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Abstract —Modern architectures exploit task level parallelism to
improve their performance in a cost-effective manner. However, task
synchronization and management is time consuming and wastes
computing resources especially on application-specific architectures,
such as DSP. In this paper, we propose a smart coprocessor interface
that helps to offload the task management job from MPU or DSP. In
our simulations, our approach can improve the overall performance of
a dual-core platform by 57%. The hardware overhead of the interface
is only 1.56% of the DSP core.

I. Introduction

Due to task divergence in most embedded systems,
heterogeneous dual-core/multi-core SoC, i.e. MPU + DSP, is
accepted as a cost-effective solution for the increasing computation
demands in mobile media applications. TI OMAP [1], for example,
is one popular dual-core platform, where the DSP, as the slave,
performs the computation intensive task sent and requested by the
host processor (i.e. RISC). On the other hand, as the complexity of
the target applications on dual-(multi-)core processors grows
rapidly, the DSP is likely needed by many tasks concurrently. The
DSP architects tend to explore more parallelism among tasks to
make the architecture more efficient [2]. Thus, DSP task
management is required. Conventionally, DSP task management
can be done on DSP itself (with an OS or a kernel) or on MPU (as a
device driver) respectively. Nevertheless, the former suffers from
inefficient processing of intensive programs flow and interrupt
handling by utilizing the DSP. Furthermore, the significant context
switch overheads and idle DSP-specific functional-units of the DSP
cores make this solution infeasible. Fig. 1 depicts the TIT OMAP
platform where a real-time kernel called DSP/BIOS [3]
incorporated with the DSP/BIOS Link (or Linux DSP Gateway) [4]
provides software layer abstraction on DSP and complete IPC
(Inter-processor communication) mechanism. On the contrary,
although the MPU is suitable for task management, the frequent
interaction between the MPU and the DSP will significantly affects
the DSP utilization due to slow MPU response time incurred by the
thick OS layers.
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Fig. 1 TI OMAP software hierarchy

In this paper, an intelligent host processor interface (HPI) with
dynamic task management capability is proposed to be a hardwired,
dedicated controller for task management offloaded from either the
DSP or the MPU. The proposed HPI is able to achieve more
hardware efficiency and quick response time compared to the DSP
or the MPU respectively. Besides, the task loading mechanism of
the proposed HPI allows instant task initialization and thus the
complexity is greatly reduced. Fig. 2 illustrates the system blocks
of a typical dual-core processor incorporated with our proposed
HPL The proposed HPI can be seen as an agent of the DSP
subsystem. The HPI is not only responsible for communication
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between the MPU and the DSP but also schedules those tasks
distributed from the MPU to the DSP. Due to the highly optimized
and simplified microarchitecture of the proposed HPI, the area cost
of the proposed HPI, compared to a classic 5-stage pipelined
multithreaded DSP core with 4 threads, increases only by 1.56%.
Furthermore in our evaluation, the proposed HPI reduces the total
execution time of a JPEG encoding task (to encode a 256x256
image) distributed from the MPU to the DSP from 42,826ps (task
management on MPU) and 27,293pus (task management on DSP) to
18,412ps respectively.
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Fig.2  Atypical dual-core processor with the proposed HPI

This paper is organized as follows. Section II details the
proposed HPI design and the performance evaluation is available in
Section III. Section IV and V describe the implementation and a
brief conclusion.

II. Proposed Design

The proposed HPI consists of three interactive controllers
(FSMs) including the MPU manager, the DSP manager, and the
task manager as depicted in Fig. 3. Communication among those
controllers is through command queues. The MPU manager takes
care of commands such as data push/pull from the MPU or the DSP.
The DSP manager will receive commands from the MPU or the
DSP. Some commands such as “free memory page request/release”
are handled by the DSP manager itself while others like
“dequeue/enqueue” are bypassed to the task manager. The main
function of the task manager is to monitor all task status and
schedule any ready-to-run task to idle DSP thread for execution.
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Fig.3 HPI block diagram

Before going into the details of the proposed coprocessor
interface, the data structure used for task management is explained
first. Take a JPEG encoding application for example. First, the
JPEG encoding task is partitioned into 4 subtasks including the
color space transform (CST), the discrete cosine transform (DCT),
the quantization (Q), and the variable-length coding (VLC). A
unique priority is assigned to each task in descending order from
the VLC to the CST, i.e. the VLC has the highest priority while the
CST has the lowest priority. The HPI uses two tables depicted in
Fig. 4 and Fig. 5 respectively to maintain task and DSP-thread
status. The first table is the priority queue where tasks are recorded
in descending order. The higher priority of the task means the
earlier scheduled-to-run. Besides, the priority queue records the
child tasks (destination-entry in priority queue), the number of the
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available tasks (data sets) and the program address for each task.
The other table is the dispatch table which keeps the DSP-thread
status. For each DSP-thread, there are two entries recorded. The
one is enable signal and the other is a pointer to the corresponding
task in priority queue. If there is any idle DSP-thread (enable signal
= 0), the HPI checks the priority queue to see if any ready-to-run
task (according to the priority and the number of the available data
sets) exists. Once the HPI finds an idle DSP-thread and any
ready-to-run task, it sets the corresponding enable signal (= 1) in
the dispatch table, and writes the address (pointer) of the selected
ready-to-run task in priority queue to the dispatch table. In the idle
mode, the DSP-thread will cease PC (program counter) counting
and the PC points to the NOP instruction. After the enable signal is
set by the HPI, the corresponding DSP-thread will start
incrementing the PC and execute the initialization code segments
like a bootstrape to set up for task execution. Therefore, what the
HPI to do for activating a DSP thread is only to set the
corresponding enable signal and thus the complexity of the HPI is
greatly reduced.

