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Abstract: This work is a contribution to high-level
synthesis for low power systems. In this paper, we
present an efficient algorithm on performing estimation
with an aim of reducing the power consumption in the
synthesized data path.

In this paper, CDFG represents control flow, data
dependency and such constraints as resource constraints
and timing constraints. In the scheduling technique, the
constraints are substituted by subgraphs, and then the
number of subgraphs is minimized by using the
inclusion and overlap relation efficiently. Also, The
power estimation methods on enable power management
and module selection are performed, so as to reduce the
power consumption in low power design.

The effectiveness of the proposed algorithm has been
proven by the experiment with the benchmark examples.

1. Introduction

Recently, several research approaches have been
reported taking physical information into account. Most
of the proposed algorithms wuse floorplanning
information in high-level synthesis to estimate area and
performance more accurately. Similarly, a lot of
techniques have already been proposed taking into

account power consumption in high-level synthesis [1-3].

High-level synthesis refers to the process of
transforming a functional or behavioral specification of a
design into a structured RTL implementation. A typical
high-level synthesis process involves several subtasks
including behavioral transformations, module selection,
clock period selection, scheduling , and resource sharing,
and RTL circuit generation.. High-level synthesis has a
large impact on power consumption, which, if properly
exploited, can lead to large power savings. Recent work
has shown that the most savings in power consumption
are often obtained at the higher levels of the design
hierarchy[4-7].

Power estimation at this level of the design hierarchy
is extremely important in order to (i) verify that power
budgets are roughly met by the different parts of the
design and the entire design, and (ii) evaluate the effect
of various high-level optimizations, which have been
shown to have a much more significant impact on power
than lower-level optimizations. Architecture-level power
estimation tools typically trade off some amount of
accuracy for a drastic improvement in -efficiency
compared to low-level power estimation tools. The
improved efficiency is due to the elimination of the need

1445

to obtain a gate- or transistor-level netlist, and the
reduced complexity of analysis of RTL designs as
compared to lower-level netlists. RTL design
descriptions include various macroblocks like ALUs,
vector logic operators, memories, register files,
multiplexers, efc., (which may be instantiated from a
component library), as well as some amount of random
or control logic, which may often be described
functionally (i.e. without complete information about
structure). This chapter describes the techniques that are
used in architecture-level power estimation tools,
including analytical power models, empirical activity
and power macromodeling, sampling-based estimation,
and models for control logic.[8-13]

In this paper, we concentrate on reducing power
management in high-level synthesis comprises of the
sequence of steps by means of which an algorithmic
specification is translated into hardware. These steps
involve breaking down the algorithm into primitive
operations, and associating each operation with the time
interval in which it will be executed (called operation
scheduling).

In this paper, we present a new VHDL intermediate
representation CDFG and an efficient synthesis
technique for low power design. In the proposed
algorithm, the constraints are substituted by subgraphs,
and then the number of subgraphs is minimized by using
the inclusion and overlap relation efficiently. Also, The
power estimation methods are performed in a minimum
bound and enable power management and module
selection, starting with the as soon as possible as
synthesis result, so as to reduce the power consumption
in low power design. The rest of the paper is organized
as follows. Section 2 describes the new synthesis
algorithm for lower power. In section 3, we discuss a
power estimation methods on enable power management
and module selection. Section 4 describes experimental
result in our proposed algorithm, and finally section 5
gives conclusion.

2. The new synthesis algorithm for
low power design

The internal data structure, CDFG, which represents
both the control flow and data flow effectively, is
constructed. The CDFG represents the constraints which
limit the hardware design such as conditional branch,
sequential operation and time constraints.



Fig 1. CDFG.

Fig. 1 shows a example for proposed CDFGin this
paper. The semantics of VHDL description can be
defined by the internal form generated by the VHDL.

Let D = (V, E) be a VHDL description, V the set of
nodes for VHDL statements that represent VHDL
statements in D and E directed edges that appear
relations between nodes in D.

The internal representation CDFG of D is given by

CDFG = (G¢, G, Gy)

1) Sequential graph Gy = (V, Ey) consists of V the set

of nodes for VHDL statements and directed edges E;=
{ (vi, v2) | viv2 € V, v, is the predecessor of v, }.

