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Abstract

The Statistical Toolkit (ST) [1,2] is an open source system specialized in the statistical comparison of distributions. It
addresses requirements common to different experimental domains, such as simulation validation (e.g. comparison

of experimental and simulated distributions), regression testing in software development and detector performance
monitoring.

Various sets of statistical tests have been added to the existing collection to deal with the one sample problem (i.e.
the comparison of a data distribution to a function, including tests for normality, categorical analysis and the
estimate of randomness). Improved algorithms and software design contribute to the robustness of the results. A

simple user layer dealing with primitive data types (e.g. parsing comma-separated-values files) facilitate the use of
the toolkit both in standalone analyses and in large scale experiments.
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New development cycle A /Example h
Is the number of earthquakes per year a

The new development cycle of the ST has been moved

to SVN repository. To be as self-consistent as possible, random number?
the number of dependencies on external software We have two data samples. If the differences between
systems has been minimized. The only proper the two were due only to statistical fluctuations, one
requirement Is the GNU Scientific Library [3]. In order would expect the differences to be a rather |arge
to facilitate running the ST on (wide) variety of number of short sequences (runs) of consecutive
operating systems, the Cross Platform Make [4] build positive and negative values. Using Wald-Wolfowitz
System IS used. The ctest testing tOOl, distributed as a runs test [8] one can infer some Systematic effects
part of CMake, is used for unit testing. between the two samples. One can use the runs test
to test the randomness of the numerical data around
The new development cycle of the toolkit has three some given value (or function).

different user layers. Without any external

dependencies the user layer that reads comma Distribution of
separated list of values (csv ascii files) is built by || 2o 0 earthquakes with
default. Additional user layers, to AIDA [5] and ROOT ||z~ . ; magnitude larger
[6], facilitating usage of ST using objects from the 2 0o : ° than 7.0 over the
these toolkits (e.g. histograms and ntuples) as data i . o » last century. Data
that provides distributions. On properly set-up [ "o . og o from [7].
environments, either or both will be found by cmake g9- o o o o o .
when user specifies correct variables. § ;o . 00 woo %° Question: Is the
cof o o o 0 %o number of earth-
Th_e ST now also comes with an extensi\_/e set of é‘_ o o °% quakes per year
unitTests, which are meant to test the consistency of = random around
the statistical test for each new version of the ST. 1 | | | | | mean value?
\_ J 1900 1920 1940 1960 1980 2000
\ year | |
- - = 1 [Hyear number of earthquakes
Statistical tests in the ST Importing the data from 3 1000 |
The ST started out as a statistical data analysis tool for \c/c;lrrdgnsa(gse\%agilé?idﬂlllest of : 1903 10
the problem of comparing two distributions. The first CsvReader * dat a=new CovReader (): I Tans =
development cycles of the ST delivered a wide set of a data->setDelimter(";"); //default deliniter is comm
goodness-of-fit (GoF) tests, which are suitable for [/ read only second colum (col um nunbers start from 0)

regression testing, validation of simulation to the dat a- >r eadCol urmsFronti | e(" ear t hquakes. csv”, 1) ;

experimental data, comparison of expected vs.

o - _ Construct OneDimData object, and make it binary
reconstructed distributions and comparison of data

around mean value

from different sources. The collection of implemented OneDi nDat a nun( dat a- >get XData()); //construct one
tests encompasses: | /I di mensi onal data
S | | num Print(); [/ print data
GoF test _Il?lstrlbutlon <Conpari sonAl gorit hn> Class num nmekeBi nar y(num get Mean()); !/ make runs around nean
ype B num Print (); //print data
Bi nned Ander sonDar | | ngBi nned
Anderson-Darlin Ander sonDar | i ngBi nnedAppr oxi nat ed ]
9 Unbi nned  Ander sonDar | i ngUnbi nned | Run the Wald-Wolfowitz runs test and get the results
Ander sonDar | i ngUnbi nnedAppr oxi mat ed Wal dWol f owi t zOneSanpl eRunsTest * test=
| | Chi 2 | new Wal dWl f owi t zOneSanpl eRunsTest () ;
Chi-squared Bl nned ghh: gfﬁf;"?;{”ﬁ;ed vect or <doubl e> ww = test->cal cul at e( nunj;
5 nned CrarrerVogM SeSgBi e cout<<"m = "<<ww. at (0) <<endl ; //nunber of elenents of first
Fisz-Cramer-von-Mises  Unbi nned Cr amer VonM sesUnbi nned cout <<" n = . <<ww. at (1) <<end| ’ //'and second type (1/-1)
Unbi nned Wei ght edCr aner VonM sesBuni ngUnbi nned cout<<"r = "<<ww. at(2)<<endl; //nunber of runs
Girone Unbi nned G rone The results: nm f 4513
Goodman Unbi nned Kol mogor ovSmi r novAppr oxi nat ed R ; 31
Kol mogor ovSmi r nov
Kolmogorov-Smirnov Unbi nned Wi ght edADKol nogor ovSmmi r nov .
Vi ght edBuni ngKol nogor ovSm r nov \(/:\aal I(:ICV%IafE)sm t’[ggjl:a)l-\llta)!ghee(fge)m g(l:\_/en test results
Kui Unbi d Kui - . .
HIPET n e _UI pe_r new Wal dWbl fow t zQual i t yChecker () ;
Tiku LBJ'nBi”ﬁﬂed E Eﬂg’ngi”ﬁged Conpari sonResul t result=qc->quality(ww n+n :
_ cout <<"P[exact] = "<<result.quality()<<endl;
Watson Unbi nned WAt son

: The resul t: P[ exact] = 0.000109172
The new development cycle extends the ST with one [ ]

sample goodness-of-fit tests, i.e. comparing data to The calculated p-value is 0.00011. So: can we answer
reference functions, and tests for randomness. These the question? No. But we can say that the exact p-value
tests provide complementary information to the is small enough to have strong statistical evidence to
existing tests: for instance, tests for randomness can reject the null hypothesis that in the 20% century, the
highlight the presence of systematic effects in the || number of earthquakes with magnitude above 7.0 is not
distributions subject to comparison, which goodness- randomly distributed around their mean value.

of-fit tests cannot detect. The extension of | \_ /
functionality of the ST also iIncludes tests for s N
categorical data. A list of new tests, some of which are Bibliography
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