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	Abstract

The required elements for the Beam Profile Fit Library are listed, described and explained here.
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1. Introduction

Several application programs will be required to make fits to the beam profiles obtained from beam instrumentation in the Large Hadron Collider.  This document establishes the requirements for a unified library that will allow every application that has this requirement to use the same fitting forms.
The functional requirements for all profile-measuring beam diagnostics devices is found in the References

1.1 About this document

In the requirements, we use the abbreviation “BPFL” for “Beam Profile Fit Library.”

2. Library Overview

2.1 Objectives

The main objective is to provide an extensible library for performing accurate fits to profile data from the LHC (and possibly other machines).  It is assumed that the following applications, among others, will utilize this library:
· The Wire Scanner Application

· The Synchrotron Light Monitor Application

· The Ionisation Gas Monitor Application

2.2 Roles and Responsibilities

The BPFL will be responsible for performing the fits to 1- and 2-dimensional beam profiles from the LHC.  It will not have any user interface, but rather it will present an API to the application programmer.  It will not interact with hardware.  
3. Functional Requirements

The functionality and the scope, performance and concurrency of the beam profile fit library are discussed and presented in this section.

3.1 Fucntionality

This Beam Profile Fit Library performs fits to beam profile data.  The term “fit” here is taken to mean the following.  
Given a data set represented by {(xi, yi)} (where the x values represent a position transverse to the beam and the y values represent an intensity measured at position x, and a function of this variable, and of many parameters, f = f (x,  a1, a2, … , an), the “fit” is defined to be the values of the parameters, a1, a2, … , an    that most closely match the function, f, to the data set.  
A common technique for performing a fit like this is to minimize the total “chi-squared”: (2 = ( ((<f ( x i )> - yi )2, or to minimize the negative log-likelihood.  This library will support the (2 mechanism.
3.1.1 Basic Considerations

	Num 
	Title 
	Description 
	Priority 
	Source 

	1.10 
	Java 
	The BPFL shall be written using Java class libraries. 
	Critical 
	 

	1.20
	LSA
	The BPFL shall comply with the LHC Software Architecture (LSA) specifications.
	Critical
	

	1.30
	Interface
	The BPFL shall present, to the application programmers, an interface to its functionalities.
	Critical 
	

	1.40
	Reliable
	The BPFL shall produce results that are not time dependent; that is, identical data presented to the BPFL shall produce the same results.
	Critical
	

	1.50
	Believable
	The BPFL shall use a fit engine that is already established as a reliable and believable engine.
	Critical
	


Table 3‑1, General requirements.

3.1.2 Profile Data requirements

	Num 
	Title 
	Description 
	Priority 
	Source 

	2.10
	Data 
	The BPFL shall accept data that represents a measurement of a 1- or 2-dimensional beam profile signal.
	Critical 
	

	2.20
	Data Size
	The BPFL shall not limit the size of the input profile data.
	Critical
	

	2.30
	
	
	
	


3.1.3 Fitting Capabilities
The set of functions used by the profile fit library is to be driven by user demands.  Therefore, the internal architecture needs to be flexible enough to allow for new functional forms to be inserted and used.  It is expected that the fitting engine will be able to perform any sort of fit that is presented to it.  Furthermore, it is expected that the user of the library will be able to generate new functional forms rather quickly that the fitting engine can utilize.

These ideas are summarized in the following requirements.

	Num 
	Title 
	Description 
	Priority 
	Source 

	3.10
	Fit Dimensions
	The BPFL shall perform fits with an arbitrary number of fit parameters, but not to exceed the number of points in the input data set.
	Critical
	

	3.20
	Pre-defined
	The BPFL shall provide one or more pre-defined, common fit functions.
	Critical
	

	3.30
	Fit Functions
	The BPFL shall have a general function and parameter specification.
	Critical
	

	3.40
	Common Functions
	A fit function that is used by one client shall be available to be used by another client
	Critical
	

	3.50
	Extensible
	The set of functions that the BPFL can use shall be extensible by the users of the library
	Critical
	


Table 3‑2, Fitting capabilities.

3.1.4 Fit Results
The results of the fits performed by this library are to be clear and concise.
	Num 
	Title 
	Description 
	Priority 
	Source 

	4.10
	Results
	The BPFL shall present, to the application, the value(s) of the parameter(s) in the fit.
	Critical 
	

	4.20
	Uncertainties
	The BPFL shall present, to the application, the statistical uncertainty in the fitted parameter(s).
	Expected
	

	4.30
	Goodness of Fit
	The BPFL shall calculate and return a “goodness of fit” quantity.
	Critical
	

	
	
	
	
	


Table 3‑3, Fitting requirements 

3.2 Scope, Performance and Concurrency

The wire scanner application does not need to have any interaction with the Post Mortem or the data logger systems.

	Num 
	Title 
	Description 
	Priority 
	Source 

	5.10
	Scope
	The BPFL shall not have a user interface—it shall present an API to the application programmer.  It shall not interact with hardware.
	Expected 
	

	5.20
	Performance 
	The performance criteria of the BPFL shall be established in the specifications.
	Expected 
	

	5.30
	Concurrency
	The BPFL shall allow for any number of clients to utilize the library simultaneously.
	Critical
	


Table 3‑4, Scope, performance and concurrency.

4. Observations and Discussion
While this is not the place to talk about specifications for this library, it is clear that the underlying fit engine should be a “tried-and-true” engine like Minuit.  It is not reasonable to expect this level of functionality to be created specifically for this library.
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