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ABSTRACT 
In computer vision, segmentation refers to the process of partitioning a digital image into 

multiple segments. This process involves a high consumption of resources, both memory and 

CPU. Therefore, these applications are specially suited for HPC (High-performance computing) 

environments. 

Nowadays, a wide variety of methods and algorithms have been available recently to deal 

with the trouble of the segmentation of images, one of them is used in this project that was 

called PSRG. This algorithm was designed to be executed parallel. Parallel executions use MPI 

for performing the data distribution.  

We have considered interesting to enable these simulations on machines with different 

architectures and distributed over wide area networks, allowing them to run on 

heterogeneous architectures and/or operative systems. 

To achieve it, we started this project with an implementation of a CORBA−based 

communications library. 

Once the development finished, we proceed to evaluate the performance of this new 

version of PSRG. 

Keywords: High-performance computing, image segmentation, parallel execution, MPI, 

CORBA 
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First of all in this chapter, the purpose is to do an explanation about the context of the 

image segmentation process. Second of all, describing the main motivations that have 

permitted the author to come the decision of doing this research, whose results are given to 

expression in this final project of degree. Apart from these motivations, the main goals of this 

final project will be explained as well. At the end of this point, the outlines of this report are 

showed. 

1.1. Problem overview 

In computer vision, segmentation refers to the process of partitioning a digital image into 

multiple segments (sets of pixels, also known as superpixels). The goal of segmentation is to 

simplify and/or change the representation of an image into something that is more meaningful 

and easier to analyze. Image segmentation is typically used to locate objects and boundaries 

(lines, curves, etc.) in images. More precisely, image segmentation is the process of assigning a 

label to every pixel in an image such that pixels with the same label share certain visual 

characteristics. 

Under this set of ideas and after the analysis of several opinions, we can conclude the 

segmentation is the process of partitioning a digital image according to its structural 

components into homogeneous segments based on some of their characteristics such as 

texture or intensity (Pham, Xu and Prince, 2000). 

The outcomes of the digital image segmentation is a set of segments which cover whole 

the image or a set of contours extracted from the image. 

The image segmentation is a long problem which presents several difficulties and 

challenges because of two main reasons as Tu and Zhu have remarked (Tu and Zhu, 2002) 

The first challenge is the fundamental complexity of partitioning a global image as the set 

of structural components. The goal of the image segmentation is processing the global picture 

by detecting a set of regions that make it. The identification of these regions depends on 

aspects such as texture changes, light changes, curves, lines, etc. 

And the second challenge, which the image segmentations causes, is the own ambiguity 

that exists in the perception of an image. Real-world images are fundamentally ambiguous and 

our perception of an image changes with the pass of the time. 

The great development of personal computers allows you to find new applications for 

processing and digital image analysis. The segmentation of digital images is an important part 

of many tasks in the digital processing and analysis. A wide variety of methods and algorithms 

have been available recently to deal with the trouble of the segmentation of images. (Fu and 

Mui, 1981; Haralick and Shapiro, 1985; Pal and Pal, 1993), 

This variety of methods and algorithms can be broadly classified in four categories (Zhu 

and Yuille, 1996): 

 Edge-based techniques. 

 Region-based techniques. 

 Deformable models. 
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 Global optimization approaches. 

Processing and image analysis is a discipline that is rapidly expanding due to his numerous 

scientific and industrial applications. Without being exhaustive, we could list a few: video 

processing (with its multiple applications: vigilance, traffic control, tracking of moving objects, 

etc.) and the creation of tools for post-production digital film, the field of medical images 

(reconstruction, interpretation and diagnostic support), digital photography, stereo vision and 

three-dimensional reconstruction from video sequences, restoration and interpretation of 

satellite images, pattern recognition and image search on the web, image compression, 

surface processing, image synthesis and simulation of games and many more, both in the areas 

of basic research and applications. 

1.2. Motivation and goals 

The segmentation is the first step that has to be carried out in every application of image 

analysis. Therefore, getting reliable results in this phase is really important because they 

become fundamental for the further development of the application. 

Nowadays, there is a wide variety of application which is based on segmentation, like we 

could read in the previous section. In these and much more, is essential to know how many 

elements compose the image, their positions, etc. Definitely during the segmentation process 

is not a concern to know what each object is, but knowing where there is an object in the 

image. 

For some of us identifying and recognizing an object in an image can be a simple task. 

Nevertheless, automating this action that common to the human eye can become an arduous 

task for an image processing algorithm, and this is the problem of image segmentation 

algorithms seek to solve. Proof of this is the current state of the problematic, which presents a 

wide range of possibilities with results "are not always satisfactory." 

In order to deal with the problem of the appearance of results "are not always successful”, 

depending on the algorithm used, an algorithm was developed (Pichel, Singh and Rivera, 2005) 

using MPI 1.2 for communication between different machines that are responsible for 

processing each partial segmentations. Thus this algorithm divides the image into regions and 

then sends each of these areas to a machine for being processed by each processor. Figure 1 

shows a flow diagram implementing the algorithm. 

  

                                                           
1
 MPI: Message Passing Interface 
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Apart from the possibility of not obtaining satisfactory results, the cost of processing an 

image, with the aim of finding an object, can be very high. Faced with this problem, it is not 

unreasonable; consider using distributed systems in image processing. It should also be noted 

that the use of different machines would allow each user to work on an own platform with a 

different programming language, and thus it would not be subject to a certain platform or 

programming language. For this reason, the motivation of this project is to use parallel 

algorithm of segmentation in heterogeneous platforms. 

Message Passing Interface is an API specification that allows processes to communicate 

with one another by sending and receiving messages. It is typically used for parallel programs 

running on computer clusters and supercomputers, where the cost of accessing non-local 

memory is high. 

The advantage MPI over other message passing libraries is that programs that use the 

library are portable (because MPI has been implemented for almost every distributed memory 

architecture) and fast (because each implementation of the library has been optimized for the 

hardware on which it runs). But the disadvantage of MPI is that it is little flexible in distributed 

environments or heterogeneous platforms. 

Currently, the design of distributed applications is greatly facilitated by the design of 

systems based on the use of distributed objects because and according to Maffeis and Schmidt 

(1997), the communication software and distributed services for next-generation applications 

must be reliable, efficient, flexible and extensible. 

Figure 1. Functional scheme of the algorithm. 
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A distributed object system is a distributed system in which all its entities are modelled as 

objects and the set of requirements that have been listed in the previous paragraph motivate 

the use of this kind of system.  

In this context, one of the most widely distributed architecture is CORBA2. CORBA is a 

standard architecture for distributed object systems. CORBA allows distributed and 

heterogeneous collection of objects to interoperate between them. This way, as an 

improvement against the disadvantage that MPI offers, CORBA provides interoperability that 

will allow distributed application to be much more flexible allowing different developers to 

work with different programming languages and different platforms. 

The objective of this project is to evaluate the possibilities of using CORBA for high output 

computing in order to achieve effectively reduce (through parallel computing) the time of 

execution of an application. As a case study, the writer proposes the development of an 

application that uses image segmentation CORBA distributed object invocations as the 

communication protocol. 

On this project the student is working with distributed systems but the developers of 

distributed systems must consider a set of features which they have in common or different 

between distributed systems and local systems. Table 1 shows the differences to be found 

among objects that are located in the same process, and objects that interact beyond the 

limits of a process or machine. 

 LOCAL DISTRIBUTED 

COMUNICATION Fast Slow 

ERRORS Objects fail together. 
Objects fail independently. 

Network can fail as well. 

CONCURRENT ACCESSES Only with multiple threads. Yes 

SAFETY Yes No 
Table 1. Local systems VS Distributed systems. 

Given the reasons raised above, and the problems that the use of MPI creates in the use of 

distributed systems, the first goal, which this final project has the purpose of achieving, is to 

replace the algorithm coded in MPI with CORBA code. All these changes have to be 

transparent to users. 

One of the benefits, that CORBA provides, is the services that are provided by distributed 

objects, which are registered in the object space, are given by its interface, and this interface is 

defined in IDL3. IDL is a global language for every programming language and different 

platforms. This means that in this project, I will focus on translating from communications 

taking place currently in MPI into CORBA communications because the definition of the 

interface in the IDL does not need to translate from the C code into any other programming 

language. 

It is obvious that in this final project not only I replace the code, but also we must carry out 

a study of output after the changes. This output study uses different images with different 

                                                           
2
 CORBA: Common Object Request Broker Architecture 

3
 IDL: Interface Definition Language 
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sizes and are processed on a local computer whose features are described in section 4.3. In the 

output evaluation, a comparison about memory and disk overhead is made. We analyze the 

performance that the system should be offered (communication times and computation 

times). And, in the end, the results which have been got are analyzed. 

Final goal of the final thesis is to examine the suitability of CORBA with the algorithm 

which this job has begun with, providing a set of conclusions obtained after the completion of 

the project. In addition to indicating possible directions for future researches and explore 

possibilities for improvement or extension of this project. 

In other words, the aim of this project is to carry out a feasibility study to analyze if we 

can use CORBA instead of MPI. 

1.3. Report Structure 

This final Project about “Design of a parallel application of image segmentation based on 

CORBA” is organised as follows. 

The first point speaks about a brief introduction of the social and technologic context 

where the image segmentation problematic gets found right now. Thus, this section contains a 

description of the problem, the motivation because of the project idea appeared and the 

object that the student tries to reach with this research. The last point into this section is a 

brief explanation about the structure of the report. 

The second point describes the image segmentation method, explaining how MPI is used 

to deal with the segmentation problem. And the last aspect, which is dealt in this section, is 

the description of input data and their formats in the algorithm. 

Thirdly, we can find a section where the author describes the different changes that are 

compulsory to replace the MPI algorithm with CORBA programming language also specifying 

the set of UML requirements that are fundamental. Moreover the communication system 

which is used to swap several data is dealt as well as initialization routines, communication 

routines and data swapping or routines of data gathering. 

Fourth of all, comparative study was performed in output between MPI and CORBA to 

analyze the segmentation algorithm in CORBA as well as the overhead, benefits and results 

which are obtained. 

