
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

User Transparent Parallel Image Processing

Seinstra, F.J.

Publication date
2003

Link to publication

Citation for published version (APA):
Seinstra, F. J. (2003). User Transparent Parallel Image Processing. [Thesis, fully internal,
Universiteit van Amsterdam]. Febodruk BV.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/user-transparent-parallel-image-processing(859b1c10-64a3-4f11-91f8-92238a85641b).html


Chapterr 8 

Summaryy and Discussion 

"From"From a word to a word I was led to a word, 
FromFrom a deed to another deed. " 

Excerptt from The Poetic Edda (Iceland, ca. 1280) 

8.11 Summary 

Too satisfy the performance requirements of current and future applications in image-, 
video-,, and multimedia processing, the image processing community at large exhibits 
ann overwhelming desire to employ the speed potential of high performance computer 
architectures.. Unfortunately, there is a major discrepancy between the need for easily 
obtainableobtainable speed in imaging, and the potential of current high performance computers 
too fulfil l this need. Primarily, we ascribe this problem to the fact that no programming 
tooll  is available that serves as an effective aid in the development of image processing 
applicationss for parallel and distributed systems. Existing tools generally require the 
userr to have a thorough insight in the complexities of parallelization, often at a level 
off  detail far beyond that of non-dedicated parallel programmers. As it is unrealistic to 
expectt researchers in imaging to become experts in high performance computing, it is 
essentiall  to provide a tool that shields its users from all intricacies of parallelization. 

Thee work described in this thesis is an endeavor to bridge the gap between the ex-
pertisee of researchers in image processing, and the particular skills required for efficient 
employmentt of high performance hardware architectures. To this end, we describe 
thee design and implementation of an innovative software architecture that allows its 
userss to develop parallel image processing applications in a user transparent (i.e., fully 
sequential)) manner. We explore the requirements such architecture must adhere to 
forr it to serve as a long-term solution for the image processing community. Also, we 
providee a detailed discussion of each of the architecture's constituent components, and 
thee research issues associated with each of these. Finally, we evaluate the provided 
performancee gains, to see how these compare to reasonable hand-coded applications. 
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132 2 Summaryy and Discussion 

Inn Chapter 2. we investigate the applicability of existing high performance hard-
waree architectures and associated parallelization tools in the field of image process-
ing.. Based on a set of requirements we conclude that homogeneous Beowulf-type 
commodityy clusters constitute the most appropriate class of target platforms — most 
importantlyy due to the emphasis on price-performance. The evaluation of associated 
softwaree tools shows library-based environments to offer a solution that is most likely 
too be acceptable to the image processing community. Primarily, this is because these 
aree most easily provided with a programming model that offers full user transparency. 
However,, due to insufficient sustainability levels, no user transparent tool is found to 
providee an acceptable long-term solution. Based on these observations we propose a 
neww library-based software architecture for parallel image processing on homogeneous 
Beowulf-typee commodity clusters. Due to its innovative design and implementation 
thee architecture fully adheres to the requirements of user transparency and long term 
sustainability.. Consequently, the architecture constitutes a solution that is likely to 
bee acceptable as a long-term solution for the image processing community at large. 

Inn Chapter 3, we present the design philosophy behind the parallel image pro-
cessingg library, which is the core component of the developed software architecture. 
Primarily,, we focus on the problem of implementing the library such that code redun-
dancyy is avoided as much as possible, whilst ensuring efficiency of parallel execution. 
Too this end, we introduce the notion of parallelizable patterns, and discuss how paral-
lell  implementations are easily obtained by sequential concatenation of operations that 
aree separately available in the library. More specifically, on the basis of a set of fcmr 
datadata access pattern types, we define a default parallelization strategy for any operation 
thatt maps onto one of two parallelizable pattern types. For each parallel operation 
thiss default strategy is optimal, as it fully exploits the available parallelism with min-
imall  communication overhead. As such, we demonstrate that the presented design 
philosophyy allows for long-term architecture sustainability, as well as high efficiency. 

Inn Chapter 4, we indicate how to apply a simple analytical performance model 
inn the process of automatic parallelization and optimization of complete image pro-
cessingg applications. Existing approaches generally incorporate a direct relationship 
betweenn the estimation accuracy and the model's complexity (and thus: efficiency of 
evaluation).. To deal with this problem, we propose a semi-empirical modeling tech-
nique.. While being simple and portable, the approach also provides a sufficiently high 
estimationn accuracy. The approach is based on a high level abstract parallel image 
processingg machine (or APIPM) definition, which is designed to capture typical run 
timee behavior of parallel low level image operations. From the related APIPM in-
structionn set, a high level model is obtained that is applicable to all machines in the 
classs of target platforms. The essence of the semi-empirical modeling approach is that 
anyy behavior or cost factor that can not be assumed identical for all target platforms 
(suchh as interprocess communication, or caching) is abstracted from in the definition 
off  the model parameters. To still bind each abstract model parameter to an accurate 
performancee estimation for a parallel machine at hand, benchmarking is performed 
onn a small set of sample data to capture all such essential, but implicit cost factors. 
AA comparison of model estimations and experimental measurements indicates that, 
forr realistic applications, the APIPM-based performance models are highly accurate. 
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Chapterr 5 extends the APIPM-based performance models for more accurate esti-
mationn of the MPI message passing primitives used in the library implementations. 
Existingg communication models (such as LogP) do not incorporate all capabilities of 
MPI'ss send and receive operations. So far, the (often significant) effect of memory 
layoutt on communication costs has been ignored completely. In our software architec-
ture,, a higher predictive power is essential to perform the important task of automatic 
andd optimal distribution of image data structures. To this end, we define a new model 
(calledd P-3PC), that closely matches the behavior of MPI's standard point-to-point 
operations.. First, the model accounts for differences in performance at the sender, 
thee receiver, and the full communication path. Also, it models the impact of memory 
layout,, and accounts for communication costs that are not linearly dependent on mes-
sagee size. Experiments performed on two significantly different cluster architectures 
indicatee that, in comparison with related models, P-3PC is capable of more accurate 
estimationn of the communication overhead of typical image processing applications. 

