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Abstract 

A special parallel system architecture based on the 
look-ahead dynamic reconfiguration of inter-processor 
connections for execution of dedicated programs is 
discussed in the paper. The architecture assumes 
connection reconfiguration in multiple crossbar 
switches. Programs are structured into sections that use 
temporarily fixed inter-processor connections for com-
munication. While some inter-processor connections in 
crossbar switches are used for execution of current 
sections, the connections necessary for execution of 
further sections are in advance configured some spare 
connection switches. Automatic program structuring for 
the assumed system architecture is proposed based on 
the analysis of parallel program graphs. The 
structuring algorithm finds the partition into sections 
that minimizes the execution time of a program executed 
with the look-ahead created connections. The program 
execution time is evaluated by simulated program graph 
execution with reconfiguration control modeled as an 
extension of the program graph. 

1. Introduction

Parallel architectures based on run-time dynamic 
inter-processor connection reconfiguration enable 
adjusting a multi-processor system structure to program 
needs. This type of system structure can be optimized to 
reduce inter-processor connection reconfiguration time. 
This factor becomes more and more important in 
parallel systems based on user-level communication [7]. 

An environment, proposed in the paper, assumes 
new paradigm of point-to-point inter-processor 
connections setting, which neutralizes link connection 

reconfiguration time overheads by a special method 
applied at the level of system architecture and at the 
level of program execution control. This special method 
is called the look-ahead dynamic link connection 
reconfigurability [2]. Special architectural solutions for 
the look-ahead reconfigurability consist in increasing the 
number of hardware resources used for link connection 
setting (multiple crossbar switches) and using them 
interchangeably in parallel for program execution and 
run-time look-ahead reconfiguration. 

Our approach can be used for synthesis of embedded 
parallel systems specified by interacting processes, 
which have been mapped on an architecture consisting 
of several processors connected by some communication 
resources. In the environment assumed in this paper 
process interaction is defined not only in terms of the 
flow of data (communication and processor inter-
connections) but also it captures the flow of control in 
the form of conditional instructions. 

The paper consists of three parts. In the first part, the 
look-ahead inter-processor connection reconfiguration 
principles are presented. In the second part, the parallel 
program representations and features of the applied 
graph partitioning algorithm are discussed. In the last 
part, experimental results are shown and discussed.

2. The principle of the look-ahead 
connection reconfiguration 

The look-ahead dynamic connection reconfiguration 
assumes anticipated inter-processor connection setting 
in communication resources provided in the system. An 
application program is partitioned into sections, which 
assume fixed direct inter-processor connections. 
Connections for next sections are prepared while current 
sections are executed. Before execution of a section, the 
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Fig. 1. Look-ahead reconfigurable system with 
multiple connection switches. 

prepared connections are enabled for use in parallel and 
in a very short time. Thus, this method can provide
inter-processor connections with almost no delay in the 
linear program execution time. In other words, it can 
provide time transparent control for dynamic link 
connection reconfiguration. The redundant resources
can be link connection switches (crossbar switches,
multistage connection networks), processor sets and
processor link sets [2]. In the paper we investigate a 
system with multiple crossbar switches S1…SX as 
redundant communication resources, Fig. 2. 
Connections between processors P1...PN are set in 
crossbar switches in parallel with program execution and 
remain fixed during section execution. At sections 
boundaries, relevant processor’s communication links 
are switched using Processor Link Set Switch to the
crossbar switch(es) where the connections had been 
prepared. This switch is controlled by the Control 
Processor CP. We assume the asynchronous processor-
restrained strategy, where inter-section connection
switching is controlled at the level of dynamically
defined worker processor clusters. 

3. Parallel program representation 

In the paper we use the Branching Task Graph 
(BTG), a new representation of data and control flow in 
parallel programs. The BTG inherits from several 
parallel program representations capturing data and
control dependencies, which have been proposed in the 
system synthesis area [4, 5]. The BTG makes it possible 
to extend parallel program optimization [3] for execu-
tion in look-ahead reconfigurable systems, which now is 
not limited to classical DAGs with fully static control. 
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Fig. 2. An example of BTG. 

