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Chemometrics i s  a relatively young discipline rartging over chcrnistry, 
nlathematical statistics and infor~nacics. Its important part con~priacs 
merhods for the extraction of retevant i~lformarion from chemical 
experlmcnts. These methods make use of selected cornputer algorithms of 
mathematical statistics, whictr are discussed e. g., in Meloun e t a L  ( I  992) 
and Miliclr): (1389). Some chemo~netrical computations can be per- 
formed by general statistical packages, namely SYSTKI', SAS, STAT- 
GRAPHICS. Extensive rests and studics of these and other packages have 
s1low11, however, that iit rtlany cases cLey do  not s ~ ~ p p o r t  a researcher with 
suitable statistical r ~ ~ e t b o d s  nor are the n~irnericnl atgoririlrns reliable 
enough (see Militlcj;, 199 0). 

For these reasons, a new software package ADSTA'I' has been 
developed Ly the authors, who have a long-term experience in 
chemotnetricnt data processing. ADSTAT consists of relatively 
independent modules eaclt of which contains sevcral programs or methods 
concerning one problem. Modules use a spreadsheet-like data editor wit11 
soiile speciril f~rnccions, and a graphical output. The  prograrrl pacltagc is 
written in Turbo I'ascal and makes use of the wide range of possitilities 
of IBM PC computers. ADSPI'A'T version 2.0 has now starrcci to be 
rrxirkered by 'f tiloByte, Ltd. 

2. Structure of ADSTAT 

ADSTAT requires I h4B of RAM and 8.5 MI3 on h a d  disk. EGA and 
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VGA graphics are supported, as well as printing on  matrix and laser 
printers. Outpttt is provided in ASCII and TIFF fornlars. The  presence 
of a mathematics coprocessor remarkably increases data processing speed. 
The program allows the user to work interactively or to analyze dam files 
in batch operating mode. 

The  operation is simptifieti by a sophisticated data editor, clislc fife 
manager and dynatnic graphic output togetl~er wit11 generat tabular outpuc. 
Graphic omput can be in presenration quality on various types of 
priiirzrs or stored into TIFF graphic fontzat files for easy export into 
otlter program packages and text editors. ADSTAT uses extensively text 
windows, pulGdown nlentls and interactive panels. The rules of their use 
are simple, direct anci generally known from other progranls. ADSTAT 
is controlled with keyboard andlor mouse. 

Required settings are stored in file ADSTAT-CFG in the current 
directory. If this file is found, ADSTAT reads all settings and suggests 
rhem as implicit values. If this file is absent, ADSSAT creates a new one 
wit11 start-up implicit settings. Configuration file *.CFG (implicitly 
ADSTAT.CFG) may be saved at any time, 7 h e  folfowing sercings arc 
saved in a configuration file: 
I. Printer type and printing method, size, resolution, etc.; 
2. Computing conditions separately for all methods, name and setup of 

text result file and graph selection setup. 

2.1 Data input 
T h e  ADSTAT data editor is designed co make data inpur For 

statistical processiilg as easy as possible, to enable data file preprocessi~ig 
and to allow data export and import in ASCII format (with .'TXf 
implicic extension). The data editor uses three value types, which may he 
contained in a cell: numerical (-IE+99 through IEi-YY), text (up to 8 
characters) and empty marlr. 

The editor window contains ~ o r f c  area, the local menu and the status 
line at the bottom with information about editor status, current block, 
cursor location, etc. 

The work area consists of cells of a fixed size. Each cell ltas its own 
line and column coordinate. 

Data can be entered in the editor in two ways: 

(1) by reading data from disk in ADS'TAT type file (*.ADD implicit 
extension) or in ASCII format; 

(2) by keying-in the data directly kern keyboard. 

Data are saved in A D D  forinat i ~ n p i i c i t l ~  in compact binary code 

IASE/ISI Satellite, 1993: Jirf Militky, Milan Meloun and Karel Kupka



J. MU  IT^' - -M h 1 ~ 1 . o ~ ~  - K, KUPKA 267 

simultaneo~tsl~ wich all information about the I&, e.g. block definition, 
variable names. Eciitor capaciry is 30.000 x 255 cells. Real egective 
capacity depends on memory and disk size. 

Besides comnlot~ characrer, word, row and block-oricnred opaatiot~s 
(such as delete, move, copy), it is possible to transpose a block, fill i t  with 
numbers with a constant increment and transform ciata according to a user 
function. Data can be srored to zn ASCII-file on the disk. 

2.2 I>rogr~rn oz~pz~ts 
A11 infors~~ation on processing and res~~its are written to a special result 

filc during computations. This resulrs file is stored in ASCTI format, i.e. 
i t  is possible for the results to be displayed, prinied out and processed 
wirh any tcxr editor, as well. Resalrs are arranged into togicaI paragrap12s. 