In the fifth point, the author explains different conclusions which were obtained during the 

development of this project. Also some future outlines topics are shown to be continued. 

Finally, in the last point appears a detailed estimate of project budget. 

Apart from all these points, there is an appendix where the writer describes the user 

manual with appropriate explanations about the installation and implementation. 
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In this section, the goal is to establish and explain the state that the problem of image 

segmentation is currently. To do this, first of all we have to define what segmentation image 

means. Then we analyze the model using previous researches by experts. 

Once established the context of the problem, the algorithm on which we have used as 

basis algorithm to replace the MPI communication routines with CORBA communication 

routines is explained in detail. 

In the end, we detail the different input images and their formats which are used in the 

comparative studies between MPI algorithm and CORBA algorithm. 

2.1. Description of image segmentation model 

Image segmentation is a long standing problem in computer vision and there is a wide 

variety of articles within this volume make use of segmented data, demonstrating the 

importance of segmentation in a range of disciplines, as Sheppard; Sock and Averdunk check 

(2004). Also it is found difficult and challenging for two main reasons as Tu and Zhu have 

remarked (2002): 

“The first challenge is the fundamental complexity of modelling a vast amount 

of visual patterns that appear in generic images. The objective of image 

segmentation is to parse an image into its constituent components. The latter are 

various stochastic processes, such as attributed points, lines, curves, textures, 

lighting variations, and deformable objects. Thus, a segmentation algorithm must 

incorporate many families of image models and its performance is upper bounded 

by the accuracy of its image models. 

The second challenge is the intrinsic ambiguities in image perception, especially 

when there is no specific task to guide the attention. Real world images are 

fundamentally ambiguous and our perception of an image changes over time.” 

In fact as Marr’s approach says (1982), one of the most important problems with which the 

development of theories of vision have found to achieve the successful has been a tendency to 

underestimate the complexity of the problem, precisely because human performance is both 

prodigious and mediated. To do this and as Wilson and Spann think (1988:2), might be added 

that, vision in general and segmentation in particular are afflicted by various types of 

uncertainty, whose combined effect is to render most simple techniques ineffective. Actually 

this is the same with other perceptual tasks. 

The segmentation term covers a wide range of processes through which we get the 

division of the image in different disjoint spatial regions according to certain homogeneity of 

them. This homogeneity is defined according to a several criteria such as: 

 Features of low level (colour or texture). 

 Previous knowledge of image (smooth edges). 

 Features of high level (semantic models). 

 Or even user interaction. 



Page 15 of 76 
 

Image segmentation is a fundamental step in understanding the 

structure and identification of objects in an image and agreed with Zhang and Gerbrands 

(1994), it is one of the most important tasks in automatic image analysis because the results 

that are obtained from it may affect all the next tasks and steps. 

The differentiation of areas from an image, which correspond with homogeneous areas 

and/or major regions known as semantic objects, is often established as the first step in many 

applications such as applications that were mentioned in the introduction section. 

In the beginning, image segmentation was often defined as the problem of localizing 

regions of an image relative to content (e.g., image homogeneity). However, further image 

segmentation approaches have provided interactive methods that implicitly define the 

segmentation problem relative to a particular task of content localization.  Grady considers 

that these new approaches to image segmentation require user (or pre-processor) guidance of 

the segmentation algorithm to define the desired content to be extracted. 

According to Grady, a practical interactive segmentation algorithm must provide four 

qualities (2006): 

1. Fast computation. 

2. Fast editing. 

3. An ability to produce an arbitrary segmentation with enough interaction. 

4. Intuitive segmentations. 

The problem, which image segmentation problematic presents, is that there is not any 

algorithm which can be use in every image. One of the reasons that is given by Fu and Mui 

(1981) is that a two dimensional image can represent a potentially infinitive number of 

possibilities. Because of this, we do not have a general image understanding system. 

As a result of the wide variety of approaches and segmentation methods which have been 

proposed throughout the literature, as well as exhaustive researches (Fu and Mui, 1981; 

Haralick and Shapiro, 1985; Pal and Pal, 1993) and which try to solve different image 

segmentation troubles, the need to group all of these segmentation methods emerges. 

On the other hand only few methods for their evaluation and comparison have been 

proposed as Zhang and Gerbrands perceive (1994). But this paper does not try to deal with 

methods for the segmentation methods evaluation. 

To get back to what I was saying, there are a lot of different ways to put approaches and 

segmentation methods into a group. In fact some authors consider that the best way is to 

group them according to: 

 Based on regions, which depend on the homogeneity of spatially localized 

features. 

 Based on contours, which usually use gradient information to locate the edges of 

the different areas. 
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On the other hand, the level of information used to group is another interesting criterion, 

which is taken in account in other researches (Ortiz, 2009; Sheppard, Sock and Averdunk, 

2004). Where the division would be: 

 Bottom-up, where efforts will be to detect meaningful entities (ideally objects) 

only from the analysis of the visual characteristics of the image, such as uniformity 

of colour, texture and geometric features. The main disadvantage of this idea is 

the complexity of the algorithms. 

 Top-down, where the image is segmented into objects whose characteristics 

match those more closely with those of the models used. In this case, the 

geometric features are also used to analyze the sought objects. The main 

disadvantage is the dependent restriction of applications. 

Other authors like Fu and Mui (1981) consider that this wide variety of segmentation 

techniques can be classified in three categories, such as: 

 Characteristic feature thresholding or clustering. 

 Edge detection. 

 Region extraction. 

Agree with which Fu and Mui remark (ibid), the philosophy of the characteristic feature 

thresholding or clustering approach is basically a global one because some aggregate 

properties of the features are used and its problem is if the assumption that different classes 

of segments of an image are represented by distinct “modes” in the distribution of suitably 

chosen features extracted from the image is not true, the technique will fail. 

Above the second category, edge detection is a picture segmentation technique based on 

the detection of discontinuity, understanding by an edge or boundary the place where there is 

more or less abrupt change in gray level (ibid). And a different way to do image segmentation 

without looking for boundaries of regions is to split up the image into regions. This is the basis 

idea of the region extraction category that Fu and Mu describe (ibid). 

Further researches done, like Wilson and Spann’s research (1988:7), consider that among 

the wide among of techniques that have been advocated, it is possible to group segmentation 

methods into three groups such as: 

 Statistical classification. 

 Edge detection. 

 Region growing. 

Taking into account Fu and Mui’s research (1981) and Wilson’s classification (Wilson and 

Spann, 1988:7), we can conclude that both analyses about state of image segmentation art are 

quite similar. 

For instance, a good definition of the group of algorithms that can be put into region 

growing group could be given by Bader, Jájá, Hardwood and Davis (1996) who think region 

growing is a class of techniques for segmentation algorithms where, typically, regions are 

constructed by an agglomeration process that adds pixels to regions when those pixels are 
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both adjacent to the regions and similar in property. Each pixel in the image receives a label 

from the region-growing process. As a result of this, different pixels will have the same label if 

and only they belong to the same region. 

Another interesting classification, which was used by Pichel, Singh and Rivera to develop 

the basis MPI algorithm that is replaced with CORBA (2005), can be the classification that was 

done by Zue and Yuille in 1996 (1996) where segmentation methods are classified in four 

categories and they have already been mentioned in the introduction section. These 

categories are: 

 Edge-based techniques. 

 Region-based techniques. 

 Deformable models. 

 Global deformable approaches. 

“The edge-based techniques are based on information about the boundaries 

of the image. [...] On the other hand, those methods that use spatial information of 

the image (e.g. colour or texture) to produce the segmented image fit into the 

region-based techniques.[...] The deformable models are based on curves or 

surfaces defined within an image that moves due to the influence of certain forces. 

[...] All of these techniques avoid the use of a global criterion when segmenting the 

image, which is contrary to the global optimization approaches.” (Pichel; Singh; 

Rivera, 2005) 

2.2. MPI in the image segmentation algorithm 

In this section I give an overview of MPI itself, describing briefly the evolution that MPI has 

changed, and reviewing the history of the development of the project. 

In light of the fact that every home computer has multi-core processors, parallel 

computing is at the verge of a new era. This situation makes parallel computing a fundamental 

skill required by all computer scientists to solve complicated algorithms. (Keller, Gabriel and 

Dongarra, 2010: Preface). 

There are a lot of factors which have stimulated the evolution of parallel computers, as 

remark Gropp, Lusk and Skjellum (1999:1). Some of them could be such as the speed of light 

and the effectiveness of heat dissipation impose physical limits on the speed of a single 

computer; the cost of advanced single-processor computers increases more rapidly than their 

power and price/performance ratios become really favourable if the required computational 

resources can be found instead of purchased, etc. 

With the aim to deal with parallel programming, the message-passing model of parallel 

computation has emerged as an expressive, efficient and well-understood paradigm (Gropp, 

Lusk, Doss and Skejllum, 1996). 

When a product forms the basis for the subsequent development of a variety of other 

products there may be a need to develop a standard specification for it. In fact the creation of 
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a programming standard is one of the most important points to provide portability to software 

which later will be based on such standard as Hempel and Walker perceive (1999). 

Moreover a programming interface is a good candidate for standardization if it embodies a 

level of abstraction appropriate to the needs of the end-users (ibid). 

Several researches remarked the growth of parallel computing and many standardization 

projects began to appear before MPI. In fact vendors of parallel computing system, while 

embracing standard sequential languages, offered different, proprietary message-passing 

libraries and as Gropp, Lusk and Skejllum detect (1999:10), there are two fundamental reason 

for this situation: 

First of all and coinciding with Hempel and Walker’s idea (1999), no standard emerged and 

no coherent effort was made to create one. 

Secondly and as a consequence of there was not any standard, vendors quite rightly 

treated the excellence of their proprietary libraries as a competitive advantage and focused on 

making their advantages unique, that means non-portable. 

In this environment, the process of creating a standard to enable portability of message-

passing applications codes began at a workshop on Message Passing Standardization in April 

1992, and the Message Passing Interface (MPI) Forum organized itself at the Supercomputing 

’92 Conference. Not only the process to define a standard began in that moment but also the 

project to provide a portable implementation of MPI began at the same time as the MPI 

definition process itself. And of this way both the standard of message-passing applications 

codes (MPI) and a first version implementation of this standard (MPICH 1) came up. The idea 

was to provide early feedback on decisions being made by the MPI Forum and provide an early 

implementation to allow users to experiment with the definitions even as they were being 

developed. 

