Methodology For A Distributed Processing Using A M#éhematical Model For
Topography Representation

Leacir Nogueira Bastos *, Rossini Pena Abrantes 2, Brauliro Gongalves Leal 3

! Universidade Federal de Vigosa — UFV - Brasil
Departamento de Ciéncia da Computagéo
leacir@ufv.br

2 Gradate Student in Computer Science
UFV — Departamento de Ciéncia da Computagéo
rossini@dpi.ufv.br

3 FAPEMIG Researcher
Grupo Intec — APL-TI Vigosa — Brazil
leal@qgrupointec.com.br

Abstract. Evolutions in the communication technology and Internet have enhanceigrffi
distributed and scalable systems. Now, with the distribution psogeshrough the Internet, it is
possible to solve problems which time of processing demand wastlyegeohibitive by
centralized solution unviable. Using centralizes processing solgtioblems such as, how to find a
high degree two-dimensional polynomial that represents a relaf affea, are impracticable. The
objective of this project is to develop a methodology for distrmutf processing generated by a
mathematical formulation that estimate the coefficients loigh degree polynomial to represent the
relief of the state oMinas Geraisin Brazil. In order to distribute such processing, a matheaiati
formulation was developed based in the nonlinear regression modelneitestep was the
modeling of a system to distribute the processing among interlodmguters through the Internet.
The system will be constituted by a coordinating applicationp@resible for the processing
distribution) and several agents applications (to process dateve@ceom the coordinating
application).

Keyword: Distributed systems, Distribution of Processing, Internet, Tigmity Representation,
nonlinear Regression

Introduction

The evolution of the Internet has provided a progress in the commanicaid in software
development. Now, with the growing number of connected computelse iinternet [1][2], it is
possible to develop distributed applications using its communicatfoasiructure, without great
efficiency problems. The area of distributed systems, quéatly the sub-area of processing
distribution has benefited with this progress. The growth in numabénked computers in the
Internet, the decreasing error rate in the physical mediagugiments and the evolution of safety's
techniques has been contributing to turn the processing distributmgththe Internet a viable
solution for several types of problems. Several projects [8][3], use the Internet for processing
distribution for efficient solution in cost terms and scalabilltige Internet is cheap, supports a very
big number of interlinked applications and is relatively saferabdst to interconnect applications



of a system for distributed processing. An important charadteatthe distributed systems that
use Internet to interconnect their applications is the volunteellaboration to offer processing
power (or any other resource) to a certain project. Proje¢6[@§8] use volunteers' help so that it
is possible the processing of great amounts of information. Mes®arches in areas such as physic,
biology, mathematic and recently in geography are benefititig thive evolution of the distributed
systems. Projects in these areas needs more and more indoranadi a great amount of processing
power, since they use relationship of more than one area of kn@v@Hgror this reason, the
computer science is more and more present in researches gauispod several areas, as the Geo-
informatics, a sub-area of geography (also known as Geo-pragessasponsible for the
processing of geographical information. In Geo-informatics tlseam area called Numeric Model
of Land (MNT) which is a computational mathematical representaif distribution of a space
phenomenon inside an area of the terrestrial surface [10]. In, MNE numeric model generally
used is the Model of Regular Grid, whose function is to genergt& astarting from a group of
points (longitude, latitude) and their respective altitudes) &gy. 1.

