Project Plan
Mike McKerns, Caltech

e Building the Project Plan
 Managing the Project Plan

e Updatesto Plan for Common Algorithms



Goals & Objectives

The goal of DANSE isto build a software system for
neutron scattering research that:

- Integrates the basi ¢ data reduction capabilities that are available today

- enables new types of science in all major subfields of neutron scattering
research

- provides a coherent framework onto which software components can be
added by scientists

- Is maintainable by the SNS software group before the end of the project



|dentifying the Project Scope

Planning begins. January, 2002

- requirements collection with neutron scientists
- software workshops & reviews

- emall polls & surveys

First draft for five-year project plan: November 2003
- Identified project tasks
- problems with estimation of effort, risk, & duplication of effort

First draft for Scope Baseline (WBS): August 2004
- risk assessment & mitigation plan
- resource leveling, task dependencies, & external drivers

Project Descoped ($16.7M — $11.9M): March 2006
- Identified critical tasks & scope contingency




Building a Scope Baseline (task-by-task)

Level 5 Task DURATIOMN

Version 1.1a Task Mame MMTE
Task Description
WBS 513154
Task Risk Factor 1 [enter as an intagers) Rick Multiplar
Task Damage Factar A% [enber as decimal) 0340
Al el s w Plurmisraf
Anrl Fain Houly s Histary:
Sr. Scientist 1.00 &r Lo, Pastdac, Programimier, Tadh Writer, Grad wans 4%, 789, 75%, 758%, 75%
Postdor 100% 1.00
Pro-grammer 100 1.0
Tech Writer i 1.00
Grad Student 1.00 8.45 845 275680 $13,355 leas Scop o
Undergrad TEY 1.040 |
4
Other 75% 1.00 1 I
T Mitmiun] Tats
Duration | Duration Alacated| Tota
(weeks) | (wesaks) | Hours ot
Enter time in weeks | 0.26] 4.43] 117]  2.64] | | 8458 4.45] 275.60) $13,355
Rizk Adj. Risk Ady. | Risc Ad). GoOpE
CEV Mandrumn  Minireun | Allscs sed Coringen
Tagk Marmes SrSdeist  Fostdee  Frogramire  Tech Weiw Oned Soadent  Undengrad Ot r weeks | Duration Duration | Hours [r-F- oy
Hodify input e writer 0.4 040 0.532 [ 20,80  $1,1040
Write Bindings to miadules 01 .10 0.13 .13 5.20 5275
Madify output file reader 0.4 .40 .52 .52 20080 $1,100
Testute cate 1: enengy minkmization 0.2 0210 .26 .26 10,40 £540
Testuse chte 2: canstrained malecular
dynarmics 0.2 020 0. 24 024 10,40 £540
Test'use case 3: narmal made analysis 0.2 Q.20 0,26 026 10,40 $£540
Testute cate 4: aperations on dynamic
rajectories 0.2 020 0. 26 026 10,40 $540
Test'use case 5 paint charge fitting 0.2 .20 0,26 .26 10,40 $540
Testuse cote §: malacular surface
cabeulations 0.2 020 0. 24 024 10,40 £540
Wiite: tubarial bexit .64 0,60 0.78 0.8 31.20  $1,620
White tutarial code .64 0,60 0.78 0.8 3120  $1,620
White and inbeagrate refanenos daoumentatian 2 200 2,60 250 52.00 %1700
Sciantifl ¢ miview 020 02210 026 026
Uisar testing and subssquent maintainancs 1.04 104 1.30 1.34 52.00  £2,700




The Scheduling Process

IS highly constraint-driven
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Five Y ear Software Construction Plan
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Management at the Package Level

Software Production is incremental, w/ phased devel opment
- Inception [< 5% complete]: mostly planning and assessment

- Elaboration [5-20% complete]: mostly requirements capture

- Construction [20-90% compl ete]: mostly code and test implementation

- Transition [> 90% compl ete]: documentation, deployment, and certification

Reviews are integral to effective software production
- reviews ensure quality

- review by subproject |eaders to ensure requirements capture

- review by developersto guide iterative devel opment

- review by quality assurance to affirm standards adherence

- review by management to assess software production status



Reviews in the Software Process

Planning Review

- vVision statement summarizing purpose, functionality, and acceptance criteria
Design Review

- UML & auto-generated interface documentation for architecture specification
- refinement of requirements and use cases into behavior specification

Code Review

- both component/application and test code inspected
- automated test for quality standards, manual inspection for code functionality

Reviews involve Architect, PM, QA, SubPI, developers
- reviewers should be stakeholders in the code

- review action items entered to project tracking system

- reviews are critical in developing the most commonly reused tasks



The Project Plan Must be Agile

The Project Plan must accommodate:

- the talents of current developers

- new developmentsin available software

- refinement of ideas, scope, requirements, and design

Minor adjustments to schedule and tasks in August 2006

- architectural design of several common algorithms packages improved
- created new tasks as code design became more extensible

Baseline plan was good; however, not detailed enough...