MPI is the instantiation of the Message-Passing Model and as such has a set of advantages 

in front of others models: (Gropp, Lusk and Skejllum, 1999:9). 

 Universality: this model fits well on separate processors connected by a 

communication network. Thus, it matches the hardware of most of today’s parallel 

supercomputers 

 Expressivity: message passing model has been found to be a useful and complete 

model in which to express parallel algorithms. It provides the control missing from 

the data-parallel and compiler-based models in dealing with data locality. 

 Ease of debugging: one of the most common causes of error is unexpected 

overwriting of memory and this debugging is not easy. Although the message-

passing model, which controlling memory references more explicitly, makes it 

easier to locate erroneous memory reads and writes. 

 Performance: it is one of the most important causes because of message passing 

model will remain a permanent part of the parallel computing environment 

because provides a way for the programmer to explicitly associate specific data 
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with processes and thus allowing the compiler and cache-management hardware 

to function fully. 

As Hempel and Walker emphasize (1999), the idea of communicating sequential processes 

as a model for parallel execution is the basis of the message passing paradigm. This pattern 

adopts a distributed process memory model, where each process has its own local address 

space. Processes work together to perform a task by independently computing with their local 

data and communicating data with other processes by explicitly exchanging messages. This 

way parallel execution can be carried out. 

With regard to features that the message passing interface standard offers, MPI includes 

point-to-point message passing and collective operations. Moreover, MPI provides 

abstractions for processes at two levels. First of all, processes are named according to the rank 

of the group in which the communication is being carried out. Secondly, virtual topologies 

allow for graph or Cartesian naming of processes. Also MPI provides three additional classes of 

services: environmental inquiry, basic timing information for application performance 

measurement, and a profiling interface for external performance monitoring. 

MPI, with well-defined constructors and destructors, has an object-based look and fell. 

User-defined and predefined data types allow for heterogeneous communication and 

descriptions of gather/scatter semantics in send/receive operations as well as in collective 

operations (Gropp, Lusk, Doss and Skejllum, 1996). 

Consequently, MPI has a wide variety of features but all of these features were not used in 

the basis algorithm that later was replaced with CORBA communication. As I have already 

remarked in the introduction section the goal of this project is to evaluate the possibilities of 

using CORBA for high output computing in order to achieve effectively reduce (through parallel 

computing) the computation time and the communication time of this algorithm that is 

implemented with MPI. Therefore the just routines that are important to me are those 

belonging to the MPI library and which produce a communication between different 

processes. 

Due to this point, one of the first things I did when I was analysing the code was to make 

notes of some important ideas to understand how the code had been implemented and how it 

works. The ideas are the followings: 

 There just is a communicator. For this reason we do not have to considerer any 

another communicator where there could be any process that was working. 

 The variable ‘myrank’ stores the identification number of a process and it can be 

reused. 

 The variable ‘nprocs’ stores the number of processes that are working in an execution 

and it can be reused. 

 The parameter ‘MPI_ANY_SOURCE’ allows a process to receive a message from any 

another process. 

 Exist a group of functions which were defined for the previous programmer and they 

are used in collective functions such as ‘MPI_Allreduce’. 
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As you can see in the figure 1 about the functional scheme of the algorithm, which you can 

find in the introduction section, there is a first step where the image is divided in different 

regions so that these regions will be analysed for every process. But before sending this group 

of regions, they have to be worked out by the root process so that the root process sends each 

region to its respective owner. When the root process wants to send the group of regions to 

the rest of processes, firstly it needs to pack all of this information with a MPI routine because 

this data are not contiguous. So I would have to remind this peculiarity as well. 

This means to send the initial regions with which each process has to work parallel with 

the rest of them, the root process needs two MPI routines: 

 Note: This routine is to pack the regions. 

 int MPI_Pack ( void *inbuf, int incount, MPI_Datatype datatype,  

   void *outbuf, int outcount, int *position, 

   MPI_Comm comm ) 

 

 Note: This routine is to send the regions to the rest of 

processes. 

 int MPI_Send(void *buf, int count, MPI_Datatype datatype, 

   int dest, int tag, MPI_Comm comm ) 

 

Afterwards every processes receives the group of regions which they have to analyse, each 

process begins working in parallel with others and all of them make the same operations but in 

different regions. First they have to unpack the received data. So they are using the following 

routines: 

 Note: This routine is to receive the regions. 

 int MPI_Recv( void *buf, int count, MPI_Datatype datatype, 

   int source, int tag, MPI_Comm comm, 

   MPI_Status *status ) 

 

 Note: This routine is to unpack. 

 int MPI_Unpack ( void *inbuf, int insize, int *position, 

   void *outbuf, int outcount, 

   MPI_Datatype datatype, MPI_Comm comm ) 

 

Then, each process carries out several collective operations. And all of these collective 

operations use the following MPI routine: 

 Note: This routine is to execute a collective operation. There 

are five calls in the algorithm. 

 int MPI_Allreduce ( void *sendbuf, void *recvbuf, int count, 

    MPI_Datatype datatype, MPI_Op op, 

    MPI_Comm comm ) 

 

Finally, each process has to send its results to the root process and this action is 

asynchronous. Thus this peculiarity also has to be taken into account. Thus the MPI operations 

which are used are: 
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 Note: This routine is to send results to root process, it is 

asynchronous. 

 int MPI_Bsend( void *buf, int count, MPI_Datatype datatype, 

   int dest, int tag, MPI_Comm comm ) 

 

 Note: This routine is to receive results from every process. 

 int MPI_Recv( void *buf, int count, MPI_Datatype datatype, 

   int source, int tag, MPI_Comm comm, 

   MPI_Status *status ) 

 

2.3. Input data: format of images 

In this section, I am explaining which input images were used to collect the final times with 

which, in the end, I could do the graphics to compare the main MPI differences to CORBA 

differences, above all time differences. 

The format of these images is with the extension .sq, but it does not mean anything 

because the content of these files is just plane text. In fact if the user wants to watch the 

image on a graphic way, he has to change the format of these files, because the .sq extension 

just contents plane text for a common text editor and this way you would not be able to watch 

the image. The file extension that you have to use if want to see the image is any of the 

members of a set of closely related graphics formats used and defined by the Netpbm project: 

the portable pixmap format (PPM), the portable graymap format (PGM) and the portable 

bitmap format (PBM). 

These formats are image file formats originally designed to be easily exchanged between 

platforms. They are also sometimes referred to collectively as the portable anymap format 

(PNM). 

For the project, I was just interested in watching the image to see what the algorithm was 

going to process, so I replace the original file extension (.sq) with the portable graymap format 

(.pgm). This extension is a grey graphic format that uses 8 bits if the maximum grey value is 

255, 16 bits if the maximum grey value is upper than 255 and lower than 65536. This kind of 

extension contents plane text and it can be modified by a common text editor. Moreover if I 

wanted to do in the right way this change, I would have to add a header at the beginning of 

every original image file. The header is the following code: 

P2 

 702 575 

 255 

After this header, you can find the same plane text that the original file. 

Moreover there are others important input data. There are three parameters else: the 

number of processes that the user wants to use to do the test (that it is specified in command 

line) and also in command line there are two parameters else: the name of the image that you 

want to analyze and the source of the file that you want to use like your source file to count 

the number of regions that the original image has been split up. 

http://en.wikipedia.org/wiki/Image_file_formats
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This second parameter is quite important, because at the same time as you have to change 

the name of the original image with which you want to do the test, you must change the 

source file that permits us to get the number of regions of that image. The purpose of these 

another kind of files is to put a set of seeds in different parts of the image. These seeds are 

going to be used to find different regions in the image by the algorithm. Then these regions are 

sent to different machines to be processed. 
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In the motivation and goals section, I have already mentioned what disadvantages MPI has 

and what advantages CORBA has. Thus in this section, the CORBA functions that have been 

used to replace MPI communications with CORBA communications are explained in detail. 

Another point that has to be mentioned is all of the CORBA communications functions, 

which are used in this project, have their source from a previous final project developed by 

Francisco Javier Aliseda Casado (Aliseda, 2010) and presented in 2010 at Carlos III University in 

Madrid. 

Therefore every features of each CORBA communication function, which are explained in 

next sections, were set up; developed and explained in following project: Design of a 

Molecular Dynamics Simulator Based on Corba. 

Moreover it is important to say all of CORBA functions that were implemented by Aliseda 

Casado F.J. (ibid) are not used in this project. Consequently in following sections, just used 

functions in this project are described. 

3.1. CORBA background 

Previously, I consider quite useful to explain briefly both some features about CORBA and 

its origin. 

‘The common object request broker architecture is an emerging standard for distributed 

object computing (DOC) middleware.’ (Schmidt, Levine, Mungee, 1998). 

This standard architecture was developed by OMG for those real-time application domains 

that can benefit from flexible and opened distributed architectures. Because of this, I agree 

with Pope’s idea (1997:61) about CORBA is a communication facility specifically for objects. 

According to Pope (ibid), CORBA is a layer of abstraction that hides the differences in a 

heterogeneous environment behaving as a middleware that sits between the application and 

the network operating system. Moreover and agree with Schmidt Levine and Mungee’s point 

(1998), behaving as a middleware, it removes many tedious, error-prone, and non-portable 

aspects of developing and maintaining distributed applications by automating common 

network programming tasks such as object location, object activation,  parameter marshalling, 

fault recovery and security. 

As it is mentioned in previous paragraph, CORBA is created for computing distributed but 

also users can use CORBA in local system as well. Readers should remind that there are 

important differences between local systems and distributed systems, as it is remarked in 

Table 1 in Motivation and goals section. 

