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Graph Analysis

F

¥ Graphs or networks
¥ Nodes / vertices = objects

- people, places, things
¥ Edges / links = relationships

¥ Examples
¢ - Citations in bibliometrics
- WWW
- Communications
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Adjacency Matrix

F

Adjacency
matrix
|
0 = L ifedge(i,j) exists
17 0 othewise
For example:
1 2 - O 1 1
—> A="1 0 1%
0 1 0
3

A Is asymmetric for a directed graph
Could also have weighted adjacency matrix
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) “’%nmon Graph Analysis T echnique

For example:
® Search on the WWW: HITS (Kleinberg, 1998)

Adjacency
*— matrix

\;rruncated SVvD

| K
Best rank-k matrix Hters out A= Ul V! = Liuiv,
noise and captures OlatentO i=1

information, which improves
certain data mining tasks

-
VA

Uy

But we may have lost critical information by ignoring edge metadata!
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Semantic Graphs

g
%‘
Y K/, ¥ Different types of edges
% ¥ Attribute or relationship labels on edges
.—>/.:\/.:\j: ¥ Examples

- WWW (anchor text)

= Email communications (time stamp,
to/cc)
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New Paradigm:
OMultidimensional Data MiningO

*To

Build an Oadjacency tensorO such that there

® IS an adjacency matrix for each type of
edge.
/x\”"

Adjacency
matrix

/

DEDICOM

Third dimension offers more
explanatory power: uncovers new
latent information and reveals
subtle relationships

i
O

Adjacency
tensor

Multilinear
algebra

Tucker /_ /_

+ + ...

PARAFAC
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A/,

sing T ensors for Graph Analysis

Use 3-way DEDICOM to
analyze complex social
networks that change over time

e
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V\ /
’/ DEDICOM

¥ DEcomposition into Directional COMponents
¥ Introduced in 1978 by Harshman

Part of the family of models called PARATUCK?2
Past applications
- Study asymmetries in telephone calls among cities
- Marketing research
¥ car OswitchingO - car owners and what they buy next

¥ free associations of words (e.g., shampoo: ObodyO evoke:
OfullnessO)

- Asymmetric measures of world trade (import/export)
¥ Variations

= Three-way DEDICOM

- Constrained DEDICOM

- Skew-symmetric data
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P 4 // DEDICOM Algorithms

e

AT

AT

Solve by OalternatingO algorithms
¥ Generalized Takane method

¥ Kiers! method
¥ New algorithm

@)
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Mathematical Notation

=

¥ Scalars a

¥ Vectors a

¥ Matrices A

¥ Tensors (3-way array) D X
- frontal slices of X: X

¥ Special symbols
- Kronecker product

 a;iB
Al B = # :
am1B
- Hadamard product (elementvv_ise)
a11b11
AlB= # :
Am1bm1

amnbmn
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V:;/ DEDICOM

Single domain model

. R AT
X =ARAT+E

X1 ARAT

n P
N L2
min! X! ARA |
AR

, F
s.t. A orthogonal

¥ A (n x p) is a matrix of loadings or weights
¥R (p x p) is a matrix that captures asymmetric relationships
¥ A is not unique

- A can be transformed with no loss of &t to the data

= Nonsingular transformation Q:

ARA " = (AQ)(Q' 'RQ" ")(AQ)'
- Usually ORQA with some standard rotation (e.g., VARIMAX)
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- //
~ Generalized T akane Method
a ’

(Takane, 1985; Kiers et al., 1990)

R AT

X! ARAT X A

N L2
min! X! ARATI
AR

F

2

i i
Loss function: ! (A,R)=1X! ARATI i

Solving for A:

Minimizing ! wrt A, for bxed R,
is equivalent to maximizing: f(A)=tr(ATXAATXTA)

Compute A via Gram-Schmidt
orthonormalization: (XAATXTA + XTAATXA + 21 A)
where is greater than largest eigenvalue of
symmetric partof (! X " ATXA)
Practical method:
¥Compute an update for Ausing =0
¥ check if f (Anew) > f (A)
¥ If not, compute A using nonzero @ Sl
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Generalized T akane Method

g
- ' (Takane, 1985; Kiers et al., 1990)

