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ABSTRACT

Objective analysis technique has been widely used in the �eld of Oceanography� meterolagy and
bla bla�� ���

This technical report overviews the work carried out in the OA �Objective Analysys	 project with
focous on the Objective Analysis algorithms� Computer programs and user
s guide� The history
of the OA program development with various versions are reviewed in Appendix A� A detailed
reference manual for the OA program functions is given in Appendix B�

A detailed algorithm and implementations of the objective analysis theory� the kd tree data struc�
ture and the nearest neighbor search method are described and presented with a number of examples
based on the �nal version of the OA program oax�� A documentation on how to use OA programs
and the user
s guide on all OA packages including OA stand alone program �oax�	� OA C library
functions� OA F

 library functions� kd tree store and load programs and OA AVS modules are
presented in Section ��

A practical application problem is solved by using the OA program in Section �� Finally� a discus�
sion is also included�

Bibliography on objective analysis and related topics are given in the Reference List�
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� Introduction

OA applies the method of optimal interpolation �objective analysis	 to estimate the values of vari�
ables at speci�ed points in a multidimensional space� For each point� the computation is based on
a weighted average of the values of a speci�ed number of data points �i�e� �nearest neighbours�	
which are closest to that point� For the sake of e�ciency� several dependent variables can be in�
terpolated simultaneously using the same weights if the underlying statistical model and relative
noise level in the input data are assumed to be same for each dependent variable�

The �nal release of OA program oax� extends the capability of earlier implementations by allowing
the parameters controlling the calculation of the weights to vary as a function of the independent
variables� and by allowing the speci�cation of a relative uncertainty �NOISE	 for each input data
record separately�

The names of variables to estimate �i�e� dependent variables	 and the components of the space �i�e�
independent variables	 are speci�ed with the DEPENDENT and INDEPENDENT identi�ers in a
deck �le respectively� Overall scales for the independent variables �GLOBAL SCALES	 are used
to non�dimensionalize the independent variables and de�ne an overall metric �distance calculation	
for sorting the input data and creating a data tree� This allows for the e�cient selection of the
NUM CLOSEST nearest neighbours to control the interpolation of each grid point read from the
GRIDFILE�

The GRIDFILE is a text �le containing a list of grid points � that is� points where estimates are
to be calculated �independent variables	 � and parameters that de�ne local scales and local axis
orientation for each grid point� The local scales replace the initially speci�ed GLOBAL SCALES�
and control both the selection of nearest neighbours and the calculation of the interpolation weights�

The locations of data and grid points are speci�ed by a list of coordinates �x� y� z� t� ���	� The local
scales �lx� ly� lz� lt� ���	 are applied to each coordinate� Provision is made for a local rotation of
the coordinate system applying speci�cally to the �rst two coordinates speci�ed �x� y	� which are
assumed to represent a right�handed Cartesian coordinate system� A rotation angle is speci�ed for
each grid point in the GRIDFILE� If this angle is non�zero� an anticlockwise rotation of the �rst
two coordinates �x� y	 by the speci�ed angle is carried out to produce transformed coordinates �x
�
y
	� and local scaling is applied to the transformed coordinates� One application of this feature
would be to create horizontal maps of an oceanic �eld over variable bottom topography� A rotation
angle at each grid point would be speci�ed to transform to a coordinate system with along� and
cross�isobath orientation� allowing the speci�cation of local scales appropriate for variations in the
along� and cross�isobath directions�

Each output data cycle contains the results of the estimation at one grid point� and includes the
independent variable values �original coordinates	� the computed dependent variable values and an
estimate of the relative error of the estimated dependent variables in the non�dimensional output
variable�

The methodology is primarily aimed at estimating the spatially or temporally varying part of a
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process� Measured values typically include the contribution of an underlying mean value� This
mean �eld may itself vary slowly in space or time� but by de�nition it does so only on scales which
are large compared to the typical scales of variation of the dependent variable�s	 with respect to the
independent variable�s	 as expressed in the correlation model underlying the optimal estimation�
Certain details of the estimation procedure depend on whether the mean value of the dependent
variable�s	 is assumed to be known and has already been removed from the input dependent vari�
able�s	 or whether the input data for the dependent variable�s	 still include a mean value� The
METHOD identi�er is used to specify which situation holds�

To speed up the selection of nearest neighbours� an internal data structure �a k�dimensional or
�k�d� tree	 is used to sort the input data� The structure of the k�d tree depends upon the scales
speci�ed to the GLOBAL SCALES identi�er� With the BUCKET identi�er� the user may specify
the number of data points to be included in the �nest subdivision of the sorted data� Choice of
GLOBAL SCALES and BUCKET a�ect the speed of the nearest neighbours selection� but should
not a�ect the results�

OA uses certain assumptions about the statistical nature of the data� A default covariance model
is implemented in the code� Other covariance models may be introduced by the user� It uses an
objective analysis method to interpolate�extrapolate data at grid points based on the values at a
�nite number of nearest neighbours�

The method is called �optimal�� because if the covariance function is an accurate model of the
spatial relationship of the data and if the assumption about noise accurately re�ects the level of
actual noise in the data� then the method will give the least expected error of any linear estimate�

The error computed uses a single estimate of NOISE level of the input data� Dimensional error es�
timates are obtained by multiplying the output OERR parameter by the standard deviation of the
particular �eld involved �temperature� salinity� ���	� Estimates of the required standard deviations
must be provided by the user�

OA might be used in non�obvious ways� For example� instead of using pressure or depth as inde�
pendent variables� one might use the temperature� derived from an overall average vertical pro�le
of temperature at the input pressure or depth� which would �stretch� the space in areas of rapidly
changing temperature� As another example� instead of using latitude and longitude to measure
horizontal distance� one might have reason to use station number as a dimension� where the sta�
tions are not necessarily equidistant�

In addition to the OA stand alone program� OA C library and F

 library functions are also devel�
oped� The OA C library functions are based on oax� program� It allows the user to use OA within
user
s C applications� An additional feature of C library is to allow the use of an user supplied
covariance function to replace the default covariance function� OA F

 library functions are based
on OA C library functions� It has the same features as C library functions� The di�erence between
C Library and F

 library is that F

 library functions only support SUN system right now� C
Library functions have been ported to a number of systems including SUN� DEC� IBM� SGI� HP�
FreeBSD and Linuix�






An independent program for building kd tree and an independent program for loading kd tree
are also developed as the by�product of the OA programs� Two AVS modules are developed to
generated the AVS �eld �les for viewing the optimal estimation results�
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� Algorithms

The optimal estimator loads data points �independent and dependent variables	 and creates an
internal data structure �the k�d tree	� Points where the estimation is to be performed are read
from the grid �le one at a time and the estimated values of each dependent variables are obtained
from the weighted sums of the values at the closest data points� with the weights determined by
the optimal linear estimation algorithm� The k�d tree provides an e�cient way of selecting a set of
nearest neighbours�

This program handles inhomogeneous and anisotropic variability by allowing the speci�cation of
local coordinate orientation� local scales for each grid point and a speci�ed uncertainty for each
input data point� Nearest neighbours are selected at each grid point after local coordinate rotation
and scaling� The distance metric and the concept of �nearest� depend on the local scales� It is the
responsibility of the user to specify the local scales in a physically meaningful way�

��� kd tree

The kd�tree is a binary tree data structure with terminal buckets� The maximum number of data
that can be stored in a bucket is de�ned as �bucket size�� For a given data set� larger bucket results
in smaller number of terminal buckets and hence less of computer time to build the tree�
When the data are read in� an index array is created to record the order of the original data�

root node

left son right son

terminal buckets

Figure �� kd tree

During the sorting� the original order changes� The data array is static� Global scale is used to sort
the data and decide the cut dimension and its cut value� The maximum number of data points is
not limited by the program� The memory needed for storing the data is dynamically allocated�
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The kd tree building process can be described by the following �gure� The data are virtually put
into the terminal buckets at the ends of the tree through link of the index array�
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Figure �� kd tree building process
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Figure �� The In�uence of Bucket Size on Tree Building Time
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kdtree building time depends on the number of data point and the bucket size of the terminal
buckets� The more the data point the longer the tree building time� For a given number of data
point� the bigger the bucket size the less the tree building time� Fig�� shows the in�uence of the
bucket size on the tree building time and Fig�� shows the in�uence of the number of data point on
the tree building time�
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Figure �� The In�uence of Number of Data Point on Tree Building Time

Comparing Fig�� and Fig�� we can see that the in�uence of the number of data point is much more
than the in�uence of the the bucket size� Therefore� for a large data set� the tree building may
take a long time� This will a�ect the total computer time of the optimal estimation� However� The
Program running time also dependis on the neighbour search and the number of nearest neighbors
used in the optimization�
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��� Nearest Neighbour Search

Once the tree is built� the closest data points that will be used for the estimation at this grid
point are picked out from the terminal buckets by searching the tree with the top�down search
scheme� For a given grid point� the search starts at the root of the tree� Each tree node contains
an integer value holding the cut dimension and a �oat value holding the cut value� By comparing
the coordinate of the grid point at the cut dimension with the cut value of this tree node� the
search will know which branch to go for next level of tree node� it will compare the cut value of this
tree node and go down further� This process is repeated until the terminal bucket that contains
the potential closest data points is reached� Then some of the data points in this bucket will be
selected as the nearest neighbours� If the coordinate of this grid point is closer to the cut value
so that their distance is smaller than the maximum distance between the grid point and the data
points in the bucket� or if the number of the data points in this bucket is less than the number of
the closest data points speci�ed� the neighbouring bucket will be searched� The search will stop if
all the nearest neighbours are found� Otherwise it will go up to the parent tree node to search the
other branches until all nearest neighbours are found�
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Figure �� Kd Tree Nearest Neighbor Search Process

Figure ��� describes the nearest neighbour search process in a binary tree structure� This procedure
assumes that the scales used in the search are the same as the scales used in building the tree�

In the latest oax� version� the nearest neighbour search is based on the pseudo�distance calculated
from local scales� If the coordinate is rotated and scaled� the nearest neighbour search algorithm
implemented in the latest oax� program is di�erent from the previous versions� A new function
�testcut� is added in to compute the the minimum possible local distance from a grid point and any
point with coordinate cutdim having a value cutval� This not only avoid unecessary bucket searches
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but also ensures all nearest neighbours can be found in the local scaled coordinates� Figure��� shows
the distribution of local scaled nearest neighbours�

X

Y

Y�
X�

�

neighborsgrid point data point

Figure �� Nearest Neighbor Search and Local Scale

The kd�tree is created using global scales and unrotated coordinates� The tree is searched using
local scales� The search algorithm for retrieving points from the kd�tree generally compares the
di�erence between the cutdim�coordinate of the target point and the cutvalue with the maximum
of the distances to all the candidate nearest neighbours already selected to determine �nndist���	
if there could be any points closer than this maximum with cutdim�coordinate on the other side
of the cut value� When the test involves either cutdim�� or cutdim��� the test using only the
cutdim�coordinate could fail but there could still be points closer than the maximum because of
the di�erent scales in di�erent directions� testcut computes the minimum possible �local scale	
distance for points having the cutdim�coordinate equal to the cutval to test against nndist����
��� ���
��� ���
�the formulation of testcut algorithm and �gure	
��� ���
��� ���

As the testcut algorithm only searches the buckets containing the points whose distance to the
grid point is larger than the minimum possible local scaled distance not the maximum local scaled
distance� it is much more e�cient in the cases where the large local scales are involved� Figure�
�
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and ��� shows the comparisions of the two search algorithms computed on a Pentium �� system�

��

��

��


�

���

���

���

���

���

� � �� �� �� ��

t�sec	


lscale x�lscale y

�num grid������ num data�������� bucket���� num closest���� rotation��� deg	C


oax� with testcut �

� �
�

�
� �

�

oax� without testcut �

�
� �

�

�

�

�

Figure 
� Local Scale E�ect on Searching Time
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Figure �� Local Rotation E�ect on Searching Time
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Figure �
� shows the local scale e�ect on the search speed� The search time increases very fast for
previous search algdrithm as the local scale ratio increases� With the new search algorithm� how�
ever� The search time does not change much �slightly increases	 when the local scale ratio increases�

Figure ��� shows the rotation e�ect on the search speed� From Figure ���� we can see that when
the local scale ratio is �xed� the search speed of the previous search algorithm strongly depends on
the rotation angle� While the new algorithm spends much less searching time and the search speed
does not vary much as the rotation angle varies�

Above two examples demonstrate the e�ciency of the new search algorithm� From the examples we
know that this search algorithm is much more e�cient than the previous search algorithm especially
when the coordinate is rotated and the large local scale ratio is involved�

Figure��� also presentes a searching time curve� The di�erence between Figure��� and Figure ��� is
that they use di�erent data� A real arbitraryly distributed data was used in Figure���� Here a uni�
formly distributed data is used� The perpose of this �gure is to show the e�ect of data distribution
on the search time�
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Figure �� Data Distribution E�ect on Searching Time

The results in Figure ��� were also computed on a Pentium �� system� From Figure ��� we can see
that the search time for the new algorithm icreases as the rotation angle increases from � degree to
�� degree and then decreases symmetrically as the rotation angle increases from �� degree to ���
degree� The search time is signi�cantly less than that of the previous search algorithm when the
rotation angles are between ���� degrees and ������� degrees�
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It is obvious that the search speed depends on the number of grid point� No mater which search
algorithm is used� the more the grid point� the longer the search time� In addition to the number
of grid points that a�ects the search speed� the bucket size and the number of nearest neighbours
also in�uence the search speed� Normally� larger bucket size takes more time to search because all
the data points in the bucket have to be checked� Larger number of nearest neighbours also leads
to longer search time� But it is not true that smaller bucket size always result in less search time�
There is an optimal bucket size value which depends on the number of the nearest neighbours� It
is recommended that the bucket size be equal to the number of the nearest neighbours�
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Figure ��� Num closest and optimization speed

Figure ���� clearly shows the optimization time increases as the number of nearest neighbours in�
creases� Here we use the word optimization time� which is because that the number of nearest
neighbours not only a�ects the search but also a�ects the optimal estimation time and more im�
portantly� the optimal estimation results� It is the number of the nearest neighbours that is critical
for obtaining reliable estimation results� Theoretically� the more the better� However� There is
not much improvement to the estimation result when the number of nearest neighbours exceed a
certain value� on the contrary� the increase of this number would signi�cantly increase the CPU
time because of the inversion of a large size ovariance matrix will have to be involved� Therefore�
the number of the nearest should be suitably selected� It is suggested to be any number ranged
from �� to ���

The bucket size has nothing to do with the estimation results� but it a�ects the search speed�
Figure ���� gives the result from a Pentium �� computer computation� It shows the search and
the tree building time varies with the bucket size� In this example� the number of closest is ���
We can see that when the bucket size equals to the num of closest� the search time takes its mini�
mum value� That
s why we suggest that an equal number bucket size and number of closest be used�
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Figure ��� Bucket size and optimization speed

As the number of nearest neighbours and the bucket size are not independent of each other� Figure
���� combines them together and shows a in�uence ��D surface�
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Figure ��� Num Nearest � Bucket size and optimization speed
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��� Covariance Functions

oax uses certain assumptions about the statistical nature of the data� It uses an objective analysis
method to interpolate�extrapolate data at grid points based on the values at a �nite number of
nearest neighbours�

The speci�c covariance model implemented in the code is of the form�

covariance�r	 � e�r � �� � r �
r�

�
	 ��	

where r is a pseudo�distance calculated as

vuut
nX

i��

�
xi � yi

ai
	� ��	

where� ai is the local scale factor of the ith independent coordinate xi and yi are the ith components
of x and y respectively�

Other covariance models can be introduced only by modifying the source code�

This pseudo�distance controls the selection of nearest neighbours and the generation of weights
�through the covariance model	� The relative in�uence of lags in each of the independent variables
is determined by the user�supplied local scales�

This built�in covariance function can be replaced by user speci�ed covariance function in C library
and F

 library functions�

��



��� Optimal Linear Estimation

Optimal linear estimation is the core of the oax program�
We suppose that the measured value �r is the true point value plus some random noise

�r � ��xr	 � �r r � �� �� ����num closest ��	

In order to estimate the value at point x �grid point	 we assume that the estimated value is a linear
combination of the measured values �data points	�

��x �
num closestX

s��

�xs�s ��	

The coe�cients �xs are so determined that the expected value of the sum of squared errors is
minimized� Two di�erent estimates are possible� depending on the treatment of the mean value�

����� Anomaly

assumptions�

�� zero mean
��x � � ��	

�� known covariance function
�x�x�� � F ��	 ��	

F is coded as a correlation matrix �covariance normalized by the covariance at zero separation	

�� errors are uncorrelated with one another and with the �eld

�r�s � � �r �� s	 �
	

�r�s � � ��	

�� known error variance E
�r�s � E �r � s	 ��	

E is speci�ed by the user as the dimensionless ratio�

NOISE �
noise variance

signal variance
���	

The optimal linear estimator for this is �

��x �
num closestX

r��

Cxr�
NX
s��

A��rs �s	 ���	

where
Ars � �r�s � F �xr � xs	 �E�rs ���	

��



is the covariance matrix and
Cxr � �r�x � F �x� xr	 ���	

is the covariance vector�

The estimated error variance is

��x � �x	
� � Cxx �

NX
r�s��

CxrCxsA
��
rs ���	

The �rst term is the natural variation in the absence of any data� The second term measures
the information provided by the data� Therefore� only the location of the data points and the
knowledge of the covariance function and noise level E determine the error� The error output in
the oax program is q

��x � �x	� ���	

The noise level E may be di�erent for di�erent locations� but all dependent variables at a given
grid point are assigned the same relative noise level E �speci�ed in the last column of data �le	�
Therefore� in a multi�dependent variable estimation case� several separated runs might be needed
if user want to apply di�erent noise level to the dependent variables�

����� Estimated Mean

In the general case that the mean is unknown� the �rst assumption of the ANOMALY case does
not apply� A revised estimate over the set of nearest neighbours can be derived as�

��x � �� �
X
r

Cxrf
X
s

A��rs ��s � ��	g ���	

where � is the estimated mean value

��x �

P
r Cxr

P
sA

��
rs �sP

r�sA
��
rs

��
	

The error variance can be expressed as�

��x � ��x	� � Cxx �
X
r�s

CxrA
��
rs Csx �

���
P

r�s CxsA
��
sr 	

�

P
r�sA

��
rs

���	

The �rst two terms have been explained in the ANOMALY case� The last term is the increase
associated with the uncertainties of the estimated mean�

The error output in OAX is the square root of the error variance� It represents the relative
estimation error for all dependent variables because the noise level is assumed to be same for all
dependent variables� In order to obtain dimensional errors bounds �standard deviations	 for each
dependent variable� users may multiply the output error parameter by a user�supplied estimate of
the standard deviation of the appropriate �eld�
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� Computer Program

��� Program Structure

The OA Programs can be divided into four groups�

�� Stand Alone C Version

�� C Library Version

�� F

 Library Version

�� AVS Module Version

�� KD Tree Programs

The OA computer programs are written in C �ANSI C Standard	 language� The stand alone ver�
sion �oax�	 has been tested in a number of platforms and proved to be very stable� This version is
designed to serve as an independent tool for users who want to a lot of mapping work� It is easy
to use� User do not need to write program but just prepare the data �le� grid �le and deck �le�
The program will load the data and grids and perform the optimal estimation according to the
instructions given in deck �le and generate mapping result in �out �le�

OA C library is designed for users who need to do optimal estimation within their application
programs� In this case� one can call the OA C Library functions within his�her C program and
directly apply the optimal estimation result in the application� The C Library functions have been
tested in a number of platforms� It is machine independent�

OA F

 library is designed for users who need to do optimal estimation within their Fortran appli�
cation programs� In this case� one can call the OA Fortran Library functions within his�her Fortran
program and directly apply optimal estimation result in the application� The Fortran Library func�
tions are based on the C Library functions and they are just an interpreter between C and Fortran�
As each machine has di�erent implementations of Fortran Call C� The Fortran Library is machine
dependent� The F

 Library of OA program is only for SUN Spac ���� system�

OA AVS Module is designed for the users who want to view the optimal estimation result graph�
ically on computer screen� Two AVS modules �oax�d and oax�d	 have been written based on the
OA stand alone version program� AVS modules work on SUN and DEC systems but they have
not been intensively tested for real data� The AVS modules allow user to control the bucket size�
number of nearest neighbors and the global scales interactively�

The kd tree programs tdstore and tdload are the by�products of the oa programs� tdstore is for
building kd tree and store the tree into a disk �le either in ASCII or BINARY mode� tdload is for
loading a previously built tree from the disk �le in a corresponding mode�

��



��� Flow Chart of oax� Program

All groups of OA programs are based on the OA stand alone program oax�� Therefore� we only
give the details of the oax� program structure� Figure �� shows the program �ow chart of oax��c�
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��� Program Distributions

All programs in OA packages are availble for users to down load from OA web site through Netscape
or other browsers� The OA home page is currently located at the Technical University of Nova
Scotia and the Bedford Institute of Oceanography� The packege is organized as follows�

����� OA Stand Alone C Version 
oax��

� Binary

� BSD �oax� BSD�tar ��� ���K	

� DEC �oax� DEC�tar ��� ���K	

� HP �oax� HP�tar ��� ���K	

� IBM �oax� IBM�tar ��� ���K	

� LINX �oax� linx�tar ��� ���K	

� SGI �oax� SGI�tar ��� ���K	

� SUN �oax� SUN�tar ��� ���K	

� Source

� Document

����� OA C Library 
oax clib�

� Binary

� BSD �oaxc lib BSD�tar ��� �
�K	

� DEC �oaxc lib DEC�tar ��� ���K	

� HP �oaxc lib HP�tar ��� ���K	

� IBM

� LINX �oax� linx�tar ��� ���K	

� SGI �oaxc lib SGI�tar ��� ���K	

� SUN �oaxc lib SUN�tar ��� �
�K	

� Source �oaxc lib src�tar ��� ���K	

� Document �oaxc lib doc�tar ��� ���K	

����� OA F�� Library 
oax �ib�

� Binary

� SUN �oaxf lib SUN�tar ��� �
�K	

� Source �oaxf lib src�tar ��� ���K	

� Document �oaxf lib doc�tar ��� ���K	

��



����� OA AVS Module

� Binary

� SUN �oax �d�tar ��� �
�K	

� DEC �oax �d�tar ��� �
�K	

� Source �oax �dsrc�tar oax �dsrc�tar	

� Document �oax module doc�tar ��� ���K	

����� KD Tree Programs

� Binary

� BSD �tdstore BSD�tar� tdload BSD�tar	

� DEC �tdstore DEC�tar� tdload DEC�tar	

� HP �tdstore HP�tar� tdload HP�tar	

� IBM �tdstore IBM�tar� tdload IBM�tar	

� LINX �tdstore LIX�tar� tdload LIX�tar	

� SGI �tdstore SGI�tar� tdload SGI�tar	

� SUN �tdstore SUN�tar� tdload SUN�tar	

� Source �tdstore src�tar� tdload src�tar	

� Document �kdtree doc�tar ��� ���K	

The home machine for storing the OA packages are emeroald at BIO� The OA package is located
at�
�usr��objanal�OA
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End of Grid File �

ngp��

input�grid open

no

ngp�ngp��

obtain weight

cova vector

oa output

erro estimate

optimal estimation

invert cova matrix

cova matrix

become local

get neighbour

grid local

print kdtree

oa end

mesage

end of main�� return �

define� MAXNIV� MAXNDV�

root�build kdtree

data load

data array
index arraymalloc

check data

oa start

oa begin

get deck node

main��

declare structures and functions
MAXNBS and RAD	

findmaxspread findmedian heapsort

fprintf��strcmp�� print kdtree

build kdtree

heap insert

heapup

node search

bucketsearch

data local

fprintf

gdist heapinsert heapreplaceheapdown

nodesearch

strcmp heapremove

heapdown

cova func strcmp fprintf

ldistfprintf

fprintstrcmp calculate weight strcmp

cova func fprintstrcmp

ldist

sscanf message exit

fopen getDeckNode fgets sscanf AddVariableNode AddScaleNode fclose

Figure ��� oax� Program Flow Chart
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� User�s Guide