The CORBA architecture is defined for distributed object computing and its basic paradigm 

consists of asking a service to a distributed object. To know which set of services are supplied 

to rest of users, it is need to define an interface that is defined in IDL (Interface Definition 

Language). To access to these services, the entity which is interested in these services needs to 

get the distributed object reference.  The figure 2 shows how CORBA works where a client has 

the object reference, which is described by an interface in IDL (Rabbit), and ORB delivers the 

request to the object which returns the result to the client. (Avila, 2011). 
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Figure 2. CORBA running. 

ORB is in charge of implementing the request to remote object where client object, which 

requests a service, can be written in a different programming language from the object 

implementation. Thus, this step is transparent to the user. 

In CORBA, an interface is a collection of three things: operations, attributes and exceptions 

and agree with Pope’s definitions of three elements both (Pope, 1997:63), an operation is the 

same as a function call or method invocation where it passes a message to an object to 

perform some request. 

On the other hand, an attribute is something similar to some visible information (state or 

data) that an object possesses. In IDL, there are just read-only and read-write attributes. If user 

wants to access to an attribute he should do it through an operation. This means that 

attributes are really accessor (a get operation) and mutator (a set operation). 

Finally, an interface may have some way to control one or more exceptional conditions 

associated with it. So there may be the possible failure conditions that one may generate when 

an unexpected condition happens. Consequently, the exception is a part of an operation 

definition. Thus an interface is just a collection of operations. Exceptions are singled out 

partially because they are exceptional. Attributes are singled out because they are operations 

that have very little interesting behaviour and appear visually distinct in an interface. 

After this explanation, readers are ready for reviewing the IDL that is reused in this project 

and implemented in the previous final project. (Aliseda, 2010). 

This set of methods is used by the several of routines that are explained in the section 3.4. 

Each one of them with its flow diagrams. 
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As you can see in this interface, firstly the set of buffers, which are going to be necessary 

to communicate between different nodes, are defined. Moreover, there is a function to 

initialize parameters (initialize), functions to communicate between nodes (set and get, 

depend on the data type that is used) and a barrier function and a reduce function. 

As I have already remarked, the ORB service is quite important to keep the transparency of 

service requests for client because this service is the responsible for translating a request that 

has been executed in a programming language to the programming language that the 

distributed object has been implemented. I mean, this service is the responsible for 

heterogeneous collections of object which CORBA allows working.  

But every programming language needs its own ORB, depends on programming language, 

this implementation will be one or other. In this project, the programming language that has 

been used is C and the environment is GNOME. Consequently the implementation of ORB for C 

and GNOME is ORBit. 

As good is pointed out by Stajich, Block and Boulez (2002); CORBA provides an architecture 

for enabling the interoperability not only through the invocation of external programs, but also 

through invoking methods on remote components possibly written in a different programming 

module corbanetwork { 

 

 typedef sequence<octet> bufferByte; 

 typedef sequence<long>  bufferInt; 

 typedef sequence<float> bufferFloat; 

 typedef sequence<double> bufferDouble; 

 

 interface Storage { 

 

  long initialize (in long numNodes, in long nodeId); 

 

  long  setByte (in long idSender, 

    in bufferByte buffer); 

  bufferByte getByte (in long idSender); 

   

  long  setInt (in long idSender, in bufferInt buffer); 

  bufferInt getInt (in long idSender); 

 

  long  setFloat (in long idSender, 

    in bufferFloat buffer); 

  bufferFloat getFloat (in long idSender); 

 

  long  setDouble (in long idSender, 

    in bufferDouble buffer); 

  bufferDouble getDouble (in long idSender); 

 

  long barrier (in long state); 

 

  long allreduce (in long datatype, 

    in long operation); 

  }; 

 }; 
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language from the calling component and one of its implementations that is available from 

open-source project is ORBit. 

In addition to this and according to the Gnome Foundation points out (The Gnome 

Foundation, 2008), ORBit achieves with two requirements of GNOME project such as: 

1. It is open-source project, as it has already been mentioned (Stajich, Block and 

Boulez, 2002). 

2. It is one of the fastest ORB’s that nowadays there are in the world. 

Another good point of ORBit is that is quite light that permits being a perfect environment 

for GNOME. Last advantage, which ORBit offers, is that speed is practically the same when you 

execute a local request as a call function because it automatically detects that all 

communications are carried out in the same machine and in this case, it deactivates an 

important part of CORBA communication protocol complexity. (The Gnome Foundation, 2008) 

3.2. UML requirements 

To implement the image segmentation algorithm v1.3 with CORBA communication 

functions, it was need to re-use the CORBA functions set up by Aliseda Casado F.J. and replace 

the MPI communication functions with some of these CORBA functions (Aliseda, 2010). 

These new functions were defined in the file whose name is ‘corbanetworkpfc.h’ and 

implemented in the file whose name is ‘corbanetworkpfc.c’. 

Due to this, the UML requirements have been obtained since analysis of files both and 

analysis of the image segmentation algorithm v1.3 to find the MPI functions which were 

described in the section 2.2. They can be checked in Figure 2. 

As reader can observer in the diagram, the functions set up by Aliseda (ibid) cover every 

MPI functions which are used by image segmentation algorithm. There is a peculiarity in one of 

the MPI functions. The function “MPI_Bsend” is asynchronous and all of CORBA functions are 

synchronous. Consequently this MPI function cannot be replaced with a CORBA functions 

directly because it would not work. 

With the purpose of solving this problem, the image segmentation algorithm was changed. 

These changes are not very important, but affect to the algorithm when the root process 

collects each result from the rest of processes. Anyway, the set of changes carried out are 

explained in section 3.6. 
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CORBA Network

MPI_Init

MPI_Finalize

MPI_Barrier

MPI_Allreduce

MPI_Recv

MPI_Send

CORBA_Init

CORBA_Send

CORBA_Recv

CORBA_Allreduce

CORBA_Barrier

«uses»

«uses»

«uses»

«uses»

«uses»User

 

Figure 3. Use Cases Diagram. 

Based on the requirement analysis and on the work developed by another student of 

Carlos III University, who had already forecasted the possibility of this project in his section 

“Future works” (ibid), it is necessary to re-use a new library CORBANetwork 

(‘libCORBANetworkPFC.so’) that implements these new basic functions of communication: 

 CORBA_Init 

 CORBA_Send 

 CORBA_Recv 

 CORBA_Allreduce 

 CORBA_Barrier 

Apart from using this new library, I have to include this library in the algorithm so that it 

will be used. Because of this, the new algorithm uses the functions which are defined in the file 

whose name is ‘corbanetworkpfc.h’ where the CORBA calls which are equal to MPI calls but 

they use the library ‘libCORBANetworkPFC.so’. Consequently, we have the following 

architecture (Figure 4): 
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IMAGE SEGMENTATION ALGORITHM

CORBANetwork

CORBA

OPERATING SYSTEM

 

Figure 4. Architecture of system. 

Therefore the idea of this project is to integrate these functions, which previously were 

used, in the algorithm of image segmentation v1.3. 

3.3. Communication states 

In this section, I am describing the different states through a communication between 

different nodes can go. The state diagram is the following figure: 

READY

READING WRITING

COMPLETE

NOT_READY

CORBANetwork_Initialize

CORBANetwork_Set

(writing)

CORBANetwork_Get

(completed reading)

CORBANetwork_Set

(completed writing)
CORBANetwork_Get

(reading)

 

Figure 5. State diagram of communication. 
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Each node has a buffer for each other that takes part in the communication activity. 

Although the memory will be reserved when this is necessary. Moreover each of these buffers 

has a flag that indicates the current buffer state for that node, indicating that if this buffer can 

be written by another node or if this node has to wait for a while to try to write in the buffer. 

Now, the meaning of each state is described: 

 NOT_READY: the node has not been initialized yet. Thus it neither sends nor 

receives in any buffer. 

 READY: the node has already been initialized and the buffer of the corresponding 

node is available (it is free or GET has just been completed). 

 WRITING: The buffer of the corresponding node is being written by a sender node 

(executing SET). 

 READING: The buffer of the corresponding node is being read by a receiver node 

(executing GET). 

 COMPLETE: the corresponding writing has been completed (completed SET) 

3.4. Communication routines implementation based on CORBA 

According to the algorithm scheme, the basic functions of communication can be put into 

three groups. 

1. Initialization routines. 

2. Communication/Swapping routines for data. 

3. Gather routines of data. 

Regarding these functions, I am explaining each it. In this explanation, both the purpose of 

the function and the set of parameters, which it needs, are detailed. 

3.2.1. Initialization routines: 

The initialization routines have the goal of setting up the necessary structure for next 

communications between different objects which have registered in ORB. The function that 

covers this purpose is CORBA_Init: 

 void CORBA_Init (int num_nodes, int my_rank) 

 

 As parameters, it needs: 

- num_nodes: Nodes number that have been lunched in the execution. 
- my_rank: node identification number which calls this function. 

 

Its execution flow is described in the following diagram: 
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Get SIGINT signal and SIGHUP signal

Initialize log files

Throw a new thread for communications

Initialize CORBANetwork server

Save in shared file the assigned IIOR 

Read the assigned IIOR

Instanciate the referenced object for the IIOR

Call CORBANetwork_Initialize function

The signals are caught to return the 
buffer memory back when the 
carrying out finishes.

 

Figure 6. Flow diagram of CORBA_Init. 
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The function CORBANetwork_Initialize that you can find in the library whose name is 

CORBANetwork, does the initialization of attributes and buffers according to the following 

diagram flow: 

Initialize receiver buffer according to node and data type

Change all of buffer states to “READY” for each node

Change the own node state to “READY”

Initialize “numNodes” and “nodeId” attributes

Print message out initialize function

 

Figure 7. Flow diagram of CORBANetwork_Initialize. 

3.2.2. Communication/Swapping routines for data: 

The communication/swapping routines are the responsible of realizing the same 

operations as the MPI communication/swapping routines, but in this case, these functions use 

CORBA. In previous paragraph, I have already said that MPI offered a big set of communication 

routines depending on the type of data that you want to send or receive and if you want a 

synchronous function or an asynchronous function. 

But one of this project’s differences from Aliseda’s (ibid) project is I do not use all of the 

functions. In fact there are just two functions which are been used to communicate and swap 

data. They are CORBA_Send and CORBA_Recv. 