R AT

X! ARAT X A

N L2
min! X! ARATI
AR

F

i j 2
Loss function: ! (A,R)=1X! ARATI
F

Solving for R:
Least squares update:
Rpew = A X(AT)

But because A is orthonormal...
Roew = ATXA
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|
"c New Algorithm
Solving for A:
Stack data and model Oside by sideO in a single equation
X XT = ARAT AR'TAT
# "#AT O$$
— ) T
= A R RT "5

..and solve extended LS problem, i.e., min!Y " AB 12

n T P P

| | "TTAT
! ! A 0
Arew! X X' R R 0 AT

or

Anew = XART+XTAR R(ATA)RT+RT(ATA)R ' ',

Solving for R:

Rpew = A X(AT)
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e 4 // Three-way DEDICOM

>

n
Xi= ADiRD A"+ E; fori=1,...,m,

|m 1n

mn " X;! AD;RD;AT"’
A,R.D |

¥A (n x p) is a matrix of loadings or weights (not necessarily orthogonal)
¥R (p X p) Is a matrix that captures asymmetric relationships

¥D (p X p x m) gives the weights of the columns of A for each level in
third mode

¥ Unique solution with enough levels of X
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Kiers! Algorithm

(Kiers, 1993)

|m 1" 1"

mn  "X;! AD;RD;AT"?
A,R,D |
=1
Alternating Least Squares
1) Column-wise minimization to Pnd A
(potentially slow convergence)
2) Least-squares problem for R
| Vec(X1) ~  AD:" AD; |
! |
minimize: f (R) = }% 5 A : 2 Vec(R)!
' Vec(X m) ADn" A Dp !
: o ™ | 1"m
Vec(R) = (D;ATAD;))! (DiATAD)) Vec(DiATX;AD))
i=1 i=1

3) Element-wise minimization to bnd D
(potentially slow convergence)
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New Algorithm - updating A

:;,'

Solving for A:

‘X1 X1 &4 Xnm X! =A D/RD; D;R'D; &4 DnRDy DnR™Dy lom! AT

- 4 7Y um /v 1
A = XiAD;RTD; + XTAD;RD (Bi + Cj)
i=1 i=1
where B; ! D;RD;(ATA)D;R"D;,
Ci ! DR'D|(ATA)DRD;.
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AE?

New Algorithm - updating D

min! X;1 AD/RD AT!Z
D.

Solving for D:
Use Newton!s method to solve the optimization problem for d = diag(D;)

drew = d! H' g

g=!  2(X! ADRDAT)" (ADr.al + akrk,;DAT)”iJ

¥
he¢=1!2 (X! ADRDAT)" (asf«ta + airtsal)

1, "

| (ADrgal + asr<:DA )" (ADra + ar:DA") i

)

Use compression
QR factorization: A = QA,

rBi_ng QTX,Q! AD,RD AT } > Smaller problem (p x p)
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- Basic operations
‘
¥ Matrix
- DEDICOM

_ “" MATLAB Tensor T oolbox
| (Bader and Kolda)
= Convert to/from a matrix
= Multiplication
¥ Vector
¥ Facilitates rapid prototyping of algorithms ’
- PARAFAC/CANDECOMP
¥ Extensions for a sparse tensor format (in _ /— N /—
development) ‘ T
Note: not intended to replace

¥ Toolbox extends functionality of Matlab!s
MDA datatype: <>
¥ Tensor
- Tucker B=Ax; UM x, U® ggaxy UM
Andersson & Bro!s N-way Toolbox

i

Sandia
http://csmr.ca.sandia.gov/~tgkolda/TensorToolbox @ pribe o




o €
2 2 New sparse_tensor Class

>

sparse_tensor class

¥ Coordinate based storage: (i,},k) indices & values
¥ Implements many of the same functions as tensor class
¥ Reshape and permute operations handled implicitly with index
¥ Row / column / slice operations are easy
¥ Large problem to date
= 73,000 x 73,000 x 40,000 sparse tensor
- 469,000 nonzeros (very sparse)

- Approximate rank-10 PARAFAC model computed in 12
minutes
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p “’mication: Social Network  Analysis

¥ Links may consist of
- Relationships (e.g., friends, family, co-workers, co-authors)
- Communications

¥ What can we learn about this network strictly from these
connections?
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Enron Corp.

