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e Two Main Tasks

— Create a modular pipeline that uses text analysis
for social simulation model initialization

S W
— Augment TRAC's CuIturaI Geography (CG) Model
with cognitive agents derived from text analysis
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Motivation

* Agent based model initialization is difficult

— Manual source material collection and subject
matter expertise is expensive

— Subject matter expertise injects subjectivity

* Text analysis can automate, augment, and
provide objectivity to much of this process



Caveats

* This is in the proof of concept stage.
* This has not been validated

* Nowhere near being able to remove subject
matter expertise from the process



Agent Initialization Through Text
Analysis

 Task 1 Goals
— Create modular pipeline for agent initialization process
— Provide initial test implementations for each module

— Run and measure pipeline implementation using a test
case

Agent

Document

Corpus

Collection Categorization
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Corpus Collection

* Purpose:

— Automatically or manually collect a set of documents that will
be analyzed for agent based model initialization

* |nputs:
— Example source document of interest and/or search keywords

— Location to search
* Directory or Database of Files
* List of web domains
* The internet as a whole

* Qutputs:

— Directory of documents
— List of documents with model matching score



Basic Crawler Process

Document
Preprocessing

Document
Collection

Post Analysis

Document

Analyze seed documents for
top terms

Create text profile of seed
documents

Gather documents that
“match” the text profile

Crawler Report

Aggregated list of documents,
matching scores, and link
summaries




No more
relevant links

Basic Crawling Process

Select 5

Random Terms \

‘ Query Bing with

Terms

Random terms selected from
pool of top terms generated in
preprocessing step.

Follow Links
if Above
Threshold

Download
Document

Microsoft Search Engine
www.bing.com
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Document
Vector to
Profile
Vector

Profile Vector is generated in
preprocessing step
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Document Preprocessing |=

150 Word Text Chunks
- Chunk 1 | Chunk 2 | Chunk 3
A” Model 0.57 0.76 0.23
— Statistical TeXt Terms Cognitive 0.12 0.84 0.43
— Analysis MinuUs psychology 0.32 0.91 0.75
Stoplist
Document P Software
UMBRA
Debug

Profile Vector

Model Model 0.23

Cognitive A I l Cognitive 0.14
Terms

Psychology . Psychology 0.76
Minus

Software St o) p I | St Software 0.57

UMBRA UMBRA 0.12

Debug Debug 0.32



Document Collection

Top 150 Terms

Model

Cognitive
5 Random b .
Psychology Te rms I ng
N
Software

UMBRA

Debug '

Term | Value
Term | Value

Model 0.57

Model 0.23

Cognitive (o 12
Cognitive 0.14

Psychology (.32
Psychology 0.76

Brain
Software 0.57 0.23
UMBRA 0.12 Lz 0.14
Debug 0.32

Profile Vector .| =Saved to Disk
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— Preprocessing Collection

Produces aggregated list of collected
documents with scores indicating level of
match to source documents.

Collected documents can be used to
produce a new profile for the corpus

Crawler Report

Retrieved documents can be accessed
through Google like search interface
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Crawler report provides pie charts that
indicate ‘interesting” web domains
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Cognitive Crawler

E C\Windows\system32hcrmd.exe E @

C:~Sandia Mational Laboratories“CognitiveCrawler’
C:»Sandia National Lahoratories“CognitiveCrawler>java —jar —-Hmx512Zm CogCrawler.j
ar —wv _ssample._.model —o .-/TestfAnalysis