One of communication/swapping functions is CORBA_Send which executes an operation of 

sending between two nodes. 

 int CORBA_Send (int nodeId, void *buf, int count, int datatype, 

   int dest) 

 

 As parameters, it needs: 
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- nodeId: node identification number that calls the function. 

- buf: initial address of send buffer. 

- count: number of elements of send buffer. 

- datatype: data type of each send buffer element. 

- dest: rank of destination. 

 

The execution flow of this function is described in the following activity diagram: 

Print message in log file

Set up object

Initialize sender CORBA buffer

Call CORBANetwork_Set function of receiver object

Print sending message out

Has the object been 

already created?

SI

NO

 

Figure 8. Flow Diagram of CORBA_Send. 

As you can see in this diagram, this function calls the function CORBANetwork_Set that is 

based on CORBA, which is the function that copies data from sender buffer to CORBA common 

buffer. Its execution flow is: 
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Print message in log file with the sender, 

data length and data type

Wait during “SLEEP_TIME”

Wait during “SLEEP_TIME”

Change the sender buffer state to “WRITING”

Save memory according to the length and data type

Write data in the saved buffer

Check sender buffer state on “COMPLETE”

Throw SIGACK signal to wake up several processes 

that are waiting for receiving

Is node state 

“READY”?

Is sender buffer 

state “READY”?

SI

SI

NO

NO

 

Figure 9. Flow diagram of CORBANetwork_Set. 

Last communication/swapping function is CORBA_Recv which executes an operation of 

receiving between two nodes. 
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 int CORBA_Recv (int nodeId, void *buf, int count, int datatype, 

   int dest) 

 

 As parameters, it needs: 

- nodeId: node identification number that calls the function. 

- buf: initial address of receive buffer. 

- count: maximum number of elements in receive buffer. 

- datatype: data type of each receive buffer element. 

- dest: rank of sender node. 

 

The execution flow of this function is described in the following activity diagram: 

Print message in log file

Set up receiver object

Call CORBANetwork_Get function of receiver object

Print receiving message out

Has the receiver object 

been already created?

SI

NO

Return back the received data

 

Figure 10. Flow diagrama of CORBA_Recv. 

As you can see in this diagram, this function calls the function CORBANetwork_Get that is 

based on CORBA, which is the function that gets data from CORBA common buffer to receiver 

buffer. Its execution flow is: 
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Print message in log file with the sender, 

data length and data type

Wait during “SLEEP_TIME”

Wait during “SLEEP_TIME”

Change the sender buffer state to “READING”

Save memory according to the length and data type

Write data in the saved buffer

Check sender buffer state on “READY”

Throw SIGACK signal to wake up several processes 

that are waiting

Is node state 

“READY”?

Is sender buffer 

state “READY”?

SI

SI

NO

NO

 

Figure 11. Flow diagram of CORBANetwork_Get. 

In order not to produce too many changes, the parameter which is called datatype permits 

receiving its values of type ‘MPI_Datatype’ that you can find into ‘mpi.h’ file. If users can not 
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access to this file some of these data types have been implemented, not all of them but the 

most of them. 

 MPI_BYTE 

 MPI_INT 

 MPI_FLOAT 

 MPI_DOUBLE 

3.2.3. Gather routines of data: 

Finally, it is just necessary to explain the several gather routines which were requirements 

to use in this project. One of them was CORBA_Allreduce, which is a special version of the MPI 

function MPI_Allreduce. 

 int CORBA_Allreduce ( int nodeId, int numNodes, void* inbuf, 

    void* outbuf, int count, int datatype, 

    int op) 

 
 As parameters, it needs: 

- nodeId: node identification number that calls the function. 

- numNodes: node number that take part in the communication. 

- inbuf: starting address of send buffer. 

- outbuf: starting address of receive buffer. 

- count: number of elements of send buffer. 

- datatype: data type of each send buffer element. 

- op: type of operation that you want to execute. 

 

In the implementation of this function, which was done, both CORBA_Send and 

CORBA_Recv are reused. 

In order not to cause too many changes, the parameter which is called datatype permits 

receiving its values of type ‘MPI_Datatype’ that you can find into ‘mpi.h’ file and the 

parameter op permits receiving its values of ‘MPI_Op’ which are in the same file. If users can 

not access to this file (‘mpi.h’) some of these data types have been implemented, not all of 

them but the most of them. 

 MPI_INT 

 MPI_FLOAT 

 MPI_DOUBLE 

It is the same with the parameter whose data type is ‘MPI_Op’, but in this case, the just 

function that has been implemented in the previous final project is MPI_SUM. The difference 

in this project is that we do not need this operation. 

In the image segmentation algorithm, there are four operations that are called with 

MPI_Allreduce and obviously, they were not implemented in the previous project: 

reducc_char, reducc_logica_char, reducc_int and reducc_maxminsum. These 

functions had to be implemented for this project and included in the data type ‘MPI_Op’. 

In the following diagram, you can see the execution flow of this function: 
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Print calling and its parameters

Call CORBA_Recv to receive the result from root node

Call CORBANetwork_Barrier to wait for every receiver buffer has “COMPLETE” state

Call CORBANetwork_Allreduce to do the operation

Call CORBA_Recv to save the result in the output buffer

Call CORBA_Send to send the result to the rest of node

Print message with the end of the function

Am i the root 

node?

Call CORBA_Send to send data to root node

NO

SI

 

Figure 12. Flow diagram of CORBA_Allreduce. 

As you can see, in this function, CORBA_Send and CORBA_Recv are used again to send 

data from the sender object to the receiver object. On the other hand, the function 

CORBANetwork_Allreduce just carries out the operation that you want to do it. That means 

this operation can be one of the four functions that I have already mentioned in the previous 

paragraph. 

Inside this function, we can find CORBA_Barrier. The function (CORBA_Allreduce) has to 

wait for the end of sending son’s entire node data to the root node to execute the operation 

that the user wants to carry out. 
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The last function used is CORBA_Barrier. This function waits for every node to end the 

execution. That means if there is a node which has not ended its operation yet the program 

remains blocked the rest of nodes until the end of it. 

 int CORBA_Barrier (int nodeId) 

 

 As parameters, it needs: 

- nodeId: Nodes number that have been lunched in the execution. 
 

The execution flow of this function is described in the following activity diagram: 

Print calling and its parameters

Wait during “SLEEP_TIME”

Print message with the end of function

Is there any node that is 

not in “COMPLETE” state?

NO

YES

Check the buffer state each node and count how many buffers don’t have “COMPLETE” state

 

Figure 13. Flow diagram of CORBA_Barrier. 

3.5. Choice of parameters 

With this project the main goal that I pretend to achieve is to analyze if the CORBA 

functions used in a previous project (Aliseda, 2010) can be used in the image segmentation 

algorithm v1.3. 

In that project, the student achieved the creation of a GROMACS version compatible with 

multiple platforms. 

In this context, each platform has its own features (operating system, number of 

processes/nodes, processing speed, memory, etc.). As a result of this, this student decided to 

include directives for the pre-compiler that allow us to carried out modifies in the settings to 

optimize performance in the execution of simulations in an easy way.  
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All of these parameters can be found in the file whose name is ‘corbanetworkpfc.h’ and 

they are the followings:  

PARAMETER DESCRIPTION 

#define TRAZASGROMACS If it is defined, it will show messages in every 
NETWORK communication function.  

#define TRAZASCORBAMPI If it is defined, it will show messages in every 
CORBA communication function that replaces 
from MPI communication function. 

#define TRAZASCORBAMPIBUFFERS If it is defined and TRAZASCORBAMPI also is 
defined, it will show the content of buffers. 

#define MAX_NUMNODES 32 Maximum number of nodes that are 
permitted to optimize memory usage. 

#define MIN_ESPERA_NODO 100 Minimum waiting time for a node starts 
(milliseconds). 

#define MAX_ESPERA_NODO 1000000 Maximum waiting time for a node starts 
(milliseconds). 

#define POLLING_INTEVAL 100 Waiting interval for trying again 
(milliseconds). 

#define SLEEP_TIME 1 Sleeping time meanwhile the process is 
waiting. 

#define SIGACK SIGUSR2 Signal used when a reading or writing process 
finishes.* 

Table 2. Setting Parameters. 

* This signal was used because SIGACK SIGUSR1 was already used in another application 

with that another student was working and I decided to keep it. 

Apart from that, it is convenient to remark that in this project has emerged the need to set 

up four setting parameters in the case of the gather routines of data, specifically with 

CORBA_Allreduce operations. 

In the previous section (3.4.), it has already been explained that there was only one 

implemented operation, whose name is MPI_SUM, but this operation is useless for this 

project. 

Because of this, four new operations had to be implemented and it was necessary to 

create four new setting parameters to be able to call each function. 

PARAMETER DESCRIPTION 

#define CORBA_CHAR 112 If it is defined, it will execute the operation 
reducc_char.  

#define CORBA_LOGICA_CHAR 113 If it is defined, it will execute the operation 
reducc_logic_char. 

#define CORBA_INT 114 If it is defined, it will execute the operation 
reducc_int. 

#define CORBA_MAXMINSUM 115 If it is defined, it will execute the operation 
reducc_maxminsum. 

Table 3. New Setting Parameters 
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3.6. Improved version 

Before I start to explain which improvements I have done in this project I would like to 

mention that for this project I used the best CORBA version that the spanish student Aliseda 

did in his final project. 

During his project, he did two improvements: reducing the waiting times and including 

some mechanism to recognise sending and reception of messages. But the explanation of 

these improvements can be found in his project.  

The development and the implementation of this project had different steps. First of all, 

we were concentrated on finding which MPI communication functions were used to send 

messages to others machines. Then we tried to replace the MPI communication functions with 

their respective CORBA communication functions. But when I tried to do this replacement I 

could realise that it was impossible because one of the MPI communication functions, which 

was used, was asynchronous while every CORBA communication functions are synchronous. 

Obviously we could not change directly the MPI communication functions with CORBA 

functions without any kind of change on the algorithm.  

Taking into account this idea, I must change two aspect of the algorithm. One of them is 

done in the part of the algorithm where the root machine sends the different regions to each 

machine to analyze it. And another change is in the algorithm part where the root needs to 

gather the results from the rest of machines. 