¥ U.S. corporation involved with creating energy markets
- 7th largest by revenue
¥ EnronOnline: e-trading business

" [ASH
- natural gas | | - | |
-— I L L4 L " L L "
electric power ) (<+$# - ) $t#4 (428  #1<=1"< @1" - >$H#1*$"
56 (#71 19 (#'7(- 9(#'7(-
P % &" ( n L L L
C$H(#O 1#,(*™ 2 >
|
| 31-/0 1#,(*" 2
g
13 (r(Are

¥ Investigations
- U.S. Federal Energy Regulatory Commission (FERC)
¥ energy market manipulation
¥ involved energy traders
- U.S. Securities and Exhchange Commission (SEC)
¥ accounting fraud
¥ insider trading
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- //
- Enron Email Data

¥ FERC collected email of ~150 employees as evidence

= Included emails saved in inbox, sent items, deleted
items, and all other folders

¥ Released to the public in 2002 by FERC as part of their
Investigation

- To/from, date, subject, body
- Attachments and some names/emails removed
- Approx. 500,000 email messages

¥ Research uses:
- Emall classibcation
= Natural language processing
= Organizational theory/behavior
- Social network analysis
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National
Laboratories



A
‘..i.,// -

We used a smaller dataset prepared by Priebe et al.
34,427 emails among 184 employees over 44 months

Smaller Data Set

0T T T T T T T 1T T T T 1T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T1

007 Email communications at Enron (1998-2002)

2500

2000

Messages
[EEN
(6}
o
o

1000

500

O;
NDO9FMAMIJASONDOFMAMIIJIASONDOFMAMIIJASONDOFMAMJ
Month

¥ Email folders collected at one point in time.
¥Shape of histogram depends on:
- How far back employees kept emails
- Employment history of individual
¥Limited iInformation on former employees
= No org chart Sandia
@ National
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DEDICOM Experiment

=

¥ Time series of communication graphs
¥ Sparse tensor of size 184 x 184 x 44 (9838 nnz)
¥ Scaling: x number of messages scaled by log(x)+1

¥ Models:
- SVD
- 2-way DEDICOM
- 3-way DEDICOM
- PARAFAC
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Social Network Analysis

F

Communication graph
among employees over
all times

Adjacency

> matrix

/

patterns

roles

DEDICOM

¥Description of employees by their roles
¥Aggregate communication patterns among roles
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N // DEDICOM Results

patterns
7))
Q S
o eo\g'\\*"’g,& AC© |dentify shared
e e o characteristics to
D EDICOM label group
Soluti on
Emplo yee 1 2 3
J. Lavorato - CEO, Enron Am erica 041 0.07 0.04
8 L. Kit chen - President, Enron Online 0.26 0.21 0.04 .
& | M. Grigsby - Director, West Desk Gas Tradin g 0.22 -0.01 -0.01 Executives
X | D. Delainey - CEO, ENA and Enron Energy Services 0.20 0.06 0.06
Ll | G. Whal ley - President, 0.17 0.05 0.04
L. Taylor - Executive Assistant to Greg Wh alley, 0.17 0.06 0.03
T. Jones- Employee Financial Trading Group (ENA Legal) -0.12 0.38 -0.02
(-_5 M. Taylor - Manager, Financial Trading Group ENA Legal -0.10 0.35 -0.01
)| S. Shadckleton - Employee, ENA Legal -0.13 0.31 -0.02 Le al
@ | S. Panus - Senior Legal Specialist, ENA Legal -0.11 0.26 -0.02 g
—l | M. Heard - Senior Legal Specialist, ENA Legal -0.10 0.24 -0.02
E. Sager - VP and Asst Legal Counsel, ENA Legal -0.01 024 0.02
S. Corman - VP, Regulatory Al airs -0.04 -0.01 0.33
GC) K. Watson - Employee Transwestern Pipeline Company (ETS) -0.08 -0.03 0.32 Pipeline
.= | L. Donoho - Employee, Transwestern Pip eline Company (ETS) -0.08 -0.03 0.30
@ | D. Fossum - VP, Transwestern Pipeline Company (ETS) ? -0.06 -0.00 0.30
C_L M. Lokay - Admi n. Asst., Transwestern Pipeline Company (ETS) | -0.07 -0.02 0.28 employees
Q. | K. Hyatt - Director, Asset Development TW Pipeline Co. (ETS) | -0.06 -0.02 0.25
R. Hayslett - VP, Also CFO and Treasurer -0.04 -0.01 0.23
R matrix . 703 116 6.7
154 682 5.0
9.9 6.7 59.5