Kearly all rx~cthods are followed by graphic ourpur. For some 
methods (exploratoiy analysis, residuals analysis) the gratIxie output is the 
central point of appiied technique and has high confin~iattve value. 

Graphs generated tvitli the ADSTAT program are soleIy b i v ~  , riate, ' 

because these are inore coi~lrnonly used and their interpretation is easier. 
Graphicat information are saved into tenlporary file AD{GIZ).BIN in 
internal binary form during the computation. After termiriacio~l of the 
compuration, the graphs are generated from this file with the Chaplls irem 
in menu. This file is also used for graphics in batch mode. It is possiLle ro 
display up to I0 graphs at a time, 

Graphs are displayed on the graphic screen. The graphics screen consists 
of a few cotnponents. 

At the top, there is a bar wirh global icons. The largest area of the 
screen is occ~lpied by windows wirh graphs. Each window coslsist of a 
frame, having a line with a graph name and graph local icons ac the header, 
and graph body, with axes, curves and points, respectively. 

A t  the lower status line, the nost important hot lteys for lceyboard 
control are displayed. 

The window with icons and graphs is the basic object on the screen. 
One of the windows is always active. The window can be reduced ro the 
minimal size (iconize). It is then possible only to move i t  or restore ic to 
its original size. 

Graphs nmay be printed on a yrinrer or written into file in con~monly 
used TIFF blaclc and white graphic format. Tile second feature is very 
useful for using the graphic output as report illustration, because most text 
editors and DTP software accept this format and can incorporate it into 
teHt. 
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2.3 Orgaaimtiuiolz ufcomputatiorz 
ADSTAT is a multiple windows sysrern managed by a combination 

of pull-down nienu and panels. 
Windows {nay contain a horizontal local menu. Once activated, the 

windows may be reentered using their order numbers in rhe upper-left 
corner. 

Jnteractive panels are controlled wirh che Tab lrcy first of all, ~vttich 
rnoves the cursor among individual panel fields. Field icetns are selected 
with ctlrsor arrows (the dot irr p~rei~thescs is relocated in r l~e selected i r e d  
or fifting in values. Panels cor~tain push-butro~ls allowing to save setup, 
recall setup, etc. Some panels contain a field with optional items or 
parameters, which may be mgged (a cross in a braclcet Ex]) to activacc clie 
itern. Sorne items may have a vertical arrow pointing down one side. The 
arrow indicates it is possible to choosc from a series of precflosen varifitlrs 
(e.g. selection of one of prev~ously specified nonlinear regression moclcls). 

The program lliaill ntenu is located on tlie first line of panel. Tllc 
bottom line, or status tine, is reserved for current information about the 
program rutl, brief help, error reports, etc. ?'be whole area bcrwre~t tbe 
~tlairl rilenu and status line is reserved for winciows, pull down menos at14 
paneis, wf-iere a11 the dialog with ADSTAT rakes place. Context-sensitive 
help containing infor~nation about activated items can bc iecalied. 

3. Modules of ADSTAT 

In this part, brief ourlincs of particular modules are given. Atrentton is 
paid to the more interesting algoritl~ms and techniques. 

3.1 Bait statistics 
This module includes programs suitable for alf pliases of one- 

ciimensional sample ai~alysis, colnparisotl of two samples and 
determination of errors of an indirect measurnlent. Programs for both 
discrete and continuous exploratory analysis havc special algorirhms for 
derecring suspicious behaviour of data. Another program is used for 
comparing the sample distribution with ten theoretical distributions on 
r l~e  basis of the Q-Q and TDF gaphs (Meloun et nl., 1992). I1owtr 
transformariorls for an ilnprovernent of sample distribution cat2 be 
provided by using special procedures (Meloun et n l ,  1992). 

In a routine data analysis only basic assu~nptiofts are usually rcquired co 
be rested. Interval estimates of parameters or variances are coniputsci by 
classicaI, robr~sr and adaprive techniques. 

One  program will starisrically compare two dara samples. Beside5 
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also more realistic adaptive and robust ones are availabfe. 
characteristics of indirect measurements the 'Taylor series 

hrlique and ,I sirntllation techniqtte are used. 

3.2 ft;r,~~~iv~rictt.e 
In this module, programs are oriented towards processing multiv? , rlace ' 

chcmon~ecrical data i.e., estimation of parameters arid their testing on  rhe 
basis of one or ntro rnultidirnensjonal samples. In 3 special program thcre 
is a choice of rcchniques for graphical representation of such data. Roch 
symbolic anri projection types of can be used. In .[he  nodule tliere 
arc also programs for basic sfatistical analysis of multivariate samples, 
correlation arlalysis and co~nparison of two ~~rultivariare samples. 