Both of these changes were an obligation because if we had not changed them we would 

have had a deadlock with communications and the algorithm would not have worked. 

3.6.1. Deal regions 

Basically the computation flow of this algorithm is firstly the root machine has to work out 

the regions that each machine has to analyze and then there is a first message passing where 

the root machine sends these regions to their respective own machine to be analyzed. In the 

original algorithm, it did not distinguish the root machine from the rest of machines. It means 

that the root machine sent to itself the regions that it had to analyze although it already had 

them. The code for this explanation is the following code: 

if(myrank == 0){ 

  for(i=0;i<nprocs;i++){ 

MPI_Send(buff[i],posicion[i],MPI_PACKED,i,0,MPI_COMM_WORLD); 

  } 

} 

//Reception of each region 

MPI_Probe(0,0,MPI_COMM_WORLD,&status); 

MPI_Get_count(&status,MPI_PACKED,&count); 

out_buff=(int*)calloc(count,sizeof(int)); 

if(out_buff==NULL)  

{ 

  printf("\n Error main17: No hay suficiente memoria \n"); 

  abort(); 

} 

MPI_Recv(out_buff,count,MPI_PACKED,0,0,MPI_COMM_WORLD,&status); 
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Then every process waited for receiving its own message with the regions that it had to 

analyze. 

The problem in this part of the algorithm happens when I wanted to replace the MPI_Send 

with its respective CORBA_Send, because the CORBA functions are synchronous. 

This means, the root machine tries to send its regions to itself but with the CORBA function 

gets blocked because it is waiting for the common buffer reading from the receiver process 

that is the same. But the algorithm cannot keep running because it wants to send the rest of 

regions to the rest of processes. Therefore, there is a deadlock. 

If I wanted to solve this deadlock, I had to change a bit the original algorithm code. But 

actually, it was not that difficult because I just needed to send the regions to the rest of 

processes which were not the root process and saved its own regions for the root process. This 

explanation is translated into the following code: 

3.6.2. Gathering results 

Another change I had to do because of another deadlock was in the part of the algorithm 

where the rest of processes sends their results to the root machine. Basically in this part of the 

algorithm, the idea is: 

1. Send seeds to the right machine. 

2. Each process has to delete from the buffer of its seeds, those seeds that it does not 

have to save. 

3. Receive seeds that actually this process has to save. 

if(myrank == 0){ 

  for(i=1;i<nprocs;i++){ 

   MPI_Send(buff[i],posicion[i],MPI_PACKED,i,0,MPI_COMM_WORLD); 

  } 

 

  //Saving the root regions 

  count = posicion[0]; 

  out_buff=(int*)calloc(count,sizeof(int)); 

  out_buff=memcpy(out_buff, buff[0], (count*sizeof(int))); 

} 

 

if(myrank != 0){ 

  MPI_Probe(0,0,MPI_COMM_WORLD,&status); 

  MPI_Get_count(&status,MPI_PACKED,&count); 

  out_buff=(int*)calloc(count,sizeof(int)); 

  if(out_buff==NULL)  

  { 

   printf("\n Error main17: No hay suficiente memoria \n"); 

   abort(); 

  } 

  

MPI_Recv(out_buff,count,MPI_PACKED,0,0,MPI_COMM_WORLD,&status); 

 } 
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The problem was that when the process wanted to send seeds to the right process, it used 

an MPI asynchronous function (MPI_Bsend) and as I have already said, the CORBA functions 

are synchronous. Therefore if you run the algorithm with several processes, at this point, there 

was a deadlock. With the previous problem it was not difficult to solve it but for this case, I had 

to do more changes in the original algorithm. 

Basically the idea lies in each process has to count and save in a vector the number of 

items that have to send to the rest of processes. This way, while the process of sending the 

results, the communication pattern had to be replaced with a no deadlock communication 

pattern. 

A good no deadlock pattern can be this where first a process sends data to the next node 

and receives from its previous node. An example with 4 processes is: 

P0 sends to P1 and receives from P3, then sends to P2 and receives from P2, then sends to 

P3 and receives from P1 

P1 sends to P2 and receives from P0, then sends to P3 and receives from P3, then sends to 

P0 and receives from P2 

P2 sends to P3 and receives from P1, then sends to P0 and receives from P0, then sends to 

P1 and receives from P3. 

P3 sends to P0 and receives from P2, then sends to P1 and receives from P1, then sends to 

2 and receives from 0. 

This pattern is a regular pattern thus it does not have any problem with deadlocks. 

When every process has sent to the rest of processes the number of items that they have 

to receive from it, each process knows how many items have to save. Therefore now, the idea 

is to repeat the same pattern but this time the results will be sent.  

Therefore, with this new no deadlock communication pattern the computation flow is the 

following one: 

1. Saving the respective seed in a vector position according to the process that has to 

receive it. Moreover I had to count the number of seeds that each process must 

receive from this machine. 

2. Each process has to delete from the buffer of its seeds, those seeds that it does not 

have to save. 

3. Sending the number of seeds to rest of machine that must wait for this sender. 

4. Sending the seeds to every process. 

Both of these sending are done according to the no deadlock communication pattern that I 

have already explained in previous paragraphs. 

 

  



Page 44 of 76 
 

 

 

 

 

 

CHAPTER 4 

Performance 

comparative study 
  



Page 45 of 76 
 

In this section I am going to show you a study about the performance differences between 

the algorithm with MPI communication functions (MPI v.1.3), the algorithm with MPI 

communication functions but with the improvements that were commented in the previous 

section (MPI v.1.4) and the algorithm that uses the CORBA library. 

To do this performance comparative study of the CORBA library against the current 

algorithm version that was implemented with MPI, we use one platform but in further works it 

will be possible to use a cluster as I described in b): 

a) Local equipment with dual core: 

a. AMD Athlon(tm) Processor II Dual-Core M320 2.1GHz. 

b. 4.00GB RAM Memory 

c. Linux Ubuntu 10.0.4  

b) Cluster from Carlos III University (Kasukabe): 

a. AMD K7 Processor 1.7GHz. 

b. 1.5GB RAM Memory 

c. Linux Debian 

d. 16 machines of 32 bits 

e. Ethernet Gigabit communication. 

4.1. Input images: name and size 

The section 2.3 deals about the format of the images that are used to carry out the 

comparative study but in this section you cannot find any information about which images are 

used and their sizes, etc. Consequently in this section, I am going to explain to you these 

images and I am giving you some details about them. 

In the introduction section, I have already mentioned that for the tests I was going to use 

different images with different sizes each, but I did not specify the number of these images. 

The number of images, which I used to do the tests, are three and their names are: “boats.sq”, 

“lena.sq” and “peppers.sq”. 

The three input images are the following images: 

 

Figure 14. Boats.sq. 



Page 46 of 76 
 

 

Figure 15. Lena.sq. 

 

Figure 16. Peppers.sq 

I have already said these images have different sizes between each other. The original 

“boats.sq” image sizes 1600KB, the original “lena.sq” image sizes 1040KB and the original 

“peppers.sq” image sizes 1031KB. 

Apart from the input images, in the section 2.3, I also mentioned that there are three files 

else which are used to create seeds in the images that are useful for the algorithm later. The 

names of these files are: “etiquetas_boats.sq”, “etiquetas_lena.sq” and 

“etiquetas_peppers.sq”. 

Obviously, the sizes of these images are the same as their respective original images. 

Therefore, the “etiquetas_boats.sq” file sizes 1600KB, the “etiquetas_lena.sq” file sizes 1040KB 

and the “etiquetas_peppers.sq” file sizes 1031KB. 

4.2. Cluster description 

The laboratory of the Computer Science Department in Carlos III University has an 

environment to test different practices. This application is available for every student from the 

laboratory who needs to run their software with different machines that have the same 

features. The name of this environment is Kasukabe. The network scheme of this test 

environment is the following one: 



Page 47 of 76 
 

 

Figure 17. Kasukabe Cluster Architecture. 

This test environment has a node that has the function of front-end and is called 

“kasukabe.lab.inf.uc3m.es” with IP address 163.117.142.242. This node permits student from 

Computer Science Department to access to Kasukabe. I would like to remark that if you want 

to access to this service you need to have a user account from Computer Science Laboratory of 

Carlos III University. 

To access to the test environment, first you have to create a connection with SSH protocol 

through the server whose name is “kasukabe.lab.inf.uc3m.es”. Then when the user has already 

logged in the server “kasukabe”, the student must use the Torque queue manager to run the 

application in the cluster. 

One of the features of this kind of queue manager is that if you want to send a task to the 

server you have to use a specific script which can be something like that for four processes: 

To run an application in Torque, there are some setting parameters which are defined at 

the beginning of the script in the following order: job name (-N), which queue is going to be 

used to run the task (-q), the output file (-o), the error file (-e), the number of nodes that you 

want to use to run the task (-l nodes=X) and the maximum running time (-l walltime=X). 

#PBS -N mpi4 

#PBS -q normal 

#PBS -o mpi4.o 

#PBS -e mpi4.e 

#PBS -l nodes=4 

#PBS -l walltime=00:10:00 

 

cd $PBS_O_WORKDIR 

echo "Contenido de $PBS_NODEFILE: " 

cat $PBS_NODEFILE 

 

mpirun.mpich -np 4 -machinefile $PBS_NODEFILE ./psrg_mejora  

exit 
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As you can read, you can choose which queue you want to use. Therefore, there are 

different queues which can be used to run a task: 

a) Short: queue that is used to run a job where you can just use one node. Moreover the 

maximum running time is 5 minutes. 

b) Normal: queue that is used to run a job where you can use between 2 and 8 nodes. 

Moreover the maximum running time is 1 hour. 

c) Long: queue that is used to run a job where you can use between 9 and 16 nodes. 

Moreover the maximum running time is 10 hours. 

As you could see in Figure 8, there are two clusters. One of them is called Gehry and the 

others machines are from Kasukabe. If you want to be sure that you are running the 

application just on the “k” machines, you will write the node assignation parameter of the 

following way: 

#PBS -l nodes=X:i386 

Adding the parameter “i386”, you are specifying that you want to run the task on the “k” 

machines because it is just a feature of this kind of machines. Thus, you can run a job on until 

16 machines. 