��� OA Stand Alone Version oax�

����� How to Run the Program

To run this program� simply do the following operations�

�� prepare the input �les�

� deck �le �example� test�deck	

� data �le �example� test�dat	

� grid �le �example� test�grid	

The formats of the above �les will be described later�

�� at command line� type�
oax� �deck �le name� ��options� �Enter�
where deck �le name is the family name without �deck extension� The options include d�� d��
d� and �time�

Example� oax� test �d� �Enter�

where the command Line Options

d�� print the grid point and nearest neighbours

d�� In addition to d� printout� this debug option also print covariance matrix A� inverse
covariance matrix ivA� covariance vector and weights�

d�� only print kdtree nodes

time� display and print the system time spent in the task�

NOTE � The debug information will be printed in log �le�

�TIP�  � For online help� type� oax� �Enter�

�� OUTPUT Results

� log �le � �lename�log �Automatic generation	 Example� my�le�log

� result � �lename�out �Automatic generation	 Example� my�le�out

����� File Format

The formats of deck �le� data �le and grid �le are as follows�

Deck�le� test�deck

DEPENDENT temperature
INDEPENDENT km east km north pressure

�




GLOBAL SCALES ��� ��� ���
DATAFILE test�dat
GRIDFILE test�grid
BUCKET �
NUM CLOSEST �
METHOD EST MEAN

NOTE� The sample �les given above are only a special case� Users can specify their own choices
by modifying the deck�le�

DEPENDENT � key word for dependent variables

temperature is the dependent variable name

INDEPENDENT � key word for independent variables

km east� km north and pressure are the independent variable names� Here only three independent
variables are given� The user can give the independent variable names up to MAXNIV de�ned in
include �le�

GLOBAL SCALES � key word for scale factors

The scale factors are �oat numbers � greater than zero and less then in�nity	 corresponding to each
independent variable� Here the scale factors are ��� for km east� km north� and pressure� User can
specify the scale values for all independent variables�

DATAFILE� key word for data �le name and path

test�dat is the data �le that stores the data coordinates� the observations of dependent variables
and their noise levels� The format of data �le is �

���� ���� ��� ����� ���
���� ���� ��� ������ ���
��
� ��
� ��� ����� ���

This is a three dimension case with one dependent variable� The �rst three columns hold the
km east� km north and pressure coordinates� the fourth column holds the dependent variable val�
ues and the �fth column holds the noise level for each data point� The number of columns depends
on the number of dependent and independent variables� For a k dimensional data coordinates with
n dependent variables� there should be k columns of data plus n columns of observation in this �le�
But if the column number is more than the dimension number� the program only load the �rst
k�n�� columns� The number of the data point is � in this example�

GRIDFILE� key word for grid �le name and path

��



test�grid is the grid �le that stores the grid point coordinates� The format of grid �le is �

���� ���� ��� ��� ��� ��� ���
���� ���� ��� ���� ��� ��� ���
��
� ��
� ��� ���� ��� ��� ���

This is a three dimension case� It depends on the number of independent variables� For a k dimen�
sional data� there should be at least �k�� columns of data in this �le� But if the column number is
more than the dimension number� the program only load the �rst �k�� columns� The number of
the grid point is � in this example� User can specify his own grid data� The number of grid points
is independent of the number of data points�

We notice that the grid �le here is di�erent from the grid �le of OA���� This is because of the
new feature of this version� The local coordinate can be rotated by an angle at each grid point�the
fourth column holds the angle of each grid point	 and scalled by a factor�the last three columns
hold the scaling factor at each grid point for three independent coordinates	�

BUCKET � keyword for bucket size

bucket size is an integer number which speci�es the maximum number of data points in the terminal
bucket� Here the number is �� User can specify this any number between � and NDATA�

NUM CLOSET� keyword for number of nearest neighbours

NUM CLOSET is an integer number which speci�es the number of nearest neighbours� Here in
this example� the number is �� User can specify any number between � and ����

METHOD � keyword for statistic model

EST MEAN will use the zero mean in the optimization

Once the deck �le and two data �les are available� one can run the oax� program and obtain the
output results�

Example� oax� test �Enter�

Here is the example of �le test�out�

�������� �������� �������� ��������� ��������
�������� �������� �������� �����
�
� ��������
��
����� ��
����� �������� ��������� ��������

The �rst three columns are the independent variables represent km east� km north and pressure�
The fourth column is the optimal estimation result of the dependent variable temperature and the
last column is the error of the estimation�

��



The log �le will look like the follows�

File� test�log

This �le contains the detailed debug information

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Welcome to the Optimal Analysis Program
�Version ��� � March� ����	
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Creation Time� Tue Mar 
 �������� ����

Reading Parameter File test�deck
           
DEPENDENT temperature
INDEPENDENT km east km north pressure
GLOBAL SCALE �������� �������� ��������
DATAFILE test�dat
GRIDFILE test�grid
deck��Bucket �
NUM CLOSEST �
METHOD EST MEAN

Number of data points read � �

Number grid point read � �

If the command line options are involved in� the log �le will be di�erent� For example�

oax� test �d� �Enter�

The log �le will look like�

File� test�log

This �le contains the detailed debug information

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Welcome to the Optimal Analysis Program
�Version ��� � March� ����	
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
Creation Time� Tue Mar 
 �������� ����

Reading Parameter File test�deck

��



           
DEPENDENT temperature
INDEPENDENT km east km north pressure
GLOBAL SCALE �������� �������� ��������
DATAFILE test�dat
GRIDFILE test�grid
deck��Bucket �
NUM CLOSEST �
METHOD EST MEAN

Number of data points read � �

Nearest Neighbour Search and Optimal Estimation�
������������������������������������������������
              �
At Grid Point � �������� �������� �������� 	
              �
Nearest neighbours are�
record �� � �������� �������� �������� 	 distance���������
record �� � �������� �������� �������� 	 distance���������
record �� � ��
����� ��
����� �������� 	 distance���
�
��


 " Covariance Matrix A
�������� ���
�
�
 ��������
���
�
�
 �������� ���
�
�

�������� ���
�
�
 ��������

 � Invert Covariance Matrix IvA
�������� ��������� ���������
��������� �������� ���������
��������� ��������� ��������

  Obtaining Weights
���������� �������

��� ����������

  Estimated Mean
�
�
���
�

  Covariance Vector C
�������� ���
�
�
 ��������
�test�log� ��� lines� ���
 characters

  Estimate and Error
��������� ��������

��



              �
At Grid Point � �������� �������� �������� 	
              �
Nearest neighbours are�
record �� � �������� �������� �������� 	 distance���������
record �� � ��
����� ��
����� �������� 	 distance���������
record �� � �������� �������� �������� 	 distance���������

 " Covariance Matrix A
�������� ���
�
�
 ���
�
�

���
�
�
 �������� ��������
���
�
�
 �������� ��������

 � Invert Covariance Matrix IvA
�������� ��������� ���������
��������� �������� ���������
��������� ��������� ��������

  Obtaining Weights
�������

��� ���������� ����������

  Estimated Mean
�
�
�����

  Covariance Vector C
�������� ���
�
�
 ���
�
�


  Estimate and Error
�����
�
� ��������

              �
At Grid Point � ��
����� ��
����� �������� 	
              �
Nearest neighbours are�
record �� � ��
����� ��
����� �������� 	 distance���������
record �� � �������� �������� �������� 	 distance���������
record �� � �������� �������� �������� 	 distance���
�
��


 " Covariance Matrix A
�������� ���
�
�
 ��������
���
�
�
 �������� ���
�
�

�������� ���
�
�
 ��������

 � Invert Covariance Matrix IvA
�������� ��������� ���������

��



��������� �������� ���������
��������� ��������� ��������

  Obtaining Weights
���������� �������

��� ����������

  Estimated Mean
�
�
���
�

  Covariance Vector C
�������� ���
�
�
 ��������

  Estimate and Error
��������� ��������

Number grid point read � �

��



��� OA C Library

����� Description of OA C Library

Based on the oax� and oax Clib ���� oax library ��� is available to the users� This library is
designed for user
s convenience to utilize the power of oax directly in their application programs�
This version has the following new features�

� covariance function can be speci�ed by the user

� new local search algorithm with testcut function

The following function calls are available from a C program�

� oax init     initialize oax and build kd tree

� oax nearest    �nd the nearest neighbours only

� oax compute    search neighbour and perform optimal estimation

� oax print data   print the data array

� oax print grid   print the grid array

� oax print neighbour � print the nearest neighbours

� oax print result  � print the optimal estimation result

� oax exit     free up the allocated memory and exit oax

To perform the optimal estimation� oax init� oax compute and oax exit must be called� The other
functions are optional� oax init should be called �rst and the oax exit function should always be
called last�

The usage of the oax library functions are described in this document� Two example main programs
oax main��c and oax main��c are also included for user
s reference� To compile oax main��c and
oax main��c� use the script �les make main� and make main� or use Make�le to make them� See
Make�le for details�

����� Compile OA C Library

Before compiling user
s C program� OA C library must be made� To make OA C library� one can
use the Make�le or the script �le make clib� For example� either of the following commands will
make clib�

� make clib #Enter$

� make clib #Enter$

��



����� User Supplied Covariance Model

To supply a covariance model� one need to�

�� Supply a C function named �usr cov�c� that contains user supplied covariance function and
return the covariance between two points pt� and pt��

�� edit the �le usrdef�h �set the CTRL value to number ��	�

�� include the �le �usrdef�h� in your main function

����� Compiling User�s Program

User
s C program must be compiled and linked with the OA C library and user supplied covariance
function� The following examples demonstrate how to make user
s program�

� make main� �cc oax main��c cova�c lib oax�a �o oax main� �lm	

� make main� �cc oax main��c cova�c lib oax�a �o oax main� �lm	

����� Examples

Example �
 oax main��c

The �rst example demonstrates how to use oax c library by passing user
s data array and grid array
obtained from the calculation within user
s program�

A� PROGRAM SOURCE CODE�
oax main��c

B� COMPILING THE MAIN PROGRAM�
make main� �Enter�

C� RUNNING THE PROGRAM�
oax main� �Enter�

D� PROGRAM OUTPUT�
oax print data�	�
NDATA��� num indep�� num dep�� Noise���������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� �������� ��������
�������� �������� �
������� �������� ��������
�������� �������� ��������� 
������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������

��



�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� �
������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� �
������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ���������� ��������
�������� �������� ��������� ���������� ��������
�������� �������� �
������� ���������� ��������

oax print grid�	�
NGRID��� num indep��
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
��������� �������� ��������� �������� ��������
��������� �������� ��������� �������� 
�������
��������� �������� ��������� 
������� ��������
��������� �������� ��������� �������� ��������
��������� �������� ��������� �������� ���������
��������� 
������� ��������� ��������� ���������
��������� �������� ��������� ��������� ���������
�
������� �������� ��������� ��������� ���������

oax nearest�	�
Nearest Neighbour Search  �

oax print neighbour�	�
NGRID��� num indep�� num nearest��

grid point �
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

grid point �

��



      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

������

������

������

grid point �
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

grid point ��
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

oax compute�	�
Covariance Model� �Default Covariance Model

oax print result�	�
NGRID��� num dep��
��������� �������� ����
���
�
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�� 
������� �������
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Example �
 oax main��c

