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}‘ Data Disclaimer

e Lots of different data sources

e Lots of different format

e Lots of missing or dirty data

e Different levels of detall, styles, writers, objectives

e Different data types (text, signal, numeric,
multimedia)

e Everyone has the similar issues, but different
applications
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Tool Disclaimer

e Lots of tools available

— Commercial

e Extraction, indexing, retrieval, portal, personal
« Visualization

— Home-grown, particularly in bioinformatics
e Mostly algorithmic for a single purpose
— Lots of one-off approaches, no silver bullet

e SNL uses some of our own, some commercial for
different projects

— Use fragmented within company




Outline

e Knowledge domain visualization
— Overview of process
— Recent PNAS special issue

e Overview of applications

— Each has different gotchas
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Domain Visualization

e Domain

— Scientific or technical field

— Corporate database (projects, requirements, IP ...)
e Both of the above imply a library of documents
— Genome

— Network (social, email, protein ...)

e Visualization

— Organized visual picture of the domain with both context and
content

— Best ones support interaction and retrieval




Why Use Domain Visualization?

e Reduces information overload

— Ensure better coverage of related material
e Less refined initial searches are sufficient

— Takes advantage of human cognition and visual
perception

 Effectively screen out unrelated material
e Useful for experts and non-experts
— Expert — validate paradigm, easy access, surprises

— Non-expert — quick overview of a field




Literature Domain Analyses Uses

QUESTIONS RELATED TO

Fields and paradigms

Communities and
networks

Research performance or
competitive advantage

Commonly used
algorithms

UNIT OF ANALYSIS

Social structure, intellectual

Use network characteristics

Social network packages,

Authors structure, some dynamics  (as indicators MDS, factor analysis,
’ y Pathfinder networks
. . . . . Co-citation, co-term, vector

Documents Field structure, dynamics, _Usg field mapping with space, LSA, PCA, various

paradigm development indicators .

clustering methods

Science structure, dynamics,
Journals classification, diffusion Co-citation, intercitation

between fields
Words Cognitive structure, Vector space, LSA, LDA

dynamics

(20)

Indicators and
metrics

Comparisons of fields,
institutions, countries, etc.,
input-output

Counts, correlations




Example Process with SNL Tools

A B C [ D ] E |
s

Browsable MAP

Similarities
-

between
records

Correlation matrix

VxInsight

VxImport

Vximport 0.3.05 (Beta)

Specify Import File

First, specify the type of data

Import Type;

Hext, use "Load File..." to opel

j Load File...

Edge Cuts

More

Percent Cut 16.8% I~ Sub Cluster
Less




Applications

e Research indicators
e Corporate information

e Bioinformatics, networks
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Research Indicators

e Models of science
— ldentify recent relevant high impact work
— Identify possible collaborators
— Focus new ideas (proposal writing)
— Evaluate internal work

— Test theories of scientific progress and innovation




Macromodel (Structure) of Science

L Map of 7000 - @«3 - B
journals for the year o
2000 | 3 ‘cﬁ%
e Based on citation
statistics
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Micromodel of Science

e Models science on scale
that allows metric-based
assessment to promote
Innovation

— 833k nodes (papers),
5.6M edges

— Local structure preserved

— Develop local indicators
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Impact by Grant Amount
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1,000

100
Annual grant size (constant 1996 $ thousands)
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Corporate Information

e Internal investment overlaps
e |nvestment opportunities
e Retrieval

e Parallel computer loganalysis




integrated/photonic [39{264259]
-

E‘laterials.fmaterial_:@ﬂ']ﬁdﬂﬂﬁ] - quantumfx-ray [93162/270)

e Maps of Sandia LDTD IA’s

— As good as the mental T i
models of 1A leads .