Difficulties encountered with planning occurring at task start

- drive to design more reusable code |lessened when “clock is ticking”
- new requirements make Central Services & Common Algs. schedule unstable



Solidify Initial Scope & Design...

Ensure a clear definition of all deliverables

- Identify all of the project deliverables (especially the flagship applications)
- break deliverables into well-defined conceptual components

- specify information to exchange between the components

- draw UML diagram of components and data objects for each deliverable

Ensure identification of all tasks

- list our objectives and our requirements for each subgroup

- associate each requirement with at least one task

- associate each deliverable with at |east one task

- Identify if task iswell-defined, digestible, and meets design requirements
- identify if software has the desired interfaces



...then Rebasaline

e Building tasks with narrower scope
- creates additional tasks
- tasks tend to be shorter duration with better-defined scope
- code tends to be more reusable
- development is more efficient and there is less rework
- creates less surprises

o Scheduletasks once WBS dictionary is updated

- developers focus on more than one task

- more tasks run simultaneoudly, thus durations can be lengthened
- more akin to development in asmall dynamic group

- less well-defined tasks must be scheduled later in the project
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Integration Strategy for Data Reduction

In October 2006, DANSE & SNS teams began to work
together to define a strategy for data reduction and analysis

SN S to provide basic datareduction for all SNS instruments

DANSE will couple reduction to analysis and simulation
- post-reduction corrections
- analysistools used in reduction

DANSE & SNS must work together to

- ensure each other’ s requirements are met
- standardize data structures & define a clear interface
- leverage each other’ s effort



Several Tools Requested

* In November 2006, DANSE representatives met with several SNS
Instrument scientists to collect input on desired analysis tools.

e GUI Builder

— extract user-settable fields and defaults from applications & components
— configure view & widgets with smple XML description

e Peak Fitter
— obtain peak information from noisy data
— alow selection of fitting methods
e Detector Viewer
— examineraw data
— look for bad detectors, create masks
e Histogram Viewer
— provide physical representation at each reduction step
— ad visualization of slicing and complex operations




Collaboration Through Modular Design

API creates standardized
Interface, and facilitates
modular design

Transforms from either
SNS or DANSE library

Standardized data objects
(histograms) passed
between each transform

histogram

DANSE Rebinner

API
SNS Reduction Transform

histogram

API
SNS Reduction Transform

histogram

API
DANSE Reduction Transform

histogram

Histogram Viewer




Extensibility by Design Abstractionl

Y
-
Raw Data — 5
~__ -
Mapping
Histogram g Histogram

e Histogram is afundamental data structure for data reduction

* Reduction can be represented by mapping an I(pixel,tof) histogram to
a S(Q,E) histogram over the instrument information [inelastic]



Making Reduction Instrument-Agnostic

Can we separate i nstrument-specific parts of data reduction,
S0 that transformations are reusabl e across Instruments?

First, we identify & isolate instrument-specific pieces
- instrument definition migrated to instrument data object
- extracting histograms from instrument run files dissociated to measurement

Then, we reconnect with abstract interfaces

Reduction & simulation become instrument-independent
- supporting a new instrument now may be very ssimple...
- add an instrument description & new class to extract data from run files




Standardized Reduction Data Objects

5.4.1.1 Basic Reduction Data Structures: Standardized runtime data siructures will be
developed for DANSE 1o satisfy two needs: to provide efficient iteration for high
performance components, and to provide convenient access to scientists. It has often
proved difficult fo reconcile these needs, especially with histograms. DANSE will achieve
these goals for histograms by decoupling iteration and access from the underlying byffer.
F.4.1.1x 1D Arrays

3411 xaD Arrays

5.4.1.1 x Histograms

5.4.1.1x 1D Pixelq.