Some employees have dual roles

Pattern of communications in R matrix
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National
Laboratories



Social Network Analysis

F

Communication graph
among employees over
all times

Adjacency
matrix

Uy

SVD

¥ OHubsO and OauthoritiesO foedént roles

@
. iona
Hubs Authorities Laboratories



V
4 // DEDICOM & SVD Resullts

patterns
I T
n k Vk
o . U,
o NN
€\ o¥
D EDICOM U (hubs) V (authorities)
Soluti on
Emplo yee 1 2 3 1 2 3 1 2 3
J. Lavorato - CEO, Enron Am erica 041 0.07r 0.04 |0.30 -0.07 -0.21 |0.31 -0.09 -0.07
() | L. Kit chen - President, Enron Online 0.26 0.21 0.04 |0.31 0.07 -0.05]0.29 0.02 0.04
8 M. Grigsby - Director, West Desk Gas Trading 0.22 -0.01 -0.01|{0.16 -0.09 -0.33 |0.14 -0.06 -0.20
X | D. Delainey - CEO, ENA and Enron Energy Services 0.20 0.06 0.06 |0.20 -0.05 -0.00 |0.20 -0.05 0.03
LLl | G. Whalley - President, 0.17 0.05 0.04|0.08 -0.02 -0.02|0.24 -0.07 0.02
L. Taylor - Executive Assistant to Greg Wh alley, 0.17 0.06 0.03(0.24 -0.05 -0.08 | 0.09 -0.01 -0.02
T. Jones- Employee Financial Trading Group (ENA Legal) -0.12 0.38 -0.02|0.17 0.36 0.13 | 0.10 0.24 0.10
(-_5 M. Taylor - Manager, Financial Trading Group ENA Legal -0.10 035 -0.01|0.123 0.27 0.13 |0.13 0.26 0.12
)| S. Shadckleton - Employee, ENA Legal -0.13 0.31 -0.02|0.08 0.26 0.10 |0.08 0.26 0.10
@ | S. Panus - Senior Legal Specialist, ENA Legal -0.11 0.26 -0.02|0.09 0.27 0.10 | 0.05 0.20 0.08
—l | M. Heard - Senior Legal Specialist, ENA Legal -0.10 0.24 -0.02| 0.06 0.20 0.09 | 0.08 0.22 0.09
E. Sager - VP and Asst Legal Counsel, ENA Legal -0.01 0.24 0.02 |0.12 0.13 0.10 |{0.15 0.21 0.12
S. Corman - VP, Regulatory Al airs ) 0.04 -0.01 0.33|0.08 -0.18 0.22 | 0.0/ -0.18 0.21
@ | K. Watson - Employee Transwestern Pipeline Company (ETS) -0.08 -0.03 0.32| 0.03 -0.16 0.19 | 0.04 -0.18 0.22
.S | L. Donoho - Employee, Transwestern Pip eline Company (ETS) -0.08 -0.03 0.30| 0.03 -0.16 0.18 | 0.03 -0.17 0.20
T) D. Fossun - VP, Transwestern Pipeline Company (ETS) ? -0.06 -0.00 0.30| 0.07 -0.18 0.23 | 0.05 -0.13 0.16
QO_| M. Lokay - Admi n. Asst., Transwestern Pipeline Company (ETS) | -0.07 -0.02 0.28 | 0.03 -0.14 0.17 | 0.04 -0.17 0.20
h__ K. Hyatt - Director, Asset Development TW Pipeline Co. (ETS) | -0.06 -0.02 0.25| 0.03 -0.13 0.17 | 0.04 -0.14 0.17
R. Hayslett - VP, Also CFO and Treasurer -0.04 -0.01 0.23| 0.04 -0.13 0.16 | 0.05 -0.14 0.16
R matrix / singular values| 70.3 11.6 6.7 | 86.3 86.3
154 682 5.0 54.1 54.1
9.9 6.7 59.5 52.6 52.6