The second example demonstrates how to use oax c library by passing user
s data array and grid
array obtained from reading the �les�

Also� in this example� an user speci�ed covariance model is used to replace the default covariance
model built in the program�

A� PROGRAM SOURCE CODE�
oax main��c

B� EDIT FILE �usrdef�h�
in �usrdef�h�� set Control variable to �� as follows�

%De�ne CTRL ��

File �usrdef�h� must be included in oax main��c

C� PROVIDE A C FUNCTION �usr cov�c� FOR CALCULATING COVARIANCE
The function �usr cov�c� should be in the following format�

�!������������������������������������
Function cov fun�	
Purpose� Calculate covariance function between two points
pt� and pt� using the usr supplied model�
Input � r " local scaled distance between pt� and pt��
Return� x " covariance function
��������������������������������������!�
%include �oax lib�h�
�oat cov fun�r	
�oat r&

�oat x&
x�exp��r	!��oat	����r�r!r���	&
return x&

Note� the name of the user supplied covariance function must be called �cov fun�r	� with a param�
eter r�

D� COMPILING THE PROGRAM
make main� �Enter�

E� RUNNING THE PROGRAM

��



oax main� �Enter�

F� PROGRAM OUTPUT

oax print data�	�
NDATA�� num indep�� num dep�� Noise���������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� �������� ��������
�������� �������� �
������� �������� ��������
�������� �������� ��������� 
������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������

oax print grid�	�
NGRID�� num indep��
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������

oax nearest�	�
Nearest Neighbour Search  �

oax print neighbour�	�
NGRID�� num indep�� num nearest��

grid point �
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

grid point �
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

oax compute�	�
Covariance Model� �User Supplied Covariance Model

oax print result�	�
NGRID�� num dep��
�
������� 
������� ����
���

��



��������� ���
���� ��������
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��� OA F�� Library

����� Descriptions of OA F�� Library

Based on the oax F

 library ��� and oax Clib ���� oa F

 library ��� is available to the users�
This library is designed for user
s convenience to utilize the power of oa directly in their Fortran
application programs� This version has the same features as the oa C library�

� covariance function can be speci�ed by the user

� new local search algorithm with testcut function

The following function calls are available from a C program�

� oax �nit     initialize oax and build kd tree

� oax fnearest    �nd the nearest neighbours only

� oax fcompute    search neighbour and perform optimal estimation

� oax fprint data   print the data array

� oax fprint grid   print the grid array

� oax fprint neighbour � print the nearest neighbours

� oax fprint result  � print the optimal estimation result

� oax fexit     free up the allocated memory and exit oax

To perform the optimal estimation� oax �nit� oax fcompute and oax fexit must be called� The other
functions are optional� oax �nit should be called �rst and the oax fexit function should always be
called last�

The usage of the oax library functions are described in this document� Two example main program
oax main��f and oax main��f are also included for user
s reference� To compile oax main��f and
oax main��f� use the script �les make main� and make main��

����� Compile OA F�� Library

Before compiling user
s Fortran program� OA F

 library must be created� To compile OA F


library� one can use the script �le make libf�

� make libf #Enter$

����� User Supplied Covariance Model

To supply a covariance model� one need to�

�� Supply a C function named �usr cov�c� that contains user supplied covariance function and
return the covariance between two points pt� and pt��

�� edit the �le usrdef�h �set the CTRL value to number ��	�

��



����� Compiling User�s F�� Main Program

User
s F

 program must be compiled and linked with OA C library � OA F

 library and user
de�ned covariance function� This can be done by using the make script �les� The script �les will
generate the object �le of user de�ned covariance function �rst and then compile the Fortran main
programs and link the clib� �ib and usr cov�o to generate the exceutable �les�

� make main�

� cc �c cova�c �lm

� f

 oax main��f libf oax�a lib oax�a cova�o �o oax fmain� �lm

� make main�

� cc �c cova�c �lm

� f

 oax main��f libf oax�a lib oax�a cova�o �o oax fmain� �lm

����� Examples

Example �
 oax main��f

The �rst example demonstrates how to use oax c library by passing user
s data array and grid array
obtained from the calculation within user
s program�

A� PROGRAM SOURCE CODE�
oax main��f

B� COMPILING THE MAIN PROGRAM�
make main� �Enter�

C� RUNNING THE PROGRAM�
oax main� �Enter�

D� PROGRAM OUTPUT�
oax print grid�	�
NGRID���� num indep��

oax print data�	�
NDATA���� num indep�� num dep��

oax print result�	�
NGRID���� num dep��
�������� ������
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�������� �������� ��������� ������
�������� �������� ��������� �����
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�������� �������� �������
�� ������
�������� �������� ������
��� �����

�������� �������� ���������� ������

Example �
 oax main��f

The second example demonstrates how to use oax c library by passing user
s data array and grid
array obtained from reading the �les�

Also� in this example� an user speci�ed covariance model is used to replace the default covariance
model built in the program�

A� PROGRAM SOURCE CODE�
oax main��f

B� EDIT FILE �usrdef�h�
in �usrdef�h�� set Control variable to �� as follows�

%De�ne CTRL ��

C� PROVIDE A C FUNCTION �usr cov�c� FOR CALCULATING COVARIANCE
The function �usr cov�c� should be in the following format�

�!������������������������������������
Function cov fun�	
Purpose� Calculate covariance function between two points
pt� and pt� using the usr supplied model�
Input � r " local scaled distance between pt� and pt��

��



Return� x " covariance function
��������������������������������������!�
%include �oax lib�h�
�oat cov fun�r	
�oat r&

�oat x&
x�exp��r	!��oat	����r�r!r���	&
return x&

D� COMPILING THE MAIN PROGRAM�

make main� �Enter�

E� RUNNING THE PROGRAM�

oax main� �Enter�

D� PROGRAM OUTPUT�

oax print grid�	�
NGRID�� num indep��

oax print data�	�
NDATA�� num indep�� num dep��

oax print neighbour�	�
NGRID�� num indep�� num nearest��

grid point �
      "
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������
neighbour �� �������� ��������

oax print result�	�
NGRID�� num dep��
��������
 ��������

�������� �������� ������� �������E���

��



��� OA kd�tree Store Program

tdstore�c is an independent program for building a kd�tree from given data points and store the
tree in a �le� To be consistent with the oax program� tdstore�c takes deck �le� The deck �le has the
same foemat as that used in oax program except that the DEPENDENT key word is not needed
here� An example of deck �le is given below�

INDEPENDENT x y
SCALES ��� ���
DATAFILE test�dat
GRIDFILE test�grid
BUCKET �
NUM CLOSEST �

INDEPENDENT � key word for independent variables

x and y are the independent variable names� Here only two independent variables are given� The
user can give the independent variable names up to MAXNIV de�ned in include �le�

SCALES � key word for scale factors

The factors are �oat numbers corresponding to each independent variable� Here the scale factors
are ��� for both x and y� User can specify the scale values for all independent variables�

DATAFILE� key word for data �le name and path

test�dat is the data �le that stores the data coordinates� The format of data �le is �

��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���
��� ���

��



This is a two dimension case� It depends on the number of independent variables� For a k dimen�
sional data� there should be at least k columns of data in this �le� But if the column number is
more than the dimension number� the program only load the �rst k columns� The number of the
data point is �� in this example�

GRIDFILE� key word for grid �le name and path

Grid �le is not necessary for the kd tree stroe program� It is useful only when the user wants to
search the nearest neighbours to check the loaded kd tree in tdload program�

BUCKET � keyword for bucket size

bucket size is an integer number which speci�es the maximum number of data points in the terminal
bucket� Here the number is �� User can specify this any number between � and NDATA�

NUM CLOSEST� keyword for number of nearest neighbours

NUM CLOSEST is an integer number which speci�es the number of nearest neighbours� Here in
this example� the number is �� User can specify any number between � and NDATA� Once the
deck �le and two data �les are available� it is ready to run the program tdtree or butree to build
kd�tree and �nd the nearest neighbours� To do this� one can simply type the following command�

tdstore test

Here test is the family name of the deck �le test�deck� The program will start running and generate
an output �le test�tree that contains the stored kd tree�

Here is the example of �le test�tree�

� � � � � �������� � �
� � � � � �������� � �
� � � � � �������� �� �
�
�
�
�
�
�
�


�
�
��
��
��

��



��
��
��

A log �le test�log will also be generated� As we can see that if the data �le is very large� then the
kd tree storage �le will be very large� In order to save space and time� tdstore can also store the
kd tree in binary mode� If a ��b� option is used

tdstore test �b

then the output �le test�out will be a binary �le� This will save a lot of space when a large kd tree
is built�

If the user did not run the program properly� the warning message or error message will appear on
screen to remind the user�

��� OA kd�tree Load Program

kd tree load program tdload�c is an independent program that loads the kd tree built by tdstore
program� It uses the same deck �le as the tdstore program� There are also two modes� ascii mode
and binary mode�

If the kd tree was built in ascii mode� the tdload should also use ascii mode

tdload test

If the kd tree was built in binary mode� the tdload should also use binary mode

tdload test �b

Note� tdload program also performes the nearest neighbour search� This is checking the loaded kd
tree and demonstraing the user how to use the loaded kd tree�

�




��� OA AVS Modules

����� Module Descriptions

Two OA AVS modules oax �d and oax �d have been developed� By using AVS modules� user can
interactively change the global scales� bucket size and the number of nearest neighbours� The AVS
module will generate AVS �eld �le and the optimal estimation results can be displayed directly
after the computation is done�

oax �d will generate a �D �leld �le and oax �d will generate a �D �eld �le for AVS geometry viewer
to display the results�

AVS modules are developed based on the oax� and oax� programs� The modules work for SUN
and DEC systems� There were no extensive tests to both modules�

����� Compile the Modules

To compile the AVS modules� use the Make�le�oax �d and Make�le�oax �d by typing the following
commands�

make �f Make�le�oax �d #Enter$ �compile oax �d module	

make �f Make�le�oax �d #Enter$ �compile oax �d module	

����� Module Networks

After compiling the modules� use the AVS module tool in the Network Editor to read the compiled
modules oax �d and oax �d� They belong to the Filter type� Then use the Network tool to read
the network oax �d�net or oax �d�net� These two example networks contain the names and paths
of the module input �eld �les� For example� in oax �d�net� it will need to read two �eld �les�
���m data��d and ���m mesh��d� The data �le ���m���dat is speci�ed in ���m data��d and the
grid �le ���m line�mesh is speci�ed in ���m mesh��d�

����� Running the Modules

Once the network is loaded into the workspace in the Network Editor� the AVS module is �red to
run� The input parameter menus will be pop up� The user have the choices to change the input
�eld �le names� set new values for all available input parameters� Every time when the user reset
the parameters� the AVS module will rerun from the begining� The ranges for the input parameters
are the same as required in oax program�

If the module runs sucessfully� the optimal estimation results will be displayed through the AVS
geometry viewer�

��



����� Examples

Here are two examples of the AVS output from the oax �d and oax �d modules�

��



� Applications

oax program has been used by a number of people at BIO� Here we give an example of the application
of oax� program�

��



� Discussions

� OA AVS modules should be modi�ed based on the latest oa C library functions�

� The kd tree programs are still based on the previous version of oa programs�

� The Matrix inversion function in oa C library is di�erent from the one used in oax� program�

� In the stand alone oax� program� only the default covariance function can be used�

� On line www OA package and hypertext documentations�
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� History of OA Development

	�� oa��


This is the �rst version of oa program released on Dec�� �����

� Program name
 oa��c

� Release Date
 Dec� ��� ����

� Location
 emeroald��usr��objanal�OA�OA���

� Fetures


�� It is an independent oa program without kdtree and search functions�

�� It takes all the data as the nearest neighbours and perform the optimal estimation�

	�� kd tree

There are three tree programs tdtree�c� tdstore�c� tdload�c� tdtree�c is an independent programs for
building kd�tree from given data points and �nding out the nearest neighbours of given grid points�
tdstore�c has the same functions as tdtree�c but it can also store the tree into a �le �binary or
ascii	� tdload�c is a program to load the tree stored by tdstore�c in a corespondind format �binary
or ascii	�

� Program name
 tdtree�c� tdload�c� tdstore�c

� Release Date
 March �� ����

� Location
 emeroald��usr��objanal�OA�KDTREE

� Fetures


�� avoid repeated work for unnecessary tree building

�� It has the options for store and load the kd tree in Binary and ASCII formats�

	�� oa��


In this version ���� the kdtree and neighbour search functions are implemented� It is an independent
self�contained program which loads the data points and observations of NDV dependent variables�
builds a kd tree� �nds NUM CLOSET nearest neighbours and perform the optimal estimation from
the observations at the nearest neighbour points for each grid point�

� Program name
 oad�c

� Release Date
 April 
� ����

� Location
 emeroald��usr��objanal�OA�OA���


�



� Fetures


�� symetrical property of the covariance matrix is considered in the numerical implemen�
tation�for example� symmetric matrix inversion� only upper triangle of the covariance
matrix is generated	

�� Dynamically allocate the memory for data array and index array so that there is no
limit to the number of data points �if the computer resource is available	

�� �oat data type is used in numerical computation�

�� �xed a bug in nodesearch�	 function�add rescale��	 and a bug in build kdtree�remove the
balance part	�

�� Timing function added on

�� Error message for prompting user


� Error estimate function is made independent

	�� oa��


The oa programs version ��� is an upgrade of OA��� with two bugs �xed by Ross Hendry� In
addition to all the features of OA���� OA��� allows the user to specify the local scales and noise
levels in grid �le and data �le�

� Program name
 oax��c

� Release Date
 May �� ����

� Location
 emeroald��usr��objanal�OA�OA���

� Fetures


�� Global and Local scale are both considered&

�� User can specify the noise factor for each data point

	�� oa��


In this oa program version ���� the program is restructured based on previous version ���� The
Global variables are eliminated and changed into local variables so that each function is more
independent� This version is the prototype of the PIPE oax implementation� The nearest neighbour
search scheme is also improved�

� Program name
 oax��c

� Release Date
 June �� ����

� Location
 emeroald��usr��objanal�OA�OA���

� Fetures


�� An extra function data local is added in for transforming the coordinate of the data
point into local grid point coordinate system�


�



�� All global variables changed to local variables and passed into the functions as parame�
ters�

�� The nearest neighbour search scheme is improved to be able to consider the unisotropic
data by the implementation of local scale search in the tree�

�� Graphic display of the nearest neighbour distribution for a given grid point is imple�
mented �using gnuplot	�

	�� oa��


oa��� is a distributed version of the oa programs� It is an upgrade of oa����

� Program name
 oax��c

� Release Date
 Sept� �� ����

� Location
 emeroald��usr��objanal�OA�OA���

� Fetures


�� The local coordinate transformation is made only to the necessary points within the
bucket being searched which will save quite amount of time�

�� The nearest neighbour search routine is changed to be abale to handle any local scales
which ensures that the right nearest neighbours are found independent of bucket size

�� much faster than oax��

� Major Changes made to the functions main�data local�gdist� nodesearch�bucketsearch
are


�� tmp array����  $tmp array�MAXNIV�

�� data local moved into bucketsearch�	 function�

�� �nd out the maximum local scale in get neighbour�	 and pass a parameter lscale max
into nodesearch�	

�� replace local scale�cutdim� with lscale max in function�

�� all other related function parameters passing

	�� oa��


oa��� is the �nal distributed version of the oa programs� It is an upgrade of oa����

� Program name
 oax��c

� Release Date
 Jan� ��� ����

� Location
 emeroald��usr��objanal�OA�OA���

� Fetures


�� Covariance functions can be provided by user


�



�� Covariance matrix Inversion function is replaced with the one from Numerical Recipes

�� Index of the arraies are ajusted to start from � instead of �

�� Nearest neighbour search algrithm is improved by adding �testcut� function�

�� heapsort�	 is renamed to hpsort�	 to avoid con�it with the standard library declearation
for BSD system�

�� much faster than oax��

� Major Changes made to the functions main�get neighbour
� nodesearch�bucketsearch
are


�� A new function testcut�	 is added and it is involved in bucketsearch�	�

�� Invert cova�	 is replaced by a new one from �Numerical Recipea in C�

�� the computation for maximum local scale in get neighbour�	 is deleted and the parameter
passing of lscale max into nodesearch�	 is eliminated�

�� all other related function parameters passing

	�	 oa AVS module

Two AVS modules was written based on oax��c�

� Program name


� Release Date


� Location
 emeroald��usr��objanal�OA�OA AVS

� Fetures


��

��

��

	�� oa clib

oax C library functions are a number of functions that allow users to call within user
s C application
programs� oax C functions are based on the oax ��� code�

� Program name
 oax clib � it include the the following functions�

� oax init�c

� oax nearest�c

� oax compute�c

� oax exit�c

� oax print data�c

� oax print grid�c







� oax print neighbour�c

� oax print result�c

� Release Date
 Feb ��� ����

� Location
 emeroald��usr��objanal�OA�OA CLIB

� Fetures


�� oax clib has the same functions as oa version ���

�� more �exible and allow user to perform the optimal estimation within his application C
programs interactively�

�� oax clib can be compiled and installed in the following systems�

� DEC alpha workstation running OFS system�

� SUN Sparc

� SGI Workstations Running IRIX ���

� PC Pentium��� Running FreeBSD ����

� HP ���� HU�UX

� IBM ����

� PC Pentium��� Running Linux �������POSIX	

�� The minimum memory requirement depends on the data size and the grid size� if you are
going to use oax nearest�	 function� otherwise there will be no limitation to the number
of grid 	� The default values are� MAXNBS � ��� MAXNIV � �� MAXNDP � ��

	��
 oa �ib

oax Fortran library is based on oax C library� It is just an interpreter between C and fortran which
provide an interface for user to call the oax C library functions within user
s Fortran applications�
As the Fortran and C interface programming is machine dependent� it is not possible to write
a generalized Fortran library for di�rent platforms� This is the version that has been tested in
emerald system at BIO �SUN Sparc ���� Solaries ��� �CPUs ��MB	�

� Program name
 oa �ib� it includes the following functions�

� oax �nit�c

� oax fnearest�c

� oax fcompute�c

� oax fexit�c

� oax fprint data�c

� oax fprint grid�c

� oax fprint neighbour�c

� oax fprint result�c

� Release Date
 May ��� ����


�



� Location
 emeroald��usr��objanal�OA�OA FLIB

� Fetures


�� Allow user to perform optimal estimation in user
s Fortran application programs&

�� Machine dependent�


�



	 Reference Manual

��� Subroutine Functions of oax� � OA Stand Alone Version

����� check data
�

NAME � check data�Data�le name	
TYPE � integer
PURPOSE� get the number of data point from the data �le
INPUT � Data�le name " character data �le name
RETURN � ndp " integer number of data point
Example� ndp � check data�deck� � Datafile name	&

����� oa begin
�

NAME � oa begin�name�argc�argv	
TYPE � struct Flname!
PURPOSE� Start the oa program and pass the command line take down the

program starting time create log �le and out �le and open them
INPUT � �� struct Flname !name " a pointer to Flname structure

�� int argc " integer number giving the number command�line arguments available�
This value is always at least � because the program name is counted�

�� char !argv� �" an array of pointers to strings� The valid subscripts for this
array are � througt argc� �� The pointer argv��� points to the program
name�including path information	� argv��� points to the �rst argument that
follows the program name� and so on�

RETURN � a pointer to Flname structure
Example� name � oa begin�name� argc� argv	&
Note� See Structure de�nition for details of Flname structure�

����� oa start
�

NAME� oa start�deck�fp��in name	
TYPE � struct Deck!
PURPOSE� Get the information from deck �le
INPUT� �� struct Deck !deck " pointer to Deck structure

�� FILE !fp� " pointer to FILE type
�� char in name�� " character �up to ��	 array for storing deck �le name

RETURN � a pointer to Deck structure which holds the dependent� independent�
Data �lename� Scale� Grid �lename� bucket and num closest�

Example� deck � oa start�deck� fp�� in name	&

��



����� data load
�

NAME� data load�index array�data array�Data�le name�num indep�num dep�fp�	
TYPE � void
PURPOSE� load data value from data �le
INPUT� �� char Data�le name���� " character array storing data �le name

�� int num indep " number of independent variables
�� int num dep " number of dependent variables
�� FILE !fp� " FILE pointer for log �le

RETURN � �� �oat data array�i��j� " ��D �oat array storing the data values
i���num indep�num dep& j���NDATA��

�� int index array�i� " ��D array holding the data point index�
i���NDATA

Example� data load�index array� data array�NDATA�Datafile name�

num indep� num dep� fp�	

����� build kdtree
�

NAME� build kdtree�Start�Count�index array�data array�num indep�
global scale�Bucket�NDATA	

TYPE � struct kdnode!�
PURPOSE� build a kd tree from the input data points�
INPUT� �� int Start " start number of ���

�� int Count " number of ��� in each cut side�
�� int index array�i� " ��D array holding the data point index�
i���NDATA���

�� �oat data array�i��j� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� int num indep " number of independent variables�
�� �oat global scale�i� " ��D array holding the global scales�
i���num indep���


� int Bucket " maximum number of data in each bucket�
�� int NDATA " number of data point�

RETURN � struct kdnode !root " pointer to kdnode structure�
Example� root � build kdtree��� NDATA� index array� data array� num indep�

global scale� Bucket� NDATA	&

����� �ndmaxspread
�

NAME� �ndmaxspread�ii�nd�cutdim�data array�num indep�global scale	
TYPE � void
PURPOSE� �nds the dimension with the maximum �global scaled	 spread�
INPUT� �� int ii�n� " ��D array storing the index of the data point�

�� int nd " number of data in this data set�

��



�� �oat global scale�i� " ��D array holding the global scales�
i���num indep���

�� �oat data array�i��j� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� int num indep " number of independent variables�
RETURN� int !cutdim " the number that represents the cut dimension�

!cutdim���������num indep���
Example� findmaxspread�index array � Start� Count�'cutdim� data array�

num indep� global scale	&

����� �ndmedian
�

NAME� �ndmedian�ii�nd�cutdim�data array	
TYPE � �oat
PURPOSE� �nds the median value of a set of numbers
INPUT� �� int ii�n� " ��D array storing the index of the data point�

n���nd�
�� �oat data array�i��j� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� int nd " number of data in this data set�
�� int cutdim " integer number represents the cut dimension�
this number is between � to num indep���

RETURN� a �oat variable which represents the median value of the given data�
Example� cutval � findmedian�indexarray � Start� Count� cutdim� data array	&

����� hpsort
�

NAME� hpsort�n�ra�rb	
TYPE � void
PURPOSE� heapsort method to sort the array and the index in order�
INPUT� �� int n " number of data point�

�� �oat ra�n� " ��D array holding the data value of cut dimension�
�� int rb�n� " ��D array storing the index of data point�

RETURN� the sorted array ra�i� and index array rb�i�� i���������n�
Example� hpsort�nd� x� �� ii� �	

