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Abstract

Nowadays, multi-core and many-core processors
have increased the number of research works related
to on-chip interconnections. In this case, a new
approach called Network-on-Chip (NoC) has shown
opportunities in order to increase the performance of
the next generation of many-core processors. This
paper presents the first design of a Network Processor
on Chip (NPoC) for NoC routers capable of improving
the flexibility and the performance for a large number
of communication patterns. Conclusions describe other
results that point out to modifications in this proposal.

1. Introduction

This section presents two concepts related to on-
chip interconnection [1][2][3]:

Q@ Communication topologies.
O Communication patterns.

Besides traffic congestion on network, node
connectivity (number of links) and diameter (the
largest distance between two nodes) are features to
decide the best route for transmitting packets.
However, a long packet path (several routers) can
increase the final transmission latency, since there are
several hops (routers) at the path. Adapting topologies
to communication patterns can be the best alternative
to reduce this long path.

Therefore, an alternative NoC (Network-on-Chip)
[4][5] should implement or adapt interconnections in
accordance with specific algorithm classes based on
parallel programming techniques.

Figure 1 presents some topology examples used in
several multicomputers and multiprocessors (based on
NoCs). Each topology can be related to one algorithm
class or parallel programming technique as follows:

O
R
®» 0O O
/ @

(c)

(D)
G{})@
T
|
= (O—(D—®

Figure 1. Topology examples: (a) tree, (b)
hypercube, (c) pipeline, (d) star, (e) mesh and
(f) torus

Figure l.a: The balanced tree topology favors
the execution of algorithms based on divide and
conquer technique, image processing, dataflow
and reduction programming.

Figure 1.b:  The hypercube topology has cores
arranged in  n-dimensional cube. Main
applications are the following: 3D scientific
programs.

Figure 1.c: Linear array or pipeline topology
has cores grouped in stages, where the next
stage receives data from the previous stage.
Each stage had one or multiple cores and some
Network Processors (NPs) are examples. The
NP’s cores process packets in stages, and each
core is responsible for executing specific
threads.



Figure 1.d: The star topology is normally
related to the master / slave programming
technique. One node or core is the master and
the remaining nodes are slaves. This is the one
parallel programming technique very common.

on adaptable topologies capable of improving the
performance of communication patterns.

2. NPoC Design and Verification

Figure 1.e:  The mesh topology architecture
has nodes connected to theirs neighbors. The
mesh is interesting to solve problems with
bidimensional data structure, matrix operations,
image processing and differential equations.
The tridimensional mesh topology is used in
time prediction, particle simulation and
aerodynamic, for example.

NPoC [6] is a RISC (Reduced Instruction Set
Computing) processor with a scalar pipeline based on
five stages (Figure 2). A modification regarding typical
pipelines is presented in the fourth stage where the
NPoC accesses input buffers and a Reconfigurable
Crossbar Switch (RCS) [7]. All stages are executed in
one cycle each one, the instructions are regular, and
there are not floating-point instructions, since the
workloads for this network processor is based on
fixed-point instructions.

The four traditional pipeline stages presented in
Figure 3 are the following: Instruction Fetch (IF),
Instruction Decode (ID), Execution (EX), and Write
Back (WB). However, in the fourth stage, besides
memory access, NPoC can access input buffers and
RCS through specific instructions. The fourth stage
can be described as the following:

Figure 1.f: Bidimensional torus topology is a
variant of bidimensional mesh. The difference
is based on the border nodes that are connected
to opposite border nodes in the same row and
column. The torus topology can be used to
solve the same problems described for mesh
topology.

