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Motivations:

+ Deliver Information to Employees based on:
- Who they are:

- Current search engines retrieve information with built-in algorithms solely
based on the query;

- Inan organization, members of the work force have different needs for

information even though they use the same/similar queries, e.q.;
- Managers/Leaders want to know the progress of on-going projects
- Developers search for current/historical technologies
- Financial analysts want to know the health of the budget

- What they may need:

- Users' information needs depend on what they are working on in an

organization, not only on their backgrounds and job titles

- Employees with job title "computer science” may work in various areas:
» Web development; Modeling and simulation; Software development...
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Our Solution: SPIRE

¢ The Sandia Personalized Information Retrieval Environment
¢ Private users with most relevant content based on who they are

¢ To accomplish this we need to cluster/classify customers, documents
and build the probabilistic based predictive model

Eﬂ!~!z

| Classifying
Clustering Graphic Model
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} Profile MOWSs with Personal Attributes

Physical Attributes (easy to get but not very useful):
« Education, years at Sandia, job title...
« Example: Sandia has about 1000 MOWs in job title of "Computer Science &
Dev" but they are working in very different areas
Documents generated by MOW:s (very useful):
« Job assignments over the years;
« Publications
 Proposals, abs‘rmc’rs, presentations...

Unsupervised learning

'
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%Wus‘rering Users Based on Their Similarities

1. Job description
2. Publications, internal documents...

; & ‘ - Kmeans

Users' data Clustering Algorithms User Clusters
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Document Classification

There have been many models for classification:
« Binary models such as sentiment classification: negative or positive
« Statistical based:

* Need a lot of manually selected features as inputs, very
expensive

* Hard to scale up

Supervised learning
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Build SAND Report Classifiers with Deep Learning

1. Classify documents into proper classes
2. Recognize the document class in various formats
3. Recognize the distribution of possible classes in a document

Chemistry 15%

Simulating 30%

New document Trained Classifiers Distribution of Topics in a Document
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i Procedures

Collected ~100,000 SAND reports over last 50 years
Data cleaned and indexed with Apache/Lucene
Built "Taxonomy" for Sandia Category Guide (SCG)

Selected the highly ranked documents with SCG taxonomy terms/phrases as
the training sets

- Tokenized the terms in documents with a 200 dimension numerical vector

¢ Built a Convolutional Neural Network (CNN)

- 3 one dimension, 5 step convolutional layers with 128 feature maps
* Three layers of maxpooling

* Relu and Softmax as the activation functions

- Loss function = categorical_crossentropy

¢ Trained the network with various hyperparameters

Sandia National Laboratories @



\

Category (Material Sciences)
Subcategories:
Ceramics
plastics
seals and Adhesives

Obtain the terms/phrases for subcategories from:
Documents created by Sandia authors
Wikipedia
Word2Vec built on Sandia’'s documents
Internal Organization webpages

Taxonomy Example for "Material Sciences/Composite Materials:

“carbon composite" "carbon fiber" "ceramal" "ceramic composite"

“ceramic matrix composite" "CFRP" "Chobham armour" “clad metals" "CMC"
"composite material" "concrete-plastic composite" "fiber reinforced composite"
“fiber reinforced polymer" "fiberglass" "formica" "FRP" "glasdpolyester"
“graphite" "GRP" "laminate" "Mallite" "metal composite" "metal matrix composite”...

Build "Taxonomy" based on Sandia Category Guide (SCG)
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Collect Sets of Labeled Documents for Training

Search Engine

Terms/Phrases from Taxonomy Labeled and Ranked Documents
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onvolutional Neural Network for Text Classification

http://www.wildml.com/2015/11/understanding-convolutional-neural-networks-for-nlp/
print(‘' Training model.")

# train a 1D convnet with global maxpooling
sequence_input = Input(shape=(MAX_SEQUENCE_LENGTH,),

+ activation function

convolution T softmax function
S I VS Oy dtype='int32")
emtence matrx | | 2fersforcachegon | | mapsfor | | 6yt oo embedded_sequences = embedding_layer(sequence_input)
toaly s fiters | | regon size ,;“;Hfm: x = ConvlD(128, 5, activation="relu’)(embedded_sequences)
- _H,I vecor x = MaxPooling1D(5)(x)
\ x = Dropout(0.5)(x)
¢=5 0 x = ConvlD(128, B, activation="relu')(x)
2 x = Dropout(0.5)(x)

this

movie
very
much
|

x = MaxPooling1D(5)(x)
x = ConvlD(128, 5, activation="relu')(x)

ﬁ__ I x = Dropout(0.5)(x)
x = MaxPooling1D(35)(x)
— x = Flatten()(x)
x = Dense(128, activation="relu’)(x)
preds = Dense(len(labels_index), activation="softmax")(x)
model = Model(sequence_input, preds)
model.compile(loss="categorical_crossentropy’,optimizer="rmsprop’,
metrics=['acc'])

1
/
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!
o

Modified from Keras example
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Examples of Classifiers for Classification

prediction = model.predict(data[146:150])
K=2
for p in range(0, prediction.shape[0]):

a=np.array(prediction[p])

b=np.argpartition(a, -K)[-K:]

np.set_printoptions(precision=3)

print(b, np.take(a, b)*100,'%", "\t', titles[p+146], '\t' labels_name[b[0]],"\t", labels_name[b[1]])

(37 1]1[6.892 79.014] % SAND2000-0217.txt thermodynamics atmospheric sciences

(30 14] [ 6.755 91.043] % SAND2000-0218.txt particle physics electronics and electrical engineering
(16 31] [ 6.668 60.088] % SAND2000-0221.txt fluid mechanics plasma physics

