different simulations varying the injection rate. For eachrate,
we assume a constant packet generation rate for all end nodes.
Moreover, in order to ensure that start-up instabilities donot
affect our evaluation results, reconfiguration is not invoked
until the network is completely stabilized. Figure 11.(a) shows
the performance obtained in a8× 8 2D mesh network under
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Fig. 11. (a) Average message latency at different injectionrates for SR
routing on8× 8 2D mesh (b) OSR-Lite propagation over a8× 8 2D mesh
topology at different injection rates.

uniform traffic when no reconfiguration process is triggered.
The figure indicates the three network injection rates that are
used in the simulations. In what follows, the three rates are
referred to as Low, Medium, and High, respectively.

Figure 11.(b) shows the number of cycles involved in the
propagation of the OSR-Lite process taking into account the
three different injection rates. Each bar depicts the mean of
30 simulations varying the seed. Moreover, we show the error
bars that represent the 95% confidence interval. As we can
see, the propagation time does not exceed 242 cycles for the
High injection rate. Moreover, the difference between boththe
minimum and the maximum network loads is only 14 cycles,
and therefore, the network traffic condition has a minimal
effect on the OSR-Lite token propagation.

Finally, the contribution in terms of cycles for event no-
tification (A), algorithm computation(B), configuration bits
delivery (C) and OSR-Lite propagation(D) should be taken
into account to determine the total latency for a complete
reconfiguration process. In particular,(A) and (C) latencies
depend on the position of the components to reconfigure with
respect to the central manager. On the other hand,(B) and
(D) latencies are related to the number of components to
reconfigure and the traffic injection rate respectively. As an
example, when we consider a8 × 8 mesh then at most 66
cycles are required to cross the control network. Moreover,if
7 switches need to be reconfigured (i.e. the scenario of Figure
1) then 195 cycles are required by the computation algorithm
in [22]. Finally, 242 cycles are spent by(D) in a High injection
rate scenario. Summing up, the total amount of cycles for a
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Fig. 12. Average message latency with (a) hotspot traffic anduniform traffic ((b) medium network load and (c) high networkload).

complete reconfiguration process is the following:

66(A) + 195(B) + 66(C) + 242(D) = 569 Cycles (2)

For dissemination of new LBDR bits to the switches, the
dual network has to carry 17 bits per switch. However, not all
switches need to be reconfigured, since the algorithm in [22]
is able to evolve a system configuration into a new one while
updating the minimum amount of LBDR configuration bits.

C. Comparison

In this section we compare the OSR-Lite protocol and
the traditional static reconfiguration process (TSR). Figures
12.(a), 12.(b), and 12.(c) represent the average network latency
respectively under hotspot traffic and uniform traffic with
Medium and High injection rates, where both reconfiguration
processes (OSR-Lite and TSR) are invoked after 150K cycles.
Moreover, we have plotted two additional lines: the average
message latency for the full mesh (Full-Mesh), and the average
message latency for the mesh which has one link disabled
from the beginning of the simulation (1-Fail-Mesh). Notice
the y-axis is in logarithmic scale. Moreover, we have selected
a random link in the8 × 8 mesh as faulty. Under hotspot
traffic pattern, 5 nodes are randomly chosen as hot spots which
receive an extra proportion of traffic (30%) in addition to the
regular uniform traffic.

The first observation is that both Full-Mesh and 1-Fail-Mesh
obtain a different message latency. This is normal because the
1-Fail-Mesh suffers a latency degradation due to the disabled
link. On the other hand, the two reconfiguration processes
(OSR-Lite and TSR) start at the same time at the 150K cycle.
At this point, the reconfiguration process moves from the Full-
Mesh to the 1-Fail-Mesh topology. This effect can be estimated
by the figures as the latency evolves from the latency obtained
for the Full-Mesh to the latency obtained for the 1-Fail-Mesh.
However, an important result based on the figures is that
OSR-Lite performs the reconfiguration without degrading the
obtained performance. In this case, the obtained latency grows
up to the 1-Fail-Mesh line. Therefore, the latency is always
near the maximum obtained with the 1-Fail-Mesh topology.
In the TSR case, on the contrary, the latency is degraded
due to the reconfiguration process overhead (need to drain
the network). In the three cases, the latency grows above
the 1-Fail-Mesh latency until it stabilizes. Specifically,in the

Fig. 13. Performance with real applications.

Figure 12.(c) the latency of the TSR line grows to more than
500 cycles, and then stabilizes after 350K cycles. In this period
of time, the TSR reconfiguration is degrading the obtained
latency more than the link failure degradation produces. On
the other hand, the OSR-Lite latency is upper bounded by the
1-Fail-Mesh latency.

Interestingly, the hotspot traffic and the uniform traffic with
a High load have similar reconfiguration performance. Then,
we can observe that the OSR-Lite has no impact on the
message generation while the TSR process does. In fact, the
TSR process increases considerably the obtained latency for
all the cases. The main reason is that TSR queues all the
messages at end nodes during reconfiguration while that need
disappears in the OSR-Lite scheme.

D. Performance with Real Applications

In the following, we present performance results when
real applications are used. In this case, we use a full-system
simulator based on Simics-GEMS [26], [27]. Regarding the
on-chip network, we have used the same configuration as
the previously detailed in Section VI. Messages are 8-flit
long for control messages and 72-flit long for data messages.
As workload, we have used the PARSEC v2.1 benchmark
suite [28]. Although we have used all the applications from
the PARSEC v2.1 benchmark, due to the lack of space, we
only show results for two applications: Blackscholes, and
Streamcluster. In all cases, Simsmall input set has been used.