3.3 C~libmtion 
Calibration tasks hrwe usually two phases. In the first one, a calibration 

model f(x,rt) itself is constructed usillg experirrtclltrrl data. Iix rlxc secoilci 
phase, the calibration rnodel (or its inverse) is utilized to determine 
required respollse values with a confidence interval. 111 the case of a linear 
catibracioll model, both phases can be simply managed. For special cases 
of non-linear systems, with a complicated shape of the calibration crrnre, 
spliiles regressioil models call be successfully used. Another program in 
this moclule includes some ways to apply linear ~egrcssioil spliiles with 
fixed knots, wf-tich can be set up by the user according to three criteria. 
Q~ladratic and cubic splines are provided as \veil. 

3.4 Regression analysis 
This module serves to create linear and non-lincnr regression models, 

estimate their paraiz~erers and allalyze them statistically. For linear 
regression, special algorithms have been implemented, and rhc least 
sqilales method is only a special case airlong a se~ies of biased parameter 
csrirnations, controlled by a single variable. An analysis of lineal and 
linearized models can be done. Before computations, the data call be 
transfo~tnrd to polynomial form, by rhe Taylor exyatlsioii (up to 
quadratic terms) or gerlerally (any variable is trarrsformecI by n user 
function). A powerfull SVD based algorithm is used (Militk);, 1983). A 
variety of rcgression cf~aracteristics including partial regression graphs can 
be computed. For diagnostic purposes, a program with over 40 graphs for 
resting assumptions about the data model anti least squares crirerion has 
been incliided (Miiirkf;, 1989). 

For non-linear models, an efficient algorithm MINOPT (Militti);, 
1989). has been developed for parameter estimarion artd statistical 
analysis. The regression nlodel is wrirten interactively in the usual 
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algebraic form, with up to nine parameters. Some of the parameters can be 
set to constant, computation can be interrupted and restarted or aborted in 
any iteration. 

3.5 Svioothi7zg 
Programs of this group are used for smoothing of experimental dstn 

with consecutive derivative or in tegd  ilxaljrsis. Two cubic spline 
srnoomers are avaitabie, those of Reuisch and Sphh (Meloun et nl, 1992). 
They differ in smoothing degree parameter arid the effect of statistical 
weights given by the user. The algorithm of Saviczki-Golay is used for 
simple smoothing based on moving paraboIas with adjustable lengih. 
Finally, daca equidistantly distributed wirh respect to X-axis can be 
filtered by various types of digital filters. 

3.6 A?iah~-is ofwridnce 
Programs contained in rhis module provide one and two way 

ANQVA. All programs provide, besides a construction of a suitable 
ANOVA model, also verification of the asstimptions on which the mociel 
has been constructed, and identifica~ion of influential points. One program 
performs one-way analyses for models with fixed effects and an 
unbalanced design. Two-way analyses can be petformed using anorher two 
programs, for fixed and random effects. 

A special program is designed for the two-way analysis of unrepeated 
measurements. Both the classical paramerer estirnatiorl ~nethod and a 
robust one (median-polish) are used. 

The programs also provide tests on the additivity of effects and a 
power transforination to improve the distribution of the data. 

3.7 Probability models 
In the program of rhis moduie, a 'maximurn likelihood' method is 

used to estimate parameters of location, scale and shape for a chosen 
probability model. Parameter estimation and statistical arlalysis is 
realized for normal and two or three parameter Gamma, exponential, 
Weibtrll and lognormal disributions. 

3.8 Growth carves 

The growrh curve module aims to assist the creation of the optima! 
type of growth curve and to estimate its parameters including statistical 
analysis. Nonlinear regression based on least squares is used for parallleter 
estimation. The family of Schnutte's four-parameter growth cuive models 
ate offered, as well as logistic, Gompertz's, Mitzerlich's and Richards's 
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models. 

3.3 Chzmametric models 
This module contains basic non-linear cllenlomerric rnodels for 

calculation of dissociation and formation constants, processing of dara 
kom potentiomerric titration and spectrofocornetry. Programs make use 
of the optimization algorithm MENOPT (see regression analysis). 
Special programs are devoted to Debye-Hiiclel model and nonisothermal 
kinetics. Orher chernometrical applications are constantly being added to 
tllis module. 

The progrant package A13STAT is built as an open system. Other 
modules will be added especially for specific chemometrical 
i~pplicadons (principal conlponents analysis, cluster a~talysis, PLS, etc.). 
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