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Abstract—At NoC level, the traffic interferences can be and allows to reduce execution time and network latency
drastically reduced by using virtualization mechanisms. A in a significant percentage. Specifically, we proposed a
effective strategy to virtualize a NoC consists in dividingthe static scenario where four applications use the CMP at the

network in different partitions, each one serving different fi H . | t licati t
applications and traffic flows. In this paper, we propose a Noc ~S&Me tme. However, in a real system, applications enter

reconfiguration mechanism to support NoC virtualization un- ~ and leave the system continuously in a dynamic way. In
der real scenarios Dynamic reassignment of network resouss ~ a dynamic scenario, the network must be reconfigured in

to different partitions is allowed in order to NoC dynamically  order to allocate new partitions for new applications, lis th
ggﬁgflsioﬁoof%ﬁ\ugaeﬁ?u;‘I?Zea‘z%nE"a'uat'on results show a good  haner we propose a reconfiguration mechanism to deal with
' virtualized NoC under real scenarios. In these cases, tiz No
~ Keywords-Chip Multiprocessor; Network-on-Chip; Virtual- should enable dynamic reassignment of network resources
ization; Reconfiguration; Resource Management. to different partitions in order to get adapted dynamicdly
application needs.
. INTRODUCTION The remainder of this paper is organized as follows:
The Network-on-Chip (NoC) communication architecturein the following section, the related work is presented. In
has been proposed as a promising solution for providing hig|$ecti0n Il we present the reconfiguration mechanism used
scalability in large CMP designs. Such NoCs are requiredo develop our NoC virtualization scheme. Section IV detail
to meet the challenges imposed by the most advanced chipe performance evaluation and shows the obtained results.
technologies to become part of future Chip MultiprocessofFinally, Section V presents conclusions.
(CMP) systems [1] consisting of a network of resources
exchanging packets, while running different applications
simultaneously. If we focus on the CMP context, the virtualization model
CMP applications can be of diverse nature, making thedesign is a multifaceted process involving several issees.
traffic pattern completely unpredictable because of thg verinstance, virtualization involves the operating systend an
different program behaviors for different external inputsthe different applications running together in the system.
(e.g. computer vision, media processing, simulations).etc The memory system should be optimized for minimizing
Taking into account the poor scalability degree that typicathe interference among separate VMs to isolate better the
CMP applications exhibit, multiple applications with @iff ~ Single-workload of one application. To address this proble
ent requirements will run simultaneously in order to uélliz Michael R. et al.proposed a variety of techniques in [3]
the large number of cores. focused on a CMP memory system for server consolidation.

In this scenario, all the resources in the CMP are share@nother example can be found in [4] where authors address
by the applications. If this is not done in an efficient way, isolated cache usage, unmanaged shared caches and differen
performance of any individual application can be seriouslycache partitions per application based on quality of servic
affected. At NoC level, the network interferences can bdParameters. Unfortunately, in these studies the NoC is not
drastically reduced by using virtualization mechanisntge T taken into account.
keystone of the virtualization approach is that traffic from In [5] the authors introduce the concept of the NoC
one application is not allowed to affect other applications Virtualization and present some advantages based on the

To isolate the application traffic, we proposed the NocMaximization of the network performance, the fault-tolgra
resources virtualization and applied it to the CMP system&apability, and the reduction in the power consumption. As a
[2]. The proposal is based on the virtualization conceptPOsition paper, authors do not propose how to perform NoC

virtualization and no evaluation is presented.

This work was supported by the Spanish MEC and MICINN as well  In [2], we proposed the use of the Logic-Based Distributed

as European Comission FEDER funds, under Grants “Consdlidgnio- Routing (LBDR) mechanism [7] as an effective method
2010 CSD2006-00046" and “TIN2009-14475-C04", respebtivét was

also partly supported by Junta de Comunidades de CastillMancha of NOC part't'on'ng at the rou_tlng_ level. We an_alyzed a
under grants “PEI111-0229-2343" and “POI110-0289-724". static situation where four applications were running &t th

II. RELATED WORK



same time. In this scenario only four mapped applications
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are considered and they are settled at the beginning of the ol ol Cn=1
simulation until the end of the first application execution. SRR cw=1 IR""“‘

In this paper, we analyze real scenarios where multiple NG R SRS S
applications are executed dynamically. In this case, we (& L L N Coct
develop a reconfiguration mechanism to deal with virtualize ceco I Ren-1
NoC in order to enable dynamic reassignment of network PR S S Rse- 1

resources. N~ — 4
Other related works are focused on reconfigurables on- o

chip networks for CMPs. For instance, in [6] the authors
provide an architecture that can implement different on-
chip network topologies depending upon the application. Assuming the previous routing configuration, and once
Unfortunately, if the arrival of jobs is completely random, the operating system starts allocating applications, vezlne

then the run-time required to fully utilize their architece@  to identify the new shapes that result by the creation of
could be very complex. Our reconfiguration mechanism isnew partitions. For instance, Figure 2.(a) shows a situa-
based on a much simpler interconnection architecture whergon where three applications have been allocated on the
LBDR logic sets up the paths of the routing algorithm to CMP. The LBDR bhits have been adapted accordingly. First,
maintain the illusion of a normal NoC. connectivity bits establish the boundaries of the partitio