2) Hardware constraint graph G, = (V, E,) consists of
V the set of nodes for VHDL statements and directed
edges E.= { (v, w) | v.w c V, there is one among 4

hardware constraints starting with v and ending with w }.

3) Timing relation graph G, = (V, E,) consists of V the
set of nodes for VHDL statements and directed edges E;
= { (v, v2) | vi,v2 € V, there is a timing constraint
starting with v, and ending with v, }.

In order to represent control flow, data dependency
and such constraints as resource constraints and timing
constraints effectively, the CDFG represents the
constraints which limit the hardware design in such a
way :

v" o variable is assigned more than once in each
control step

v" 1o I/O port is accessed more than once in each
control step

v the total delay of operations in each control
step is not greater than the given control step-
length

v’ all designer imposed constraints for scheduling
particular operations in different control steps
are satisfied.
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In order to satisfy any of the above conditions, the
proposed scheduling algorithm generates constraints
between two nodes that must be scheduled into different
control steps.

2.1 The minimization of subgraph with the inclusion
and overlap relation

The hardware constraints are substituted by subgraphs,
and the number of the constraints is minimized by using
the inclusion and overlap relation among subgraphs. The
subgraph minimization for the hardware constraints
optimizes the number of control steps needed to execute
the nodes in the CDFG.

(Definition 1) Regardless of conditional branches, if
both edges E. is in inclusion relation, an included edge
can be removed .

The subgraph minimization for the hardware
constraints optimizes the number of control steps needed
to execute the nodes in the CDFG. In an example of Fig
2., if edge(2,9) include both edge(3,4) and edge(2,9), An
edge(2,9) is removed. Just, because the nodes 3 and 4
cannot operate in the same control step, constraints
indicated by the nodes 2 and 9 can be removed.
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Fig 2. The removal of subgraph with inclusion relation
(a) A subgraph with inclusion relation
(b) The removal subgraph of Fig (a).

After the removal of subgraph with inclusion relation,
we have to search for subgraphs with overlap relation to
minimize total operation time in replacing many
subgraphs with new subgraph. Accordingly to be
scheduled as soon as possible and to minimize total
operation time for the nodes in the CDFG, the overlap
subgraphs must be minimized with the following priority.

As shown in Fig 3. and Fig 4., if there is an overlap
relation between edges E. in subgraph, Overlap part is
replaced by new edge E. and then old new edge E. is



removed repeatedly until not exist overlap relation in the
CDFG.

3. The High-Level Power Estimation
Methodology

3.1 Power Estimation on enable power management

For power management, Consider the computation of
the expression |a - bl. The CDFG for this computation
shows the |a - b| examples of the low power enable
management which was not unnecessary the calculation
in circuit.
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Fig. 3 |a - b| Low power enable management result
(a) Not considering low power management
(b) Considering low power management

In Fig 3(b), the (>) operation is assigned to the first
control step, and depending on its result, onlya-borb -
a is performed. In the RTL implementation, if the two (-)
operations are assigned to two different subtracters, only
the inputs to one of the subtracters is allowed to change,
depending on the result of the conditional. If the two (-)
operations are assigned to the same subtracter, the
subtracter's inputs do not change in the first clock cycle,
and are set appropriately in the second clock cycle
depending on how the conditional evaluates. As the |a -
b| low power enable management result shown in Fig 3,
CDFG in this paper adopted the estimation result.

3.2 Power Estimation on module selection

The goal of the synthesis algorithm for low power is
to increase the potential for a functional unit(FU) to
reuse an operand. Henceforth, we will call operand
reutilization the fact that an operand is reused by two
operations consecutively executed in the same FU.

In Fig 4, where the estimation result for lower power
on module selection are shown, There are some
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operations in the scheduled CDFG whose result is the
input for more than one operation. For example, the
result of addition 1 is input for additions 2 and 4.
Assume that additions 2 and 4 are assigned to the same
adder A. Assume also that between the execution of
addition 2 and 4 there is no other use of adder A. Then,
one of the operands of adder A will not change from
addition 2 to addition 4. Fig 4(a) shows a schedule and
an FU binding with two adders obtained with a
traditional synthesis algorithm for the scheduling task
and clique-partitioning approach with weights to
minimize the number of interconnection units for the FU
binding task. None of the two operands are achieved. Fig
4(b) show the schedule and FU binding obtained with
the estimation algorithm for low power for the
scheduling task and a slightly different approach to the
clique-partitioning for the FU binding task. Now both
operands are achieved. Module selection in power
estimation also trades off latency for operands. This is
also illustrated in Fig 4. If addition 5 happens to be in the
critical path, the schedule and FU binding in Fig 4(a )
has one more cycle of latency than the one in Fig 4(b).

Control Step /

Control Step /

(a) (b)

Fig. 4. The estimation result for low power.
(a) A traditional synthesis result.
(b) A estimation result for lower power.

4. Experimental Results

In this paper, our high-level power estimation
methodology for low power design  algorithm have
been implemented in C++ and UltraSPARC III system.
Also, it have been tested on the Fig 5. In this experiment
results, we results the calculated power reduction ratio to
adopt the HLS benchmark through the result of an
optimal data path estimation technique for low power
circuit design.

Our methods were implemented within the framework
of low power high-level synthesis. The effectiveness of
the proposed algorithm has been proven by the
experimental result for benchmarks. Especially Cordic
system power consumption is reduced about 30%.



Experimnet Result
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Fig 5. The low power estimation result for benchmarks.

5. Conclusion

We have addressed the problem of minimizing power
consumption in behavioral synthesis of data-dominated
circuits. We have presented a synthesis algorithm which,
for a given throughput, exploits the slack available to
operations to obtain a schedule that power management
technique and module selection

The high-level synthesis technique for minimizing the
operation time and handling the conditional branch
effectively for ASIC design have been performed.
Unlike most previous work, we also consider power
estimation on enable power management and module
selection, so as to reduce the power consumption in low
power design. We have implemented the algorithm, and
presented experimental results to demonstrate its
effectiveness.

Also, we have obtained a solution that maximizes the
ability to do power management while still meeting user
specified throughput and hardware resource constraints.

Reference

[1] L. Scheffer, “A roadmap of CAD tool changes for
sub-micron interconnect problems”, in International
Symosium on Physical Design, 1997.

[2] J.-P. Weng, and A. C. Parker, “3D scheduling:
High-level synthesis with”, in Proc. of Design
Automation Conference, 1992.

1448

[3] Y.-M. Fang, and D. F. Wong, “Simultaneous
functional-unit binding and floorplanning”, in Proc.
Int. Conf. Computer-Aided Design, 1994.

[4] J. M. Chang, and M. Pedram, “Register allocation
and binding for low power,” in Proc. of Design
Automation Conference, 1995.

[5] R. Mehra, L. M. Guerra, and J. M. Rabaey, “Low-
power architectural synthesis and the impact of
exploiting locality”, in J. VLSI

Signal Processing, 1996.

[6] A. Raghunathan, and N. K. Jha, “SCALP: An
iterativeimprovement-based low power data path
synthesis system”, in Proc. Int. Conf. Computer-
Aided Design, 1997.

[7] L. Kruse, E. Schmidt, G. v. Crolln, A.
Stammermann, A. Schulz, E. Macii, and W. Nebel,
“Estimation of lower and upper bounds on the
power consumption from scheduled data flow
graphs”, in /EEE

Trans. VLSI Systems, 2001.

[8] K. Chao, and D. F. Wong “Floorplanning for Low
Power Designs”, in [EEE Trans. VLSI Systems,
1995.

[9] P. Prabhakaran, and P. Banerjee: “Simultaneous
scheduling, binding and floorplanning in high-level
synthesis”, in Proc. Int. Conf. VLSI

Design, 1998.

[10] L. Zhong, and N.K. Jha “Interconnect-aware
High-level Synthesis for Low Power”, in /CCAD,
2002.

[11] P. Christie, and D. Stroobandt “The Interpretation
and Application of Rent’s Rule”, in /IEEE Trans.
VLSI Systems, 2000.

[12] G. Jochens, L. Kruse, E. Schmidt, and W. Nebel
“A New Paramiterizable Power Macro-Model for
Datapath Components”, in Proc. Of Design,
Automation and Test in Europe, 1999.

[13] W. Nebel, D. Helms, E. Schmidt, M. Schulte and
A. Stammermann “Low Power Design for SoCs”, in
Information Society in Broadband Europe, Romania,
2002.




<<
  /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