5.4.1.2 Experiment Metadata Containers: Efficient runtime siructures will be
developed to serve as containers of mefadata on the instrument, sample, sample
environment, experimental run, and s0 on. We will provide runtime analogues fo NeXus
Tes that parallel the Nelus hierarchies.

b.4.1.2 x Instrument Description

4.1.2 x Fun Description
4.1.2.x NeXus Data Object],
5412 x NeXus File Parserd_

D U'l U'l

5.4.1.3 Common Array Manipulations: [H-’e will provide fundamental tremsformations
of our basic reduction data siructures.
F413x77

5.4.1.4 Advanced Arrav Manipulations: We will implement our basic reduction data
siructure manipulations for a paralle! environmeni, fo utilize streaming data, and fo use
iterators.
3.4.1 4 x Iterator Implementation
5414 x Streamung Implementation
5414 x Parallel Implementation

Comment [mmB8&]: Also accessars
and convenisnce finctions. These ara all
abstractions to the underlying
implemeniaton. tus an API is nesded

for each along with the different bindings
we'll use. Basic manipulations coverad in
5413
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Comment [mm87]: Also acessors
md convenience funciions.

Comment [mm88]: How iz Nelus
parser different than 4.4.2 or that in
5.1.1.17 Maybe thiz doesn’t belong here

[ Comment [mmB89]: Omnly for data

objects in 5.4.1.1.

[ Commeant [mm30]: Develop o an

APT zo works like marh with python
objects.




Define Reduction & Standardize Interface

5.1.1.1 Data Reduction: [Tz will develop rebin drivers and reduction transformations of
data arrays and histograms, and provide support for basic reduction of single crystals,
standardized data 0bjects, reduction componenis and _ _
E’mnsfﬂnﬂm%am built in DANSE should freely inferoperate with those built ar the SNS.
51.1.1.x 77

™
5.1.1.2 Measurement: The parsing of data files and associated metadaia generated by *
experiments on nelfron instruments is very offen msirument-specific. |Hi? will provide a

mechanism for parsing NeXus files info standard data objects, and a means of identifving

y

do not use NeXus files.
b.1.12x7M

5.1.2.1 Advanced Data Reduction: ITe will extend the DANSE reduction code o work
in a parallel environment, fo utilize streaming data, and 1o use iferarors.

Comment [mm36]: Develop some
commean uilites and tansformations
here. .. mamy subgroups or the 5245 will
develop drivers as other tasks. We will
nead an API for each "level’ of reduction
tmansformation or driver, and alse effort
for standardization with the SN5.

Comment [mm57]: Garerc rebin
drivers and API, rebin udlities (7). and
standardization with SM5.

Comment [mm58]: What commen
work can be done here” Parsing of most
data files are instnmend-specific, so that
will be done in 2 subgroup sk Parsing
of MeXus files is done m 5.2.1.2. Maybe
1his task omly identifies and groups the
data by data'man type?

 Comment [mm59]: Specification of 1
how to Zroap rums and provide

5.1.2.1 x lterator Implementation
5.1.2.1 x Streaming Implementation

5.1.2.1 x Parallel Implementation

5.1.2.2 Post-Reduction Corrections: e define reducrion as in the SNS document:
“"Data Reduction Library Requirements and Specifications.” Further fransformations
and corrections 1o dara are 1o be considered as posi-reduction corrections and reduction
SUppOoTT. |]T’e will provide some posi-reduction manipulations of backgrounds, detector

calibration, and other common corrections.
b.1.22x7M

] T
_-J.Ir.T.! L

5.2.1 Texture Analysis and Visualization: The software package D is a fitting
program for diffrac allows for calculations of pole figures and

difiraction line broadening. [_T he fimctionality of MAUD will be provided as DANSE

fion patterns thai cal

1
ﬂul.

hiztograms.

Comment [mme0]: Az this iz
oaly the subset of common pesi-reductdon
tonls, with other post-reduction tashs
being developed by the subgroups. Closs
inspection of the SM5 specificanons are
needed to distnmaish berwesn @asks hare
andim 5.1.1.1... maybe 5.1.1.1 and
5.1.2.2 should be combmed? We'll also
need standardization with the 5N here.

c N - 5 -y 1 P - -
mammnamaate wnith o nlaa far infarananatiang wuith maanhanise sndale Tha mava wanthade af




Extend Reduction to Inelastic Instruments

10.1.0.1 Inelastic Reduction Drivers: We will provide rebin drivers and transformations
that are specific to inelastic neutron scattering.

|1{]_ 101x "_7“?"?1 -4 Comment [mmi10]: Sramdardization |
with the 5M5 should be taken care of m
5.1.1.1; this should just be a collection of

10.1.0.2 Inelastic Post-reduction Corrections: We will provide support for post- drivers.

reduction manipulations of background, detector calibration, and bther corrections

comumon to inelastic neutron scatten'né. _ - Comment [mm111]: Basic

|1{] 102 -':uqr1 _____________________________________ correciions oaly. Odber “advanced’
AR L ______ =5 corrections are listed as separate fasks.