SEEd document Ele Edit Wiew Terminal Tabs Help
. . e X B - .o - .o - . X - .
model is built from connect. Timeout — -1 O
connect. Timeout = -1
example documents connect . Tineout - -1
connect. Timeout = -1
connect. Timeout = -1
connect. Timeout = -1
L. . connect. Timeout = -1
Cognitive Crawler is launched connect. Tineout = -1
. connect. Timeout = -1
through Command ||ne_ COﬂSOle Elapsed: 01:099:00:38 Pages: 17645 Sec/Page: © Max Similiarity: ©0.641 connect. T
Elapsed: 01:09:24:05 Pages: 17836 Sec/Page: 0 Max Similiarity: 8.641 connect. T|
output tracks crawler progress Elapsed: ©1:10:00:54 Pages: 18056 Sec/Page: @ Max Similiarity: 8.641 conmect. T|
Elapsed: 81:18:11:85 Pages: 18152 Sec/Page: 6 Max Similiarity: 8.641 connect. T|
Elapsed: 81:108:38:30 Pages: 18214 Sec/Page: 0 Max Similiarity: 8.641 connect. T|
Elapsed: 01:18:46:57 Pages: 18267 Sec/Page: © Max S5imiliarity: 8.641 conmect. T
Crawler can run for weeks but Elapsed: 81:11:45:43 Pages: 18493 Sec/Page: @ Max Similiarity: 0.641 connmect. T
. Elapsed: 81:12:05:59 Pages: 18687 Sec/Page: 0 Max Similiarity: 8.641 connect. T
generally finds most relevant Elapsed: ©1:12:39:39 Pages: 18918 Sec/Page: @ Max Similiarity: 0.641 conmect. T
A Elapsed: 81:14:23:42 Pages: 18976 Sec/Page: 0 Max Similiarity: 8.641 connect. T|
mateﬂal N f”‘St 1-2 days Elapsed: 81:15:17:06 Pages: 19307 Sec/Page: @ Max Similiarity: 0.641 connect. T |
Elapsed: 81:15:40:17 Pages: 19498 Sec/Page: 6 Max Similiarity: 8.641 connect. T|
Elapsed: 01:15:59:22 Pages: 19613 Sec/Page: © Max Similiarity: 8.641 || =
Produces 15-20 GB of data




Cognitive Crawler

()l 9 - - )= bagsearch-4-23-11-results.csv - Microsoft Excel - =X
2 Home Insert Pagelayout  Formulas Data Review  View Developer @ - = x
[ ii:y cator B PP = [®] | Swrapren General ¥ B 5N E:i‘u‘tim- A7 & SCO re represe nts
P Fomat aiter ([ B £ B[] v ] | bt e i b)) RS ISR - || 5T D T Gciar- ners st~
Clipboard ) Font i Alignment B Number o Styles Cells Editing h OW Wel I Col |ected
[ As - £ | hitt:/fwww.scholarpedia.org/wik/index.php?title=Visual_search&action=editgaoldid=758385column-one
A 8 =
1 | http://www.scholarpedia.org/wiki/index.php?title=Visual_search&action=edit 0.39107733 ™) d O C u I I le nts
2 |http://www.scholarpedia.org/wiki/index.php? isual_search&action=edi hinput 0.39107733
3 column-one 0.39107733
4 0.390495512 m t h t t
5 838¢searchinput 0.390495512 a C es eX
6 338#icolumn-one 1 0.390495512 . .
7_|http://www.pigeon. psy.tufts.edu/ave/pblough/si_atte! 0378352102 f | t d
8 |http://viww.pigeon. psy.tufts.edu/avc/pblough/si_attention.htm#bondsarg 0.378352102 p rO I e gene ra e In
9 |http://findarticles.com/p/articles/mi aa2690/is 199706/ai n8770425/ 0.360759387
S [ ] a
o lwww plgeon.psy. tufts.edu/ave/pbloughysl_attention htmrbondsarg preprocessing step
-—

hitp:findarticles.com/p/farticles/mi_ga3630/is_199706/al_nBTh0425/

tpef/lindarticles.com/p/articles/mi_ga3690/is_199706/ai_nBTT0425/stalkback

" - . ] " ] " » - n u -
21 | http://www.fags.org/patents/app/201000085414Comments_form?Commer %SD=&Commer do%5D=add id%SD=1&Commer D=%2Fp
22 |http://www.fags.org/patents/app/20100008541%#Comments_form?Commer %5D=8&Commer do% dd. id%5D=1&Commer D=%2Fp
23 | http://wusw fags.org/patents/app/20100008541#Comments_form?Commer %SD=&Commer do%sD=add d%SD=1&Commer D=%2Fp
24 | http://www.fags.org/patents/app/201000085414Comments_form?Commer %SD=&Commer do%5D=add id%5D=1&Commer D=%2Fp
25 |http://www.fags.org/patents/app/20100008541#Comments_form?Commer %SD=&Commer do% dd, id%5D=1&Commer D=%2Fp
26 | http://www.fags.org/patents/app/201000085414Comments_form?Commer %5D=&Commer do%5D=add id%5D=1&Commer D=%2Fp
27 |http://www.fags.org/patents/app/20100008541#Comments_form?Commer %5D=&Commer id%50=1&Commer D=%2Fp
PSRRI 25 | http://www.fags.org/patents/app/20100008541#Comments_form?Commer %5D=&Commer do%. dd, id%5D=1&Commer D=%2Fp
E 29 | http://wusw fags.org/patents/app/201000085414Comments_form?Commer %SD=&Commer do%5D=add id%5D=1&Commer D=%2Fp
2 30 |http://www.fags.org/patents/app/20100008541%#Comments_form?Commer %5D=8&Commer do% dd. d%5D=1&Commer D=%2Fp
& 31 | http://wusw fags.org/patents/app/201000085414Comments_form?Commer %5D=&Commer do%5D=add id%5D=1&Commer D=%2Fp
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0378353102
0360759387
(L356080E31
0343753719
034375373
0.34375377T73
i L34 2665734
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0.343665734
0.343665734
0.343665734
0.343665734
0.343665734
0.343665734
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Collected documents stored as flat

