A Local Problem Solving Environment (PSE)

In research, we attempt to solve a problem, theawery least increase our
understanding of something in nature.
*Knowledge increases through theory and experinaghtisting assumptions
as one proceeds to account for differences betieetwo.
Fundamental tenets apply:
*Repeated measurements with an expression of gneferably from a
variety of techniques (eg., NMR, x-ray diffractiett)
*Assumptions used in theory should always be dtate
*Results should be reproducible (see K Popper)
*Peer Review

Experimen

Theory
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L evel of success in research
often predicated on
collaboration, tools, methods,
reproducible/reliable results.

In the following we focus on a
local Problem Solving
Environment, specifically the
steps in understanding a
chemical kinetic process

Ultimately we aim to create a
distributed problem solving
environment, where we use
cyber-infrastructure to support
and extend research.
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*Research example: elucidate the process, includiteg and structural
details (microscopic models) for the uptake of wasin clays such as
kaolinite

*Methods include Nuclear Magnetic Resonance (erpatt) and ab initio
calculations (theory).

eData is produced by both means; comparison fgqpgres of
adjusting/creating model of solution is aided bydation

A Problem Solving Environment
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Experiment for PSE

*Nuclear Magnetic Resonance (NMR) is a technigbekvexploits the
magnetic properties of matter; most elements hawenazero magnetic
moment associated with their nuclei

«Specifically, magnetic moments are different facle nuclei, a function of
spin and gyromagnetic ratio, the latter unique fahealement.

3
u=yl N f"u
. . . A A A
(Microscopic Magnetic moment
=gyromagentic ratio x Spin)
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Bill brouwer wjb19@psu.edu 01/26/07



e|solated spin in static fieldB, form the Zeeman energy levels:

E=-mgB;nF- | ¥+ 1,..}F 1]

separated by:
DE = w, = gB,

(change in energy = Planck’s constant x Larmor fregye

«Convention: Magnetic field is parallel to z
drn; mis the expectation value of the spin in
E the z drn.

A «Quantum mechanics -> each valuerdk a

Example: 23Na, Sodium, spin 3/2

— = q IIII ...} - . .
el label for a possible ‘state’ for the spin to be in,
o with an associated probability, given by the
A E—7e m=1/2 Boltzmann distribution
" m=3/2
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*Boltzmann distribution->the probability that a spnn a particular
population with energi, labeled bymis proportional to the Boltzmann

factor:
- Em k=Boltzmann Constant=1.38x20m?kg s?K*
e KT T=Temperature

E /
l ———

X *Population difference gives rise to

L m=-3/2 macroscopic magnetization, the quantity
Laeee— =-1/2 we observe in NMR

Lxxxx-n—l— m=1/2 «Observation requires resonance (why)?
At — =3/2

¢« = some no. of spins A ‘coherence’
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Individual spins undergo precession in the magrfegtld, at the Larmor
frequency.

*Spins take on different eigenvalues “m”, and thusehdifferent magnetic
moments.

*The sum of the microscopic momentd\b$pins gives an overall (albeit
small) magnetization, about 1 part i A0room temperature.

B

{
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«Sample under study placed is placed in RF cole(smd), also in static
field By ; coil is in x-y plane and is pulsed with energyreg Larmor
frequency:

B =B, (Ilcosmt +] sinut |

*The RF energy rotates in the x-y plane; the frafreference where it is
stationary is called the rotating frame

*The static field is very much larger than the kdfdf remember that the
magnetization even with a Tesla magnitude stagid fis very small
*Resonance occurs whar-w, such that effective field experienced Myis
the field B,

*The magnetization consequently induces an emf milaeferred to as the
free induction decay (FID)
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The Rotating Frame

Off resonance; magnetization rotate®n Resonance; magnetization rotates
on a conical surface around x-axis

The phase of the RF energy determines the posifi@jin the xy
plane
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The NMR spectrometer

|L.E.
|
Frequency Gate Analogue to
generation | Digital
\ |
R.F. Control &
o
Process
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Gate
switch
R.F.input , R.F foutput

O ¢ Samplein R.F. coil
O Magnetic Field
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*Detected signal is demodulated
and digitized, accompanied by
Fourier transformation and data
processing

*The resulting spectrum is
usually composed of one or more
peaks, in the simplest case a
Lorentzian (absorption)
lineshape

*The position and shape of lines Alw)=) Alt)e" " dt
In the spectrum are all
consequences of
INTERACTIONS

R
b
&

Fourier Transfor
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sInteractions are described by a ‘Hamiltonian’tatesment of the total energy of
a system

*There are several important interactions in NMt, inost common being the
chemical shift (gives information on local bondegangements including
lengths angles etc)

*For spins [>1/2, the largest is the quadrupole adgon, between the
guadrupole moment of the nucleus and the surrourelewric field gradient

long range dipole-dipole
J-coupling

chemical shift

short range dipole-dipole
quadrupole coupling

CCE NN

Relative contributions to internal spin

Hamiltonian (1>1/2)

_ _ (Levitt)
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Data Analysis for PSE

*The data which we receive from an NMR experimeniithe form of complex
numbers, may be multi dimensional and requiresmab&u of processing steps
In order for it to be interpretable.