SVD: Hubs and Authorities in U and V
Roles more diffcult to identify in singular vectors @ Sandia

o Nationa
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L
;ﬁmporal Social Network Analysis

Time series of
communication graphs .-
among employees .-~ i : °

> Adjacency
March tensor
‘ i "February /

“January

e
) pattern

roles

3-way DEDICOM

¥Unique description of employees by their roles
¥Aggregate communication patterns among roles
¥ Behavior over time
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Roles of Employees

pattern
(7))
Q ’{\3\‘6 ) ecfi\e,
(@) N O e &\
= e ot <@ o
| Emplo yee | 1 2 3 4 |
T. Jones - Emplo yee, Fina ncial Trading Group (ENA Legal) 064 -0.01 0.02 -0.00
S. Shacklet on - Empl oyee, ENA Legal 045 -0.00 -0.01 -0.00 .
M. Taylor - Mana ger, Fina ncial Trading Group ENA Legal 037 0.01 0.02 -0.00 Identlfy shared
S. Bailey - Legal Assistant, ENA Legal 0.26 -0.00 -0.01 -0.00 ..
S. Panus - Senior Legal Specialist, ENA Legal 0.26 -0.00 -0.00 -0.00 Chal’aCterIStICS tO
Legal M. Heard - Senior Legal Specialist, ENA Legal 023 -0.00 0.00 -0.00
J. Hodge - Asst General Counsel, ENA Legal 0.13 0.03 0.01 -0.00 Iabel gI‘OUp
L. Kit chen - President, Enro n Onli ne 0.11 -009 053 0.00
S. Dickson - Empl oyee, ENA Legal 0.09 -0.00 0.00 -0.00
E. Sager - VP and Asst Legal Counsel, ENA Legal 0.08 0.02 0.07 -0.00
J. Dasovich - Empl oyee, Governm ent Relationship Execut ive -0.01 0.58 0.06 0.01
J. Ste!l es - VP, Government A! airs 0.00 0.53 -0.06 -0.01
| R. Shapir o - VP, Regulatory Al airs -0.00 0.40 0.10 -0.00
GOVt S. Kean - VP, Chief of Sta! -0.00 0.37 -0.04 -0.00
. R. Sanders - VP, Enron Whol esale Services 0.03 0.16 -0.01 -0.00
aﬂ:a”"s D. Delainey - CEO, ENA and Enron Energy Services 0.01 0.09 0.09 -0.00
S. Corman - VP, Regulatory Al airs -0.00 0.08 -0.00 0.20
M. Carson - Empl oyee, Corp orat e and Environm ental Policy -0.00 0.08 -0.02 -0.00
S. Scott - Em ploxee, Transwestern Pipeline Company (ETS) -0.00 0.08 -0.00 0.04
J. Lavorato - CEO, Enron Am erica 0.02 -0.04 0.49 0.00
M. Gri gsby - Director, West Desk Gas Tradi ng 0.00 -0.03 0.20 -0.00
ExeCS - G. Whal ley - Presiden t, 0.01 -0.01 0.9 0.00
. J. Ste! es - VP, Government A! airs 0.00 -0.02 0.18 0.00
tradlng K. Presto - VP, East Power Trading 0.01 -0.05 0.18 0.00
S. Beck - COO, 0.01 -0.03 0.127 0.00
B. Tycholiz - VP, Mar keti ng 0.01 -0.02 0.16 0.00
J. Arno Id - VP, Fina ncial Enro n Online 0.03 -0.04 0.16 -0.00
J. Williamson - Executiv e Assistant, 0.00 -0.02 0.14 0.01
K. Watson - Employee, Transw estern Pip eline Company (ETS) -0.00 -0.00 0.01 059
M. Lokay - Adm in. Asst., Transwestern Pipeline Company (ET S) -0.00 0.01 001 042
Plpellne L. Dono ho - Emplo yee, Transwestern Pip eline Company (ETS) -0.00 0.01 0.01 0.35
M. McCo nnell - Empl oyee, Transwestern Pipeline Company (ET S) 0.00 -0.00 0.01 0.26
L. Blair - Emplo yee, Norther n Natur al Gas Pipeline (ET S) -0.00 0.00 0.00 022
emplOyeeS K. Hyatt - Director, Asset Development TW Pipeline Business (ETS) -0.00 0.01 0.00 0.20
D. Schoolcraft - Emplo yee, Gas Contro| (ETS) -0.00 0.00 0.00 0.18
T. Geaccone - Mana ger, (ETS) 0.00 -0.00 0.01 o017
R. Hayslett - VP, Also CFO and Treasurer 0.00 -0.00 0.02 0.16
Sandia
National
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- Communication Patterns