10.1.1 Support for SNS Direct Geometry Chopper Spectrometers: We will ensure | mﬁ;ﬂﬂrﬁli}lsﬁmmm

SNS-built reduction applications for the CNCS and SEQUOIA instruments are available
to DANSE. The reduction code for the ARCS mstrument will be fully extended to

DANSE. Monte-Carlo simmlations will also be supported for the above-mentioned
nstrments.

10.1.1.x Instrument Descriptions

10.1.1 x Instrument-Specific Geometers
10.1.1 x Instrument-Specific Measurement Classes
10.1.1 x Adaptation of existing reduction dri'l.-'ersl

_ -~ Comment [mm3113]: Is this list

______________________________ - complzte” We nesd to ensura that SNS
. . . ) ) . applications have programmaric accass.

10.1.2 Support for other SNS Inelastic Specirometers: We will ensure SNS-buult

reduction applications for the HYSPEC and Backscatterer instruments are available to

DANSE. Monte-Carlo simmlations will also be supported for the above-mentioned

nstruments.

|1{II. 1.2 x Instmument Descriptions

10.1.2 x Instrument-Specific Geometers

10.1.2 x Instrument-Specific Measurement Classes

10.1.2 x Adaptation of existing reduction dn'l.-'&rsl

o o o e o e e e e o e e e e e e e e e e e e e e e

— - Comment [mm114]: Same 2:
comment for 18.1.1.

10.1.3 Support for Existing Inelastic Spectrometers: We will provide reduction

applications and Monte-Carlo stmulation of the [Phﬂms and LR_\-IEE'S{ mstruments. - ;1 Comment [mm115]: Extand suppor
i1 3 % Tnetmment Teerintinne for these insiruments tested under ARCS




Example Reduction Components

detCalibrator

— computes calibration constants and calibrates histograms

normalizer SpeReducer

— normalizes histograms by incident neutron flux
timeBG

— removes time-independent bg from histogram ,
E Rebinner Q Reblnner Hlstogram

speReducer
— reduces data to S(phi,E) ————

Spe2Sge

— converts S(phi,E) to S(Q,E)

e 1Solver SR S
— computes neutron incident energy

darkAngleFinder Rebin Drivers [l VVector operations

— determines dark angle for vanadium run



A Closer Look at | nstrument

Instrument is a reusable instrument definition
— Isbuilt from available instrument elements and their relative positions
— element descriptions are maintained separately from element position
— instrument description may be obtained from NeXusfile

Instrument description is a hierarchy of elements

— FermiChopper, TOChopper, Moderator, Monitor, DetectorArray, DetectorTube, Guide,
— SampleEnvironment: Cryomagnet, Cryogoniometer, ...

| nstrument Viewer

— provides a 3-D representation of
Instrument or instrument elements

Instrument Builder
— drag-and-drop interface for instrument construction (proposed)



Building an Instrument

»»» from instrument.elements import #

»>» instrument = Instrument.Instrument( "instr_name", version = "0.1" )

»»> from instrument.gecmeters.ARCSGeometer import Geometer

>»>» peometer = Geometer()

»»» moderator = Moderator.Moderator( instrument.getUniqueID(), instrument.guid(),

100, 100, 100 ) T
>>» instrument.addModerator( moderator ) J |
>»>» position = [20000.0, 90.0, 180.0] moderator | jmanitor

»»» prientation = [0.0, 0.0, 0.0]
»»» peometer.register( moderator, position, orientation)

>»> monitor = Monitor( instrument.getUniqueID(), instrument.puid(),
xLength=30, yLength=0., zLength=50,
monitorNumber=1,

name = "monitori")
»»> position = [2300.0, 90.0, 180.0]
»»> orientation = [0.0, 0.0, 0.0]

»»» peometer.register( moderator, position, orientation)

v



Monte-Carlo Instrument Simulation

Simulation framework connects
sources, samples, detectors, and other

INstrument elements

- by providing a buffer to handle neutron flow
between components
- by providing an engine to drive the neutrons

Connecting through the neutron
component APl allows exchange of
newly built components with those
provided by McStas, Vitess, ...

moderator mclnitor

/_/\

~

neutron component AP

python bindings

M cStas moder ator




Scope Definition and Package Evolution

bt Instrument simulation is simulation engine,
P — “ neutron buffer, and neutron components...
and uses instrument and geometry

i geametry e generic sample s
: l;'_ cusesy ;) (—: ------ T I
P Initially, McStas components provide
: monitors, guides, samples, detectors
e utronoomponent s :
- | implements» il | usess
APl N\ - - - -1 L_-
: x“x =implerments = . .
| g . Extend by building neutron component
| with generic sample construction