(e.g. south connectivity bit of switches 2 to 7 are set to
_ . . . . 0, and north connectivity bit of switches 6 to 11 are set
In this section we describe an effective, practical and fas{0 0). Moreover, routing restrictions have been configured

m"ethod for_reC(?.nflguhrlng the r(:(utmg bits of tl?e (;\IO;: Wh'zh accordingly to prevent cycle dependencies on each partitio
ﬁl OC\;V.S tg_;f/lrtua 1ze t_(_a netv_vor (;esourpes ( y dividing t eseparately (e.g. switch 5 has a bidirectional restrictiothe
oC in different partitions) in a dynamic environment. west-north and north-west directions).

Firstly, note that shape and sizes of the CMP partitions

Figure 1. An example of the LBDR mechanism.

Ill. RECONFIGURATIONMECHANISM

number of application threads (one thread requires ong.core

are selected by the operating system resource manager whic a
. . . . . l
is independent of the reconfiguration mechanism. We only ﬂr—_
consider that the resource manager take into account the: Fﬂw
| | | |

B

If we focus on the network layer, our reconfiguration
mechanism works assuming the use of the LBDR mech-
anism. The LBDR mechanism relies on two bit sets per

ﬂ'@'

output port at every switch of the mesh and a small logic
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block containing several gates. The first set lies in one bi}:igure 2
per port and allows to define the connection pattern okettled.
the region. Each output port has a bit, referred toCas
indicating whether a switch is connected throughsthgort. In order to keep the normal NoC operation, when a new
Thus, connectivity bits ar€n, Ce, Cw, andCs The second partition is created, the LBDR bits must be reviewed, and the
set lies in two bits per port and defines the set of turndBDR configuration bits need to be updated, if necessary.
that are allowed due to the applied routing algorithm. TheFigure 2.(b) shows an example where starting from the
bits for the east output port are labelBénandRes They situation of Figure 2.(a) both App1, and App3 applications
indicate whether packets routed through the east outptit pohave completed their execution. Then, a new application,
may take the north port or south port at the next switch App4, requests 8 nodes and the operating system selects the
respectively. In other words, these bits indicate whethenodes 0 to 7 (Figure 2.(c)). In this situation, the LBDR bits
packets are allowed to change direction at the next switchfor switches 0 to 7 must be reconfigured before launching
For north output port the bits are accordingly labelRde  App4. As can be deduced, the north connectivity bit of both
andRnw for west output porRwnandRws and for south 6 and 7 switches must be set to allow the communication
output portRseand Rsw with all nodes in the partition, and the south connectivity b
Figure 1 shows an example of the LBDR mechanismof switches 2 and 3. Finally, the routing restrictions must b
where the CMP with 16 nodes has been divided into twocomputed and reconfigured for the new partition.
regions of 8 nodes. The LBDR bits are detailed for switch Note that this reconfiguration process relies on a static
6. The figure represents with arrows the routing restrigtion reconfiguration (no traffic on fly is involved) and affects
(set of two consecutive links that cannot be taken by anynly to parts of the network where no messages are trav-
packet). The routing bits mimic the routing restrictions. | eling through the switches because the applications using
the example, the SR [8] routing algorithm has been appliedthem have already finished. This is very important because

(a) Starting point, (b) Appl and App3 finish, and App4 is



Table |

otherwise deadlocks could appear and to avoid them either OVERVIEW OF THE CMP CONFIGURATION.

all the traffic of the .CMP should be stopped bgfore fco Parameter Configuration

make the reconfiguration, or a more complex reconfiguration CPU/OS 16 x UltraSparc 11l processor / Solaris 10

mechanism should be considered. Thanks to the fact tha 1 cach |ﬂStﬂ;Cti0nS & Da_tat,_ _6t4 bleézsbblolf(lk size,
TR : H cache -way associativity, anks,

there are no traffic mterfe_renceg among d|fferenF regioms, 32 Kbytes per core, and 2 cycles latenc

can perform local reconfiguration without affecting thetres 2 cache 64 bytes block size, 4-way associativity

of the regions of the CMP. In the previous example, only the 512 banks, 1 Mbyte/core, 10 cycles latenty

LBDR bits of the free nodes 0 to 7 must be reconfigured. | Main memory 2 Ghytes total, 250 cycles latency
3D-Stacking [9]

For this reason, the reconfiguration mechanism ensures & coherence protoco| MOESI-CMP-Directory & First-Touch [10]

deadlock-free situation. Topology 2D-mesh regular 4x4
Router 4 flits buffer queue size, 8 bytes flit size
SR routing algorithm
IV. PERFORMANCEEVALUATION Network frequency The NoC Worgks gt the same
In this section, we evaluate by simulation the behavior frequency as the processors
of the virtualization scheme considering the reconfigorati
mechanism previously described. generated by the other applications because all of thene shar