C» - files and/or in a database. Files can

{allocate TO allow}
text*5 analysis

> ‘h Network

Search with the “require’ [+) operator

Search with the “prohibit” () operstor  text -analysis

o, - -
iu.| . « CognitiveCrawler » TestAnalysis »

. rganize ¥ Include in library + Share with + Burn New folder =~ 0 @
be accessed through Google like § T
search interface  Compue
% System (C:)
A » £ DVYD RW Drive (D 9 s -
[allocate TO silew] - DB Files XML

- | +5 | | Search Tes




Document
Categorization

* Purpose:

— Given a collection of documents, group or categorize
those documents based on some set criteria

* |nputs:
— Document Corpus
— Categorization criteria and pre-categorized documents
— Categorization thresholds

* Qutputs:

— Document Categorizations
— Categorization Statistics




Proof of concept: STANLEY
(Sandia Text ANalLysis Extensible librarY)

Document Categorizer

e Builds textual profile for each set of pre-categorized documents

 Matches and scores new documents from corpus against all profiles
using same text analysis tools explained in Cognitive Crawler
section

 Marks document categorizations based on thresholds set by user

* To be replaced with Cortext (java based text analysis library)



Proof of concept: STANLEY
(Sandia Text ANalLysis Extensible librarY)
Document Categorizer

-

Folders w | Mame
| Corpus « | | Dracula.txt
. output | Famous Modern Ghost...
4 | wvariablez | | Frankenstein tut

| a —_

4 || gender Bayesian Network Pop
. female
| male Stanley executable directory:

4 | genre
.. horror Variable directory: |anPopulationTools\CategorizerTestCaseExample\variables
, scifi 8

Corpus directory: esianPopulationTools\CategorizerTestCaseExample\corpus

CSV output: Tools\CategorizerTestCaseExample \output\documentscores.csv

Directory structure represents

variables to categorize on. (7] run full chain
User must fill these directories e
Wlth example documents Configuration file: | Tools\CategorizerTestCaseExample \output\config. txt

Output file: ools\CategorizerTestCaseExample\output\observations.csv




Proof of concept: STANLEY s,
Sandia Text ANaLysis Extensible librarY)
Document Categorizer

Categorizer]
corpusiYesterdays t to profile corpus

4 Bayesian Network Population Tool

orpus\You Never Can Tell.txt to profile corous

cgorizerTestC:
History of England.txt t corpus

Stanley executable directory: ¥ : \STANLEY\mo¢

ng ;
amplesvariables 2ndersfemale™

Variable directory: anPopulationTools'\CategorizerTestd

: nb o izerTed Iﬂdl’_l..i.l'l!-_[ ’
B ] [esaniopuatior Fooks Categoriaes xampleSvariabhles\gender ale“B and Girls from Thacke

CSV output: |Tools\CategorizerTestCaseExample \outp

:\gender\female\Famous Modern Gh Stori

ender\nale\Met lakahtla and the North Paci

The overy of the Source of

|%K




Proof of concept: STANLEY
(Sandia Text ANalLysis Extensible librarY)