Chapterr 6 discusses the automatic conversion of any sequential image processing 
applicationn into a legal, correct, and efficient parallel version. To this end, we define 
aa finite state machine (fsm) specification that guarantees the process to be performed 
correctlyy at all times. First, the fsm is shown to bring about a surprisingly simple and 
efficientt approach (called lazy parallelization) for communication cost minimization. 
Forr further optimization, the fsm is used in the construction of an application state 
transitionn graph (ASTG), that characterizes an application's run time behavior, and 
alsoo incorporates all possible (combinations of) parallelization and optimization de-
cisions.. As each decision is annotated with a run time cost estimation obtained from 
thee APIPM-based performance models, the fastest version of the program is repre-
sentedd by the cheapest branch in the ASTG. As the issue of automatic optimization of 
completee applications is the central, most essential problem our software architecture 
forr user transparent parallel image processing is confronted with, the applied solution 
combiness all of the results obtained in Chapters 3, 4, and 5. 

Inn Chapter 7, we give an assessment of our architecture's effectiveness in providing 
significantt performance gains. We describe the implementation and automatic par-
allelizationn of three well-known example applications that contain many operations 
commonlyy applied in image processing research. From the evaluation, we conclude 
thatt the performance obtained with the parallel versions generated by our software 
architecturee compares well to that of reasonable hand-coded parallel implementations. 

8.22 Discussion 

Inn this thesis we have aimed at the development of an effective programming tool 
thatt provides sustainable support in the implementation of parallel image processing 
softwaree by non-experts in high-performance computing. We believe that we have 
succeededd in that mission. In the very first place because the architecture shields the 
userr from all parallelization and optimization issues. As such, the architecture can 
bee used immediately, without requiring additional knowledge from the application 
programmer.. In the second place because the architecture allows its developers to 
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respondd to changing demands and environments quickly and elegantly. The applied 
designn philosophy has largely inherited this property from the sequential image library 
(Horns)) the architecture is based on (see Chapter 3). Finally, because the obtained 
efficiencyy was shown to be comparable to that of reasonable hand-optimized code. 
Thiss implies that the parallelization overhead induced by the architecture is marginal. 
Forr these reasons we conclude that the software architecture fully adheres to the 
requirementss of user transparency and sustainability as put forward in Section 2.3.1. 

Despitee this result, certain properties of the software architecture as described in 
thiss thesis are not always desirable. A first problem is due to the extensive use of 
abstractionss incorporated in the architecture. As pointed out in Chapter 3, among 
thee advantages of the use of abstraction and (parallelizable) patterns are a huge re-
ductionn in human software engineering effort, and enhanced software maintainability, 
extensibility,, reusability, and portability. However, there is a trade-off between the 
usee of specific and abstract libraries in terms of (sequential) processing speed. Also, 
abstractt libraries may have a long compilation time and large footprints due to the 
automaticc expansion of function instantiations. One way to overcome these disad-
vantagess is to build a tool that can automatically generate specific (even tailor-made) 
imagee processing libraries from the existing abstract implementations. 

AA second issue that was not discussed in this thesis, is the question of how to deal 
withh enormous amounts of input data. Applications working on video-sequences, or 
completee image databases, may suffer from a significant I/O performance bottleneck. 
Therefore,, it is essential to re-evaluate data I/O in our architecture, and to incorporate 
optimizationss accordingly. One solution may be to use data compression techniques 
inn software. However, research related to this issue may also lead to the conclusion 
thatt hardware extensions (e.g., MPEG-encoders and -decoders) are essential. 

AA problem with any library-based environment is that it can never provide a com-
pleteplete coverage of all desired functionality. As stated in Chapter 3, we estimate that 
thee algorithmic patterns available in our library cover over 90% of all low level imaging 
operations.. Additional patterns, such as for recursive neighborhood operations, and 
queue-basedd algorithms are currently under construction. Other algorithms (a.o., data 
dependentt operation) may not map onto one of the standard patterns, and also may 
nott parallelize well, because of irregular data access. In spite of this, we do not expect 
aa large amount of patterns to be added still, as one can compute only a limited variety. 

Inn conclusion: the work described in this thesis indicates that it is possible to 
providee an effective long-term solution to a difficult problem, basically by incorporat-
ingg a set of relevant high-level abstractions, and applying relatively simple methods 
forr resolution of each constituent sub-problem. We believe that a similar approach 
couldd be applicable in other fields of research as well, especially in areas where the set 
off  typical operations is limited — as is the case in low level image processing. How-
ever,, only time wil l tell whether our software architecture for user transparent parallel 
imagee processing indeed is the effective long-term solution we consider it to be. 