The simulation platform is based on the Simics-GEMSand use the whole network.
simulators [14]. The NoC is modeled with a cycle-accurate In the second scenario we enable the partitioning mecha-
flit-level network simulator. The network simulator models nism to create partitions. In this scenario, as a result ef th
the LBDR mechanism, the SR routing algorithm, and thepartitioning process, messages generated by an appticatio
proposed reconfiguration mechanism. running in a given partition can only use the network

Regarding the CMP model, we model a homogeneousesources belonging to that partition (we called this sce-
16-CMP with in-order cores. We include the simulation nario “Virtual-Regions” (VR)). We assume the same CMP
parameters modeling the complete CMP architecture irconfiguration than in the BL scenario but, in this case, the
Table I. As workload we have used applications from bothapplications are assigned to virtual regions. As the traffic
SPLASH-2 [11] and PARSEC2/1 [12] benchmark suites. of the applications must be isolated, the resources should

be assigned in a contiguous way. For this reason, we use a

A. Scenarios contiguous strategy [13] from the state-of-the-art in ortde

In this study we have considered different scenarios. Irssign resources to the applications. Note that the resourc
each scenario we run 5 sets of applications. Each set cofdanager is independent of the reconfiguration mechanism.
tains 20 applications with different inputs. The applioati N this scenario each application is assigned to one virtual
requirements are only based on the number of cores needé@gion in a similar way that in the example of Figure 2. In
to run the applications such as we have considered that eadfis scheme, traffic from one region is not allowed to tragers
thread must be run in a different core. These applicatiorPther regions. Notice that the partitions will have diffetre
requirements are configured ranging from 2 to 8 threads. Théizes in order to satisfy the application requirements (pem
specific applications in each set and the number of thread? application threads). Note that the LBDR mechanism is
for each application are randomly selected. The resourcabPle to support irregular partitions, and as a consequence,
manager automatically assigns the CMP resources to th&€ can maximize the system utilization.
applications in a sequential way. The applications aresdtor ~ Finally, we have considered an additional scenario in order
in a FIFO queue until the resource manager has enougle highlight the negative effect of the traffic interfereackn
resources to allocate them in the CMP. In our opinion, thighis scenario, the applications are mapped in the same way as
covers a wide range of different situations. for the VR scenarios using the same contiguous allocation

The first scenario we have considered is a baseline NoGtrategy. However, in this case the messages belonging to
with no mechanism to isolate the traffic of applications andone domain can cross the boundaries of its domain to
thus, no reconfiguration mechanism is needed. In the basgeach their destinations because the NoC is not virtualized
line scenario (labeled in the figure as BL) each applicatior(we called this scenario “Virtual Domains” (VD)). The VD
uses the entire NoC where the threads of each applicatioscheme will permit us to study the importance of just
will be distributed among the nodes through a randonthe NoC virtualization because in the VR cases the traffic
distribution. When one application finishes the resourtes iis completely isolated while in the VD cases traffic of
used will be free and other applications in the waiting listdifferent applications can compete for the same network
could be assigned to these resources. When there are enouggources. Finally, in the VD scheme we do not apply any
resources to allocate other application the system stagts t reconfiguration mechanism because it is not necessary, on
next application execution and so until all the applicasioh  the contrary, we use a SR routing for the complete mesh.
the working set finish. In this baseline scenario, the traffic Note that only the VR scenario needs our NoC reconfig-
the NoC generated by an application is affected by the trafficiration process. In this case, each time this algorithm has



been applied, we consider an additional execution time thateconfiguration mechanism in order to adapt the NoC to the
depends on the SR algorithm cost [8] before the applicatiompplication needs. We show that the VR scenario can lead to
can start its execution. Regarding the threads mappingnportant performance improvement. In particular, we have
strategy, we have not made any time difference in applyinghown that the VR scenario reduces (for all the application
the contiguous strategy and we consider the same time tgets that we have tested) from 5% to 12%, approximately, the
map the threads regardless the followed strategy. total execution time compared with the VD scenario (where
. no isolation is provided and no reconfiguration is needed).
B. Experimental Results Also both the network latency and the link load follow the

In this section, we show the experimental results obtainedame trend that the execution time. This fact is due to the
in the evaluation process. As in the BL case the threadg|imination of the interferences among messages belonging
are randomly distributed through the cores, each BL valugo different applications, because in both cases the rest of
shown in the figures is the average of 30 different simulathe CMP (mainly cores and caches) is equally partitioned.
tions where the confidence interval has been set to 95%.

Figure 3 shows the total execution time for the 5 sets of
applications (x-axis). The y-axis depicts the differenne i [1] F. Gilabert, et al.,Designing Network On-Chip Architectures
total execution time among the BL, VR and VD scenarios. in the Nanoscale Era2010.

Results are shown in normalized terms, with respect to th?Z] E Trivito. 3. L Sanche E 3 Afaro.  and
. . . IvVino, . . Z, . . )
execution time of the BL case. J. Flich, “Virtualizing network-on-chip resources in chip

multiprocessors,Microprocessors and Microsysten2011
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