Fig 1 - Model of Regular Grid

This grid can be generated by interpolation of points for a polynomisgsgign model to adjusts a
two-dimensional polynomial that best represents the relieincirea. The regression analysis is a
statistical instrument generally used in science. Its comusens due to the fact of making possible
the description of a phenomenon through mathematical model (equdtém®d on a sample of
data. Graphically, it is equal to identify the curve orhmeatatical surface that better adjusted to the
points in the dispersion diagram. The mathematical models oéssgn are based in three
statistical assumptions: a) the relationship among the depeadénindependent variables is
deterministic instead of stochastic; b) the errors measmterage random, following the Normal
Distribution, average zero and constant variance; and cexplnatory variables don't show
correlation amongst themselves [11]. This technique of redigfesentation has some advantages
over other techniques, basically by representing the reliefighr mathematical equations instead
of images, latitude coordinates, longitude and altitude, or magvefsl One of the advantages is
the significant reduction of the amount of necessary informatioapi@sent the relief of a certain
area, since with the regression technique, the relief of &e @anéa can just be represented through
the coefficients of two-dimensional polynomial. Through the polynbmearesentation it is
possible to generate images with different resolution lesaisg the data come from an image and
the number of points used for its representation. Besides ddesatages, there is a possibility of
applying, on the polynomial, several mathematical functitaaljisuch as, how to find the maximal
and minimal point, derivation, etc. However, the technique of noolyal regression has a
disadvantage, since the complexity and the computational powesndied for obtaining such
polynomial, is very high an sometimes impractical. For trasoa the objective of this article is to
present a methodology designed to make possible the distribution pfoitessing to compute a
two-dimensional polynomial that represents the relief of thee staMinas Gerais in Brazil,



located in the Southeast Area of the country. Some estenziculations, presented in this article,
show that the necessary time of centralized processingitmagstsuch a polynomial is prohibitive,
being necessary dozens of uninterrupted years of processing.

Mathematical Formulation

The surface representation, as well as the representationhef trrestrial phenomena, is
constituted by three stages: data entry, data modeling andeefaton of the model [10]. For the
relief representation of the state Minas Geraiswas used the data source and data model of the
project GTOPO30 [12]. As the objective of the research tib igenerate the representation of the
relief, the Digital Model of Elevation (MDE) will use@y the MDE, the state d¥linas Gerais is
defined by a data matrix with 1.043 lines and 1.343 columns, witte spaolution of 30 seconds of
the arch and approximately 900m of spacing. Based in latitude irfiormaf the data matrix
(model of regular grid), a two-dimensional polynomial can adjusie@present the relief of the
Minas Geraisstate using the method of the minimum square, defined foEdo@tion 1. The
coefficientsay (k =0, 1,..., 11 =0, 1,..., $that minimize the errors of the estimated funcficry),
can be obtained by solving tBgjuation 2forc =0, 1,...,randd =0, 1,..., s

f(x,y;)= axy, Equation 1
k=0 =0
X

Tx _ Equation 2

T,
where
X= e“z = (z Zji)2

i=1 j=1 i=1 j=1 ,

and

Xi Longitude i of MDE column, for £i £ 1.343

Yi Latitude jof MDE line, for £ j £ 1.043,

z;  Altitude of (%, y;) point

r Polinomial degree in X,

S Polynomial degree iny.

a Coefficients which minimize the error of the estimdtatttion f(x,y)

By solving theEquation 2 we get theequation 3 and by thatve get theEquation 4.

T[X mon boe ky,l d
=2 z - aygXy. XVY; _
T, i=0 j=0 ' k=ol=0 ARG Equation 3
mon c,,d s k+c,,l+d _0 .
GXYj - XYy = Equation 4
i=0 j=0 k=01=0

Solving theEquation 4 for r = 2 and s = 2 we can get the matrix systeracufation belowfig. 2,
represented by AX=B.
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Fig. 2— Matrix system generated from solving tguation 4.

The solution of the matrix system Big.2 results the two-dimensional polynomial coefficieats
the matrix X. The time requested to calculate thefficients varies with degree of the polynomial,
and varies from 28s for r=s=2 to 45,9 years fo=B&80. The estimated error decreases with the
increase of the polynomial degree, as show byige3 (b). The size of the represented area and
the number of points of MDE also influences in tiaigorocessing. In a general way the complexity
of the problem is of order Oth
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Fig. 3— (a) Processing time; (b) Estimated error

MODEL FOR PROCESSING DISTRIBUTION

Based on the graph &ig. 3,in (a) it is possible to notice the exponentiawgy in the time, as the
degree of the polynomial increases, and in (b)n#eessity of a high degree polynomial (between
40 and 200, in x and y) to represent, with relafigelity (from 70% to 89% respectively), the rélie



of an area. Yet bifig. 3it is possible to see that for a high degree patyiah as for a 200 degree
in x and y, we may need a time processing of 2a0sye