e
) pattern

roles

O e
g ek
\} (a e )
¥ o PRI

Lega| 440.2 1.6 -15.0 0.4
Government & regulatory affairs 1.6 278.3 |135.4| 1.6
Trade executives | -29.3 | 70.7 | 201.6 -6.2

Pipeline employees 1.4 -4.6 -75 172.3

Mostly communication within roles

Negative values complicates interpretation

Sandia
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z" Temporal Patterns
\\d\

pattern@
%)
Q@
o
Communication patterns over time
0.35 —F—— o L L YU S
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0.3~ | = « = Government & regulatory affairs - e N\ A . m
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Enron crisis breaks;
SEC starts investigation
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) “,%mporal Social Network Analysis

Time series of
communication graphs .-
among employees. o °
‘ ili ™ April
> Adjacency
—— March tensor
‘ i “February /

“January

& o /
authorities

‘ +

PARAFAC

¥Unique description of employees by their roles
¥ OHubsO and OauthoritiesO
¥ Behavior over time

+ ...

hubs
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| X

hubs

\

Roles of Employees

S e
authorities o
N Hubs Authorities
" X et X et
v w A v w c® \‘66
\/egﬁ« GO“' ?j*e 6@'6 \/eQ@ 60“ ’ ?/*G 69‘6
| Emplo yee | 1 2 3 4 | 1 2 3 4 |
T. Jones - Employee Financial Trading Group (ENA Legal) | 0.76 -0.01 -0.00 0.02 |0.25 0.00 0.01 -0.00
S. Shackleton - Employee ENA Legal 0.46 -0.03 -0.02 0.01 |0.36 0.00 0.01 -0.00
M. Taylor - Manager, Financial Trading Group ENA Legal |0.26 0.01 -0.01 0.00 |0.48 0.02 -0.00 -0.00
Le al S. Bailey - Legal Assistant, ENA Legal 0.12 -0.01 -0.00 0.00 |0.42 -0.00 -0.00 -0.00
9 S. Panus - Senior Legal Specialist, ENA Legal 0.25 -0.02 0.01 0.00 |0.25 -0.00 -0.00 0.00
M. Heard - Senior Legal Specialist, ENA Legal 0.12 -0.01 0.02 0.01 |0.36 0.00 0.00 -0.00
J. Hodge - Asst General Counsd, ENA Legal 0.04 0.02 -0.00 0.00 |0.31 0.09 -0.01 0.00
L. Kit chen - President, Enron Online 0.08 001 040 0.03 |0.14 0.11 0.37 -0.05
S. Dickson - Employee, ENA Legal 0.03 0.00 -0.00 0.00 |0.21 0.016 -0.00 0.00
_LE. Sager - VP and Asst Legal Counsel, ENA Legal 0.05 004 0.03 -001]0.16 0.07r 0.08 -0.01]
J. Dasovich - Employee, Government Relatio nship Executive|-0.04 0.66 0.34 -0.00 | 0.00 0.31 0.13 -0.04
Govlt J. Stel es - VP, Government A! airs 0.00 0.51 -0.01 -0.00 |-0.00 0.45 0.01 -0.01