Queue pointer

Type | Destination - Program address
b Head Tail 9
TCB[0] (Output)| OUT - 0 0 &Output
TCB[1] (VLC) G Output 1 0 &VLC
TCB[2](Q) G VLC 1 1 &Q
TCBI[3] (DCT) G Q 2 1 &DCT
TCBI[4](CST) G DCT 4 2 &CST
TCBI5] (Input) IN csT - - &lnput
Fig. 4 Priority queue
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Fig.5 Task loading mechanism
III. Performance Evaluation

We use the CoWare ESL simulation platform and refer to the TI
DaVanci processor to construct a dual-core processor and conduct a
JPEG encoding experiment to evaluate the proposed HPL The
target application is 256x256 Lena image JPEG encoding as
described in Section II. The simulated dual-core processor is
composed of an ARM926 (as MPU) and a multithreaded classic
S-stage pipelined DSP core with 4 threads running at 250MHz and
500MHz respectively. The communication between the ARM and
the DSP is through the mailbox (interrupt-driven) and the
interconnection AMBA AHB runs at 116MHz. The experiment is to
simulate the case that some user application on MPU calls a JPEG
encoding function call which will need the DSP acceleration. For
the task management on MPU, the MPU where a uClinux is
running is responsible for slicing the JPEG encoding tasks into 4
sub-tasks as aforementioned and then distributes each subtask to
the DSP. On the other hand, for the task management on DSP, the
DSP where a uC-OS 1I is running will take care of task slicing and
scheduling. Finally, our proposed solution uses the hardwired HPI
for the task management without any OS or kernel needed. We
measure the total execution time of the JPEG encoding tasks of the
three simulation conditions. Table 1 gives the performance
evaluation. For task management on MPU, due to the thick OS
layer with large context switch overhead, the kernel response time
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plus the IPC overhead contributes almost 54% of the total
execution time. On the other hand, for task management on DSP,
the kernel response time plus the IPC overhead has been reduced
from 23,040us to 4,609us compared to the MPU due to lightweight
kernel on DSP and reduced interactions between the MPU and the
DSP. However, the time spent on thread management increases
from 1,430us to 4,328pus. The reasons are two folded: the one is
due to inefficient handling of control-oriented task management by
DSP and the other is due to interleaved multithreaded DSP. Finally,
for the task management on the proposed HPI, the kernel response
time is actually 0 and the IPC overhead is 1pus. Most importantly,
the thread management costs only 55us and the total execution time
takes only 18,412ps.

Table 1 Performance evaluation
MPU DSP HPI

Data movement 7,963 7,963 7,963
Thread management 1,430 4,328 55
Kernel response time + IPC overhead 23,040 4,609 1
Effective computation 10,393 10,393 10,393
Total execution time 42,826 27,293 18,412

unit: s

IV. Implementation

This section gives the FPGA prototyping and cell-based design.
First, the complete cell-based design flow has been conducted for
the proposed HPI. Table 2 shows the synthesis results. The area
cost of the proposed HPI is only 1.56% (6,524 um?) of that of the
multithreaded DSP core. At the same time, the ARM Versatile
platform is used to implement the dual-core processor prototype.
We utilize the on-board ARM926EJ-S core as host processor and
develop a multithreaded DSP core with the proposed HPI on the
Xilinx Virtex I 6000 FPGA. The default operating frequency of the
ARM, the DSP and the AMBA AHB bus is 210MHz, 35HMz, and
35MHz respectively. The JPEG encoding has been successfully
ported on the dual-core platform.

Table 2 Synthesis results

Technology ~ TSMC 0.13um CMOS cell-library
Frequency (MHz) 125
Area (um?) 6524

V. Conclusion

This paper presents an intelligent coprocessor interface with
dynamic task management capability. Compared to the
conventional approach to task management (either on DSP itself or
on MPU), the proposed hardwired HPI improves the hardware
efficiency and exhibits quick response time. In our performance
evaluation, the execution time of the JPEG encoding (of a 256x256
image) can be reduced from 42,826ps (with task management on
MPU) and 27,293ps (with task management on DSP) to 18,412ps
(with task management on HPI). Furthermore, the area cost of the
proposed HPI is only 1.56% of the DSP core due to the highly
optimized and simplified architecture design. As the number of
integrated cores in popular multi-core design increases rapidly, the
proposed hardwired HPI can be seen as an efficient solution to
more complex task management approach for future multi-core
architecture.

References

[1] OMAP5910 Dual Core Processor — Technical Reference Manual, Texas
Instruments, Jan. 2003

[2] D. W. Wall, “Limits of instruction-level parallelism,” in Proc. ASPLOS-IV, pp.
176-188, April 1991,

[3] DSP/BIOS Kernel Technical Overview, Texas Instruments.
http://focus.ti.cony/lit/an/spra780/spra780.pdf

[4] Linux DSP Gateway Specification, rev. 3.3.1, Nokia, Sep. 2006.  Available online:
http://dspgateway.sourceforge.net/pub/3.3.1/DSP_Gateway331_spec_a.pdf

Available online:





<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