In order do use a high degree polynomial to repress with high fidelity, a relief of an area,
a methodology was developed for processing distdbuas needed for solving the matrix system
of Fig. 2, since it is through the solution of matrix systdx = B that we get the coefficients of the
polynomial. The methodology consists in calculat ¢lements of the matrix A and the elements of
matrix B, independently, using distributed procegsiWe can do that by making L a line and C a
column as general terms of matrix A and B, respebtj and getting th&quation 5 andEquation
6, respectively. By these two last equations the efsnef matrix A and B can be easily computed
in an independent way, fundamental characteristictlie distribution of the computations. The
designed system, using these equations, will Haerdunctionality of distributing the calculation of
the elements of the matrix A and B for selected mraes linked in a computer network like the
Internet.

(L)DIV (s+1)+(C)DIV (s+1) 4 Y (L)MOD(r +1)+(C)MOD(r +1) Equation 5

i=0 j=0

n
_ (L)DIV (s+1) 4 v/ (L)MOD(r +1) )
b ,= Z;x *Y; Equation 6

i=0 j=0

The designed system will be formed by two typesapplications, one will be the
Coordinating Application responsible for coordimgtithe distribution of the processing. The
second is the Application Agents that will be carted to the Coordinator by Internet and their
functions will be to process the Coordinator's nem@ information and return the results of such
operations. The Coordinator should identify the htgethat are connected to him and the Agents
that are not (inFig. 4 these Agents are represented by the dark gray @oidr clear ash
respectively). Making an analogy with workstatiomgh multiple processors, each Agent being
connected to the Coordinator can be thought asvgonecessor being activated in the workstation.

QE:NE‘I'/
Agente / \ Agente )

Agente Ageme Agente

Fig. 4. Project general view

The designed system is divides in the following oied:

1) Coordinator:

a)Principal — Basically responsible for configuring the Coordoratdoing interface with user
(administrator) and creating the Primary Connectioread. In order to recognize the desire to
terminate an application, the thread uses a shemddble between Main module and Primary
Connection.



b)Primary Connection - Thread which is executed in parallel with the us#erface and
responsible for receiving connection requests yAbents. It has port and IP address pre-defined
and known by the Agents. After the establishmenthef first connection with the Agent, this
module negotiates with the Agent a port for essdiplient of the Secondary Connection, so that the
Primary Connection is free for receiving new redsiédsom other Agents. As this module will be
executed in parallel with the main module, theyl Wdve a shared variable so it can be informed
when to terminate (in case the administrator wémtguit the application). And it will be through
this same shared variable that the module of Pyir@@nnection will confirm the closing when all
modules of Secondary Connection has finished. #ieroto access the shared variable as needed,
this module will wait for connection in an asynamoos way, in other words, it won't be blocked
when waiting for connection request. At each irdériime the module will verify if there is
connection request and if the variable for firaii@an is set. Every time this module creates a
module "Secondary Connection” it restarts the meaghich waits for connection request. Since
this module will create several modules "Secondaoynection”, a hash table that maps all the
modules "Secondary Connections" and their respegtrts is necessary. Before creating a module
"Secondary Connection” this module may consult hhsh table to identify the ports in use.
Whenever a module "Secondary Connection" is fotimel,"Primary Connection” module updates
the hash table

c) Secondary Connection- Module created dynamically and executes in peralith the Primary
Connection. In this module a connection will be ateel through which the Agent will be
authenticated and messages exchanged (sendingtioperand receiving results). After the
negotiation of the port, where the secondary cotmeavill be created, the Agent terminates the
first connection so that the “Primary Connectionbdule can receive new requests of connection
from other Agents. This module doesn't use busy wiaen waiting for connection request, as well
as the module “Primary Connection”. Such mechanismmecessary to avoid starvation for
connection request, in case of a fault Agent. &tdlthentication moment, the Agent will be able
to, instead of sending the name and password nib @dinalization warning (in case the volunteer
wants the application to conclude at this time)teAfthe authentication, a connection badge is
generated, to uniquely identify the establishedneation between Agent and Coordinator. This
connection ID is used to identify messages sorttessages created by a third part are not received
as legitimate message, since just the two parta/khe connection ID. Before exchange messages
can be initiating, the finalization (shared) val&alis verified, since it might be possible the
“Primary Connection” module wants to inform this date when the administrator wants the
application to conclude. If the shares variablesas, exchange messages does not begun and a
message of finalization warning is sent to the Agamd the module is terminated.