., .
kaseftransport (31/25/294)
*&

B Trends, Overlaps bEtween X ,‘. ? .‘ - | , detection/prot
|A’s, identifies internal o -
leverage points

e Maps of all DOE LDRD
projects

s v_puwerffuel 4 ﬁf38,l'3|]_|_]]

Jnolecular/chemical [74)721353]

_dnafenvironmen tal [48/24/164)

— ldentify potential
opportunities for 1A’s

g‘: -'.‘
= . gar/mathematical [10/5/26]) %
- g + ‘L_,‘ Q:"
— ldentify trends at other !:;] ,- =
> "’.e"‘-,-t

labs where they found a ‘ :
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LDRD Investment Area Analysis

PP

Chemical Vapor
Deposition

CIS

Optical Detection™ Q‘\
N\

Optoelectronics Microwave

" Remote

MEMsS

Sierra

" Sensor

‘Technologies

Polymerization

Fluid .Energetic
Dynamics  Materials
Electrophoresis
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CHRISSY — LDRD Context Search

2 LDRD Homepage - Microsoft Internet Explorer
J File Edit Wiew Favorites Tools Help

J GBack ~ = - £ fat | i@} search [ Favorites € &History ||%v =8
Jﬁ'.gldress I@ http: ffldrd. sandia. gov/cai-bin/WebObjects LDRDMain j @GU |J ub - | '

General Info
FY0D4
Fro3
LDRD Office

Context Search
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CHRISSY — LDRD Context Search

hrissy Search Result

ternet Explorer

ile  Edit Wiew Favarites

Fi Tools  Help
P Back ~ = - @

|
it | @ search  [GFavorites  {#History | B\ S -
Add

ress I@ Rt fildrd sandia.gov/cgi-binMwebObjectsfChrissy . woa/ 1 fwof9ulmSomgygky aiDGET 1155M16, 7.0

CH RlSSY |chemical sensar m Q

M dea - v Proposal 4 i Project &

CHRISSY searched for ideas, proposals, and projects containing “chemical sensor™.
792 Matches Found.

earch Results List

® Thun PR

MEM

Infrastructure




Loganalysis

e Established expert-generated annotation of known error
messages

e Established log archive of CPlant and ICC logs, in a format that
supports precise and flexible subset selection using SQL

e Using multiple analysis types (Teiresias, LSA)

Hosts, Jobs, Applications

documents
Words ¢
regexs ¢ | X | = WIS P
Chains m

s

wXp wxm mxm mxp




Loganalysis

. ### Class Definitions s
# label k period stddev notif
e Implemented automatic LT e
L137 64 0 1 rte: succeeded
LAT 33 1 180 EaM disk driver initialized: 16 R&M disks of 32768K
- - L48 33 1 130 sth0: Digital DS21143 Tulip rew 65 at 0Ox8000, + IRQ
re eX eneratlon USIn IEE R 1 180  ethl. Digital DS21143 Tulip rev 65 =t [0xB800, * IRQ
L3C 32 i 3 Dentry hash table entries: 131072 (order 8, 2048k)
LSE 3z 1 3 Booting on Tsunami  wvariation Webbrick using machine we
= = L5T 3z 1 3 IP-Config: eth0: Got DHCP answer from 192 16837 2
I elreslas L35 3z 1 3 HWEPE cycle frequency (462962062) seems inaccurate - U
L122 3z 1 3 if=ethl, addr=* mask=255.255.255.0, gw=255.255. 255, 255,
L125 32 1 3 bootserver=102. 168, 37.2, rootserver=102 168 372, rootpath-
L1468 32 1 1 rte-init: Jeplant/init dfenfs client running: mount nfs =
L144 3z 1} 1 rte-init: 1816 routes read ({1816 walid) Max 15, awg
L0 31 0 2] init.c:118 Using Alpha PCI_OFFSET_TSUNAMI (Oxff£££d00000C
L1l 28 1 196 Sending DHCP requests .., 0K
® Successes Li% 28 1 3 Memory: 1033592k available
LE1 26 1 1 rte-init: Found a LANai type 7.2 with 2097152 hytes
LT 14 17 11686 PaM_pwdh (rsh) session * for wuser root
L& 14 1 1iess root@admin-0 as
L4 T 4806 16024 cornect from
L&62 [3 3 6 rte-init: Found a LANai type <+ with 2087152 bytes (I
— C |ant — TSU NAMI L119 4 [} 2 Sending DHCP requests * 0K
L177 4 2 27 Memory: * awvailable
— |L131 3 0 0 startup succeeded
h rd r f |t n R L84 1 0 ] Looking wp port of RPC 10000372 on
a Wa e au S O OSS L8G 1 1} 1} Looking wp port of EPC 100005/1 on
LO4 1 1} 1} IP-Config: + Got DHGP answer from
/jLizo 1 1} 1} Sending DHCE