*Out of a variety of possible software candida@stave http://www.octave.org
IS very reliable and (perhaps more importantly free

Data is represented in Octave as a vector or exnand ordinary rules of
linear algebra apply

*Data is represented and stored on machines as/l{g, float, double, short,
long) or ASCII, hence there are roughly four mamps in data processing:
*File open/conversion
*Processing/analysis in software
*Visualization
File storage/transmission
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*A worksheet in octave allows one to define/marapeivariables,
commands, create functions all of which may beeqaan a script

B GNU Octave 2.1.73

GNU Octave, wversion 2.1.73 (1686-pc-cygwin).

Copyright (C) 2006 John W. Eaton.

This 1s free software; see the source code for copying conditions.
There 1s ABSOLUTELY MO WARRANTY; not even fTor MERCHANTIBILITY or
FITHMESS FOR & PARTICULAR PURPOSE. For details, twpe “warranty'.

Additianal information about Octave is awvailable at http:/ www. octave. org.

Please contribute if you find this software useful.
For more information, wisit http:/ www.octave. org/help-wanted. html

Eeport bugs to <bugfoctave.orgs= (but first, please read
http:/ fwww. octave. org/bugs. html to Tearn how to write a helpful report).

octave:l= a=0:0.1:10;

octave:?» %a is a vector, running from zero to ten in steps of 0.1
octave:2= a(67)

ans = &.e000

octave:3= %element &7 of a is equal to 6.6

octave:3= b=rand(5,5);

octave:d4= ¥b 1s a 5x5 matrix composed of random elements

octave:d= b{:, 4]

ans =

0. 26558
0. 32880
0. 50629
0. 99370
0. 37006

octave:5= %this 1s the fourth column of b
octave:5= b1, :);

octave:6»> ans

ans =

0. 72007 0.55628 0.39029 0.26558 0.71362

octave:7= %and the first row
octave: 7= ]

[=1E3

=
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sExample script: open data from experiment; vagalh Octave/Matlab are
stored in a complex vector called ‘data’
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*The data of interest now resides in a vector dadi&ta, which is the fid
recorded and stored after the experiment.

*The processing steps after the course of an expatiinclude Fourier
transformation, where data is transformed fromtitine to frequency domain
(largely for ease of interpretation), e.g., a Lozeant:
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Example NMR Data Processing Output
\ J_
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*\While this is an example,
what we extract in practice is
much like the terms in the
Lorentzian, the full width at
half maximum height, and
frequency.

*These (indirectly) give the
local atomic information we
seek

In general we must simulate
the spectra in order to extract
the information, due to the
complex nature of the
detected frequencies eg., on
the RHS is a simulation of an
NMR spectra for RoNO3
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*AT this point in the PSE, we have performed aneexpent which has
generated data

In addition the output of this process, essentiaithary or ASCIlI must be
processed in order to be human readable/interpestab

*Finally, in the course of interpreting the resultsnay be necessary to perform
simulations, based on theory for the experiment

*Finally, we perform a calculation to directly redaexperimental
guantities to microscopic details such as bondemghd lengths,
motional effects where applicable
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Theory/Calculations for PSE

*The complement to experiment is a theory or caltowh to suit the
parameters we measure (and report with error bars

*For instance in this case, we would like to compgaarameters extracted
from Cesium substituted kaolinite such as chemicidilssand quadrupole
coupling constants for the probe nuclei Al, witlhccgations

*Both quantities are sensitive to local bondingagements and motional
effects, hence the interest in calculating them

*Ab initio or first principle methods are requireat their calculation, we
seek an approximation to the many body Schrodingaatemn:

Hly)=E) )

H=Hamiltonian, an operator, a function of electrontnens
Y =Wave function
E=Energy Eigenvalues
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In performing an ab initio calculation, we make appmations at ~three
levels:

*The Born-Oppenheimer approximation
Nuclei are much heavier than electrons; they @zeh and ‘produce’ a potential
in which the electrons are considered to move

*Density functional theory (necessary for calcmgtNMR parameters)-> replace
the v. difficult many-body problem of interactintpetrons in a static external
potential, with non-interacting electrons movingaim effective potential