It is convenient giving an explanation about which commands you can use with Torque, 

which is the queue system that the cluster needs to handle jobs of multiple users. It supplies 

several commands for job submittion, job monitoring (tracing), job deleting, etc. But just four 

of them are important for this project: 

 qsub setting_script: if you want to run a job and send it directly to the queue. 

 qstat: if you want to check the jobs which have been already sent to the queue and 

check if they are running or they are waiting for running. 

 qstat –f id-job: it is similar to the previous commands but gives more details. 

 qdel id-job: if you want to delete a job that has been already sent to the queue. 

4.3. Comparative study of algorithm (PSRG) 

In this section I am going to show the results that I could get during the simulation of the 

algorithm, whose name is PSRG, with two different communication protocols that are MPI and 

CORBA. All of these results were collected in a local computer with the features that were 

explained at the beginning of the chapter 4. 

For this section, I had to carry out an important amount of tests because the results that 

you are going to see in following graphics are averages of ten different tests. That means that 

if you wanted to collect a rough result of the algorithm with two processes, I had to carry out 

ten different tests and then the average for each measure were worked out to be showed in 

graphics. 

The step was carried out to run PSRG in parallel with MPI and two processes was: 

/usr/lib/mpich/bin/mpirun -np 2 ./psrg_mejora 
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In this section, we are going to compare the computation times that I could collect with 

the MPI version of the algorithm (both of them) to the CORBA version of the algorithm. I 

should remark that in the local computer, which was used to run the algorithm, the most 

important graphics is the graphics with two processes because this laptop has two cores and 

this test is the real parallel result. On the other hand the computation times that were got in 

the laptop (with 4, 8 and 16 processes) are not really parallel times. 

4.3.1. Times with Boats.sq 

Firstly, I analyzed the computation time with only one process with the image whose name 

is “Boats.sq”: 

 

Figure 18. Boats.sq. Local Computation times 1 process. 

As you can observe, the times are different between them, although this difference is not 

really important. This is because there is not any kind of communication therefore the 

computation times between the three different versions of algorithm should be quite similar 

to each other. 

On the other hand, we have to remark that the CORBA times are a little bit better than in 

the MPI version. This point has to be taken into account for the futures graphics and 

comparisons because this graphic is the initial comparative point for next graphics. The last 

important aspect is that MPI init phase in CORBA version is always a bit worse than in the MPI 

version, even when there is no communication. 

The average in the simulation with two processes was: 
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Figure 19. Boats.sq. Local Computation times 2 processes. 

In this graphic we can see how the times got worse than in the previous graphic except in 

the “Algorithm phase” where the times got better. This is because this algorithm step is the 

most difficult and heavy for the computer. This means that this step is the reason to parallel 

the PSRG algorithm. Respect to the rest of phases, as you can see, the CORBA version is worse 

than the MPI versions, not only taking into account the results of this graphics but also taking 

into account the initial results that we could get with only one process that is the initial point 

to compare. 

If we go on increasing the process number, such as 16 processes, we collected the 

following results: 
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Figure 20. Boats.sq. Local Computation times with 16 processes. 

For this example, we can see how the times are worse. In the beginning you could think 

times would be better because you are using more nodes but actually the computer that you 

use for this test has only two cores so actually it cannot parallel correctly. In relation to the 

computation times, the phases where there is any kind of communication in PSRG (MPI init., 

Deal seed and Algorithm) the CORBA version are worse than the MPI versions. 

To finish with the times analysis for the image whose name is Boats.sq, I would like to 

show you a graphic where we could compare the different communication times that I could 

collect during tests between MPI versions and CORBA versions: 

 

Figure 21. Boats.sq. Local Communication times. 

Obviously, the communication time is 0 when you use only one process as I already 

remarked. And this graphic is quite representative because here you can see how the 
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communication times are more or less the same between the MPI versions. This is this way 

because the communication implementation is the same (MPI) but the algorithm was changed 

to avoid using an asynchronous function. 

Another interesting point is the comparison time between CORBA and MPI because as you 

can see, with CORBA the communication times are worse than with MPI and this is the reason 

because the computation times with CORBA are also worse. 

In next graphic, I want to show you out how the CORBA communication times are really 

worse than the MPI communication times. I have already said that the important test in the 

local computer is with two processes, thus this is the graphic: 

 

Figure 22. Boats.sq. Local Communication times with 2 processes. 

Each phase is one phase where there is communication between the machines and as you 

can see, the CORBA version always needs more time than the MPI versions. Obviously this 

point is prejudicial to computation times, as you already could see. 
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Second of all, I analyzed the computation time with only one process with the image 
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Figure 23. Lena.sq. Local Computation times with 1 process. 

As you can observe, the times are different from the previous image “Boats.sq”, and the 

same way as the previous image, the computation times are different between them although 

this difference is not really important. And the times are quite similar to each other again 

because there is not communication. 

Another interesting idea is that the phase of MPI Init. In CORBA is worse, as you can check. 

This is not because there would be communication; it is because the implementation of this 

function in CORBA is heavier than in MPI. 

On the other hand, and in the same way as “Boat.sq”, the CORBA times are a bit better 

than in the MPI version. This must be taken into account because this graphic is the initial 

comparative point for next graphics.  

In the simulation with two processes, we could collect the following times: 

 

Figure 24. Lena.sq. Local Computation times with 2 processes. 
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Firstly, we must remark again that with two processes all of the phases need more time to 

be done but the last one (Algorithm) is shorter. 

Taking into account that when we used one process the CORBA times were a bit better 

than the MPI times, now we can come to the conclusion that as the same way as “Boats.sq” 

the times got worse with the CORBA version. 

Now I am showing the times with sixteen processes. I would like to remind that you do not 

really parallel the computation with this test because the computer has only two cores and it 

would be impossible. At least I had needed sixteen cores to parallel PSRG. 

 

Figure 25. Lena.sq. Local Computation times with 16 processes. 

Again the computation times are worse than with two processes and the reason is the 
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has only two cores. 
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Figure 26. Lena.sq. Local Communication times. 

Obviously, the communication time is 0 when you use only one process. In addition to this, 

the CORBA version always needs more time than the MPI versions to send the messages. 

On the other hand the similarity between the MPI v1.3 and MPI v1.4 keep being the same. 

Now I show the same graphic as “Boats.sq” but for this image to see the differences with 
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Figure 27. Lena.sq. Local Communication times with 2 processes. 
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4.3.3. Times with Peppers.sq 

Finally, I analyzed the computation time with only one process with the last image that I 

used in my project and it is called “Peppers.sq”: 

 

Figure 28. Peppers.sq. Local Computation times with 1 process. 

Obviously the computation times with this image are different from the rest of images 

because they are different from each other. But the general idea keeps being the same. The 

times are quite similar to each other, independently the communication implementation that 
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Now the graphic for two processes: 

 

Figure 29. Peppers.sq. Local Computation times with 2 processes. 
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In this example, we should check again the previous graphic. There we could see how the 

CORBA version and the MPI v1.3 version had the same times. Since this idea, we can see how 

the CORBA version with two processes got worse than the MPI v.13. 

Obviously the Algorithm phase times keep being better than in the previous version 

because of the parallel computing. 

The following graphic shows the computation times with 16 processes: 

 

Figure 30. Peppers.sq. Local Computation times with 16 processes. 

During every graphic that was done for this image we could see how the CORBA Algorithm 

phase was always worse than MPI versions. This is because this image is more complicated 

than the rest of images and the last step need more time. Moreover after the two others 

images, we can think that this image may need more time to send messages to the rest of 

machines, that means the communication is worse. 

Let us see the communication graphic for this image: 

 

Figure 31. Peppers.sq. Local Communication times. 
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As the same way as the previous images, the CORBA communication times are always 

worse than the MPI times. In the following graphic you can see how the times are split up 

according to the different functions that have messages between different machines: 

 

Figure 32. Peppers.sq. Local Communication times with 2 processes. 

In this graphic, CORBA behaviour is still worse than MPI versions respect to 

communication. There is a difference in the Phase 1 between MPI v1.3 and CORBA but not 

with MPI v1.4 that is better that CORBA version. In addition to this, the time difference (MPI 

v1.3 and CORBA) is not really important. On the other hand, the CORBA times are worse in the 

rest of phases. 

4.3.4. Summary comparative computation times 

In this point I would like to show you the total computation times to be able to get some 

important conclusions. 

Firstly, the graphic for the image whose name is “Boats.sq” is showed, then the image 

“Lena.sq” and finally the image that is called “Peppers.sq” is showed. 

To get some conclusions about all of these times we must remind that when we run the 

algorithm with only one process, the CORBA computation times were not the same as the MPI 

computation times. Therefore and as we could see in the communication section, the delay 

that is produced by CORBA communications affects in a different way to the computation 

times. 

That means if you see the figure 32. CORBA version has better computation times than 

MPI versions but this is because in the test with only one process, the CORBA computation 

time was better than the rest. 

A proof of this is that in MPI versions, when you run with two processes, the computation 

times are better than with one process, but with CORBA, this is different. In fact, with two 

0

1

1

2

2

3

3

Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

MPI v1.3 0,000061 2,554010 0,947193 0,212523 0,000288 0,000249

MPI v1.4 0,000057 1,240428 0,667625 0,248946 0,000868 0,000438

Corba 0,109371 2,255853 1,485110 0,326633 0,001613 0,025339

Se
co

n
d

s

Peppers.sq - 2 Processes



Page 59 of 76 
 

processes, the computation time is worse than with one process and this is because of the 

overhead that CORBA produces in communications 

 

Figure 33. Boats.sq. Total Computation Times. 

In the figure 34, we can see the computation times with “Lena.sq”. Here the behaviour is 
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when you use two processes compare to only one process. Then the times are increased with 

the rest of test. This is because, as I have already remarked, the actual parallel computing in a 

local computing happens when you run with two processes because this machine has two 

cores. 