- I CC - P BS SCh ed u Ie r | View Iinesinoriginal(ungroupedjor(:er :
problems on Liberty R e

-4 £-37/if-1.n-0.t-37 Sending DHCP requests .., OK

L1186 MNow 25 17:53:20 srcBnode/if-0
L118 Mov 25 17:53:21 src@node/if-0

portscan L118 Wow 25 17:53:21 src@node/if-0

L110 Wow 25 17:52:22 sroenode/if-0 n-13. £-37/if-1 n-0 £-37 Sending DHCP requests 7., 0K
1119 Now 25 17:52:28 src@node/if-0 n-1 t-37/if-1 n-0.t-37 Sending DHCP requests 7., OK
L119 Now 25 17:52:29 src@node/if-0 n-10.t-37/if-1 n-0 £-37 Sending DHCP requests .7., OK
L119 Mow 25 17:52.35 srcenode/if-0 n-16. t-37/if-1 n-0 £-37 Sending DHCP requests . 7., OK

n
n-28.t-37/if-1 n-0 +t-37 Sending DHCP requests ... OK
L118 Nov 25 17:53:10 src@node/if-0.n-32. t-37/1f-1.n-0 £-37 Sending DHCP requests .., OK
L1168 MNov 25 17:53:.10 src@node/if-0 n-T £-37/if-1.0n-0.t-37 Sending DHCP requests ... 0K
L118 Wow 25 17:53:13 srcenode/if-0 n-25 t-37/if-1 n-0 £-37 Sending DHCP requests .., OK
L118 Nowv 25 17:53:14 src@node/if-0 n-11.£-37/if-1 n-0 £-37 Sending DHCP requests ., OE
L1186 MNow 25 17:53:14 src@node/if-0 n-14. £-37/if-1 n-0 £-37 Sending DHCP requests .., OK
—_ OS O OS L118 Nov 25 17:53.14 srcbnode/if-0 n-23. t-37/if-1 n-0. £-37 Sending DHOP requests ... OK
L118 Now 25 17:53:15 src@node/if-0 n-18. t-37/if-1 n-0 £-37 Sending DHCP requests .., OK
L118 MNov 25 17:53:16 src@node/if-0.n-17. t-37/1f-1.n-0 £-37 Sending DHCP requests .., OK
. . L1186 MNov 25 17:53.16 srcBnode/if-0 n-22. £-37/if-1 n-0 £-37 Sending DHCP requests .., OK
Ve rSIOn m ISmatC an L118 Wov 25 17:53-17 sretnode/if-0 n-20 t-37/if-1 n-0 £-37 Sending DHCP requests =, OK
L118 Now 25 17:53:19 src@node/if-0 n-9 £-37/if-1.n-0.£-37 Sending DHCP requests [1]:9
n-2
n-5
n-8

t-! n-
t-37/if-1.n
t-37/if-1.n
t- it

~37 Sending DHCP requests ..
37FiE-1 =

37 Sending DHCP requests .., 0K

LB
o &
t£-37 Sending DHCP requests




Bioinformatics

e Yeast

e C. elegans
e Infant leukemia

e How do you enable junior researchers to perform at
expert level?




