SBIR PHASE I
FINAL REPORT

PROJECT TITLE:

A Model Management System for Numerical
Simulations of Subsurface Processes

Our research team has successfully completed fleetoles of the SBIR Phase I
project, “A Model Management System for Numericamh@ations of Subsurface
Processes”.

To facilitate our reporting of our results, the B&al technical objectives (bold font) are
enumerated and below each objective (task) we itbesadvances made during the
performance period.

1. Finalize the design of a framework for a Model Mnagement System (MMS) that
contains sufficient model metadata to support a wiel range of queries and data
mining exercises.

The metadata in place at the end of Phase | prdwidehe basic capability to
successfully demonstrate that our Model Managet@gstem (MMS) can provide users
with knowledge about the similarities and differemén model capabilities. In our Phase
Il proposal, we acknowledged that the Phase | na¢gagould not be sufficient to
support a large, diverse set of subsurface nunemiodels. In the Phase Il work we
have to expanded our collection of metadata tagge@organize the grouping and
placement of the metadata on the MMS web site.

We have examined glossaries, metadata and ontslegiployed by several
organizations and agencies including

Semantic Web for Earth and Environmental Termingl(8WEET)
ASTM International

USGS, Groundwater Modeling Software

EPA, Center for Subsurface Modeling Support

EPA, Software for Environmental Awareness

International Groundwater Modeling Center, SchddWimes, Colorado




We are continued to augment our initial set of mata and reorganize the groupings of
the metadata in response to comments and suggesfitweta-version testers of our
MMS. We produced metadata that is consistent iikting data models, such as the
links cited above.

Our work on Objective 9, Latent Semantic AnalysiSA), has produced a semi-
automated method for identifying metadata. Ths Step in performing LSA on a set of
documents is to parse the document set and pradowester list of terms to be used in a
term-document matrix. In the case that the docusname text containing model
descriptions (e.g. abstracts, user manuals, joamtales, etc.), the term-document
matrix has proved useful in assisting us in idgird additional metadata. Simply put,
terms that appear with high frequency in severaldwents are good candidates for
metadata and LSA exposes these terms.

2. Finalize the design of a relational database thavill capture the information in
the model metadata template.

In the performance period, we have continued teseeand improve the structure of the
database that underlies the MMS. . As statederPhase Il proposal Performance
Schedule contained in Appendix C, improving thegresf the database will continue
over the entire course of the project and beyond.

3. Populate the database with a number of subsurfagrocess simulation models
from a variety of application areas with emphasis 0 models developed with DOE
funding.

We have identified more than one hundred simulatoaels for inclusion in our MMS
and have used several textual descriptions of timegkels in the semi-automatic method
for identifying metadata tags described under Tlask

4. Finalize the Phase | development of a web site thugh which users can access the
models database and perform a wide variety of quegs and data mining activities.
Included in this objective are the construction oHelp files and contextual help in

the form of text in response to a mouse-hover event

During the project we have made several modificatithat improve the user-friendliness
of the MMS. One improvement of note is that weéhdeveloped new methods for
adding and removing MMS metadata tags.

5. Engage the subsurface sciences modeling commuynit the beta testing of the web
site and revise the metadata template, database d@s and web interface design as
required.

During this project, the Pl attended several carfees and has described our MMS to
specialists in subsurface science simulations.t@&ts made at these conferences,



coupled with e-mail and phone calls, resulted aor set of experts willing to help with
the beta testing of the MMS.

6. Develop a computational subsurface sciences wand forum to enable the
subsurface sciences modeling community to share téts of models, data sets and to
discuss model capabilities and possible improvement

We made excellent progress in developing a workergion of a computational
subsurface sciences web site containing a wikighpports community editing and a
forum for community comments and discussions rdlatesubsurface science problems.
The wiki and forum can be accessed at

http://subsurface.vistacomputational.com/wiki/ingdy/Main Page

FORUM GROUNDWATER MODELS ABOUT LS

SUBSURFACE SCIENCE RESOURCE NETWORK

Welcome to SubsudfaceScience.com, Login | Register

HAVIGATION Article Discussion Edit  History
= [¥lain Page ;
= Community pottal Maln Page ..........................................
s Current events
= Recent changes ‘Welcome to the Subsurface Science Resource Network:
s Random page
= Help Contents [show)
= Daonations
Groundwater Models
SEARCH STOMP
I |
FEHM