Apart from that, another important fact is how the time reduction with MPI from one 

process to two processes is bigger than CORBA version. This is again because of the overhead 

of communication that CORBA makes. 

Finally when you run PSRG with sixteen processes, the CORBA version is even worse than 

both of MPI version. 

1 2 4 8 16

MPI v1.3 14,2203672 13,3142987 18,1429525 31,3578888 59,9314362

MPI v1.4 14,390653 12,703238 17,050333 30,639354 58,213255

Corba 9,631297 11,879257 16,884026 30,201564 52,883990

0

10

20

30

40

50

60

70

Se
co

n
d

s

Boats.sq - Total Computation Times



Page 60 of 76 
 

 

Figure 34. Lena.sq. Total Computation Times. 

Finally I am showing the total computation times that I could get with the image 

“Peppers.sq”: 

 

Figure 35. Peppers.sq. Total Computation Times. 
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Moreover it is demonstrated that if you work with only one machine and you increase the 

number of processes this is worse for the simulation total times because of the overhead that 

exist with the communication between each other, except when you change the number of 

processes from one to two because in this case there is an actual parallel computing in the 

local computer. 
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In this section, after the work that has been developed, we try to get some conclusions 

and explain possible further works that could be developed by future students. 

5.1. Conclusions  

If we analyze the results that we have got regarding the goals that were defined at the 

beginning of this report, we can come to the conclusion: 

1. We could achieve the first aim of this project that consists of replacing the MPI 

communications functions with CORBA communications functions. To do this, we had 

to use the middleware which is called ORBit 2, an implementation of the CORBA 2.4 

API in C (programming language), to replace the MPI functions with CORBA functions 

that were implemented in another library that was created in a previous final project 

and it is based on this middleware. 

2. The second aim was also achieved. It was to analyze the performance of the algorithm 

whose name is PSRG that we could get after all of those changes. To achieve this goal, I 

had to use one platform or architecture that was my laptop and it is described in the 

section 4.3 and I used different input images. 

3. Finally we could achieve the last aim that was defined in the beginning: the study of 

the adaptation of the implementation of PSRG on CORBA for HPC (High-performance 

computing). Main conclusion of this project is that, in the context of the architecture 

and data sets considered, the CORBA-based implementation is not feasible because it 

introduces a significant overhead in communication, which limits performance and 

scalability of parallel implementation of PSRG. This overhead is not that important 

than the overhead that there was in the previous project but there is still an important 

overhead. 

5.2. Further works 

This project could be completed with different works or researches. One of them could be 

to study the performance of this code in a cluster with similar features to the Kasukabe 

features that were described in section 4.2. Although this cluster does not need to be with 

these same characteristics. 

It is also interesting to evaluate the performance of the platform computing environments 

more tightly coupled, such as multi-core architectures. On these platforms the communication 

cost is much lower so that could be achieved positive returns. 

And finally, the results could be extrapolated also to Cloud Computing environments, for 

which the cost of communications (whether by itself or the middleware infrastructure of 

communication used) may be really similar to the cost that was considered in this project. It 

would be interesting to carry out a study similar to the study that was developed in this report 

to evaluate the performance of the application in that environment. 
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In every Spanish final project, students have to add a section with a project’s budget. The 

aim of this section is to develop an estimation of time and money that are going to be 

necessary to develop this project, pretending this project to be an enterprise initiative. 

According to these cost prices, we carry out a budget where the cost prices are 

incremented in 30% to get profit margin. 

This amount of profit could be checked, depending on market situation, when this budget 

is showed and the possibility of lowering the offer to get future contracts. 

6.1. Schedule 

After we analyzed the different project phases and taking into account the different 

deadlines that exists, the period estimation for this project is 7 months roughly. This 

estimation is correct if we have completely availability to use all resources that are needs to 

complete task and we use all of our time to work on this project. The schedule is the next one: 

 

Figure 36. Project’s Schedule. 
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Now I am showing the Gantt Diagram of this schedule: 

 

Figure 37. Project's Gantt Diagram. 



Page 67 of 76 
 

6.2. Budget details 

WAWICK UNIVERSITY (COVENTRY, UNITED KINGDOM) 

PROJECT BUDGET 

1. Author: Jorge Jiménez Montero. 

2. Department: Computer Science Department. 

3. Project Details: Design of a parallel application of image segmentation based on 

CORBA. 

3.1. Duration (months): 7 

3.2. Indirect costs: Standard rate of VAT (20%) 

4. Total budget: 30802.14 £ 

5. Budget details (direct costs): 

5.1. STAFF: 

SURNAME, 
NAME 

CATEGORY 
DEDICATION4 
(man/month) 

COST (£) 
(man/month) 

COST (£) 

Jiménez Montero, 
Jorge 

Superior 
Engineer 

7 2360.66 16524.62 

Expósito Singh, 
David 

Senior 
Engineer 

2 3728.24 7456.48 

 MAN/MONTH: 9 TOTAL: 23983.1 

 

5.2. EQUIPMENT: 

DESCRIPTION COST (£) % USE 
DEDICATION 

(months) 
DEPRECIATION 

PERIOD 
ATTRIBUTABLE 

COST5 (£) 

PC development 1402.02 100 7 60 163.57 

PC tests 876.26 100 7 60 102.23 

Cluster tests 15772.68 50 2 60 262.878 

    TOTAL: 528.678 

 

5.3. CONTRACTING OTHER TASKS: 

DESCRIPTION ENTERPRISE COST(£) 

Building maintenance UC3M 525.76 

Computer Equipment maintenance UC3M 262.88 

TOTAL: 788.64 

                                                           
4
 1 Man each month = 131.25 hours. Dedication annual maximum of 12 men (1575 hours) 

Annual maximum for PDI of Carlos III University of Madrid is 8.8 men (1155 hours) 
5
 Equation for amortization: A/B * C * D where: 

A = months since the equipment is used 
B = depreciation period (60 months) 
C = equipment cost (without VAT) 
D = % use of the equipment on the project (it is usually 100%) 
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5.4. OTHER PROJECT DIRECT COSTS: 

DESCRIPTION ENTERPRISE COST (£) 

Office material FJAC 105.15 

Meal and trips FJAC 210.30 

Other expenses FJAC 52.58 

TOTAL: 368.03 

 

5.5. COST SUMMARY: 

DESCRIPTION TOTAL COST (£) 

Staff 23983.1 

Recovery 528.678 

Contracting other tasks 788.64 

Other costs 368.03 

Indirect costs 5133.69 

TOTAL: 30802.14 

  



Page 69 of 76 
 

6.3. Offer 

Project Title: Design of a parallel application of image segmentation based on CORBA. 

The total budget of this project is THERTY THOUSANDS EIGHT HUNDRED AND TWO 

POUNDS WITH ONE HUNDRED AND THERTY EIGHT PENCE. 

TOTAL BUDGET: 30802,138 £ 

Offer conditions: 

A) This project budget is valid for 30 working days since its delivery. 

B) The period estimation for this project is 7 months, supposing we have completely 

availability to use all resources that are needs to complete task and we use all of our 

time to work on this project. 

C) Payments are done in the following milestones: 

a. 10% when the budget will be accepted. 

b. 35% when the system analysis will be handed in. 

c. 35% when the source code will be handed in. 

d. 20% with the close project. 

D) Since the acceptation tests have been done and the handing over of this project has 

finished, the system’s guarantee is 90 days. 

a. This guarantee covers exclusively the system maintenance. 

b. If you need improvements you will need to apply for another service. 

 

 

Coventry, United Kingdom. 5th of May of 2011. 

The designer engineer 

 

 

Fdo. Jorge Jiménez Montero 
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Now I am explaining some important steps to run the algorithm PSRG and which softwares 

need to be installed previously. 

Installation 
In the CD that has been attached there are three different carpets with each version code. 

The first of them is the carpet with the name “psrg_mejora_codif” and this has the code of 

MPI v1.3, which appears in the graphics with this name, and it is the original version of PSRG. 

Then there is another carpet with the name of “psrg_mejora_mpi” and this has the code of 

MPI v1.4. Finally, there is another carpet whose name is “psrg_corba” and this carpet has the 

code of CORBA version for PSRG. 

All of these codes have to be run in a Linux operative system and the steps that have to be 

done to run the code are the followings: 

1. Installation of the MPI implementation (MPICH) and SSH server from its binary 

package: 

 

2. Installation of the CORBA implementation (ORBit 2) from its binary package: 

 

Execution in Local computer 
Then if you want to run the different algorithms there are some scripts that permit doing 

automatically: 

1. To run the MPI v1.3 and see the computation and communication times: 

Go to the carpet psrg_mejora_codif: 

Compile files in command line: > ./compila psrg_mejora 

Execute in command line: > ./ejecuta psrg_mejora X Y Z 

Where: 

a) X: number of processes that you want to use. 

b) Y: the image that you want to use (boats.sq, lena.sq or peppers.sq) 

c) Z: the label files for each image (etiquetas_boats.sq, etiquetas_lena.sq or 

etiquetas_peppers.sq). This file depends on the image that you have chosen. 
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2. To run the MPI v1.4 and see the computation and communication times: 

Go to the carpet psrg_mejora_mpi: 

Compile files in command line: > ./compila psrg_mejora 

Execute in command line: > ./ejecuta psrg_mejora X Y Z 

Where: 

a) X: number of processes that you want to use. 

b) Y: the image that you want to use (boats.sq, lena.sq or peppers.sq) 

c) Z: the label files for each image (etiquetas_boats.sq, etiquetas_lena.sq or 

etiquetas_peppers.sq). This file depends on the image that you have chosen. 

 

3. To run the MPI v1.5 and see the computation and communication times: 

Go to the carpet psrg_corba: 

Compile files in command line: > ./ compila-corbanetworkpfc 

Execute in command line: > ./ejecuta psrg_mejora X Y Z 

Where: 

a) X: number of processes that you want to use. 

b) Y: the image that you want to use (boats.sq, lena.sq or peppers.sq) 

c) Z: the label files for each image (etiquetas_boats.sq, etiquetas_lena.sq or 

etiquetas_peppers.sq). This file depends on the image that you have chosen. 

 

 