Yeast Stationary Phase Data

(Werner-Washburne lab)

Vxinsight 2.113 (9x/NT/2000/UNIX) - [D-/GenomeD ataFiles/S_cerevisiae/UNMStationaryPhase/VxinsightConfigurationFile| |23 3|2

File 0Object Info  Labelz: Tools Packages

MedianSim_at_5

45 stationary phase
genes, 1/3 were
previously unstudied
and had readily
identifiable phenotypes.

Peak Labels
& None

Cid

 locus

" Range

Connections
& Show Mone

Autozcals
&on | oof

Time: 0-1246 SN

0

Database Query Legend

Show objects where alea | I1S_LIKE I
& ser Selection — 45

Clear Entry Advanced Huem 2 3

@ User Selection — 213




east Protein Interactions on Gene Map

(Werner-Washburne lab)
Genome Research (12) 1564-1573, Oct. 2002

e Y
,,,,,,

Ribosome ridge

Stationary-phase genes




\

Topo Map of C. elegans genes

(Stuart Kim lab)
Science (293) 2087-2092, 14 Sept. 2001

A. mount 4 sperm B. mount 4 MSP C. germ line mountains

D. mount 8 intestine E. mount 16 muscle F. mount 26 male




e VX finds structure in the
expression patterns across
the patients (A,B,C)

e All of our prediction methods
Improve when we condition
on these patient subgroups

e What is going on biologically
In these groups? (back to
our fundamental question)

o] IAERBEAELR || porcon| gores | Hiow. [Twns | Komenn.| Kegerr.| 3200, .| Fvom. | BOBNERES 13m0

PC2 PC3
200 50 50
100 W, '
P i 0 | 4 I 4}
-100 -50 -50
0 50 100 150 v} 50 100 150 v} 50
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What the Genes Reveal

e« Ais a new and apparently

. .. B Lymphoid:
very significant stem cell Activaion of
/é’Ukem/'a e Induced Gene
e B is mostly ALL and, =
possibly, virally induced T
Sicnalin nvironmental
. . . Exposures?)
e Cis, possibly, /induced by

environmental exposure

UNM/COG Patent Pending
[ e R e R M
Seet| | A S BHEEED R o L e 1 e W T i e e e T I a7 WoENEE o om




Process to Enable Discovery

e Cluster by genes

Intensty Dt
 Cluster by arrays — Blue boxes
Ep—— mvolve gearching,
« Contrast between clusters of i teadug,
. : combming text
patlents to generate [Mg;f:g:'fgng]
differentiating gene lists | ! .
Check COMPLETE GEME LIST Check GEME BY GEMNE Check "UNDESCRIBED genes
. for prominert genes related with KO for infarmation related with KO for infromation related with KO
® U Se d th ese g ene I I Sts as | Reviewdifferent gene names |——{ Reviewr gene mep location ‘
entries into the online _ __ —
Reference search check for currert |nforrnat|un| Arethere other interesting genes close ? |
d atabases an d baCk to the Check for groups working on the gene | Isthis & known breakpoirt ? |
Ol’lg | nal I|te ratu re | Gere fundion |—-| TissLes of expression |
| Aleic variaris |71 Pattmaays in which the gere paticipates |
e Read, read, and read some h _ , __
(an any ot this variants be causatve ? I Possibletherapeutictargtes? I

maore.

28



ti-database knowledge mining

142 patients

12,625 Cluster by genes
genes >

ShowStengSim
ShowSimior

Scele Fange
<

BN = ormim 5 LKE %503630% — 1

l Cluster by arrays

ANOVA & Contrast sz o

Go. Cammuneatr iip
_( Booknatke 4 L 1
5 enoers 5 ViebMai 8 Comecions [ Buounel [§ Smartpdte 5 Wipece 8 PecPiyer

i N %

(frst) Ect Wiy DidAskAboutT s Cortrast it
SetFist Cantrast Group

Contrast is Groupl - Group2 S en

Compute Cortrast
Show OMIM Links for his Carirast

Taxanomy Ol

MIM *604312

2 e > Genome Stnuct
Search [0 ] for Go| Clear

Limits  Previewindex History ~ Clipboard  Details

Display |[Oetsled ] Save | Text| _Clip Add
793 138.32 [Get OMIM details 2604312 Nucleoide, Relsted Enties, Protein, PubMed, LinkOut

| ORF |Contrast] F | URL
155 [149.72
| 140 [149.38 [Get OMIM details

CYSTATIN C; CST3

1.87  [135.59 Get OMIM details
1.60  [133.46 |Get OMIM detai
124 126.09|Get OMIM details

