Statistical and Data Analysis Package in SWIFT

Claude A. Pruneau

Department of Physics and Astronomy Abstract

Wayne State University

* We present the design and implementation of an Object-Oriented Math + Statistics package designed for rapid and
robust data analysis, with a comprehensive suite of statistical tools, fitting tools, and modeling functions. The package]
design is centered on abstract interfaces (Swift Protocols) and comprehensive + carefully designed class structures.
The package features single/multi-dimensional functions, including common functions such as Bessel functions,
Laguerre, and Legendre polynomials, classes for vectors, matrices and related linear algebra tools, a limited set of
physics tools including rotations, Lorentz vectors, etc, multi-dimensional histograms, fast and robust moments
calculation, calculation of correlation functions, frequentist statistical tests, maximum likelihood and least square fits,
and extensible random number generation tools, as well as basic plotting capabilities
Given SWIFT'’s interoperability with other languages, the presented package should be easy to integrate wi
existing computing environments such as ROOT
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Basic Design and Components

* All components defined as Abstract Interfaces implemented as
SWIFT Protocols.
Single class inheritance but multiple protocol implementation

provide for integration of all basic features. D¢ Dou Randongctor
* E.g., PDFs evaluation, moments, differentiation, integration, Xﬁ’gm it 2 -
random number generation. - fun _ x:[Double]) -> |
* Functions

* Basic and Special Functions
 Function Derivatives

* Numerical Integration

* Numerical Interpolation

* Root Finding

Function Fitting and Optimization
Random Number Generation

FunctionAbstract
- Abstract Base Class providing functionality
common to all functions.

* Probability
* Wide set of PDFs and Tools (for statistical tests)
e Statistics Bessel

* Robust Moments, Histograms (1D-nD), Profile Histograms,
Statistical Tests

* Basic Bayesian Statistic Components

Linear Algebra Module

Task and Work Flow Control DifferentiatorAbstract

Logging Module

Particle Physics Module

Note: NOT ALL classes and components of the package can be
n.this.posier.

Generic Base Class permits easy user extensions

DifferentiatorRichardson

Linear Algebra
* Vectors

Matrices

Rotation2D, Rotation3D, Square Matrices, Sparse Matrices,

Jacobi Transformation,

LUP Decomposition

integralError : Double

Data Representation

e Data Points

* N-Tuples

. Trees . \ | IntegratorAbstract

« Maps Polynomial + Generic Base Class permits easy user extensions

.

Robust Moments Calculators . ce : Double? Legendre
Histogram (1D, nD) e n: Double
Profile Histogram (1D, nD)
Correlation Functions

Statistic Tests (Frequentist)

Dictionaries \
Statistics S —— ﬁ & Gauss
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RootFinder

ar rootFinderT RootFinder

mum : Double?

Tasks and Workflow Control

var median : Doubl
func moment(_ n: Int)
t(_ n: Int) -> Double?
nt(_n : Int) -> D
D

func pdf(_

func cdf(_ >
func cdf Double) -> Double?
func cdf(_ x1: Double, x2: Double) -> Double?

RootFinderAbstract

* Generic Base Class permits easy user extensions,

| Error Logging |

PdfAbstract

« Abstract Class implements most required functions Bisection Polynomial

Roots

Interpolator

Beta Distribution
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s:int{ ge r interpolatorType : Interp

func s s(_ points : DataPointC
var interpolationValue : Double

et }
meters : Int { get |
DataPoints : Int { get }
r nUsedD: t:Int { get }
var dof : Int

InterpolatorAbstract
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