The main goal of this paper is to present the first
NPoC architecture in order to show the importance of
this design in the next results of PhD thesis that focus
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Figure 2. NPoC Architecture [6]




e MEM: Memory access
instructions).

e BCTU: Buffer and Crossbar Transfer
Unit. Instructions access buffer and
crossbar switch through this unit.

e SCH: Scheduler. Instructions access the
scheduler to manage the packet traffic.

e REC: Reconfiguration register.
Instructions access the reconfiguration
register to transfer data for a new topology
implementation on RCS.
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Figure 3. Pipeline stages [6]

Table 1 presents some general-purpose instructions
used to elaborate a program for NPoC. They are
typical instructions that use the arithmetic and logical
unit (ALU), or data memory. All instructions,
including network instructions, depend on ALU to
finish the execution.

Table 1. General-purpose instructions [6]

Instruction Description
addrl, 2,13 rl=r2+r3
mulrl, 2, r3 rl=r2xr3
orirl, r2, immed rl =12 + immed
notrl, r2 rl =r2’

load rl, r2, immed
store rl, 12, immed
jump rl, r2, immed
jeqrl, 12,13

rl = (Address[r2 + immed]) content
Address[r2 + immed] = r1

PC =12 +immed, r1 =PC
PC=rl,ser2=r3

Table 2 presents the NPoC’s network instructions.
The instructions read and write access the BCTU in
order to read or modify data from packets. Instructions
send, block and erase access the scheduler to alter the
packet status: ready to send, to block a packet while
NPoC waits some event, and to erase some packet. The
reconf instruction transfers data word to
reconfiguration register.

Table 2. Network instructions [6]
Instruction Description
read rl, r2, immed rl = (Address[r2 + immed]) content
write rl, 12, immed  Address[r2 + immed] = rl
send rl, 12, immed Buffer (r1), packet (12 + immed)
block rl, r2, immed  Buffer (r1), packet (12 + immed)
erase rl, r2, immed  Buffer (r1), packet (12 + immed)
reconfrl Reconfiguration register =rl

NPoC processor was simulated and verified through
ArchC [8] and SystemC [9] tools. The main function
of NPoC is to manage RCS topologies in order to
increase the performance of workloads based on
communication patterns. Hence, topology examples
presented in Figure 1 are shown in Figure 4 as
topologies implemented onto RCS and managed by
NPoC.

Figure 4. Mapped topologies: (a) tree, (b)
hypercube, (c) pipeline, (d) star, (e) mesh and
(f) torus

Figure 5 presents the algorithm elaborated to
manage the topology reconfigurations. This is a simple
program that checks the moment for a new topology
implementation. Figure 5.a shows the high-level
algorithm that verifies communication status of each
input buffer. After the last sent packet, the algorithm
sends new topology information (reconfigure
instruction) to support the next demanded
communication pattern.

Program description and register initial constants
are presented in Figure 5.b. The assembly program for
NPoC is described in Figure 5.c. The first part (before
L1) represents initial constants. The second part of the
program manages the topologies. Simulation results
verified that this operation demands 17 cycles of clock
after the last packet.

Therefore, to implement a new topology is
necessary 17 cycles of NPoC program and 2 cycles to
reconfigure switching nodes onto RCS. The frequency



used by ArchC is 50MHz; so in order to implement a
new topology it is necessary 19 cycles or 0.38pus.

while (1) addi $1, %0, 9
{. addi $3, $0, 1
i=1; addi $6, 30, O
counter = 1; addi $7, 30, 8
while (i < 9) . addi $8, $0, 6
read (reg_buffer[i], data); addi $10, $0, L1
if data == 1 addi $11, $0, L2
counter = counter + 1; addi $12, $0, 100
write (reg_buffer[i], 0); addi $13, $0, 106
if counter == 8 addi $14, $0, L4
counter = 1;
reconfigure topology; L1: Toad $8, $12, O
number_of_topologies ++; addi $2, $0, 1
if number_of_topologies == 6 addi $4, $0, 1
exit;
i=1+1; (a) L3: jeq $10, $1, $2
} read $5, $2, O
¥ jg;,s%l, %5, $3
$1 = 9 (constant) addi $4, 34, 1
$2 = i (buffer number) vyg'!te $6, $2, 0
$3 = 1 (constant) jdi 311, $4, $7
$4 = counter addi 15;4’850’ 1
$5 = data reconf 38 1,
$6 = 0 (constant) addi ii , i% , 13
$7 = 8 (constant) L2 ;331%2, g '151
%?0 =6_|§quology / constant) addi 313, 813, 1
$11 = label 2 4, Jume 39,730, 13
$12 = topology address Ld: ...
$13 = number of topologies (©