Figure 13 shows the execution time, the network latency,
and the network throughput. All the results are shown in nor-
malized terms with respect to the results of a fully connected
4× 4 mesh without link failures. The x-axis depicts the 1Fail
topology (a4×4 mesh topology with 1 link failure), and 1Fail-
OSR-Lite that represents the same topology as 1Fail but, in this



case, the OSR-Lite reconfiguration process is triggered in the
middle of the application execution. Therefore, for this latter
case, we pass from the fully connected topology to the 1Fail
topology using the OSR-Lite reconfiguration. These results
are shown for both Blackscholes, and Streamcluster PARSEC
applications.

As we can see, the performance degradation is minimal
for both cases (1Fail and 1Fail-OSR). Regarding the 1Fail-
OSR case, obviously the degradation is lower because the link
failure only affects half of the application execution, andthe
execution time degradation does not exceeds 3% of execution
time overhead in any application.

VII. SYNTHESIS RESULTS

The implementation of a switch enhanced with the OSR-
Lite mechanism has been compared in terms of area and
routing delay with a switch based on the native OSR mech-
anism described in Section III and the baseline xpipesLite
switch architecture [23]. The evaluation will demonstratethe
infeasibility of the native OSR mechanism for an on-chip
setting because of the need for VCs and the low scalability of
routing tables.

For the experiments, an industrial memory compiler for a
40nm process technology was used to generate the memory
macros required by the routing tables of the OSR mechanism.
The switches together with their reconfiguration mechanisms
were synthesized for the same 40nm industrial library.

A. Area Comparison

The description of the OSR mechanism in [2] focuses on
the protocol details and it lacks of practical implementation
details. Thus we exploited the information provided in [2] to
model the OSR mechanism at RTL level and evaluate this
latter solution in an on-chip constrained system. Especially,
the OSR mechanism relies on 1 data VC supported by an
additional control VC, and it adopts routing tables. As a
result, we implemented the OSR mechanism into a 5x5 switch
augmented with VCs by following the design techniques for
area efficiency in [29] and we enhanced the switch with the
40nm memory macros to model the routing tables.

The 8 × 8 mesh topology of Section VI was considered.
Thus, 64 end-nodes are the total number of destinations in the
system. When routing tables are used for distributed routing,
each switch input port has a memory module with a number
of words equal to the amount of destinations. Every word
is composed of 3 bits, matching the switch radix. Given a
destination ID, the switch selects the target output port based
on look-up table. The minimum word width that the memory
compiler, at the 40nm technology node, can generate is 4 bits.
As a result, above all the available memory cuts, a single-port
low-power RAM with 64 words of 4 bits was the memory cut
showing the lowest routing delay and area footprint.

Finally, Figure 14.(a) shows the area footprint of this latter
solution (theOSR SW ) with respect to a baseline switch and
our proposed solution (OSR-LITE SW ). In particular, the

OSR-Lite area overhead takes into account also the contribu-
tion of the control network carrying the information from the
global manger to the routing mechanisms. For this purpose, we
exploited the fault-tolerant control network proposed in [22].

The OSR-Lite reconfiguration mechanism requires a 14% of
area overhead with respect to the baseline switch. This result
is mainly due to the additional LBDR routing mechanism
(+12%) contribute. On the other hand, the area overhead of
the remaining reconfiguration logic (detailed in Section V)is
negligible when integrated into the switch.

Interestingly the OSR-Lite switch outperforms the baseline
OSR switch: this latter requires approximately two times larger
area than the counterpart solution. This result is mainly due
to the severe area penalty introduced by the VCs and the 65%
area saving achieved by the LBDR mechanism with respect
to the routing table.

As a last consideration, the routing mechanism of the OSR-
Lite solution scales with network size. In fact, while the mem-
ory macro suffers from increasing area and delay penalties,the
logic complexity of the distributed routing algorithms does not
depend on the number of destinations, hence it stays constant.
Indeed, the distributed routing algorithms just grow with the
switch radix.

B. Routing Delay Comparison

In order to evaluate the effects of the OSR-Lite mechanism
on the switch routing delay, we performed the 5x5 switch
synthesis for maximum performance. The same experiment
was repeated for both the baseline switch and the switch
augmented with the baseline OSR mechanism. TheOSR-
LITE switch and the baseline switch achieved a similar max-
imum operating speed of 750 MHz. As described in Section
V, the reconfiguration scheme was designed to avoid long
critical path and preserve the baseline switch performance.
Our OSR-Lite-enabled switch is thus capable of an at-speed
reconfiguration.

On the other hand, theOSR switch is the 35% slower than
our proposed solution as showed by Figure 14.(b). This result
is mainly due to the intrinsic complexity added by the VC
logic and the delay required to access the 64 words RAM
routing tables.

VIII. C ONCLUSION

In this paper we have proposed the implementation of a fast
and transparent reconfiguration mechanism in NoCs. The strict
constraints found in on-chip networks demand for efficient
and compact mechanisms that do not excess in area and
latency demands. The native OSR reconfiguration mechanism
has been proven to be unsuitable for this purpose although
proposing an interesting intuition. Therefore, in this paper
we have engineered the proper protocol and implementation
modifications to fit reasonable area budgets, with no impact on
performance while retaining the same underlying principlefor
fast reconfiguration. The final mechanism, OSR-Lite, is able
to support a transparent NoC reconfiguration with as little as
less than 250 cycles.



(a)

(b)

Fig. 14. 5x5 switch (a) area and (b) routing delay comparison.
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