Figure 1: A fragment of the Subsurface Science Resrce Network Wiki



To contribute to the wiki or to interact in a forusquires a user to be registered at our
site. We have written scripts that support usgisteation and a password protected
login for registered users. Also included is atomated password recovery mechanism
to deal with forgotten passwords. Throughout thegat, our development team and
several beta users tested the wiki and forunresitience and ease of use. All of the
development of the wiki and forum has been donénduhe reporting period. The
scripts that support the wiki and the forum appedre stable at this point.

7.Add RSS and Atom feeds to the web site to providenaefficient means of keeping
the user community informed about recent updates tthe web site.

We have added RSS and Atom feeds to the wiki.

8. Replace some of the most heavily used PHP scaptith Java technologies (EJBs,
JSPs, and Servlets).

During the project we replaced several placehdri#é? scripts with more robust Java
based technologies on an “as-needed” basis toedlbeaiter performance of the MMS,
resulting in improved user interfaces. In the cataponally intensive Latent Semantic
Analysis, all development has been carried outgudava.

9. Add a Latent Semantic Analysis feature to the nael management system to
facilitate enhanced key word search and to providanother model similarity metric
to complement the current cosine-based similarity mtric

During the project, we developed a powerful toslgerforming Latent Semantic
Analysis (LSA) on collections of text documentsur@orking name for the LSA tool is
“LSAer”. After launching LSAer, a user is presahtgith the simple welcome screen
shown in Figure 2.
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Figure 2: Initial LSAer interface

This interface provides (1) a text field in whickeus enter search phrases; (2) a button
that initiates a search of the document collecliimrihe documents that best match the

key works and (3) a link to a form that enablegsise set preferences and view results —
see Figure 3.

%/ LSAer Results =
Setup | General | Frequencies | MasterList | A A TS [U [V | Help
¢ | ]

Auto Filter Word I__i_s_t5 [¥] Global Weighting |Nu Weighting | - |
Remove Singleton Words Local Weighting |Hn Weighting | - |
Dimension Reduction |3 (12.896021... | ¥ |
Input Documents iC:ISBIR-PhaseIIILSA_DDcs |
Frequency Files !C:IBBIR-PhasellllndexFiIES |
Results iC:15BIR-PhaSEIIILEA_ResuItS |

Generate Index Files

Figure 3: The preferences and LSAer results form wh the Setup tab active



From the Setup form a user can check Auto Filterd\ast to remove “stop words”,
which are words that are typically ignored in avisser search action (e.g. the, this it so,
etc.) Checking Remove Singleton Words preventslavtrat appear in only one
document from being included in the Master Lishe Dimension Reduction pull-down
permits the user to zero out selected lower ontgutar values to view relationships
between the documents in a concept space of aen givnension — full to one
dimensional. The largest singular value to beaegal by zero appears next to the
dimension choice.
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Figure 4: Terms associated with document FEHM.txt #er filtering

Figure 4 displays the terms associated with theimhent FEHM.txt after filtering has
been completed and also displays the frequencgaifreence of each term. The master
list of terms for the document set is comprisethefunion of the terms associated with
each document in the solution. See Figure 5.
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Figure 5: The master list from which the term-docunent matrix is formed

The master list shown in Figure 5 contains abbtna bas, bcf, chd found in the
document Modflow.txt. We developed a mechanisrhdlaws a user to filter
misspelled words and abbreviations from the maister

The tab labeledA” allows a user to view the term-document matrike Tabs S, U and

V provide views of the matrices in the Singular M@aDecomposition of the term-
document matrix, A = USV The tab “A “provides the approximate term-document
matrix (_A) when dimension reduction is appliecheTcolumns of _A are used to
calculate correlations between the various modelig@nts and to assess their respective
similarities in term-document space and conceptespaf reduced dimensions. See
Appendix A.

In either term document space or one of the reddoadnsion concept spaces, the
Search option of the LSAer main form allows userstiter a query (key words) and the
program will return relevance ranks for each doaunethe collection. Figure 6 shows
the rankings in three-dimensional concept spadeatigareturned by the query “finite
element”. The model description document FEHMExite Element Heat and Mass
Transport) receives the highest rank with TOUGHisgpsecond highest. These are the
only finite element models in this collection. Mimdv and STOMP are both integrated
finite difference models.