Document Categorizer

Document
Categorization

N LR S N 1 How well document matches
- Home Ingert Page Layout Formulas Data Review View Team
e b iEpiee—sueim— ) = ma- = 4l the example corpus as a whole
Pafte i B L U-||EH- S A 13 @Data
— 14 95Theses.txt corpus 0.51786308
;% A ~ 15 95 Theses.txt authorGender 0.531130992 0.525042539 0.541182
1 Document Score File
2 % Corpus Documents 16 95 Theses.txt genre 0.45101695 0.619124029 0.292756 0.525762
ariable Documents:
¢ % owetozmousam 17 95 Theses.txt timeWritten 0.583643893 0.562309539 0.548094 0.596231
g s 18 95 Theses.txt violence 0.57429249 0.571978532 0.548111
8 authorGender female male
8 |genre biography cooking Ihorrcr !
10 timeWritten 1700sAndearlier  1800s 1900s
11 violence acceptable unacceptable
= _ How well document matches
ata
14 95 Theses.txt corpus 0.51786308 Vio'ence Variab|e 1and 2
15/95 Theses.txt authorGender 0.531130992 0.525042539 0.541182
16 |95 Theses.txt genre 0.45101695 0.619124029 0.292756 0.525762
17 95 Theses.txt timeWritten 0.583643893 0562309539 0.548094 0.596231 example documents
18 |95 Theses.ixt violence 0.57429249 0.571978532 0.548111 [
19 A Confederate Girl's Diary.txt corpus 0.923951505
20 A Confederate Girl's Diary.txt authorGender 0.936586042 0.94070377 0.923283 HOW We” dOCU ment matches
21 A Confederate Girl's Diary.txt genre 0.87281851 0.927071982 0.816778 0.927507 . .
22 A Confederate Girl's Diary.txt timeWritten 0.342875824 0.890148662 0.930929 093014 all violence variable examp|e
23 | A Confederate Girl's Diary.txt violence 0.961517021 0,956108888 0.948304
24 A Connecticut Yankee in King Arthur's Court.txt  corpus 0.918447855 docu ments
25 |A Cannerticit Vankes in King Athur's Court txt__ authorGender 0933656124 (1935281377 _N 322245
M 4 » ¥ documentScores . 7J . I 4 =
Ready | Scroll Lock |58 0 1| 2003 () =l M




Agent Initialization

* Purpose:

— Analyze a set of document categorizations or other
text analysis operations to produce data for agent
based model initialization

* |nputs:
— Document Categorizations
— Agent Initialization parameters

* Qutputs:
— Initialization files for Agent based model of interest
— Additional Statistics



Proof of concept:
Observation Generator

* Analyzes document categorization scores to
produce list of document observations

* Document observations are turned into a
Bayesian Network for use in the Cultural
Geography Model




Proof of concept:

Agent

Initialization

Observation Generator

N =

Home insert

Page Layout

documentScores.cov - Microsoft Excel

Datas Review View

Categorization scores
from previous step

SR BT R TR T

AD 00

10
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14
15
16
17
1
13
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21
22
23
¥
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25 .
oA

A
Document Score File
Corpus Documents:
Variable Documents: ¢
Date: 10/29/2010 11:57 AM

RRRR

@Variables
corpus
authorGender
genre
timeWritten
violence

@Data
95 Theses.txt
95 Theses.txt
95 Theses.txt
95 Theses.txt
95 Theses.txt
A Confederate Girl's Diary.txt
A Confederate Girl’s Diary.txt
A Confederate Girl's Diary.txt
A Confederate Girl's Diary.txt
A Confederate Girl's Diary.txt

A Connecticut Yankee in King Arthur's Court. txt
5 A Connertinot Vankas in x.:j Arthur's Court txt__authorGandar

* ¥ documentScores

| | Sfwrap Text General M
= - - 8 w0 00l Conditional Format (]
8 Merps &crenier 3 % v |8 8 folmaln.ing-nfanle' Sty
nment Number Styles
Setup | Input | Config | |
B c D E G - ok | Config
\corpus Input file: | ools\CategorizerTestCaseExample \output\documentscores. csv
\wariables
Configuration file: |nTools\CategorizerTestCaseExample\outputiconfig. bt Browse...
female e Cutput file: | Tools\CategorizerTestCaseExample\outputiobservations. csv
biography cooking
1700sAndEarlier 18005 19005
acceptable unacceptable

Team

corpus
authorGender 0

| cfBlaisd.bit - Matepad

Eile Edit Format Miew Help

o] -5

genre
timeWritten q
violence

corpus

authorGender 0
genre
timeWritten
violence
corpus

D oo o

Ready  Scroll Lock

L
]

H e e e e e e e R e e

wviolence, unacceptable,.3,.3,.001
wviolence, acceptable,.8,.85,.05

.