1.03  120.06|Get OMIM details
| TEXT

Alternative fitles; symbols

CYSTATIN 3
GAMMA-TRACE

Gene map locus 20p11.2

Show Simler
Shaw 80_StrangSim

e e e

1.08 119.77 <
WHovD Cystatin C, which belongs to the type II cystatin gene family, is the must ahundan( extracellular inhibitor of cysteine proteases. It is a 13-kD
291 118.18 |Get OMIM details protein constftively scereted shorly after ts synthesis (Barret f Merz et al, 1997). Grubb and Lofbers (1952) reported the
| e amiino acid sequence of the protein. Abrahamson (1988) reported the solation and characterization of § human cysteine profeinase
= inhibitors, including cystatin C. Whereas cystains D (123858), § (123857), and SA (123856) are expressed primarily n salivary elands,
1.36 117.75 Get OMIM details cystatin C is expressed in virtually all organs of the body. According to its high conceniration in biologic fluids, cystatin C is probably one
] 152 115.49 of the most important extracellular inhibitors of cysteine proteases. Cystatin C is present in a number of neuroendocrine cells and its

concentration in the cerebrospinal fluid s 5.5 fimes that n plastna of healthy adults (Lofbere and Grubb, 1979 Lofbere et al.. 1981; Grubb
at 2.96 112.13 ‘Get OMIM details

and Lofberg, 2; Lofberg et al. 1983)
[ | (119 108.09 Get OMIM detai
— [ —a [1.02  |107.84 Get OMIM details

Abrahamson et al. (1987) isolated recombinant cystatin C-producing clones from a human placenta lambda-gt11 cDNA library. The cDNA
insert of 1 of the clones, containing 777 basepairs, encoded the 120 amino acids ofthe complete mature cystatin C and a hydrophobic leader
sequence of 26 amino acids. (The presence of the leader sequence suggests an extracellular fanction for cystatin C. It may serve as a
physiologically important extracellular cysteine proteinase inhibitor, for example in seminal fluid, which of all biologic fluids has the
highest concentration of cystatin C.) The deduced protein sequence confirmed the profein sequence of cystatin C isolated from human urine,
but expectedly differed in 1 position from the sequence of the cystatin C fragment deposited as amyloid in hereditary cerebral hemorrhage
with amyloidosis (HCHWA; 105150). Abrahamson et al. (1987) identified a leus8-to-gln mutation (604312.0001) in the CST3 gene in
patients with HCHWA.

EESeMP BISEGHNOMORLIBOM 11:124m

7, ("
‘l’atm,,m fE

Poamenioane
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GLEE++

Knowledge Sources

e Proposing something more » <Tﬁ“®_< @_’( Easzt‘;ﬂg,t?aO i
i ntel | Ig e nt fo r a mUCh U‘: rﬂ;;‘f' goals, plans planz, scripts L including name Sy m Rezpoise

acripts and phrazes I Exglih
larger text corpora.

Processing Modules and
_ Intermeediate Results

e Want deeper
understanding, and
biologically useful
reasoning.

Basic Text Extended TMR: '8 - i
i : ; Goal Attainment and
e h?gzenl'_';gﬁnn 4 aclds a statement of active | Plan Execution
P THF goalz, plans and scripts in Agenda )
(TMR) the system in TR

System
Reszponse

System Working Memory

30




} Some Issues

e Scale — need to analyze and visualize extreme scale
(>1M nodes) networks

e Data — extraction, merging of different types and
formats, relationship extraction, etc., to generate
knowledge

e Understanding from NLP, deep semantics

e Validity
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