MasterList (A [ _A ['S [U ['V [ Help |
! Setup | General |/ Fregquencies |

Rank |Document |
0.538|FEHM.bd

“0.08{Modow.ba
-0.204|Stormp td

0.266TOUGH bd

Figure 6: Rank values resulting from a search on ‘ihite element”

In the development and testing of LSAer, we havéopmed several case studies using
different sets of documents. One of these caskestwised a collection of documents
containing the research interests of five mathesed#iculty members and can be found
in Appendix B. That case study and other resultbe literature indicate that there is
great potential for LSA as a tool for matching reés to journal submissions, reviewers
to proposals for funding and other similar actesti

10. Develop a marketable suite of metadata toolsahcan be used in a variety of
Web 2.0 applications and will enable workers in indstry, government and
education to create access and manipulation high glity metadata with minimal
impact on their normal course of work.

Automatic and semi-automatic generators of metaal@areas of potential commercial
applications. We have found that the first stefdsSA — (1) parsing documents for key
words; (2) elimination of stop words; (3) stemmiagd (4) application of local and
global weighting — have provided useful metadathétwo test areas cited under Task
9. We envision widespread opportunities to develayel ways to harvest metadata
from a variety of document sets, thus minimizing tieed to create-by-hand word lists
from which metadata can be extracted. In subsequejgcts the Pl has been able to use
the tools developed in this project to obtain cacts in the private sector to provide
services in the area of both surface and subsutgdrology.



APPENDIX A
LATENT SEMANTIC ANALYSIS
OF FOUR SUBSURFACE MODEL DOCUMENTS

For this case study, we used text describing fopugar models for simulating
subsurface flow phenomena. The models used isttliy are FEHM (LANL),
MODFLOW (USGS), STOMP (PNNL) and TOUGH (LBNL). Wiut additional
modules, MODFLOW simulates only groundwater flowhe other three DOE
laboratory developed models all simulate groundwiater/, and have additional
capacities for simulating transport of chemicald heat.

The lengths of the documents describing the mogdeled considerable, with a small
term list for FEHM of 87 to a large term list forQDDFLOW of 380 terms. After
merging the four term lists, we have a masteoli€80 terms from the 4 documents. In
the singular value decomposition (SVD) of the 68@erm-document matrix, the
singular values are

s1=152.26 s2=40.89 s3=24.39 s4=13.58

Below we display the (Pearson) correlations fos @t of documents that describe their
respective capabilities. Using the full term-doeminmatrix to calculate the various
correlations, we see that all four models haveiogmt positive correlations — they all
model the flow of groundwater. By a small margia thost closely correlated models are
FEHM and TOUGH.

Replacing s4 by zero in the SVD representatiomeftérm document matrix results in
the best 3-Dimensional (Frobenius norm) approxiomatd the term-document matrix in
what is called “concept space” in the LSA communitiis reduction of dimension
indicates that FEHM and TOUGH are strongly coredadccording the text documents
used to represent their capabilities.

A further reduction of dimension, replacing bothas®l s3 by zero results in the final set

of correlations displayed. At this stage we se &8l three DOE lab models are very
highly correlated, with the USGS being a relatiudlier in this small set of models.