#,%,.3,.3,.005

configuration Threshold file for converting document scores to of -
FOrmat: WAR_NAME, VAR_OPTION_NAME, VAR_SCORE, VAR_OPTION_SCORE, ‘[
VAR_NAME: Name of the variable to be configured (ex:
VAR_OPTION_NAME
VAR_SCORE: The minimum score value that a document must have {
VAR_OPTION_SCORE: {The minimum score value that a document must
VAR_OPTION_DIFF:
"#" matches any variable name or any wvariable output value
,.6,.6,.01 sets the threshold for all variables and all wvariat
genre,*,.6,.6,.01 sets the threshold for all variable options of
genre,fiction,.6,.6,.01 Sets the threshold for the variable optid=s
Rules are matched by the order they are specified within this fi’

genre)

[ Generate ARFF output file
The name of the variable output value to be

The minimum score difference that the docume

n

Thresholds for matching to be
set by user

4 m




Proof of concept:
Observation Generator

( mg =, R B obsCBPaperxlsx - Microsoft Excel - = x
- Home Insert Page Layout Formulas Data Review View Team l@ - x
| i 3 £ New Window [ | 1] - % =
IE = Arrange All o | i EH =L
Mormal| Page Show/Hide | Zoom Save Switch Macros
Layout = w E EF“?EZE Panes ~ [ | 414 Workspace Windows = s
Workbook Views Window Macros
| G19 - fel f
. . D E 3 G H
Generated observations using | - male  1900s 7
. 1900s male 1900s ?
matching thresholds 15005 male 17005 m
1500s female 1800s f
5 |adventure buster horror unacceptable  1900s female |1900s m
& |adventure club horror acceptable 1900s B 1900s m
7 |adventures of kathlyn horror acceptable 1900s female 1900s m
B |Adventures of Reddy horror unacceptable  1900s female |7 m
S |airplane acceptable 1900s male 1900s m
10 |Alec Forbes of Howglen |horror acceptable 1900s female |1800s m
11 |alexander bicgraphy T male 1900s m
12 lamatuer horror T female 1800s m
13 |american fairy harror unarrentable N7 female 7 m
i: a"f”e": 5 adventure buster horror unacceptable 1900s
anima
16 amour 6 adventure club horror acceptable 1900s
17 |arnold
18 aussie 7 adventures of kathlyn horror acceptable 1900s
;3 ‘zf‘s:‘m' 8 |Adventures of Reddy Fox horror unacceptable 1900s
mole
21 blacka 9 |airplane ? acceptable 1900s
22 |blind
23 books 10 |Alec Forbes of Howglen horror acceptable 1900s
24 |bracele -
2= bunnyt L1 @lexander biography acceptable ?
2% |captive 12 amatue horror acceptable ?
27 |castle 14 accepraoie 1yuus Temaie | r T
28 |cattle ? acceptable 1900s female 1900s m
29 |chocolate cooking acceptable 1900s female |1900s f
4 4 » ¥ | obsCCPaper . Sheetl ¥J NI

Ready

Scroll Lock

Agent

Initialization

Observations can be used to
initialize a Bayesian network

e

female
b
female
female
male
female
male
female

violence

4

vidlence  biography cookbooks horror
acceptable 0.068| 0.148| 0.782!
ptab 0.064] 0.021] 0.815
= ble For timeWritten =
1900s m
1800s 1900s
1900s m 0.038| 0.551 0.393
0.148| 0,702 0.149
1900s m
ble For gender @
? m
male
1900s m 0.831 0,169
0.978| 0,022
1800s m
1900s m
1800s m




Agent Initialization Through Text
Analysis
* Proof of concept implementations requiring
subject matter expert guidance/analysis

* Pipeline will be modular to allow for testing of
alternative/improved implementations

* Continual improvement of components will
relieve burden on subject matter expert

Corpus Document Agent
el Categorization Initialization



Integration of Cognitive Model based
Agents in CG

e Task 2 Goals

— Integrate concept map based cognitive model agents into
the CG model

— Run and measure implementation using a test case
comparing with other agent implementations



Concept map agents

Individuals have cognitive
models created from text Media Agents also
inject cognitive

Cognitive information is <

exchanged during
interactions

information to
their subscribers

@

Web Spiders\ "f 3 ocat? o

—_— i:t"’:ﬁﬂf — '_..'.

/ . gy
STAMLEY/Cortext Cegpnitive Concept Map .
Models

Text Sources “Indiv. Agent A it /— ndiv. Agent B
Cognitive Agents Cognitive
Madel exchange Maodel
+—attri butgs ang—t—
Attributes _cognitive Aftributes
information
Personality , Personality

_/) | ] ]




Concept map agents

Individual Agents Initialize Social @

Networks

@ WeB DPRIEt Cognitive - / Social Network

' \ Models e Sources
/ CadaE | parallel Runs B
@ /STANLEY \ |

Media m"

Injection =. 7

HPC Environments

Text Sources (Alexa. ; LSSS  Visualization
Wayback Machine, OSC) Media Agents and Analysis