$14 = label 4
(b)

Figure 5. Algorithm example: (a) high-level
algorithm, (b) description, (c) NPoC assembly

In order to perform broadcast communication on
buffered RCS, the total transmission time to send one
thousand 4096 bits packets for each topology
presented in Figure 1 is 2.56ms. Therefore, the latency
to manage and implement new topology (0.38us) is
very low. It represents an overhead of 0.014%.

It is important to notice that this program changes
the topology only after the last communication.
However, it is possible to implement hybrid topologies
if a new communication pattern demands a new
interconnection before last communication between
processing cores. This total latency considering hybrid
topologies on demand was not evaluated, but probably,
the performance will be higher than first one
simulation.

3. Conclusions

This paper described the first NPoC design and
verification. Simulation results show that performance
overhead in order to manage the RCS is very low
(0.014%.).

However, other results of PhD studies [10][11]
point out to modification in the NPoC architecture. The
main modification is related to area occupation. In this
case, the number of pipeline stages will be reduced and
the instruction format will be different in order to
increase the performance and compatibility with other
processors.

Besides, other future works are the following:

QO New ArchC-based description.

O ArchC-based full programmable NoC.
Q Performance evaluation based on parallel
workloads.
References

(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

9]

[10]

(1]

J. Duato, S. Yalamanchili, L. Ni, “Interconnection
Networks”, Morgan Kaufmann, 2002.

J. Dongarra, et al., “The Sourcebook of Parallel
Computing”, Morgan Kaufmann, 2003.

Duncan, R., “A Survey of Parallel Computer
Architectures”, IEEE Survey & Tutorial Series, pp.5-
16, February 1990.

T. Bjerregaard and S. Mahadevan, “A Survey of
Research and Practices of Network-on-Chip”, ACM
Computing Surveys, Vol. 38, No 1, pp. 1-51, March
2006.

L. Benini and G. D. Micheli, “Network-on-Chip
Architectures and Design Methods”, IEE Computers &
Digital Techniques, Vol. 152, Issue 2, pp. 261-272,
2005.

H. C. Freitas, et al., "Projeto de um Processador de
Rede Intra-Chip para Controle de Comunicagdo entre
Multiplos  Cores", VII Workshop em Sistemas
Computacionais de Alto Desempenho, WSCAD 2006,
(held in conjunction with the 18" International
Symposium on Computer Architecture and High
Performance Computing), Ouro Preto, MG, Brazil,
pp-3-10, 2006 (in Portuguese).

H. C. Freitas, et al., “Reconfigurable Crossbar Switch
Architecture  for Network  Processors”, IEEE
International Symposium on Circuits and Systems,
pp-4042-4045, 2006.

A. Ghosh, et al., “System modeling with SystemC”,
International Conference on ASIC, pp.18-20, 2001.

S. Rigo, et al., “ArchC: A SystemC-Based Architecture
Description Language”, International Symposium on
Computer Architecture and High Performance
Processing, pp.66-73, October 2004.

H. C. Freitas., T. G. S. Santos and P. O. A. Navaux,
“Design of Programmable NoC Router Architecture on
FPGA for Multi-Cluster NoCs”, IET Electronics
Letters, Vol. 44, No. 16, pp. 969-971, 31* July 2008.

H. C. Freitas, T. G. S. Santos and P. O. A. Navaux,
“NoC Architecture Design for Multi-Cluster Chips”,
IEEE International Conference on Field Programmable
Logic and Applications, in press, 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /PTB <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