[ 9 29][29.797 52.055] % SAND2000-0222C.txt computer architecture optics
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Example of Classifying a Document

[37 1] [ 6.892 79.014] % SAND2000-0217.txt thermodynamics atmospheric sciences

X

€ | @  prod.sandia.gov/techlib/access-control.cgi/2000/000217.pdf c Q. 11500 anaheim 87112 =+ ﬁ' B 4 @ =

SANDIA REPORT

SANDZ2000-0217
Unlimited Release
Printed February 2000

Chemical Reactions in TEOS/Ozone
Chemical Vapor Deposition

Pauline Ho
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Building Graphic Model for Prediction

Prior probability Likelihood of the evidence of 'E'
If the hypothesis 'x' is true

\P< ) P(\E\ )
X ) k X
P(T\E) = P(]_\;)

Posterior probability of ‘X'

given the evidence 'E' Prior probability that
the evidence itself is true
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Graphic Model
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onditional Probabilities of Parameters
The behaviors of users on Solr-based Enterprise Search Engine
2. Attributes of Clusters of Users

3. Build the conditiona

| probability tables and create the Bayesian Network
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redict Information Needed for a Given MOW

Computational Intelligent from 2.55 to 9.5%
Modeling and Simulation from 2.36 to 4.72%
Information Theory from 2.69 to 5.71%
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Example of Recommendation based on the Predictive Model

File Edit Source

N I

Refactor Mavigate Search Project Run

[# Package Explorer 5% %| ® Y = 0
» f,__j autolabelClasses

= BuildProfiles
= modelForLabRDSE
v i src

v B gov.sandia.spired

> m fromUserNameToRecommentedSand.java

generateTestUrls.java
Integrator.java
makeRecommentation.java

v

pairClass.java
ProbabilityCuery_SAND_5_12.java
readMetFileGetMormalDistribution.java
recommendDoc.java
SandProbByMowCluster.java
> utilities,java

5 B JRE System Library [JavaSE-1.2]
» = Referenced Libraries

(= data

= lib

pPEEPEEREE

E waorkspaceSpire - Java - modelForLabRDSE/src/gov/sandia/spired/makeRecommentation.java - Eclipse
Window Help

BiNi® OO0 RS AP A BE AL -E D

SCG.java queryDo

while (true) {
System.out.print("> ");
String input = br.readlLine();
System.out.println(input};
if (input == EXIT_Command}) {
return;
}

username = input;
getInterestedSANDClassesForThelUser (username);
getSANDs ToRecommend( ) ;

try {

IictrSdrinal 1y rl icd — macammandaddan s FCAMNEsnarE TaThs ErnndDras 4

|*) Problems @ Javadoc @ Declaration /Q;' Search E Console 3

makeRecommentation [Java Application] C:\Program Files\Java\jrel.8.0_121\bin\javaw.exe (Jul 31, 2017, 10:3%:05 AM)

4J] makeRecommentation.java 53

= O X

e | 9| 52 4 82
= 8
~B

=

A

> tjdrael
tjdrael
Marginal probability tables:|
Interested Sand Classes for User: tjdrael are:

computational_intelligent
information_theory
modeling_and_simulation
For this SAND Report: http://prod.sandia.gov/techlib/access-contrel.cgi/2016/168621m.pdf belongs te the Class of: modeling_and_simulaticn
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2@817/17@582d. pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2@16/1612552c.pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2@16/16870@6c. pdf
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2@16/163773pe.pdf
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2@16/163774pe.pdf
For this SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2@16/1678@%pe.pdf belongs to the Class of: computational_intelligent
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2817/17@406.pdT
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2@16/1618652c.pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2@16/1618378c.pdf
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2@816/1618426.pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2@816/164354c.pdf
For this SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2805/856137.pdf belongs to the Class of: information_theory
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2017/178482pe. pdf
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2816/168558a. pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2016/165288t.pdf
Recommended SAND Report: http://prod.sandia.gov/techlib/access-control.cgi/2016/164712pe. pdf
Recommended SAND Report: https://prod.sandia.gov/techlib/auth-required.cgi/2816/167943c.pdf
b2 W
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USE Case
User: xxxxx
Interested Classes by the user: Energy Sustainable, Material Sciences, Information Theory
Query: battery safety testing
Search Engine Returns:

Developing Battery Safety and Abuse Testing for Stationary Battery Applications (in Energy Sustainable Class)
https://prod.sandia.gov/techlib/auth-required.cqi/2016/168008c.pdf

SPIRE model recommendations (in Energy Sustainable Class)

Developing an Energy Storage Project - A Technical Perspective
Battery Safety Testing: 2016 Energy Storage Annual Merit Review
Energy Storage - The Future

Monocarba-closo-polyborate electrolytes for all solid state Li-ion batteries

In situ characterization of charge rate dependent stress and structure changes in V205
cathode prepared by atomic layer deposition
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};\chievemen’rs and Further Efforts

¢ Text analytics provides the foundation to build up an intelligent
information retrieval environment:
» Understanding the similarities of employees through clustering
» Collecting labeled documents for Machine Learning guided by Taxonomy
» Classifying text documents with trained classifiers

¢ Probabilistic graphic model associates users and documents:
* The model reasons and infers information needed by users
* The model will be used to predict users' information needs
¢ More work needed to build a better taxonomy to select labeled

documents for learning
- This is always the issue for supervised learnings
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