����� print kdtree
�

NANE� print kdtree�node�NDATA�fp��d�ag	
TYPE � void
PURPOSE� recursively traverses and dumps the tree�
INPUT� �� struct kdnode !node " pointer to kdnode structure�

�� int NDATA " number of data point�

��



�� FILE !fp� " FILE pointer to log �le that stores the tree�
�� char d�ag���� " character array holding the command line debug �ag�
when d�ag���d��� tree dumping is set on� otherwise o��

RETURN� tree node structure dumped to log �le pointed by fp��
Example� printkdtree�node�NDATA� fp�� dflag	&

�����	 grid open
�

NAME� grid open�NDATA�Grid�le name�num closest�fp��d�ag	
TYPE � FILE !
PURPOSE� opens the grid �le� checks the number of nearest neighbour

and the number of grid point�
INPUT� �� int NDATA " number of data point�

�� char Grid�le name���� " character array holding the grid �le name�
�� int num closest " number of nearest neighbours�
�� FILE !fp� " FILE pointer to log �le that stores the tree�
�� char d�ag���� " character array holding the command line debug �ag�

RETURN � �� pointer to the opened grid �le�
�� error messages if the number of nearest neighbours is greater than
the number of data point� or it is less and equal to zero�

Example� input � grid open�NDATA�Gridfile name�'num closest� fp�� dflag	&

������ grid load
�

NAME� grid load�buf�local scale�angle�target�num indep�Grid�le name	
TYPE � void
PURPOSE� load the coordinates of a grid point and the rotation angle
INPUT � �� char buf����� " character array for holding the string of a grid

point coordinate�
�� num indep " number of independent variables�
�� char Grid�le name���� " character array holding the grid �le name�

RETURN� �� �oat local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

�� �oat target�num indep� " ��D array for storing grid point coordinate�
�� �oat angle " clockwise rotation angle �degree	 of the �rst two
coordinate axes�

Example� grid load�buf� local scale�'angle� target� numindep�Gridfile name	&

������ get neighbour
�

NAME� get neighbour�root�index array�data array�noise�neighbour array�angle�
num closest�num indep�num dep�local scale�obv�target�
fp��fp��d�ag	

��



TYPE� void
PURPOSE� get the nearest neighbours of a given grid point�
INPUT � �� struct kdnode !root " pointer to kdnode structure�

�� �oat data array�i��j� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� �oat target�num indep� " ��D array for storing grid point coordinate�
�� int num indep " number of independent variables�
�� int num closest " number of nearest neighbours�
�� int index array�� " ��D array storing the index of data point�

� double HUGEVAL " huge value for initilization of the heap�

RETURN � �� �oat neighbour array���� " ��D array storing the nearest neighbours�
�� �oat obv���� " ��D array storing the dependent variables�
�� double nndist�� " ��D array storing the distances of the grid point
to the nearest neighbours�

Example� get neighbour�root� index array� data array� noise� neighbour array�

angle� num closest� num indep� num dep� local scale�

local scale� obv� target� fp�� fp�� dflag	

������ nodesearch
�

NAME� nodesearch�node�nndist�nn�heapbottom�index array�data array�angle�
num closest�num indep�num dep�local scale�target	

TYPE� void
PURPOSE� top down recursive nearest neighbour search starting from the root of

the tree and going down to check each node�
INPUT � �� struct kdnode !node " pointer to kdnode structure�

�� int !heapbottom " pointer to integer
�� int index array�� " ��D array storing the index of data point�
�� �oat data array���� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� �oat angle " rotation angle of the �rst two coordinates�
�� int num closest " number of nearest neighbours�
�� int num indep " number of independent variables�
�� int num dep " number of dependent variables�

� �oat local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

�� �oat target�� " ��D array holding the coordinates of the grid points�
RETURN� �� double nndist�� " ��D array holding distances between the grid point

�� int nn�� " ��D array holding the index of the nearest neighbours�
Example� nodesearch�root� nndist� nn�'heapbottom� index array� data array� � angle�

num closest� num indep� num dep� local scale� target	&

��



������ bucketsearch
�

NAME� bucketsearch�nndist�nn�son�start�count�heapbottom�index array�
data array�angle�num closest�num indep�
num dep�local scale�target	

TYPE� void
PURPOSE� check whether this is a terminal bucket� if so� search the

terminal bucket for nearest neighbours� otherwise� go back
to the nodesearch�	 function to search the the other node�

INPUT � �� struct kdnode !son " pointer to kdnode structure for litle
son or greater son�
�� int start " starting point of the branch for neighbour search�
�� int count " number of data points in the branch�
�� int !heapbottom " integer counter for nearest neighbour heap
�� int index array�� " ��D array storing the index of data point�
�� �oat data array�� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� int num closest " number of nearest neighbours�

� int num indep " number of independent variables�
�� int num dep " number of dependent variables�
�� �oat local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

��� �oat target�� " ��D array holding the coordinates of the grid points�
RETURN� �� double nndist�� " ��D array holding distances between the grid point

�� int nn�� " ��D array holding the index of the nearest neighbours�
Example� bucketsearch�nndist� nn� son� start� count� heapbottom� index array�

data array� angle� num closest� num indep�

num dep� local scale� target	&

������ gdist
�

NAME� gdist�tmp array�num indep�local scale�target	
TYPE� �oat
PURPOSE� computes the distance from a grid point in n data space to a

speci�ed data point in local grid coordinate system�
INPUT � �� �oat target�� " ��D array holding the coordinates of the grid points�

�� int num indep " number of independent variables�
�� �oat tmp array�� " ��D array for storing the data point coordinates�
�� local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

RETURN� �oat sqare root of locally scaled distance between two points�
NOTE� the target array holds the global coordinates of grid points�

the tmp array holds the transformed local coordinates of
data points which are originated at grid point� Therefore�
target�� should always be zero in the distance calculation�

��



that
s why we have �for k����	�
ddist � tmp array�k��local scale�k�&

not
ddist��target�k��tmp array�k�	�local scale�k�&

Example� testdist � gdist�tmp array� num indep� local scale� target	&

������ testcut
�

NAME� testcut�cutdim�cutval�target�angle�local scale	
TYPE� �oat
PURPOSE � computes the minimum possible local distance from a grid point

and any point with coordinate cutdim having a value cutval
INPUT � �� int cutdim " integer for holding the cut dimension value�

�� �oat cutval " a �oat variable which represents the median
value of the given data
�� �aot target� � " ��D array holding the coordinates of the grid points�
�� �oat angle " rotation angle of the �rst two coordinates�
�� local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

RETURN � the minimum possible local distance
Example� tcdis � testcut�cutdim� cutval� target� angle� local scale	
NOTE � target�� holds the global coordinates of a grid point�

local scale�i� holds the local scales associated with target���

������ heapinsert
�

NAME� heapinsert�nndist�nn�heapbottom�dis�index	
TYPE� void
PURPOSE� insert new value onto nearest neighbour heap
INPUT � �� !heapbottom " integer counter for nearest neighbour heap�

�� dis " double variable holds the test distance passed in from
the calling function�
�� index " integer number holding the index of the data point
passed in from the calling function�

RETURN� �� nndist�� " double ��D array holds the distances of the nearest
neighbours�
�� nn�� " integer ��D array holds the index of the nearest neighbours�

Example� heapinsert�nndist� nn� heapbottom� testdist� i	&
NOTE� heapinsert inserts a huge value to the top of the heap �rst

and then keep inserting the new value to the heap�

��



������ heapreplace
�

NAME� heapreplace�nndist�nn�heapbottom�dis�index	
TYPE� void
PURPOSE� replace top of heap with new value and then percolate new value

down to where it belongs� This function is called only when
!heapbottom�num closest that is when the points searched reached
the number which is equal to the number of nearest neighbours
given then this function is called to reploce the top of the heap
nndist���� nndist��� is not changed before� It is always HUGEVAL�����
before this function is called�

INPUT � �� !heapbottom " integer counter for nearest neighbour heap�
�� dis " double variable holds the test distance passed in from
the calling function�
�� index " integer number holding the index of the data point�

RETURN� �� nndist�� " double ��D array holds the distances of the nearest
neighbours�
�� nn�� " integer ��D array holds the index of the nearest neighbours�

Example� heapreplace�nndist� nn� heapbottom� testdist� i	&

������ heapremove
�

NAME� heapremove�nndist�nn�heapbottom�index�v	
TYPE� void
PURPOSE� remove item from top of the heap and then �x the heap
INPUT � �� !heapbottom " integer counter for nearest neighbour heap�

�� index " integer number holding the index of the data point�
�� v " double variable temporarily holds the distance passed
in from the calling function�

RETURN� �� nndist�� " double ��D array holds the distances of the nearest
neighbours�
�� nn�� " integer ��D array holds the index of the nearest neighbours�

Example� heapremove�nndist� nn�'heapbottom�'index�'value	&

�����	 heapup
�

NAME� heapup�nndist�nn�upitem	
TYPE� void
PURPOSE� percolate a value up to its proper level in the heap
INPUT � �� nndist� � " double ��D array holds the distances of the nearest�

neighbours�
�� nn�� " integer ��D array holds the index of the nearest neighbours�
�� upitem " integer counter of the nearest neighbours�

RETURN� �� nndist�� " double ��D array holds the distances of the nearest�

�




�� nn�� " integer ��D array holds the index of the nearest neighbours�
Example� heapup�nndist� nn� �heapbottom	&

������ heapdown
�

NAME� heapdown�nndist�nn�heapbottom�downitem	
TYPE� void
PURPOSE� percolate a value down to its correct level in the heap
INPUT � �� nndist� � " double ��D array holds the distances of the nearest�

�� nn� � " integer ��D array holds the index of the nearest neighbours�
�� !heapbottom " integer counter for nearest neighbour heap�
�� downitem " integer counter of the nearest neighbour heap that may
be re�evaluated in the process�

OUTPUT� �� nndist�� " double ��D array holds the distances of the nearest�
�� nn�� " integer ��D array holds the index of the nearest neighbours�

Example� heapdown�nndist� nn� heapbottom� �int	�	&

������ data local
�

NAME� data local�i�num indep�angle�data array�index array�tmp array�target	
TYPE� void
PURPOSE� At this particular grid point transform the given data point to a local

coordinate system corresponding to this grid point local coordinate system
�a translation � rotation in XY plane	�

INPUT� �� int i " integer counter of the data points in the searching bucket�
�� �oat data array�i��j� " ��D �oat array storing the data values�
i���num indep�num dep& j���NDATA���

�� int num indep � number of independent variables�
�� �oat tmp array �� " ��D array for storing transformed grid point coordinate�
�� �oat target�� " ��D array for storing grid point coordinate�
�� �oat angle " rotation angle of the �rst two coordinates�

� �oat RAD " global variable de�ned as the radius�

RETURN � �� transformed tmp array�� in local frame of the given grid�
Here only data array����id� and data array����id� are
transformed� The other elements of the neighbour array do
not change because the transformation only takes place in
in XY plane� Once the data array becomes local� we can search
the nearest neighbours by local scale�

Example� data local�i� num indep� angle� data array� index array� tmp array� target	&

������ become local
�

NAME� become local�num indep�angle�neighbour array�num closest�target	

��



TYPE� void
PURPOSE� at this particular grid point transform all coordinates of the nearest

neighbours obtained from kd tree global coordinate system to a local
coordinate system corresponding to this grid point local coordinate
system �a translation � rotation in XY plane	�

INPUT� �� int num indep " numbr of independent variables�
�� angle " rotation angle�
�� neighbour array���� " ��D array holding the nearest neighbours�
�� num closest " number of nearest neighbours�
�� target�� " ��D array for storing grid point coordinate�

RETURN � �oat neighbour array���� " transformed ��D array in local frame� Here only
neighbour array����id� and neighbour array����id� are transformed� The other
elements of the neighbour array do not change because the transformation only
takes place in XY plane� Once the neighbour array becomes local� we can calculate
the covariance matrix and covariance vector for the local coordinate frame using
the same functions as before�

Example� become local�num indep� angle� neighbour array� num closest� target	&

������ cova matrix
�

NAME� cova matrix�A�ivA�noise�local scale�neighbour array�num closest�
num indep�fp��d�ag	

TYPE� void
PURPOSE� generate the covariance matrix of upper triangle �The covarianve matrix

is always symmetrical	
INPUT� �� �oat noise " �oat variable holds the noise value�

�� �oat local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

�� �oat neighbour array���� " transformed ��D array in local frame�
�� num closest " number of nearest neighbours�
�� num indep " number of independent variables�
�� fp� " FILE pointer�

� d�ag�� " character string holding the command line debug �ag�

RETURN � covariance matrix A����
Example� cova matrix�A� ivA� noise� local scale� neighbour array� num closest�

num indep� fp�� dflag	&

������ cova func
�

NAME� cova func�id��pt��id��pt��A�noise�local scale�num indep	
TYPE� void
PURPOSE� calculate the covariance function of a given model
INPUT� �� id� " integer identi�er for data points pt��

�� id� " integer identi�er for data points pt��

��



id������������NDATA& id������������NDATA&
�� pt��� " stores the coordinates of pt��
�� pt��� " stores the coordinates of pt��
�� noise " �oat variable holds the noise value�
�� local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���


� num indep " number of independent variables�
RETURN � an element of covariance matrix A�id���id��
Example� cova func�id�� pt�� id�� pt�� A� noise� local scale� num indep	&

������ ldist
�

NAME� ldist�pt��pt��local scale�num indep	
TYPE� �oat
PURPOSE� Calculate the distance between two points pt� and pt��
INPUT � �� int num indep " number of independent variables�

�� pt��� " stores the coordinates of pt��
�� pt��� " stores the coordinates of pt��
�� local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

RETURN� �oat r " distance between pt� and pt��
Example� r � ldist�gpt� dpt� local scale� num indep	&

������ invert cova matrix
�

NAME� invert cova matrix�A�num closest�fp��d�ag	
TYPE� void
PURPOSE � invert the symmetrical possitive de�nite matrix using LU decomposition

method �see Numerical Recipes in C� Second Edition� Section ���	�
INPUT � �� �oat !A�� " ��D array storing the covariance matrix in the begining�

�� int num closest " number of nearest neighbours�
�� FILE !fp� " FILE pointer
�� d�ag�� " character string holding the command line debug �ag�

RETURN� �oat A���� " ��D array storing the inverse of covariance matrix
�overwritten to input A����	�

Example� invertcovamatrix�ivA� num closest� fp�� dflag	&

������ cova vector
�

NAME� cova vector�C�local scale�neighbour array�num closest�num indep�
target�fp��d�ag	

TYPE� void
PURPOSE� calculate the covariance vector�

��



INPUT� �� �oat local scale " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

�� neighbour array���� " ��D array for storing the coordinates of the
nearest neighbours�
�� num closest " integer number of nearest neighbours�
�� num indep " number of independent variables�
�� target�� " ��D array for storing grid point coordinate�
�� FILE !fp� " FILE pointer

� d�ag�� " character string holding the command line debug �ag�

RETURN � �oat C�� " ��D array holding covariance vector�
Example� covavector�C� local scale� neighbour array� num closest� numindep�

target� fp�� dflag	&

������ cova vecfunc
�

NAME� cova vecfunc�id�gpt�dpt�C�local scale�num indep	
TYPE� void
PURPOSE� calculate the covariance vector function of a given model�
INPUT� �� int id " index identi�ers for data points pt� and pt��

id�����������num closest&
�� �oat gpt�� " store the coordinates of grid point�
�� �oat dpt�� " store the coordinates of data point�
�� �oat local scale�i� " ��D array storing the local scales of each
coordinate of the independent variables� i���������num indep���

�� int num indep " number of independent variables�
RETURN � �oat C�id� " an element of covariance vector�
Example� cova vecfunc�id� gpt� dpt� C� local scale� num indep	&

�����	 obtain weight
�

NAME� obtain weight�ivA�w�est mean�num closest�Method name�
num dep�obv�fp��d�ag	

TYPE� void
PURPOSE� obtain the weighting functions�
INPUT� �� �oat !ivA�� " ��D array storing the inverse of covariance matrix�

�� �oat est mean�� " ��D array storing estimated mean�
�� num closest " integer number of nearest neighbours�
�� char Method name�� " character array storing the method name key word�
�� num dep " number of dependent variables�
�� �oat obv���MAXNDV� " ��D array storing dependent variables�

� FILE !fp� " FILE pointer
�� d�ag�� " character string holding the command line debug �ag�

RETURN � �oat w�kd��id� " ��D array storing the weighting function�
Example� obtainweight�ivA� w� est mean� num closest�Method name� numdep�

��



obv� fp�� dflag	&

������ calculate weight
�

NAME� calculate weight�ivA�id�w�ivAsum�num closest�num dep�obv	
TYPE� void
PURPOSE� calculate the weighting function
INPUT� �� �oat !ivA�� " ��D array storing the inverse of covariance matrix�

�� id " integer index of nearest neighbour point�
�� num closest " integer number of nearest neighbours�
�� num dep " number of dependent variables�
�� obv�idd��kd� " ��D array storing dependent variables�

RETURN � �� w�kd��id� " ��D array storing the weighting function�
�� ivAsum�kd��id� " ��D array storing the sum of inverse covariance matrix�

Example� calculateweight�ivA� id�w� ivAsum� num closest� num dep� obv	&

������ optimal estimation
�

NAME� optimal estimation�C�w�est�est mean�num closest�num dep�
Method name�fp��d�ag	

TYPE� void
PURPOSE� performs the optimal estimation�
INPUT� �� C�id� " ��D array storing the covariance vector�

�� w�kd��id� " ��D array storing the weighting function�
�� est mean�kd� " ��D array storing estimated mean�
�� num closest " integer number of nearest neighbours�
�� num dep " number of dependent variables�
�� char Method name�� " character array storing the method name key word�

� FILE !fp� " FILE pointer�
�� d�ag�� " character string holding the command line debug �ag�

RETURN � �oat est�� " ��D array
Example� optimal estimation�C�w� est� est mean� num closest� num dep�Methodname� fp�� dflag	&

������ error estimate
�

NAME� error estimate�ivA�C�error�num closest�Method name�fp��d�ag	
TYPE� void
PURPOSE� calculate the error estimate
INPUT� �� �oat !ivA�� " ��D array storing the inverse of covariance matrix�

�� �oat C�id� " ��D array storing the covariance vector�
�� num closest " integer number of nearest neighbours�
�� char Method name�� " character array storing the method name key word�
�� FILE !fp� " FILE pointer�

��



�� d�ag�� " character string holding the command line debug �ag�
RETURN � �oat error�� " ��D array
Example� error estimate�ivA� C� error� num closest�Method name� fp�� dflag	&

������ oa output
�

NAME� oa output�est�error�num dep�fp�	
TYPE� void
PURPOSE� output the estimation result and the error
INPUT� �� int num dep " number of dependent variables�

�� FILE !fp� " FILE pointer�
RETURN � �� �oat est�kd� " ��D array storing the optimal estimation results�

�� �oat error�kd� " ��D array storing the optimal errors�
Example� oa output�est� error� num dep� fp�	&

������ message
�

NAME� message�key�d�ag�fp�	
TYPE� void
PURPOSE� echo the operation message
INPUT � �� int key " key switch for di�erent cases�

�� char d�ag�� " character string holding the command line debug �ag�
�� FILE !fp� " FILE pointer�

RETURN � messages to standard output and log �le pointed by FILE pointer fp��
Example� message��� �none�� fp�	&

������ oa end
�

NAME� oa end�ngp�name	
TYPE� void
PURPOSE� end the oa program with closing the opened �les� echoing the number

of grid read and sending the message back to the user�
INPUT� �� int ngp " number of grid point�

�� struct Flname !name " pointer to Flname structure�
RETURN � message to screen
Example� oa end�ngp� name	&

��



��� OA C Library Functions

����� oax init
�

NAME � oax init�NDATA�data array�num indep�num dep�Bucket�global scale	
TYPE � struct Oax Wsa !
PURPOSE� initialize the oax� allocate memories and build the kd�tree�
INPUT � �� NDATA � number of data point �integer	� NDATA �� ��

There is no limit to the number of data if the computer resource allow�
�� num indep� integer number holding the number of independent variables�
��� num indep �����
�� num dep � integer number holding the number of dependent variables�
��� num dep �����
�� data array�i��j�� ��D array for holding independent variables�
dependent variables and the noise�
i�����������NDATA��&
j�����������num indep�num dep�
An example of data array look like

�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� �������� ��������
�������� �������� �
������� �������� ��������
�������� �������� ��������� 
������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
In this example�
NDATA�� �nine lines of data	
num indep�� ��rst two columns	
num dep � � �third and fourth columns	
noise � ��� �last columns	
NOTE�
noise is the variance of errors �may be local sampling error or instrumental
uncertainty	� Here we assume that the measurement of all dependent variables
have the same noise level�
gl scale�i	 � ��D �oat array for storing the global scales of each
independent variables of the data point�
i���������num indep��
gl scale is used in building kd tree�
bucket � integer number holding the bucket size of kd�tree� bucket �� ��
bucket determines the size of the terminal bucket of the kd tree� A suitable
number of bucket will signi�cantly increase the speed of the program�
the speed of the program�

RETURN � oax wsa �pointer to oax wsa structure	

��



where oax wsa is the pointer to oax working storage
area structure Oax Was�
struct Oax Wsa
f

struct kdnode !root&
int num dep�num indep�num nearest�
NDATA�Bucket�!index array&
�oat !!data array&
g

Example� oax init�NDATA� data array� num indep� num dep� Bucket� global scale	

����� oax nearest
�

NAME � oax nearest�oax wsa�NGRID�grid array�num nearest�neighbours	
TYPE � void
PURPOSE� search the nearest neighbours from kd�tree�
INPUT � oax wsa � pointer to Oax Wsa structure

NGRID � number of grid point�
grid array � ��D array storing the coordinates f grid points� the rotation
angle and the local scales for each grid points�
num nearest � number of nearest neighbours�

RETURN � neighbours�i��j��k�� ��D array holding the coordinates of the
num nearest nearest neighbours for each grid point�
i������� ���� NGRID��&
j������� ���� num indep��&
k������� ���� num nearest���
An example of grid array look like

�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
In this example�
NGRID � � �two lines of data	
num indep�� ��rst two columns	
rotation angles � third column	
local scales �fourth and �fth columns	

Example� oax nearest�oax wsa�NGRID� grid array� num nearest� neighbours	&

����� oax compute
�

NAME � oax compute�oax wsa�NGRID�grid array�num nearest�Method name�result	
TYPE � void
PURPOSE� �� �nds the nearest neighbours of the given grid points&

�� perform the optimal estimation�
INPUT � �� oax wsa � pointer to Oax Wsa structure

��



�� NGRID � number of grid point
�� grid array � ��D array storing the coordinates of grid points�
the rotation angle and the local scales for each grid points�
�� num nearest � number of nearest neighbours�
�� method � caracter variable for holding the estimation method options�
�	 �EST MEAN�
�	 �ANOMALY�

RETURN � result�i��j�� ��D �oat array holds the optimal estimation results and errors�
i������� ���� NGRID��&
j������� ���� num dep�

Example� oax compute�oax wsa�NGRID� grid array� num nearest�Method name� result	&