The BTG, is a weighted directed acyclic graph G(V, 
VC, E). The BTG consists of two kinds of nodes. Each 
node ni ∈ V represents a task, executed according to the 
macro-dataflow model. The weight of a node represents 
the task execution time. Each node ck ∈ VC, represents a 
conditional branch, in which the control flow of a 
program forks according to the value of a control 
statement, computed in the node. A directed edge eij ∈ E
represents communication that corresponds to data/ 
control dependencies among nodes ni and nj. The weight 
of an edge is the communication cost. Alternative paths 
starting from a conditional node meet in a conditional 
merge node cm ∈ VC. The graph is assumed to be static 
and deterministic. The probability distribution between 
control paths in each conditional node is known prior to 
the program execution. 

A program with specified schedule is expressed in 
terms of an Extended Assigned Program Graph 
(XAPG), Fig 3a. XAPG assumes the synchronous 
communication model (CSP-like). There are two kinds
of nodes in an XAPG: code nodes (which correspond to 
tasks in BTG, shown as rectangles in Fig. 3a) and 
communication nodes (circles in Fig. 3a). 

The Extended Communication Activation Graph 
(XCAG) represents a program graph partition into 
sections. This graph is composed of nodes, which 
correspond to inter-processor communication edges of 
the XAPG program graph, and of edges, which 
correspond to activation paths between communication 
edges of the XAPG, Fig. 3b. Program sections are 
defined by identification of such subgraphs in the 
XCAG that validity conditions hold (see [3] for details). 

4. Program structuring algorithms

Program structuring algorithms, presented in the 
paper, use a two-phase approach to obtain the schedule 
and partition of a program graph. 
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Fig. 3. a) A schedule of a BTG from Fig. 2 in the 
form of XAPG, b) Extended Communication 

Activation Graph for the XAPG. 

In the first phase, a list scheduling algorithm is 
applied to obtain a program schedule with reduced 
number of communications and minimized program 
execution time. In the second phase, scheduled program 
graph is partitioned into sections. 

The scheduling algorithm is based on the ETF 
(Earliest Task First) heuristics [1]. Our algorithm differs 
from the original version of ETF in communication 
model assumed: instead of fixed inter-processor network 
topology, we investigate system with look-ahead 
dynamically created connections. We take into account a 
limited number of links and links contention. We have 
also introduced the new methodology of conditional 
branch scheduling. It includes detection of mutually-
exclusive paths in the program graph [5]. During sche-
duling of a program graph, tasks and communications
belonging to mutually exclusive conditional branch 
paths can share the same resource. It is accomplished by 
assigning them to the same time slot on a target system 
resource. To improve the quality of schedule, the 
structuring heuristics utilizes also the scheduling of 
most-often-used paths based on branch probabilities [6]. 

The goal of the graph partitioning algorithm is to 
find program graph partition into sections and to assign 
a crossbar switch to each section. The heuristics also 
finds the minimal number of switches, which allows 
program execution without reconfiguration time 
overheads. At the beginning of the algorithm, an initial 
partition consists of sections, each built of a single 
communication, which are assigned to the same crossbar 
switch. In each step, a vertex of XCAG is selected and 
then the algorithm tries to include this vertex to a union 
of existing sections determined by incoming edges of the 
current vertex. The union, which gives the shortest
program execution time is selected. The vertices can be 
visited many times. The algorithm stops when all verti-

ces have been visited and there hasn’t been any program 
execution time improvement in a number of steps. 

Estimation of the program execution time is based 
on simulated execution of the partitioned graph in a 
look-ahead reconfigurable system. For this purpose, a 
XAPG graph with a valid partition is extended by 
subgraphs, which model the look-ahead reconfiguration 
control. The functioning of the Communication Control 
Path, Synchronization Path and the Control Processor 
are modeled as subgraphs executed on additional virtual 
processors. 

5. Experimental results

The described algorithm has been used for 
evaluation and comparative studies of execution 
efficiency of programs for different program execution 
control strategies and system parameters. The following 
parameters were used to characterize an application
program in the experiments that were performed: 
tR - reconfiguration time of a single connection, 
tV - section activation time overhead,
a - average time between connection reconfigurations, 
R = a / (tR + tV) – reconfiguration control efficiency.  

Experiments with execution of exemplary program 
graphs have shown that the look-ahead connection 
reconfiguration behaves better (large program execution 
speedup with the look-ahead reconfiguration versus 
execution with the on-request reconfiguration) for 
systems in which the reconfiguration efficiency is poor 
(low values of the parameter R). This confirms the 
suitability of the look-ahead reconfiguration for fine-
grain parallel systems. For systems with sufficiently fast 
connection reconfiguration control, the on-request 
reconfiguration can be sufficient (introduces lower
reconfiguration control overhead). 