d)Authentication Module - Module for authenticating a certain Agent based "'name" and
"password", previously registered..

e)Data Access- module for accessing processed and not processadThis module is important,
since the information to be processed can be iferdiit formats (XML, Database, files text).
Initially a module will be developed to access tiess (that is the format of MDE supplied by the
project GTOPO30). Since the system is being dedigoeassist several Agents in parallel, there
will be several modules at the same time tryinqa¢oess the repository data. To avoid the race
condition, mutual exclusion is implemented. Thisdumle also implements a technique to minimize
the accessing time to the repository data. Sineal#tta are stored as text file, an index was ateate
to indicate to what extent all operations were pssed, avoiding a linear search for operations and
performance loss in extensive files.

f) Exchange Messages Module Responsible for exchange messages betweerdiGator and
Agent. The module sends an operation to be proddss¢he Agent and enters in busy wait state
until the Agent sends the result of the operatidowever a timeout was defined for this wait,
avoiding Coordinator starvation in case of a flageAt. If a timeout occurs the connection is



finished and the operations sent are registeréth@processed”. Each operation has a status that
indicates its current situation. An operation mayeéthe status "no processed" when it was not yet
sent for any Agent. The status "in processing"jcaes that some other module has sent this
operation for an Agent. And the status "alreadycessed", indicates operation already processed
by some Agent. Base on this information, this medshould make the decision to send the
operation to the Agent or to request another opergtom the module of "Data Access". The
messages exchanges will continue until one of the parts shows intention to finish the
connection. In the case of Coordinator its intent®demonstrated by adding a finalization warning
at the end of a message (operation) that will lm¢ sethe Agent. The closing can have several
reasons, as the end of the operations to be pexteb® finalization of one of the applications.. et
g)Disconnection —It will be executed if, in a moment of processtrisition, some of the parts
demonstrate interest to finish the connection.ntn function is to avoid abrupt disconnection
without the Coordinator or the Agent knowing whiag¢ reason was, so that no operation is given
the status “processed” before being processed.

h)Security — Responsible to cryptograph all messages that wilsént to a certain Agent. All
exchanged messages between Coordinator and Agénbenvsecure to guarantee integrity and
authenticity. In this module a technique will albe implemented to provide reliability in the
connection as connection ID. This module can bestsidod a layer below the exchange messages
layer that guarantee safety to the superior layer.

2) Agente:

a)Principal — As well as in the Coordinator, this module isp@nsible for the application’s Agent,
configuration, creating the thread Establishmer@afinection and doing interface with user.
b)Connection Establishment -Responsible for creating connection with the Print@onnection
module on the Coordinator using an IP address asdifined known port. After the establishment
of the connection this module will receive from f@eordinator a message with a suggestion port
for the establishment of a secondary connectiorrevthe authentication and change of messages
will be accomplished. After verifying that the segged port is not in use or is in use, the Agent
will send confirmation or denial to the Coordinafor case of denial, the Coordinator will suggest
another port until they reach an agreement). Wistabished the secondary connection, it will
received the "name" and "password". The agentiiatthoment will be able to authenticate itself
with the Coordinator or terminate the applicatidh.the agent decides to accomplish the
authentication with the Coordinator, he will reeeian encrypted Connection ID form messaging
exchange with the Coordinator. After the receptibrthe Connection ID, the process of exchange
of messages will begin. As well as in the Coordindrimary and Secondary Connection, this
module have a shared variable, used if the Agentsma terminate the application.