1
FEMCSLASCOMPonent |
neutronbuffer | P P




Sample Simulation

composite sample assembly required
— asampleisusualy inside some kind of container

— asample simulation needs to take into account a collection of scatterersincluding the
sample and other objects

composite scatterers also required
— avallable sample simulations usually focus on one kind of scattering mechanism

— afull ssimulation should take into account all possible scattering mechanisms with similar
scattering strength

clean separation of physics properties and geometry
— reuse geometer as coordinate environment
— shapes & sample description
— random number generator
— scattering path calculator

sample container




Building a Composite Scatterer

physics is contained
in scattering kernels

kernels provide
scattering probability

possible kernels:

- phonons, magnons
- elastic, inelastic

- coherent, incoherent

Sample Assembly

Collection of scatterers

e

cc Ni Sample

Collection of
scattering kernels

~

/Aluminum Can \

phonon scattering kerne

Collection of
\ scattering kernels /

[Coherent Inelastic } [Incoherent Inelastic }
I I

phonon scattering kerne




Define Instrument & Sample Simulation

5.3.1.1 Monte-Carlo Instrument Simulation Framework: [n its purest form, a fill
experiment simulation would track individual neutrons from the moderator, into the
nstrument, throush the sample, and into the detectiors. TH"@ will produce an instrument
simulation framework that provides a stock set of extensible instrument components, and
allows the imtegration of components from common Monte-Carlo simulation packages :

used fo design neutron instruments for optimum combinations of resolution and ﬂnx.|_ .

b.3.1.1x Simulation Engindd .
5.3.1.1 x Neutron Buffer

5.3.1.1.x Neutron Storage
E.3.1.1.x Geometers

1.1 x Instrument Factories !

3.3
5.3.1.1.x Generic Instrument Components ;
5.3.1.1.x Basic Sample Components ¢

o D o e o e S e o e o e 5 e e e e e e e e e e e e e e e e e e

5.3.1.2-5 Bindings to Common Monte-Carlo Instrument Simulation Packages: [Tz K

will provide pindings| to McStas, NISE_ VITESS, and Ideas. g
531nx?7M

5.3.2.1 Sample Simulation Framework: 4 goal of the DANSE praject is fo integrate the
structure and dynamics of the sample into Monte-Carlo instrument simulations, and

calculate the scattering from the sample info the defectors. More traditional scattering !

kernels from geometric shapes will also be supported. Sample components are fully !
extensible to simulate an arbifrarily complex sample and sample environment. ;
|5.3_l. 1.x Generic Sample C'omponeur[ _____________________________________ h

5.3.2.1.x Path Calculation for Scattering by Geometric Shapes i
|5.3_.I'_. 1. x Couple Scattering Kemel to Scattering PatH :

5.3.2.2 Coherent Elastic Scattering Kernel: e will provide a mechanizm for ;

complex geometric sf:apes[ ‘

______________________________________________
Lo IS QL Ly L

Comment [mmE4]: Thisincladss 2
python module with convensance
functons. A smmlaton lamcher UL and
2 msmument bailder UI will be developad

Comment [mmE5]: Launcher

TequiTes sNple PAIAMESIETS: ¥ DEUI0n
packets, chopper speed...

Comment [mmE6]: Building an
insirumeent from elements requires:
cpordingte eNVITORmIEN? {Seomister],
instrument elements, and instrment
description {instnment). Also msmoment
glement APL

Comment [mmE7]: Pyvthen access to
individual msmument alements only.
Confizure and launch of full msmament
stmmlation to be kandled by 5.3.1.1, not
throngh bindings.

Comment [mmE&]: Building 2
insirument elament from samples
Tequires: coordinars emironment
{Eeomatsr), geomemic shapes (shapes),
md a sample descriplion. Also, 2 sample
alement APL

Comment [mmB9]: Fequires
scattering kemnel AP

Comment [mm70]: Caloulation of
scattering probabiliy based on
peniodiciny of the crystal, or crystal
masaic (in polycrystals). Crverlaps 5.3.67

Comment [mm71]: Mezning fom
shapes and densily functon 25 done in
SANE, or fiom a crysial / molecular
potential? Orboth? Idon't know what
e mput is here.

Comment [mm72]: At pinimam, we
will daliver components that lavmech a full




Summary

Project Plan is good, and always improving

First major rebaseline is underway

Some requirements gathering & scope clarification needed
Design and planning sessions have been successful

Collaboration with the SNS has accel erated



End Presentation
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