We have examined program execution speedup 
versus parameters of reconfiguration control (tR and tV), 
the number of crossbar switches, the number of 
processor links, for the parallel program of Strassen 
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Fig. 5. The BTG graph of an exemplary parallel 
program. 

matrix multiplication (two recursion levels), Fig 4. With 
an increase in the number of crossbars, the high speedup 
area increases and is much larger than for the on-request 
reconfiguration. So, multiple crossbar switches used 
with the look-ahead control strongly reduce 
reconfiguration time overheads. The larger is the 
number of processor links, the look-ahead method is
prevailing vs. on-request for a wider range of 
reconfiguration and activation time parameters.  

We have compared schedules for programs with 
conditional branches obtained with our proposed 
algorithms with schedules based on the standard ETF
heuristics, using an exemplary graph, Fig. 5. Some 
comparison results of program structuring by both 
methods are shown in the table below (see Fig. 6 for the 
Gantt chart of the schedule of the exemplary BTG): 

algorithm adapted ETF proposed 
program 
representation 

DAG BTG 

number of 
communications

14 13 

number of pro-
cessors used 

3 3 

schedule length 245 180 
reduction – 26.5% 

Compared with the standard ETF list scheduling 
algorithm, our structuring algorithm allows for more 
fine-grain analysis of parallel program graph and thus 
leads to better (shorter) program execution times. The 
analysis of experimental results for wider selection of 
program graphs is foreseen in the nearest future. 

6. Conclusions

A new kind of the look-ahead reconfigurable multi-
processor embedded system together with the necessary 
program structuring algorithms have been presented in  
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Fig. 6. Gantt chart of a schedule of an 
exemplary BTG from Fig. 5. 

the paper. The new algorithm works on graph 
representation of programs, which captures data and
control dependencies between tasks. It enables task
scheduling of programs which include conditional bran-
ches in application programs. The presented algorithm is 
based on improved list scheduling and iterative section 
clustering heuristics, which have given better results 
than the one with greedy vertex selection heuristics and 
have the same time complexity. The assumed program 
representation enables applying new program optimiza-
tion techniques based on detection of mutually-exclusive 
paths in programs and scheduling of the most-often-used 
paths based on branch paths taking probabilities. 

References 

[1] J.-J. Hwang, Y.-C. Chow, F. Angers, C.-Y. Lee; Schedu-
ling Precedence Graphs in Systems with Interprocessor Com-
munication Times, Siam J. Comput., Vol. 18, No. 2, 1989. 
[2] M. Tudruj, Look-Ahead Dynamic Reconfiguration of 
Link Connections in Multi-Processor Architectures, Parallel 
Computing '95, Gent, Sept. 1995, pp. 539-546. 
[3] E. Laskowski Program Structuring Algorithms for 
Dynamically Reconfigurable Parallel Systems Based on 
Redundant Connection Switches, Proc. of the 3rd Int. Sym. on 
Parallel and Distributed Computing, July 2004, Cork, Ireland. 
[4] D. Wu, B. Al-Hashimi, P. Eles Scheduling and Mapping 
of Conditional Task Graph for the Synthesis of Low Power 
Embedded Systems IEEE Procs. – Computers and Digital 
Techniques, Vol. 150, Issue 5, Sept. 2003, pp. 303-312. 
[5] Y. Xie, W. Wolf Allocation and scheduling of conditional 
task graph in hardware/software co-synthesis. DATE 2001. 
[6] C. Murphy, X. Wang, Most Often Used Path Scheduling 
Algorith, Proceedings of the 5th World Multi-Conference on 
Systemics, Cybernetics and Informatics (SCI 2001), July 22-
25, 2001, Orlando, Florida, USA. Vol. XII, pp.289-295. 
[7] J.Chen, W. Watson, User-level communication on Alpha 
Linux Systems 2000 Intl. Symp. On Parallel Architectures, 
Algorithms and Networks, ISPAN, IEEE CS Press. 

Proceedings of the 9th EUROMICRO Conference on Digital System Design (DSD'06)
0-7695-2609-8/06 $20.00  © 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