] R. Shapiro - VP, Regulatory A! airs -0.01 0.26 0.23 -0.06 | 0.00 0.54 0.22 -0.05
affa“’S S. Kean - VP, Chief of Sta! -0.02 037 0.02 -0.02 | 0.01 0.37 0.00 -0.01
R. Sanders - VP, Enron Whol esale Services 0.04 0.14 -0.00 -0.00 | 0.04 0.28 -0.00 -0.00
D. Delainey - CEO, ENA and Enron Energy Services 0.01 0.17 0.04 0.00 | 0.01 0.124 0.15 -0.083
J. Lavorato - CEO, Enron Am erica 0.02 0.08 0.25 0.00 | 0.02 0.17 0.44 0.07
“TG. Whalley - President, 0.00 0.01 007 -0.01]0.01 0.09 0.32 -0.05]
EXECS J. Ste! es - VP, Government A! airs -0.00 -0.00 0.29 -0.07|-0.00 0.02 0.20 -0.02
S. Kean - VP, Chief of Sta! -0.00 0.00 0.21 -0.06 [-0.00 0.00 0.27 -0.06
J. Willia mson - Executive Assistant, -0.00 -0.00 0.46 -0.12|0.00 0.01 0.01 -0.00
K. Presto - VP, East Power Trading 0.00 0.00 0.19 -0.01|0.01 -0.00 0.123 -0.01
S. Beck - COO, 0.01 0.04 017 0.00 | 001 0.01 0.10 -0.01
M. Grigsby - Director, West Desk Gas Irading 0.00 0.0 0.1s 0.91 ] 0.00 0.05 0.09 0.09
GaS J. Tholt - VP, West Desk Gas Trading -0.00 0.00 0.05 0.12 |-0.00 -0.00 0.07 0.25
traderS M. Lenhart - Analyst, West Desk Gas Trading -0.00 0.03 0.00 0.12 ({-0.00 0.01 0.03 0.30
S. Scott - Employee, Transwestern Pip eline Company (ETS) |-0.00 0.01 0.01 0.12 |-0.00 -0.00 0.02 0.22
M. Sanchez - Associate, West Desk Gas Trader (EWS) -0.00 0.01 0.01 0.08 |-0.00 0.01 0.02 0.24
K. Holst - Director, West Desk Gas Trading 0.00 -0.00 0.02 0.02 |-0.00 0.05 0.04 0.30
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SEC starts investigation
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— //
- Summar

¥ Improvements to DEDICOM
- New procedure for Pnding A
- Newton step for bnding D

¥ Modibcations to handle sparse data arrays
- Least squares problem
- Compression

¥ Novel approach to social network analysis using DEDICOM
- Roles of employees
- Communication patterns among roles and over time

¥ Many future research directions!
- Constrained DEDICOM
- Nonnegative DEDICOM
- PARAFAC
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More Information

bwbader@sandia.gov
http://www.cs.sandia.gov/~bwbader/

¥ Tensor Classes:
- Tech report SAND2004-5189 available on website
- Paper to appear in ACM Trans. Math. Softw.
- sparse_tensor to be released soon

¥ DEDICOM paper on Social Network Analysis:
- Tech report SAND2006-2161 available
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