FEHM  MODFLOW STOMP TOUGH

FEHM 1.00 0.38 0.48 0.70
MODFLOW 0.38 1.00 0.63 0.59
STOMP 0.48 0.63 1.00 0.68
TOUGH 0.70 0.59 0.68 1.00

Correlations based on Full Term-Doc Matrix



FEHM
MODFLOW
STOMP
TOUGH

FEHM

1.00
0.47
0.59
0.99

MODFLOW STOMP TOUGH
0.47 0.59 0.99
1.00 0.63 0.59
0.63 1.00 0.69
0.59 0.69 1.00

Correlations based on 3-Dim SVD Approx to Term-Detrix

FEHM
MODFLOW
STOMP
TOUGH

FEHM

1.00
0.54
0.98
0.99

MODFLOW STOMP TOUGH
0.54 0.98 0.99
1.00 0.69 0.64
0.69 1.00 .998
0.64 .998 1.00

Correlations based on 2-Dim SVD Approx to Term-Deatrix



APPENDIX B
LATENT SEMANTIC ANALYSIS
OF RESEARCH INTERESTS OF
FIVE CSU MATH FACULTY MEMBERS

For this case study, we harvested some “Reseatefests” text from some faculty web
pages found within the Colorado State Universitytidanatics Department web site.
The individuals used in the study are Gerhard Diamggr, Paul DuChateau, Rick
Miranda, Jennifer Mueller and Juliana Oprea. Fduhese are applied mathematicians
and Rick Miranda is an algebraic geometer. GerhadlJuliana work closely together
and have some joint publications. Paul and Jenddenot work closely and have not
published together, but they are both interestegtonndwater flow and inverse
problems.

After filtering out "stop words" (hon-keywords etbe, a, this ...), we have a master list
of 167 terms from the 5 documents. In the SVDhef167x5 term-document matrix the
singular values are

s1=23.881 s2=8.645 s3=7.544 s4 = 3.9355 = 3.683

Below we display the (Pearson) correlations fos tioup’s research interests, as stated
on their respective web pages. The first set afetations, using the full term-document
matrix, do not reveal strong correlations, othantlkeach individual's research interests
are perfectly correlated with him/herself.

Replacing s5 by zero results in the best 4-Dimeradi@Frobenius norm) approximation
to the term-document matrix in what is called “cgpicspace” in the LSA community.
This dimension reduction step results in a markedsiase in the correlations of the
research interests of Paul and Jennifer — now p88am their previous .06. Gerhard’s
and Juliana’s research interests remain to appearielated. Rick remains to be
negatively correlated to the other four.

A further reduction of dimension, replacing bothastel s4 by zero results in the final set
of correlations displayed. The correlation betwBanl and Jennifer increases to .93.
With this 3-D “concept space” approximation, nowworkers and co-authors Gerhard
and Juliana correlate at the .99 level! Rick nesm&o be negatively correlated to the
other four.

Gerhard Paul Rick Jennifer Juliana
Gerhard 1.00 -0.17 -0.17 -0.06 0.04
Paul -0.17 1.00 -0.12 0.06 -0.13
Rick -0.17 -0.12 1.00 -0.14 -0.14



Jennifer -0.06 0.06 -0.14 1.00 -0.08
Juliana 0.04 -0.13 -0.14 -0.08 1.00

Correlations based on Full Term-Doc Matrix

Gerhard Paul Rick Jennifer Juliana

Gerhard 1.00 -0.18 -0.16 0.21 0.05
Paul -0.18 1.00 -0.12 0.83 -0.12
Rick -0.16 -0.12 1.00 -0.20 -0.13
Jennifer 0.21 0.83 -0.20 1.00 -0.50
Juliana 0.05 -0.12 -0.13 -0.50 1.00

Correlations based on 4-Dim SVD Approx to Term-Detrix

Gerhard Paul Rick Jennifer Juliana

Gerhard 1.00 -0.18 -0.17 0.18 0.99
Paul -0.18 1.00 -0.12 0.93 -0.24
Rick -0.17 -0.12 1.00 -0.29 -0.06
Jennifer 0.18 0.93 -0.29 1.00 0.10
Juliana 099 -0.24 -0.06 0.10 1.00

Correlations based on 3-Dim SVD Approx to Term-Deatrix

The documents from which the terms were extract#dvw. These documents were
copied from the five researchers’ CSU Math welssitidote the large disparities in size
and style.

Begin Gerhard.txt

* Geometrical theory of dynamical systems:
0 Chaotic Dynamics
o Normal Forms and Unfoldings of Vectael&s and Maps
o Singularity Theory and Imperfect Bifations
* Dynamical Systems with Symmetries
* Algorithms for Center Manifold Reductions aNdrmal Form Transformations
* Perturbation Techniques:
o Averaging and Melnikov-Methods
0 Multiple Time Scales
o Singular Perturbations
* Systems of Nonlinear Oscillators



Instabilities and Pattern Formation:

* Formation of Spatio-Temporal Patterns in $ys of PDE's:
0 Analysis of Instabilities via Center Mimld and Normal Form Theory
0 Spontaneous and Forced Symmetry Brgakin
0 Reduction of PDE's to Systems of ODE's
o Envelope- and Phase Diffusion-Equations
* Application to:
o Fluid Mechanics
0 Reaction-Diffusion Systems
0 Semiconductors and Superconductors
o Nonlinear Optics (optical bistabilitpychlaser)

Pattern Analysis and Neural Networks:

* Remodeling and Prediction of Dynamical Syssédnom Data via
o Topology Preserving Neural Network Aigams
o Extraction of Invariant Manifolds
0 Markov Analysis

* Dynamics and Modeling of Continuous NeurabhiMarks

* Systems of Neural Oscillators

* Neural Learning Rules for Storing Patternd &attern Cycles

Methods of Mathematical Physics:

* Linear and Nonlinear Boundary- and EigenvaRreblems
* Variational Calculus and Optimization

* Asymptotic Expansions for Linear and Nonlin&daves

* Geometrical Theory of Diffraction and "Singuity Optics"
* Semiclassical Methods of Quantum Mechanics

* Asymptotic Approach to Inverse Scattering Bemns

End Gerhard.txt
Begin Paul.txt

Professor DuChateau's research interests lie iartreeof partial differential equations,
particularly in inverse problems arising in modglifftow through porous media. His
research in these areas has been supported iaghbypNational Science Foundation
Engineering and by the Office of Naval Researchs Tésearch has resulted in the
publication of more than 50 papers on inverse

problems and partial differential equations.

End Paul.txt



Begin Rick.txt

Prof. Miranda's main field of interest is Algebr&eometry, which is, broadly speaking,
the study of curves, surfaces, etc. which are ddfloy the vanishing of one or several
polynomials. He has written articles and/or dirdatesearch in the following areas.

* Elliptic Surfaces

* Geometric Invariant Theory

* Classification and Degenerations of Surfaces
* Finite Coverings of Algebraic Varieties
* Integral Quadratic Forms

* Resolutions of Singularities

* Toric Geometry

* Gaussian Maps for Curves

* Graph Curves

* Fano Threefolds

* Quantum Cohomology

* Linear Systems of Plane Curves

End Rick.txt
Begin Jennifer.txt
* Numerical algorithms for inverse problems
* Reconstruction algorithms for electrical inda@ce tomography (EIT)

* Contaminant transport in groundwater

End Jennifer.txt

Begin Juliana.txt

Hydrodynamic and Hydromagnetic Stability anduBiation: the dynamo problem, the
electroconvection of nematic liquid crystals; Dgmeal Systems, Pattern Formation,
Mathematical Modelling;

End Juliana.txt



APPENDIX C
PHASE || PERFORMANCE SCHEDULE

Project Objectives:

1.

Continue to develop a MMS framework and work wtik subsurface sciences
community to improve the ontology that underliesoatimal set of metadata
tags.

. Finalize the design of a relational database thihtapture the information in the

model metadata template.

Populate the database with a number of subsurfaoegs simulation models
from a variety of application areas with emphasisrmdels developed with DOE
funding and to the extent possible provide linksample input files.

Finalize the Phase | development of a web siteutiitavhich users can access the
models database and perform a wide variety of gaenmd data mining activities.
This task includes the development of Help filed aontextual tool-tip help in
response to selected mouse-hover events.

Engage the subsurface sciences modeling commumibeibeta testing of the
web site and revise the metadata template, datalessgn and web portal design
as required.

Develop and test a computational subsurface scenite to enable the
subsurface sciences modeling community to shatdtsesf models and data sets
and to discuss model capabilities and possible iripggovements.

Add RSS and Atom feeds to the web site to providefficient means of keeping
the user community informed about recent updatéisetoveb site.

Rewrite some of the most heavily used PHP scripfava to enable faster
runtime and user interface responsiveness sinceetivéets and beans are
compiled and not interpreted. It also allow foragex manageability of the code
base and faster development.

Add a Latent Semantic Analysis feature to the mosmhagement system to
facilitate “concept space” key word search andrtivigle another model
similarity metric to complement the current cosbesed similarity metric

10. Develop a marketable suite of metadata tools #wate used in a variety of Web

2.0 applications.
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