*Within the effective potential, besides exterrfé&s, must model exchange and
correlation between electrons (eg., LDA, GGA etc)

*Using the (approximate) wave function produced oan calculate the
values of interest using the rules of QM eg., exqemt value of an
operator (like the chemical shielding):

(A=l |y Jeg. Y d
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*Available packages for ab-initio/Molecular Modeling

«Abinit http://www.abinit.org/
*Free, primarily electronic structure code but Hasgberiodic solids
well
*Active user group, forums etc (navigate from pkidRL)

«Gaussian $$$$

*GAMESS nttp://www.msg.ameslab.gov/ GAMESS/
*Free, many abillities incl a variety of wavefunctiop&g in SCF
theory with DFT corrections for correlation effects
*Gives many molecular properties, can do QM/MM appnation to
periodic solids
Forums:
http://classic.chem.msu.su/gran/gamess/forum/dsscagtmIi#6

*Argus Lab _http://www.planaria-software.com/
*Free molecular modeling software, as is:
*Molden http://www.cmbi.ru.nl/molden/
*PyMol http://pymol.sourceforge.net/
*Free, sort of
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eGaussian features include:
«Geometry optimization
*Frequency calculation for spectroscopy (eg., NMRRetc)
*Reaction paths
Different solvation models

*Within g03 (latest) may also include Periodic Bdary Conditions (PBC),
Molecular Dynamics.
Input file *com or *inp is case insensitive, spaceds, slash serve as
delimiters between keywords
*The principle sections of the input are:
Link 0 commands (prefaced with %)
*Route section (description of methods, basis stéshe performed)
Title
*Molecule/system configuration (Xyz, z matrix fornedc)
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Gaussian Input File




sUser guide at http://www.gaussian.com/q_ur/keywdrtimhas description
of all relevant keywords that may be used.

*For example, in the route statement an explanédioB3LYP (a dft method)
IS at_http://www.gaussian.com/g_ur/k_dft.htm

Hybrid Functionals. Three hybrid functionals, which include a mixture of HarFeek exchange with DFT exchange-
correlation, are available via keywords:
*Becke Three Parameter Hybrid Functionals. These functionaésthavform devised by Becke in 199379
A*E XS|ateq'(1-A)*EXHF+B* EXBECkeFECVWN-FC* ECnon-IocaI
swhereA, B, andC are the constants determined by Becke via fitting to the Géaule set.
*There are several variations of this hybrid functioB8LYP uses the non-local correlation provided by the LYP
expression,

In the route statement, an explanation for 6-3)@&dasis set) is at (via the
help manual toc) http://www.gaussian.com/g_ur/m_aRts.htm

6-311G Specifies the 6-311G basis for first-row atoms and tbeddn-Chandler (12s,9p) (621111,52111) basis sets
for second-row atoms [3289 (note that the basis sets for P, S, and Cl are thokxlcalegative ion" basis sets by
McLean and Chandler; these were deemed to give bettéisré&s neutral molecules as well), the basis set of
Blaudeau and coworkers for Ca and_K [B2Be Wachters-Hay [3383]] all electron basis set for the first transition
row, using the scaling factors of Raghavachari and Truckg,[888 the 6-311G basis set of McGrath, Curtiss and
coworkers for the other elements in the third row [333334].
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*Between calculation runs, examine structure invergbuilder, make

adjustments so as to find ~ agreement betweenytlexperimental values for

parameters eq., view structure in PyMol; place cesiumterstitial layers
*Nearest neighbors? Motional effects?

M PyMOL Viewer

T ‘ﬂ“’““f'T“f"’“f’ AR

Houze Mode I-Button Yiewlng

POl > _
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Conclusions |

*Problems in research are solved over the courperédrming experiments,
analyzing/processing data, simulations and calculat

*At each of the data output stages one must givegit as to how the data is
transmitted, stored and/or visualized.

*Cyberinfrastructure boasts means to assist at&agle of the problem solving
process, enhancing the local PSE

A Distributed PSE
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A Distributed Problem Solving Environment

A local PSE is greatly enhanced
by the infrastructure provided by
the internet, specifically:
sDatabases (relieves burden
of information retrieval)
«Computational ability
(gridded calculation may be
distributed over 1000’s of
Processors)
*Experimental Facility
(remote access eg., PNNL) R -
Collaboration
*Software tools Experimen

Experiment

Theory |

Experiment

Theory™ |

> Output
Theory™ |
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*Gridded, multi-scale problem solving environmegftSE) are becoming
Increasingly common; several examples include:
e The Collabaratory for Multi-Scale Chemical Scientg¥cmcs.org
e The Earth System Grid http://www.earthsystemqgrgl.o
 The Sloan Digital Sky Survey http://www.sdss. org
* The Grid Physics Project (GriPhyN) http://www.dnjm.org

In each case, the end user is offered a web pehigh provides a launching
point for access to data and means for performahguéations, processing and
analysis tasks on theirs and/or others data.

*\We begin by considering data and it’s presentatiiar the web...
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*The internet has it’s origins in ARPA (formed Bysenhower) and was
propelled by the need for a national communicatmetsvork during the cold war
*Davies/Baran conceived Packet Switching
http://en.wikipedia.org/wiki/Packet switchira efficient means of
communication over a channel.

*A computer was conceived to realize their desiggh ARPANET goes online
October 1969 between UCLA and Stanford.

*TCP/IP becomes the communication protocol 1 Jani@83

*ARPANET is retired in 1990 and NSFNET establishadyersity networks in
the US and Europe join.

*MOSAIC, world’s first user friendly (graphical) iwser becomes available in
1993 http://www.ncsa.uiuc.edu/Projects/mosaic.htmi

In 1995 commercial ISP’s are established, IE beohavith win95 is released.

sInformation in a browser is displayed via a Mang Language...
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(loosely speaking) one can effectively programaalest web page using a
single mark up language:
*HTML- a document containing links to other docunseand file types
*Text is written with markup tags, where tags iiadggécstructure, have
names and attributes and generally enclose a pee text eg.,
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Title

LEX

£-' Childish Mnemonic - W.ndows Internet Explorer

L Z‘ | = mEnts and Settings\Owner My Documentsitest\testZ, him VI | X |mars face | 2=
GD._ugle (|Gl nasa v] Go 4 Gy & ~ 9% Bookmarksv EI 162 blocked '1;5’ Check = % Autolink -~ '::0 Settings+
= = ) = - i R 5 | i e = 53
Y_’ d_? . i Search Web = 4k Upgrade Mow! o E @ @ (=g Mail l@ My Yahoo! !
o i .-.? e . — "  E—1 P — — o 33
7T B5 | - | @ http: {fnssdc.gsft.nasa.govi... | g Childish Mnemanic x | | 'ﬁ(ﬁ = ';J L 1 Page - 23 Tools -

My Very Easy Memory Jingle So Useful Naming] - H1 heading
Planets

M\ ‘ven Ea:ﬂ Memon .ngIe Su Useﬁﬂbfamjﬂg Pla.ﬂets ]
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Ordered list

1. This has aface on it
2. This is no longer considered a planet

For more information please sef NASA

=+— Hypertext

' My Computer # 100% -
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Dynamic Content |

*Basic HTML is greatly enhanced by JavaScript,rdarpreted language
embedded within a webpage

«JavaScript may react to a particular event, forpaage content, query
user (and take action), detect browser type, craaikies etc etc

*The language has familiar constructs incl for/ifAghetc, contained
betweerkscript type="text/javascript"> and </script>
statements.

eExample: a) query user (embed this in head of HY&hd b) display
time dependent statement (embed in body of HTML)
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In @) we assign to the stringkt the item returned from the prompt box; the
guestion posed is the first string, and the se®bmalg corresponds to the
default text string (if no answer is given)

In b) thedocument.write(text) statement takes the text and prints it, at this
point in the HTML document.

In addition, a new objectis created, an instance of thete() class. A new
variable time is created, by calling the membercfiom getHours(). If the

hours are found to be within a certain time, tlaeshent is issued

Bill Brouwer wjbl9@psu.edu 01/29/07



Dynamic Content Il

*Often it is necessary to take action at the sesub eg., user validation,
security, database query etc

*Out of various candidates PHP is free and easpde, compatible with
popular servers such as apache

Commands embedded within a HTML document and plargehe
browser interact with scripts running at the sesrde eg., query user,
call script foo.psp:
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{= Childish Mnemonic - Windows Internet Explorer

BEE

@@ - |{éc:'|,Documents and Settings\OwnerMy Dqlﬂmgljis_\fst\,hest}hhn V! 4| | XK | I,P =|
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«Often one needs to distinguish between presentand content; HTML

encapsulates both.

XML (extensible Markup Language) is concerned gpadly with content; tags

are defined to suit the data, defined by the wm®t,are hierarchical

«Searching or parsing content like XML alone is measier and allows different

clients to interact using a data format which ispécific to any.

sExample: This document (NMR figure) is just px&ithout metadata (data
describing data); the file is essentially ‘lost’'thre web, irretrievable -> define

XML for ‘figure’

*Another langauge (eg., XSL) must specify an apphbecaspecific format for the

presentation of XML
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*\We have considered data and it's presentation tneeweb; theéransfer of
data between two or more processes is more complex.

Interprocess communication takes place betweereat @dnd server, where
the client knows the address of the server, and armonnection is established
communication is unilateral

*The two processes establish a socket with a sysédimvhere a socket
represents the end(s) of the communication channel.

«Sockets are programmed using C/C++ or Java, wherkatter is also used to
provide the most visual and computationally inteesispects of web content.
«Java http://java.sun.com/as conceived by James Gosling; Java “Byte Code”
IS run on a Java Virtual Machine (JVM) which is idadale for most OS’s eq.,
Linux, Windows, even wireless devices like cell pbs, no compilation.
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«Java is Object Oriented, just like C++, a modeldmgramming where:

*Objects are “instances” of a class, an abstmaatibich defines all the
properties of something

sInheritance; one or more classes may be derived & parent (eg., the
object “orange” is an instance of a fruit clasgj #me class valencia may
be derived from orange)

*Encapsulation; the exact details of a class neaitbden from the
Implementation
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A Java Class
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Class Implementation
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«Java programming is useful not only in communamatbut also in providing
rich dynamic content for web pages, run within dp@let environment.

«JMOL http://imol.sourceforge.nag Java for viewing molecular models.
«Joone http://www.jooneworld.con® Java for use in Machine Learning tasks,
where we seek to model and extract relationshipsden seemingly disparate
pieces of data and/or make useful predictions.

*\We will revisit Java in visualization and data Bse tasks shortly...

*HTML/javascript/PHP/Java are used to create gthtamic web content,
presented at the client browser, but we requireeseoftware to provide this
content to the end user
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Virtual Data Kit (VDT) http://vdt.cs.wisc.edig a single bundle of software
which in essence manages all aspects of a disggdhquioblem solving
environment, including:

*Apache Web server (for HTML etc) http://www.apacrg/

MySQL database http://www.mysql.com/

Tomcat Server (Java) http://tomcat.apache.org/

*Globus (grid management) http://www.globus.org/
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A distributed Problem Solving Environment

@ 'nternet connected Server side

Gridded
calculations = Web server  Ftp server

N —

Simulations, Transfer
data analysis, tools,
Monte Carlo data

1 Restrictions ﬁ Mostly unrestricted Cl ient Side
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Conclusions Il

A local PSE is greatly enhanced by the internegcgically by readily
available and organized data, computational posedtyware, access to remote
resources

HTML/javascript/PHP are used to create static/ayicaveb content;
communication takes place over the internet (uguahder the TCP protocaol,
between client and server processes

*The XML language is document content focused, ioiiog a platform
iIndependent ‘language’ for data

«Java is an example of an OO language which hadsappity to a wide variety
of tasks including communications, Machine Learrang Visualization.

VDT is a software bundle which contains servetwgafe for a variety of tasks
Including grid computation management, web seraing MySQL database.
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Building a distributed PSE; Databases using PHP + MySQL

*Recall that at each stage of a problem solvindecye produce data of varied
types and usefulness

*Refinement, information accessibility improves gbtully) at each output; we
need databases to store information.

A Distributed PSE
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eDatabases have various benefits including:
*As information increases and is stored, we cangedhe uncertainty in
our observations, and the sample/population meamnerge ala the ‘law of
large numbers’

Machine Learning technigues including clusteringyrbe used to
discover relationships between seemingly dispanigiees of information

*Persistence of information; that is, informaticacbmes ‘indelible’.
Relationships between individual pieces of inforioratmay be established
automatically, based on established rules and ogutd

*Accessibility, distributed/available across therMwia the internet
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*There are various types of databases, the mosnhoomeing MySQL
http://www.mysgl.com(open source)

eDatabases have different structures, common tyésde hierarchical (eg.,
like XML) and relational (eg., MySQL)

*Relational databases are the most popular, whéyamation resides in tables,
containing ‘related’ n-tuples of information; in QL these correspond to the
rows.

A Structured Query Language (eg., MySQL) is usecktrieve, store, search
etc for information.

* A unique identifier for a row (eg., social secy, message number in a
forum) is referred to as a key, used in indexingd searching

Bill Brouwer wjb19@psu.edu 02/19/07



*Example: experimental NMR data...

*Fidelity of measurement (CQ) increases; we cam @ilscover relationships
between pieces of information (eg., Sc-O bond a@jl C
«Collaboration on a massive scale takes place sssiyl
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*Database resides on disk; server program (&gs@gl running on
dirac.chem.psu.edu) handles requests which are (fairly) simple statésmen
eg., from the terminal:

Bill Brouwer wjb19@psu.edu 02/19/07




Bill Brouwer wjb19@psu.edu 02/19/07



More commonly one uses an interface based on tBlHReract with MySQL
eg., phpMyAdmin http://www.phpmyadmin.net/home_pauex.php
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*Recall that PHP is a (free) server side scripglege used to provide

dynamic content; scripts may be composed of tags,thtml, enclosed in
<?php and?>

*PHP has constructs familiar to many languagesgsoeculiarities include
*Variables preceded by $ e§d="foo”;

*Only write HTML sent from server using echo stagens, eg.,

echo $d;  (prints foo in browser window)

sConcatenation of variables using ‘." egcho "Value:”. $d

(prints Value: foo in browser window)

*Special variables liké GET take variables from HTML forms, to be
used with *php scripts eg.,
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*PHP serves as an interface to various applicgtmasalso be used to provide
graphical content http://www.zend.com/zend/tut/dgraphp

*Functions in PHP take variables and return valteesjteract with MySQL

one uses:

*mysql _connect() egscn =
mysql_connect(‘localhost’,’bill’,’ding123’);

'mysql_query() egmysqgl_query("CREATE DATABASE nmrdata",$cn));
'mysql_select _db() egmysql_select_db(“nmrdata”,$cn);
'mysql_close()

emysqgl_query is the facility for most of the sirmgjuery language statements
eg.,CREATE TABLE, INSERT INTO etc
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Example; an internet forum composed of a few PEps
http://www.phpeasystep.com/workshopview.php?id=12

*HTML form

create_topic.htm takes fields;
callsadd_topic.php  at server
which submits fields to d.base
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sInformation within a distributed PSE may be commnf a variety of sources,
all useful in a problem solving setting. Exampledude:
Dialogue in an internet forum, FAQ, mailing ligte
*Experimental/simulation data, unprocessed/procksse
Input parameters for web based simulations, theatecalculations etc

Irregardless of the source, information uploadadferms and subsequently
Included in dbase remotely persists also in sleomtmemory and cache (eg.,
history, back button) on the client side

May take advantage of persistence in conjunctigh XML to construct
problem solutiorautomatically..
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By defining appropriate

ontologies and schema, one

may construct an XML Server
(hierarchical) database at the

client side whilst constructing Client
the MySQL (relational)

database at the server side.

PHP — MySQL

«Advantages would include:
*Customizable relationships between data objaetBected in XML at the
client side
Removes burden of classification/organization etore attention may be
given to the methods
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*Code is available at
http://www.devx.com/getHelpOn/10MinuteSolution/184B354?pf=trudor
creating a persistent store from data in memory

*Using a style sheet language eg., XLST, the raw vy be presented as
required eg., in terms of images, plots, tables etc
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Conclusions Il

eDatabases allow for collaboration across a glsbale, and are highly
accessible; data persists and is organized

*New relationships between seemingly disparategsied information may be
discovered, as well as reducing errors in obseyndiy the accrual of
Information

*Relational databases make information storagaamni@val manageable; a
hierarchical scheme such as XML can defined toteaiend goal of the
researcher

Data persistence in an XML island makes the autiengallation of data
possible, alleviating the burden for the researdiereating relationships
between datum.

*PHP serves as an interface to a variety of methadssoftware, including the
MySQL database.
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Visualization

*Rudolf Arnheim in “Visual Thinking” says:

In looking at an object we reach out for it. Withiavisible finger we move
through the space around us, go out to the diptanés where things are
found, touch them, catch them, scan their surfacase their borders,
explore their texture. It is an eminently activewgation....

....artistic activity is a form of reasoning, in whiplkrceiving and thinking
are indivisibly intertwined. A person who paintsjtes, composes, dances,
| felt compelled to say, thinks with his senses..ytoductive thinking in
whatever area of cognition takes place in the redlimagery.

eData produced at every step of our problem solpgess has a
representation as a 2d image, but throughout theegs we also build a model

of our system, often a 3d object mapped to 2d
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*\We consider first plotting data; out of a variefytechniques, two lend
themselves well to a distributed solution over\ireb:

*PHP interface to plotting software running on sleever, GNUplot
http://celeste.cn/PHP-GNUPIot/

*PHP using the GD library http://devzone.zend.cmdé/view/id/1269
creating graphical content on the fly

*The former is a PHP class for interfacing withifferent program, which runs
on the server.
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*The latter is a single PHP script which does dsagnthree things:
«Sends a special header from the server to thetclie
*Uses the GD (library) command set to create images
«Sends graphical content to the browser

*\We dictate the content type sent to the browsetha header eg.,

header(“Content-type: image/jpeq”);
header(“Content-type: application/zip”);

*The GD library (Thomas Boutelli) contains the resagy functions for
creating the image edmageCreate()
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*Elements of graphical output have a “handle” aisged with them, a number
by which each element may be referenced eq.,

*The function is drawn to the plot at the same tamat is calculated, during a
loop:
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*The PHP script creates a new header with corngeet*png and the image is
loaded into the browser window:

«2d data plots are simply composed of lines antskmgs with simple
characteristics such as color, width etc; 3d objacé much more difficult to
construct.
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*\When modeling an object we must simulate the &fetlight, eqg., via
shading in the etch (left) or use of color (rigiat)}convince the mind of
depth and realism

Rembrandt van Rijn’s “The Return of the Prodigal San”
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*Raytracing is a method which produces photo realimiages via simulating
the path of light over three dimensional objects

*Paths taken by light are traced backward fronctrmaera point, the location
specified by the user.

POVray is a raytracer which takes a text file *@®vinput to a parser, which
renders an image in a variety of possible formgts*png

*Many features are available including large liarof objects, 48bit color

Images, basic/advanced shape primitives, ConstauBinlid Geometry (CSG),
textures, lighting options (eq., diffuse)
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*POVray uses a left handed coordinate system toifggbe coordinates of
objects

Input files *pov may be created in a text editaddegin with #include
statements eg.,

*The camera statement gives the location and atientof (what is
essentially) the viewer’s perspective: y

A
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*One may wish to specify a plane, where the vecoi,0> is the unit
normal and —1 represents the displacement frororige

*Objects are specified using simple descriptions eg
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*Constructive Solid Geometry is a powerful meamsctinstructing
complicated imagery from simple primitives eg.paere

*There are various ways within POVray for creatiognplex objects from
simpler ones, eg., the ‘blob’ object:

All files must contain a specification of the ligfource:
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*The text file *pov is parsed (eg., from the comighdine in linux ‘povray
foo.pov’) and the image is rendered in the popupdaw, a copy created Iin
foo.png
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Conclusions Il

*Visualization is process where “perceiving anakimg are indivisibly
Intertwined” (Arnheim); we construct a visual repeatation of some instance
of data, or a model

*\We distinguish between flat 2d plots and a repredmn of a 3d object via
raytracing, mapped back to 2d

*Raytracing simulates the interaction of light wath objects by “tracing back”
from the observer’s eye rays of light

*POVray is a raytracer which offers many featunes Ibasic/advanced shape
primitives, Constructive Solid Geometry (CSG), ters, lighting options (eg.,
diffuse)
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Neural Networks

Machine learning (ML) is behind the more usef@ménts of the web and the
subset of the field which seeks to emulate the \nehaf biological neurons is
referred to as Artificial Neural Networks (ANN)

*A neural net may be used in optical charactergeition, general pattern
recognition tasks, time series prediction, funciqproximation, data
clustering...

A very versatile, useful device which has it'sgoms in Al, first proposed in
1943; McCulloch/Pitts write paper on how neurongimwork and build an
electrical circuit model

«1950’s Al field is born at Dartmouth, John Von Neann proposes models

built on tubes, the perceptron is created basestumhes of fly’s eye
(Rosenblatt)
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*Neural Networks are superior to classical computeia number of cases:

*\Where data inputs are noisy or prone to error

In establishing relationships in data

*\Where there exists no algorithm for solving ameblem, but we
‘know’ the outputs we seek for given inputs

*The latter is particularly powerful in pattern ogmition, or training an NN
to take a particular action when presented withtéepn graphical/numerical
In nature, eq.,

*Recognizing a tumor in an MRI scan (diagnostics)
«Converting handwriting into ASCII text (Optical &facter
Recognition, OCR)

*Assessment/measurement based on geometry in image
(Morphometrics, eg., geological surveying basedeorain)
*Bioinformatics, sequence alignment for RNA/DNApf&Ins
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A biological neuron is an individual cell withinmauch larger group which
comprises a biological neural network eg., therbrai

Communication takes place chemically/electricadignals propagate across
the synapse between terminals and dendrites

AXon

terminal buttons

)

Axon hillock

Nucleus—
—9

Soma

Dendrite
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The perceptron models a single neuron

Wy
X1 f(x)=<w,x>+b
X 4W2®\ *Outputf(x) is vector dot product
.2 | of weightsw, and inputs¢; , with
© Whoy (%) alinear offseb
—Q7

W *We ‘train’ by changing
X, weights, to reduce the difference

between target value&) and
f(x), when presented with input

«After training, a perceptron is
able to ‘recognize’ a set of inputs
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*Training methods vary, but the essential idea isdjust the weights until the
error (difference between desired output and actugdut when presented
with input) is negligible

*The general rule is something like:

W (t+1) =W() +h.err( p

* his between 0 and 1 and is the ‘learning rage’(p) is the
error for pattermp

Much like a biological neuron, the rest(it) is thresholded; that is, just as a

synapse fires with some fairly consistent eleclnimi@nsity, the perceptron
transmits one of two states, usually binary (1)or O
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A popular method for training a single percept(onlater a whole Neural
Net) is the Generalized Delta Rule (GDR):

*Make initial (random) guesses for the weights
Make the activation a sigmoid function, ie., theputt(x) is:

t()=—
1+expt f K))

*The functionf(x) is determined as before, and for each input patktern
with desired outpudl, update the weights according to:

W= W hd.x
d=(d- )t t);

*This overall process is repeated until the dest@i/ergence is reached
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*We determine a new threshold, by creating a viestigput, x,,,=1, with
weight w,, ,; the latter is updated as part of the GD process.

*\When the learning process is finished (at rate<é)athe extra input is
discarded and the associated weight becomes thb,lsach that:

if fX)=<w,x>+b>0

1
tx)= _ .
O iIf fX)=<w,x>+b<(

*Example:A single perceptron; create an OR truth table at)dsh the
weights according to the GDR

*\We will see that there are severe limitationthi patterns that may be
learnt by a single perceptron/layer in a network
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Extract of Training
Code, perceptron
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Implementation of
Perceptron
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*Train, and check for convergence:
[a]=train_simple_nn(1000,0.1);
plot(a(l,:));

Plot(a(2,:));

*Vary the number of iterations from 1000, as wsltlze learning rate 0.1 and re-
examine the convergence

*Perform an implementation of the perceptron, clitbekwe have desired
outputs (OR):

[a]=test_simple _nn(1000,0.1);

*Note that in adjusting the weights so that thgdaputputs are reached, we have
created a ‘decision boundary’ that separates theusainput patterns
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*\We can draw a diagram of the inputs/outputs asditable position for
the decision boundary for the OR problem:

Xy

. f(x)==1
Ay O f(x)==0
N =AY X,

However, in general, a single perceptron/layeravark is only suitable
for problems which are linearly separable

*The classic example given for breakdown is the X@éblem; we must

construct a layered network and introduce an exgmdeans to train it,
eg., usingpackpropagatiorfof error)
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A Single Layer Neural Network

*GD rule + Back Propagation for Neural Network dols simple prescription;
requires the previous definitions, but in addition:

eTarget activations are not known for hidden ulaisérs prior to output,
one may show that a suitable weight change is dmen

w- w A wd R t).x
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*Present inputs to first layer, sum and create/aittins for next layer, repeat
process until output activations are created

*Use the GD rule to adjust weights of output, basedifference between
outputs and targets

*Propagate errors backward by using the backpraagaile, where
‘activations’ are simulated by weighted sums ofcassive deltas

*As for the output layer, adjust weights based @hrGe as one moves back
through layers

*Repeat cycle for all patterns

*Repeat entire procedure until desired convergenmached
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Extract of Training
Code, single layer
NN, backpropagation
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Implementation of
single layer NN
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*Train, and check for convergence:
[a,b,c]=train_layer nn(1000,0.1);
plot(a(l,:));
plot(b(1,:));
plot(c(1,:));

*Vary the number of iterations from 1000, as wsltize learning rate 0.1
and re-examine the convergence

*Perform an implementation of the single layer dNeck that we have
desired outputs (XOR):

[a]=test_layer nn(4000,0.5);
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In reality, one uses ‘momentum’ in backpropagatearning for larger nets, to
prevent wild variation in the weights; there argoaligorous means for deciding
when convergence is reached

In addition, input patterns may be reduced inafision, to reduce the
overhead in training, for eg., in image translatoiXML use the eigenvalues
of the image matrix; let the image matrix (lettar) ‘be equal toB:

00100
01010
011 1 00® BB® [/,// ,.]
01010

*More recently, linear methods have been devissth as Support Vector
Machines (SVM) which prove much faster and effitiem certain applications
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oIf you're not a masochist and don’t want to pragra net for your own
research, you might consider JOONE (Java Objean®d Neural Engine):

*Takes inputs of many forms incl excel, databasgég)oo finance...

Many ANN models, learning methods etc, progranuaily
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Conclusions V

Artificial Neural Networks seek to emulate the delor of the biological
nervous system

*A neural net may be used in optical charactergeition, general pattern
recognition tasks, time series prediction, funciqproximation, data
clustering...

*A single perceptron is only suitable for a pattset which is linearly separable
eg., OR logic. In general, a multi-layered netwisrkequired eg., XOR logic

*The Generalized Delta Rule (GDR) is one possiamihg means and
combined with backpropagation (for instance) maybed to train an entire
network

«Often the dimensions of the input patterns areiced to lower the burden of
training.
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