c) Authentication - Different from the Coordinating application, the application Agent this
module and the module of Messages Exchange woetuéx in parallel (thread) with the
Connection Establishment module

d)Exchange Message Main module at the application Agent, since it msthis module the
operations will be obtained from the Coordinatohafl a Agent receives an operation, it sends the
operation to the processing module, that returesrésult to the Exchange Message module to
delivery it to the Coordinator. Then Exchange Mgssamodule will enter in busy wait state until
receiving the next operation. Always, before segdinresult to the Coordinator, the finalization
variable (shared) is verified. If this variablesst, this module add, at the end of the message, a
warning message to the Coordinator, which meanégeat won't accept more operations
e)Security - As well as in the Coordinator, in the Agent,dwelthe layer of exchange of message,
there is a module responsible for security whicksusryptography for messages to guarantee the
reliability in communication between Agent and Gtinator.



f) Processing- Interpret the Coordinator's received operatiprkiiowing which processing has to
be done and do the processing. At the end of theegsing the result is returned to the Exchange
Messages module. Since the system will be appleeddt the relief of an area through a
polynomial, this module will be the responsible fwocessing the elements of matrix A and B as
shown orFig 2.

Results

The results of this research can be presentedghrdiagrams that describe several aspects of the
distribution model proposed. The diagrams (Appentlito 9) describe, for both Application
Coordinator and Agent, aspects of interaction betwé¢he application, user and states the
application uses during the execution. This model loe implemented in any language that support
programming for Internet and Object Oriented. Sitieeprojected system was based on modules it
is possible to develop more than a version of sofitbe modules. As an example, the Data Access
module, one version can be implemented for acoggbim data in the text file format and another
version for accessing a database, without chani@gnterface with other module of the project,
since they are independent.

The system was modeled so that it has a minimumahuintervention. The diagrams in
Appendix 1 andAppendix 2 show that the administrator of coordinating agglan and volunteer
that executes the application agent, do not neediajzed knowledge as the system is executed.
The diagrams o\ppendix 3 show a general interaction by the Coordinator Agdnt, and how
some modules communicate. In these diagrams ibssiple to visualize what are the actions
related to error treatment, finalization of bottpkgations, and the main execution flow. Diagrams
in Appendix 4 represents the states assumed by the Coordinatodale Primary Connection, it
can be seen how a warning of closing a applicammeads by threads. DiagramsAppendix 5
represent the states assumed by the CoordinatodalenSecondary Connection. In this diagram it
can be seen how an authentication of a certain tAgeaccomplished. Diagrams Appendix 6
show states of the Exchange Messages module. biagreAppendix 7 show the necessary steps
for the establishment of a Coordinator connectas,well as the negotiation of a port for the
establishments of the secondary connection, thetsyauthentication and other stages that precede
the exchange of messages. In Diagram&pgfendix 8 it is possible to visualize the states assumed
by the module of Exchange Messages, responsiblest@iving operations, processing them and
sending results to the Coordinator. Finally, Diagsain Appendix 9 show threads creation in
Coordinator. In these diagrams it is possible ®that the thread of Primary Connection module is
created a only once, unlike the threads of the 8y Connection modules that are created every
time there is a connection request by an Agent.

Conclusion

Evolution of the communication technologies hasvigled solution of problems, in a distributed
way, not possible recently. With a model of soldl &fficient distribution it is possible to distute

the processing using mathematics formulation ofablpm as introduced in this article for relief
representation. It is important to notice that thigthematical formulation can be used to compute
several other terrestrial phenomena such as tetperdaumidity of the air, precipitation, images,
pictures, etc. All phenomena or information thag sepresented through bitmap or matrix can also
be represented through a two-dimensional polynamiibt only the mathematical formulation is of
general use, but also the modeling of processisigiliition can be applied to other problem types.
Calculations and processing in general that areeqtible to be distributed, can be distributed gisin



this modeling. In general, the formulations and elegresented represent contribution for the area
of Geo-processing, as for the area of Distributeac@®ssing. Some methodological options, not
mentioned in the article, can be used to providgelareliability and scalability to the model such
as: same operation is sent to 3 or 4 agents. Bygdiiis it is possible to compare the received
results from different Agents and detect those the# sending incorrect results. To avoid
concurrency on the data base of repository of @gatagthodology of dividing de data in modules,
can be used.
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