����� oax exit
�

NAME � oax exit�oax wsa	
TYPE � void
PURPOSE� frees up the memory allocated and exit the program
INPUT � oax wsa  pointer to Oax Was structure
RETURN � none
Example� oax exit�oax wsa	&

����� oax print data
�

NAME � oax print data�oax wsa�start index�NDISPLAY	
TYPE � void
PURPOSE� print out the data array�
INPUT � oax wsa " pointer to Oax Wsa structure�

start index " the �rst element of data array to start printing�
NDISPLAY � number of points to print�
RETURN � standard output of data array�
Example� oax print data�oax wsa� start index�NDISPLAY 	

����� oax print grid
�

NAME � oax print grid�oax wsa�start index�NDISPLAY�NGRID�grid array	
TYPE � void
PURPOSE� print out the grid array�
INPUT � oax wsa " pointer to Oax Was structure�

start index " the �rst element of grid array to start printing�
NDISPLAY " number of points to print�
NGRID " number of grid points�
grid array � ��D array storing the coordinates of grid points� the
rotation angle and the local scales for each grid points�

��



RETURN � standard output of grid array�
Example� oax print grid�oax wsa� start index�NDISPLAY�NGRID� grid array	

����� oax print neighbour

NAME � oax print neighbour�oax wsa�neighbours	
TYPE � void
PURPOSE� print out the neighbour array�
INPUT � oax wsa " pointer to Oax Wsa structure

neighbours� ��D array holding the nearest neighbours�
RETURN � standard output of nearest neighbour array�
Example� oax print neighbour�oax wsa� neighbours	

����� oax print result

NAME � oax print result�oax wsa�result	
TYPE � void
PURPOSE� print out the optimal estimation results�
INPUT � oax wsa " pointer to Oax Wsa structure

result " ��D array storing the optimal estimated results and errors�
RETURN � standard output of grid array�
Example� oax print result�oax wsa� result	

�




��� OA F�� Library Functions

OA F

 library functions are actually a number of external C functions that are called within
the Fortran program� As the function calls between Fortran and Fortran functions are machine
dependent� the OA F

 library functions are only for the SUN Spac systems�

����� oax �nit
�

NAME � oax �nit�NDATA�data array�num indep�num dep�Bucket�global scale�context	
PURPOSE� initialize the oax� allocate memories and build the kd�tree�
INPUT � �� NDATA � number of data point �integer	� NDATA �� ��

There is no limit to the number of data if the computer resource allow�
�� num indep� integer number holding the number of independent variables�
��� num indep �����
�� num dep � integer number holding the number of dependent variables�
��� num dep �����
�� data array�i��j�� ��D array for holding independent variables�
dependent variables and the noise�
i�����������NDATA��&
j�����������num indep�num dep�
An example of data array look like

�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� ��������� ��������
�������� �������� ��������� �������� ��������
�������� �������� �
������� �������� ��������
�������� �������� ��������� 
������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
In this example�
NDATA�� �nine lines of data	
num indep�� ��rst two columns	
num dep � � �third and fourth columns	
noise � ��� �last columns	
NOTE�
noise is the variance of errors �may be local sampling error or instrumental
uncertainty	� Here we assume that the measurement of all dependent variables
have the same noise level�
gl scale�i	 � ��D �oat array for storing the global scales of each
independent variables of the data point�
i���������num indep��
gl scale is used in building kd tree�
bucket � integer number holding the bucket size of kd�tree� bucket �� ��
bucket determines the size of the terminal bucket of the kd tree� A suitable

��



number of bucket will signi�cantly increase the speed of the program�
the speed of the program�

RETURN � context � interger number for passing the pointer to work storage areaoax wsa between fortran and C programs�
where oax wsa is a C pointer to oax working storage
area structure Oax Was�
struct Oax Wsa
f
struct kdnode !root&
int num dep�num indep�num nearest�
NDATA�Bucket�!index array&
�oat !!data array&
g

Example� call oax finit�NDATA� data array� num indep� num dep� Bucket� global scale� context	

����� oax fnearest
�

NAME � oax fnearest�context�NGRID�grid array�num nearest�neighbours	
PURPOSE� search the nearest neighbours from kd�tree�
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
NGRID � number of grid point�
grid array � ��D array storing the coordinates f grid points� the rotation
angle and the local scales for each grid points�
num nearest � number of nearest neighbours�

RETURN � neighbours�i�j�k	� ��D array holding the coordinates of the
num nearest nearest neighbours for each grid point�
i����� ���� NGRID&
j����� ���� num indep&
k����� ���� num nearest�
An example of grid array look like

�������� �������� ��������� �������� ��������
�������� �������� ��������� �������� ��������
In this example�
NGRID � � �two lines of data	
num indep�� ��rst two columns	
rotation angles � third column	
local scales �fourth and �fth columns	

Example� call oax fnearest�context� NGRID� grid array� num nearest� neighbours	&

����� oax fcompute
�

NAME � oax fcompute�context�NGRID�grid array�num nearest�Method name�result	
PURPOSE� �� �nds the nearest neighbours of the given grid points&

��



�� perform the optimal estimation�
INPUT � �� context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
�� NGRID � number of grid point
�� grid array � ��D array storing the coordinates of grid points�
the rotation angle and the local scales for each grid points�
�� num nearest � number of nearest neighbours�
�� method � caracter variable for holding the estimation method options�
�	 �EST MEAN�
�	 �ANOMALY�

RETURN � result�i�j	� ��D �oat array holds the optimal estimation results and errors�
i����� ���� NGRID&
j����� ���� num dep���

Example� call oax fcompute�context� NGRID� grid array� num nearest�Method name� result	&

����� oax fexit
�

NAME � oax fexit�context	
PURPOSE� frees up the memory allocated and exit the program
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
RETURN � none
Example� call oax fexit�context	&

����� oax fprint data
�

NAME � oax fprint data�context�start index�NDISPLAY	
PURPOSE� print out the data array�
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
start index " the �rst element of data array to start printing�

NDISPLAY � number of points to print�
RETURN � standard output of data array�
Example� call oax fprint data�context� start index�NDISPLAY 	

����� oax fprint grid
�

NAME � oax fprint grid�context�start index�NDISPLAY�NGRID�grid array	
PURPOSE� print out the grid array�
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
start index " the �rst element of grid array to start printing�
NDISPLAY " number of points to print�

���



NGRID " number of grid points�
grid array � ��D array storing the coordinates of grid points� the
rotation angle and the local scales for each grid points�

RETURN � standard output of grid array�
Example� call oax fprint grid�context� start index�NDISPLAY�NGRID� grid array	

����� oax fprint neighbour

NAME � oax fprint neighbour�context�neighbours	
PURPOSE� print out the neighbour array�
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
neighbours� ��D array holding the nearest neighbours�

RETURN � standard output of nearest neighbour array�
Example� call oax fprint neighbour�context� neighbours	

����� oax fprint result

NAME � oax fprint result�context�result	
PURPOSE� print out the optimal estimation results�
INPUT � context � interger number for passing the pointer to work storage area

structure Oax Wsa between fortran and C programs�
result " ��D array storing the optimal estimated results and errors�

RETURN � standard output of grid array�
Example� call oax fprint result�context� result	

���



��� Subroutine Functions kd�tree Store Program tdstore

����� kd begin
�

NAME � kd begin�name�argc�argv	
TYPE � struct Flname!
PURPOSE� Start the oa program and pass the command line take down the

program starting time create log �le and out �le and open them
INPUT � �� struct Flname !name " a pointer to Flname structure

�� int argc " integer number giving the number command�line arguments available�
This value is always at least � because the program name is counted�

�� char !argv��" an array of pointers to strings� The valid subscripts for this
array are � througt argc� �� The pointer argv��� points to the program
name�including path information	� argv��� points to the �rst argument that
follows the program name� and so on�

RETURN � a pointer to Flname structure
Example� name � kd begin�name� argc� argv	&
Note� See Structure de�nition for details of Flname structure�

����� kd start
�

NAME� kd start�deck�fp��in name	
TYPE � struct Deck!
PURPOSE� Get the information from deck �le
INPUT� �� struct Deck !deck " pointer to Deck structure

�� FILE !fp� " pointer to FILE type
�� char in name�� " character �up to ��	 array for storing deck �le name

RETURN � a pointer to Deck structure which holds the dependent� independent�
Data �lename� Scale� Grid �lename� bucket and num closest�

Example� deck � kd start�deck� fp�� in name	&

����� ascii store kdtree
�

NAME� ascii store kdtree�	
TYPE � void
PURPOSE� �� recursively traverses and dumps the tree�ASCII MODE	�
INPUT� tree node
RETURN � kdnode structure
Example� asciistorekdtree�node� � ltson	&

����� binary store kdtree
�

NAME� binary store kdtree�	
TYPE � void

���



PURPOSE� �� recursively traverses and dumps the tree�BINARY MODE	�
INPUT� tree node
RETURN � kdnode structure
Example� binarystorekdtree�node� � ltson	&

��� Subroutine Functions kd�tree load Program tdsload

����� kd begin
�

NAME � kd begin�name�argc�argv	
TYPE � struct Flname!
PURPOSE� Start the oa program and pass the command line take down the

program starting time create log �le and out �le and open them
INPUT � �� struct Flname !name " a pointer to Flname structure

�� int argc " integer number giving the number command�line arguments available�
This value is always at least � because the program name is counted�

�� char !argv��" an array of pointers to strings� The valid subscripts for this
array are � througt argc� �� The pointer argv��� points to the program
name�including path information	� argv��� points to the �rst argument that
follows the program name� and so on�

RETURN � a pointer to Flname structure
Example� name � kd begin�name� argc� argv	&
Note� See Structure de�nition for details of Flname structure�

����� kd start
�

NAME� kd start�deck�fp��in name	
TYPE � struct Deck!
PURPOSE� Get the information from deck �le
INPUT� �� struct Deck !deck " pointer to Deck structure

�� FILE !fp� " pointer to FILE type
�� char in name�� " character �up to ��	 array for storing deck �le name

RETURN � a pointer to Deck structure which holds the dependent� independent�
Data �lename� Scale� Grid �lename� bucket and num closest�

Example� deck � kd start�deck� fp�� in name	&

����� ascii load kdtree
�

NAME� ascii load kdtree�	
TYPE � struct kdnode !
PURPOSE� �� recursively traverses and loads the prebuild tree�ASCII MODE	�

�� Performs nearest neighbour search in the loaded tree�
INPUT� kdnode structure
RETURN � kdnode structure

���



Example� root � asciiloadkdtree�	&

����� binary load kdtree
�

NAME� binary load kdtree�	
TYPE � struct kdnode !
PURPOSE� �� recursively traverses and loads the prebuild tree�BINARY MODE	�

�� Performs nearest neighbour search in the loaded tree�
INPUT� kdnode structure
RETURN � kdnode structure
Example� root � binaryloadkdtree�	&

���



��� OA AVS Module Functions

����� oax �d

NAME � oax �d�	
TYPE � AVS Filter Module
PURPOSE� Performs optimal estimation and generates AVS �eld�
INPUT � input � �mesh in� �eld �oat REQUIRED

input � �data in� �eld �D �oat REQUIRED
param � �Num Nearest� idial �� � ���
param � �Bucket size� idial ��� � ��
param � �tree� radio buttons �build� �build�load� ���

RETURN � output � �oax out� �eld �D ��space �oat

����� oax �d

NAME � oax �d�	
TYPE � AVS Filter Module
PURPOSE� Performs optimal estimation and generates AVS �eld�
INPUT � input � �mesh in� �eld �oat REQUIRED

input � �data in� �eld �D �oat REQUIRED
param � �Num Nearest� idial �� � ���
param � �Bucket size� idial ��� � ��
param � �tree� radio buttons �build� �build�load� ���

RETURN � output � �oax out� �eld �oat

���


