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Common Graph Analysis Technique

Uk
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Adjacency
matrix

Σk
T

Best rank-k matrix filters out 
noise and captures “latent” 
information, which improves 

certain data mining tasks

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

Truncated SVD

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



Tucker

New Paradigm:
“Multidimensional Data Mining”

+ + ...Third dimension offers more 
explanatory power: uncovers new 

latent information and reveals 
subtle relationships

Build an “adjacency tensor” such that there 
is an adjacency matrix for each type of 
edge.

DEDICOM

PARAFAC

Multilinear
algebra

Adjacency
matrix

Adjacency
tensor



Using Tensors for Graph Analysis

Use 3-way DEDICOM to 
analyze complex social 

networks that change over time
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DEDICOM

• DEcomposition into DIrectional COMponents
• Introduced in 1978 by Harshman
• Part of the family of models called PARATUCK2
• Past applications
- Study asymmetries in telephone calls among cities
- Marketing research
• car “switching” - car owners and what they buy next 
• free associations of words (e.g., shampoo: “body” evokes 

“fullness”)
- Asymmetric measures of world trade (import/export)
• Variations
- Three-way DEDICOM
- Constrained DEDICOM
- Skew-symmetric data



DEDICOM Algorithms

=X A
R AT

=

Solve by Alternating Least Squares
• Generalized Takane method
• Kiers’ method
• New algorithm 



Mathematical Notation

• Scalars
• Vectors
• Matrices
• Tensors (3-way array) 
- frontal slices of    :

• Special symbols
- Kronecker product

- Hadamard product (elementwise)
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DEDICOM

X = ARA
T

+ E

min
A,R

∥

∥

∥

X − ARA
T

∥

∥

∥

2

F

• 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 fit to the data
- Nonsingular transformation Q:
-
-
- Usually “fix” A with some standard rotation (e.g., VARIMAX)

X ≈ ARA
T

=X A
R AT

s.t. A orthogonal

ARAT = (AQ)(Q−1RQ−T )(AQ)T



where α is > largest eigenvalue of 
symmetric part of 

Generalized Takane Method

min
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∥

∥

∥

X − ARA
T

∥

∥

∥

2

F

(XAA
T
X

T
A + X

T
AA

T
XA + 2αA)

(−X ⊗ A
T
XA)

σ(A,R) =
∥

∥

∥

X − ARA
T

∥

∥

∥

2

F

f(A) = tr(AT
XAA

T
X

T
A)

• Compute an update for A using α= 0
• check if f (Anew) > f (A)
• If not, compute A using nonzero α

X ≈ ARA
T

Loss function: 

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

=X A
R AT

Minimizing σ wrt A, for fixed R, 
is equivalent to maximizing: 

Compute A via Gram-Schmidt 
orthonormalization:

Practical method:



New Algorithm

Anew ←

(

X XT
)
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Solving for A:

or

Solving for R:

Stack data “side by side” 

(same as before)
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...and solve extended LS problem, i.e., min
A
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Three-way DEDICOM

Xi = ADiRDiA
T + Ei for i = 1, . . . ,m,

=

min
A,R,D

m
∑

i=1

∥

∥Xi − ADiRDiA
T

∥

∥

2

F

• A (n x p) is 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



Kiers’ Algorithm

f(R) =
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1) Column-wise minimization to find A

3) Element-wise minimization to find D

minimize:

2) Least-squares problem for R

min
A,R,D

m
∑
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∥

∥Xi − ADiRDiA
T

∥

∥

2

F

potentially slow convergence

potentially slow convergence

(Kiers, 1993)

Alternating Least Squares



New Algorithm - updating A

(
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Solving for A:



New Algorithm - updating D
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Solving for D:

Use compression
QR factorization:

Use Newton’s method to solve the optimization problem

Smaller problem
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MATLAB Tensor Toolbox

• Toolbox extends functionality of Matlab’s 
MDA datatype:
- Basic operations
- Convert to/from a matrix
- Multiplication
• Tensor
• Matrix
• Vector

• Facilitates rapid prototyping of algorithms 
- PARAFAC/CANDECOMP
- Tucker
- DEDICOM
• Extensions for a sparse tensor format (in 

development)

=

=

Tensor Classes · 9

To understand n-mode multiplication in terms of matrices (i.e., order-2 tensors),
suppose A is m× n, U is m× k, and V is n× k. It follows that

A×1 UT = UT A and A×2 VT = AV.

Further, the matrix SVD can be written as

A = UΣVT = Σ×1 U×2 V.

The following MATLAB commands can be used to calculate n-mode products.

B = ttm(A,U,n) calculates “tensor times matrix” in mode-n, i.e.,
B = A×n U.

B = ttm(A,{U,V},[m,n]) calculates two sequential n-mode products in the
specified modes, i.e., B = A×m U×n V.

The n-mode product satisfies the following property [De Lathauwer et al. 2000a].
Let A be a tensor of size I1 × I2 × · · ·× IN . If U ∈ RJm×Im and V ∈ RJn×In , then

A×m U×n V = A×n V ×m U. (1) eq:xn_commutes

Figure 9 shows an example that demonstrates this property, and Figure 10 revisits
the same example but calculates the products using cell arrays.

It is often desirable to calculate the product of a tensor and a sequence of matrices.
Let A be an I1 × I2 × · · · × IN tensor, and let U(n) denote a Jn × In matrix for
n = 1, . . . , N . Then the sequence of products

B = A×1 U(1) ×2 U(2) · · ·×N U(N) (2) eq:AtimesU

is of size J1×J2× · · ·×JN . We propose new, alternative notation for this operation
that is consistent with the MATLAB notation for cell arrays:

B = A× {U}.

This mathematical notation will prove useful in presenting some algorithms, as
shown in §6.

The following equivalent MATLAB commands can be used to calculate n-mode
products with a sequence of matrices.

B = ttm(A,{U1,U2,...,UN}, [1:N]) calculates
B = A×1 U(1) ×2 U(2) · · ·×n U(N). Here Un is a MATLAB matrix
representing U(n).

B = ttm(A,U) calculates B = A× {U}. Here U = {U1,U2,. . . ,UN} is a
MATLAB cell array and Un is as described above.

ACM Transactions on Mathematical Software, Vol. V, No. N, Month 20YY.

Note: not intended to replace 
Andersson & Bro’s N-way Toolbox

+ + ...

(Bader and Kolda)

http://csmr.ca.sandia.gov/~tgkolda/TensorToolbox



New sparse_tensor Class

• Coordinate based storage:  (i,j,k) indices & values
- no maximum order

• Implements many of the same functions as tensor class

• Reshape and permute operations handled implicitly with index

• Row / column / slice operations are easy

• Implemented with built-in functions where possible

• Careful to avoid explicit referencing (e.g., A(i,j,k))

sparse_tensor class



Large-scale Sparse Tensors

• 1000 x 1000 x 1000 tensor is huge (1 billion entries!)

• Even worse for higher order tensors

• Dense tensor implementation not possible
- Storage!
- permute becomes prohibitively expensive
• At the heart of many operations (e.g., n-mode product)

• Need a sparse implementation that is efficient for multiplication 
over all n modes (i.e., fast permute and reshape)



Example Performance

• 73,000 x 73,000 x 40,000 sparse tensor

• 469,000 nonzeros (out of 200 trillion entries, so very sparse)

• Compute approximation to rank-10 PARAFAC model
- 12 minutes on a laptop
- 329 power method iterations
- 987 calls to ttv



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
- natural gas
- electric power

• 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



Enron Email Data

• FERC collected email of ~150 employees
- 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
- 500,000 messages

• Research uses:
- Email classification
- Natural language processing
- Organizational theory/behavior
- Social network analysis



Temporal Social Network Analysis
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Figure 1: Number of emails per month in the Enron email graph.

biasing from prolific emailers. Other weightings are possible
as well.

An obvious difficulty in dealing with the Enron corpus
is the lack of information regarding the former employees.
Without access to a corporate directory or organizational
chart at Enron at the time of these emails, it is difficult to
ascertain the validity of our results and assess the perfor-
mance of the DEDICOM model. Other researchers using
the Enron corpus have had this same problem, and informa-
tion on the participants has been collected and slowly made
available.

The Priebe data set [32] provided partial information on
the 184 employees of the small Enron network, which ap-
pears to be based largely on information collected by Shetty
and Adibi [36]. It provides most employees’ position and
business unit. To facilitate a better analysis of the DEDI-
COM results, we collected extra information on the partic-
ipants from the email messages themselves. We searched
for corroborating information of the preexisting data or for
new identification information, such as title, business unit,
or manager to help analyze our results. We also collected
some relevant information posted on the FERC website [9].

5. EXPERIMENTAL RESULTS
In this section we summarize our findings of applying two-

way and three-way DEDICOM on the Enron email network.
Our algorithms were written in MATLAB, using sparse ex-
tensions of the Tensor Toolbox [2].

Table 1 shows the A and R matrices for a single decompo-
sition (p = 3) of the two-way DEDICOM model. The large
adjacency matrix X, showing nonsymmetric relations among
employees at Enron, related by flows of email, is condensed
into a smaller matrix R giving the same kind of asymmetric
relations but among “types” or abstract idealized individ-
uals. In this case, the relations among elements in R are
exchanges of email. The latent components are patterns of
the same kind of flow as among the surface objects, just
abstracted into a “higher level” summary of patterns.

DEDICOM does not actually identify clusters, except in
special circumstances when such clusters happen to exist in
the data as we are partially seeing in the Enron data. The
components or patterns of asymmetric relationships that it
identifies have loadings in A that are continuously-valued,
like factor loadings, rather than discrete cluster membership
assignments.

Here, DEDICOM describes the employees by the different
latent dimensions. The first factor (a1) describes an execu-

tive role that fits many of the top executives. The second
factor (a2) describes a legal role, and the third factor (a3)
describes a pipeline employee.

The R matrices show that most of the communication is
among employees that share the same role, as evidenced by
the large diagonal values in R. We do see some asymmetric
communication. The entries in the lower triangular por-
tion are typically larger than the corresponding transpose
entry in the upper triangular. This suggests that slightly
more communication “flows up” the management chain than
“down.”

As a point of reference, we compute the singular value
decomposition X = UΣV T . Table 1 shows the first three
columns of the left singular vectors (U matrix) and right
singular vectors (V matrix). Because X is nearly symmetric,
the left and right singular vectors are nearly the same. Any
differences between U and V indicate whether the person is
more likely to send mail (U) or receive mail (V).

The SVD solution is somewhat similar to the DEDICOM
model. Many of the same people are identified and weighted
similarly by DEDICOM and SVD. However, there are many
more negative entries in SVD than in DEDICOM. The DEDI-
COM model also provides directional information between
the latent groups in the R matrix that the SVD does not
show.

Table 2 shows the A and R matrices for three instances
(p = 2, 3, 4) of the three-way DEDICOM model. The 2-
dimensional solution groups the employees largely from the
legal department and those executives dealing with govern-
ment and regulatory affairs. The 3-dimensional solution
adds a another role of top executives, and the 4-dimensional
solution includes those from the pipeline business in a fourth
role.

The aggregate communication patterns over the 44 months
among these 2-4 groups is summarized in the R matrix. In
the 2-dimensional solution we see that most of the com-
munication is within each group as evidenced by the large
diagonal elements and small off-diagonal elements. The 3-
dimensional solution shows some communication between
the government/regulatory affairs people and other senior
VP’s (dimensions 2 and 3, respectively). However, the com-
munication is substantially asymmetric in that the r2,3 ele-
ment is larger than r3,2. This indicates that the VP’s were
mostly recipients of messages while the government/regulatory
affairs employees were senders. With the addition of the
pipeline employees in the 4-dimensional solution, we see that
they interact almost exclusively with themselves due to the

Email communications at Enron (1998-2002)

34,427 emails among 184 employees over 44 months

• Email folders collected at one point in time.
• Shape of histogram depends on:
- How far back employees kept emails
- Employment history of individual

We use smaller dataset prepared by Priebe et al.



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

Plot of convergence history



Social Network Analysis

Communication graph 
among employees over 

all times

patterns

• Description of employees by their roles
• Aggregate communication patterns among roles

DEDICOM

Adjacency
tensor
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Temporal Social Network Analysis

April

March

January

February

Time series of 
communication graphs 

among employees

Adjacency
tensor

ro
le

s
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e patterns

• Unique description of employees by their roles
• Aggregate communication patterns among roles
• Behavior over time

3-way DEDICOM



Roles of Employees

2-Dimensional 3-Dimensional 4-Dimensional
Solution Solution Solution

Employee 1 2 1 2 3 1 2 3 4

T. Jones - Employee, Financial Trading Group (ENA Legal) 0.64 -0.02 0.64 -0.02 0.01 0.64 -0.01 0.02 -0.00
S. Shackleton - Employee, ENA Legal 0.45 -0.02 0.45 -0.01 -0.02 0.45 -0.00 -0.01 -0.00
M. Taylor - Manager, Financial Trading Group ENA Legal 0.38 0.00 0.37 -0.01 0.01 0.37 0.01 0.02 -0.00
S. Bailey - Legal Assistant, ENA Legal 0.26 -0.01 0.26 -0.01 -0.01 0.26 -0.00 -0.01 -0.00
S. Panus - Senior Legal Specialist, ENA Legal 0.26 -0.01 0.26 -0.01 -0.01 0.26 -0.00 -0.00 -0.00
M. Heard - Senior Legal Specialist, ENA Legal 0.23 -0.01 0.23 -0.01 0.00 0.23 -0.00 0.00 -0.00
J. Hodge - Asst General Counsel, ENA Legal 0.13 0.03 0.13 0.03 0.00 0.13 0.03 0.01 -0.00
L. Kitchen - President, Enron Online 0.10 0.08 0.11 -0.13 0.53 0.11 -0.09 0.53 0.00
S. Dickson - Employee, ENA Legal 0.09 -0.00 0.09 -0.00 0.00 0.09 -0.00 0.00 -0.00
E. Sager - VP and Asst Legal Counsel, ENA Legal 0.08 0.04 0.08 0.01 0.06 0.08 0.02 0.07 -0.00
J. Dasovich - Employee, Government Relationship Executive -0.01 0.58 -0.02 0.57 0.04 -0.01 0.58 0.06 0.01
J. Steffes - VP, Government Affairs -0.00 0.49 -0.01 0.52 -0.08 0.00 0.53 -0.06 -0.01
R. Shapiro - VP, Regulatory Affairs -0.01 0.43 -0.01 0.39 0.09 -0.00 0.40 0.10 -0.00
S. Kean - VP, Chief of Staff -0.01 0.35 -0.01 0.37 -0.05 -0.00 0.37 -0.04 -0.00
R. Sanders - VP, Enron Wholesale Services 0.03 0.16 0.03 0.16 -0.01 0.03 0.16 -0.01 -0.00
D. Delainey - CEO, ENA and Enron Energy Services 0.01 0.12 0.01 0.08 0.08 0.01 0.09 0.09 -0.00
S. Corman - VP, Regulatory Affairs -0.00 0.08 -0.00 0.08 -0.01 -0.00 0.08 -0.00 0.20
M. Carson - Employee, Corporate and Environmental Policy -0.00 0.07 -0.00 0.09 -0.02 -0.00 0.08 -0.02 -0.00
S. Scott - Employee, Transwestern Pipeline Company (ETS) -0.00 0.08 -0.00 0.08 -0.00 -0.00 0.08 -0.00 0.04
J. Lavorato - CEO, Enron America 0.02 0.12 0.02 -0.08 0.49 0.02 -0.04 0.49 0.00
M. Grigsby - Director, West Desk Gas Trading 0.00 0.04 0.00 -0.04 0.20 0.00 -0.03 0.20 -0.00
G. Whalley - President, 0.01 0.06 0.01 -0.03 0.19 0.01 -0.01 0.19 0.00
J. Steffes - VP, Government Affairs 0.00 0.04 0.00 -0.04 0.19 0.00 -0.02 0.18 0.00
K. Presto - VP, East Power Trading 0.01 0.01 0.01 -0.06 0.19 0.01 -0.05 0.18 0.00
S. Beck - COO, 0.01 0.02 0.01 -0.05 0.17 0.01 -0.03 0.17 0.00
B. Tycholiz - VP, Marketing 0.01 0.04 0.01 -0.03 0.17 0.01 -0.02 0.16 0.00
J. Arnold - VP, Financial Enron Online 0.03 0.02 0.03 -0.05 0.16 0.03 -0.04 0.16 -0.00
J. Williamson - Executive Assistant, 0.00 0.02 0.00 -0.03 0.14 0.00 -0.02 0.14 0.01
K. Watson - Employee, Transwestern Pipeline Company (ETS) -0.00 0.01 -0.00 0.00 0.01 -0.00 -0.00 0.01 0.59
M. Lokay - Admin. Asst., Transwestern Pipeline Company (ETS) -0.00 0.01 -0.00 0.01 0.01 -0.00 0.01 0.01 0.42
L. Donoho - Employee, Transwestern Pipeline Company (ETS) -0.00 0.01 -0.00 0.01 0.01 -0.00 0.01 0.01 0.35
M. McConnell - Employee, Transwestern Pipeline Company (ETS) 0.00 0.00 0.00 -0.00 0.01 0.00 -0.00 0.01 0.26
L. Blair - Employee, Northern Natural Gas Pipeline (ETS) -0.00 0.01 -0.00 0.01 0.00 -0.00 0.00 0.00 0.22
K. Hyatt - Director, Asset Development TW Pipeline Business (ETS) -0.00 0.02 -0.00 0.02 0.00 -0.00 0.01 0.00 0.20
D. Schoolcraft - Employee, Gas Control (ETS) -0.00 0.00 -0.00 0.00 0.00 -0.00 0.00 0.00 0.18
T. Geaccone - Manager, (ETS) 0.00 0.00 0.00 -0.00 0.01 0.00 -0.00 0.01 0.17
R. Hayslett - VP, Also CFO and Treasurer 0.00 0.01 0.00 -0.00 0.02 0.00 -0.00 0.02 0.16

R matrix 438.3 12.1 440.3 18.6 -0.9 440.2 1.6 -15.0 0.4
15.3 291.9 19.7 292.5 168.4 1.6 278.3 135.4 1.6

-17.0 104.1 216.4 -29.3 70.7 201.6 -6.2
1.4 -4.6 -7.5 172.3

Table 2: Three-way DEDICOM results on the Enron email graph for three different decompositions, p = 2, 3, 4.
The top 10 entries from all reported columns of A are listed in the table. Entries exceeding a threshold of
0.06 are highlighted.

DtRDt

October 2000 22.2 0.1 -0.5 0.0
0.1 19.0 4.7 0.1
-0.9 2.5 3.6 -0.1
0.0 -0.2 -0.1 3.5

October 2001 14.5 0.0 -0.9 0.0
0.0 4.1 5.5 0.1
-1.8 2.9 22.5 -0.7
0.1 -0.2 -0.8 19.1

Table 3: DtRDt matrices showing communication
patterns for October, 2000 and October, 2001.

that it identifies some people who were pretty much purely
of a certain type and other people who had mixed charac-
teristics. For example, a given person might “load” on both
an executive and a lawyer component or aspect, and thus
show email exchanges resembling each of these two roles to
some extent.

The entries in matrix R describe the communication pat-
terns between groups of the same and different type. They

show how a particular person’s combination of roles or at-
tributes influences the pattern of messages he/she exchanges
with particular other employees given the other employee’s
roles or attributes. The R matrix is asymmetric and of-
fers an idealized version of a directed graph involving the
components identified in A.

In addition, three-way DEDICOM shows the associated
communication patterns over time in the tensor D. The
scales in each Dt show the strength of participation of a
particular group for time period t.

In the present study, we investigated a semantic graph
with edges labeled by time. As an alternative to time, we
point out that our semantic graph could have incorporated
different types of communication media (e.g., email, phone,
and mail communications) instead of time in the third mode.
Then an analysis with three-way DEDICOM would repre-
sent information about the vertices across all forms of com-
munication (appropriately scaled by slices of D) in the A
and R matrices.

Furthermore, DEDICOM is not limited to the analysis of
sociometric and intercommunication data; DEDICOM may

2-Dimensional 3-Dimensional 4-Dimensional
Solution Solution Solution

Employee 1 2 1 2 3 1 2 3 4
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J. Hodge - Asst General Counsel, ENA Legal 0.13 0.03 0.13 0.03 0.00 0.13 0.03 0.01 -0.00
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Table 2: Three-way DEDICOM results on the Enron email graph for three different decompositions, p = 2, 3, 4.
The top 10 entries from all reported columns of A are listed in the table. Entries exceeding a threshold of
0.06 are highlighted.
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October 2000 22.2 0.1 -0.5 0.0
0.1 19.0 4.7 0.1
-0.9 2.5 3.6 -0.1
0.0 -0.2 -0.1 3.5

October 2001 14.5 0.0 -0.9 0.0
0.0 4.1 5.5 0.1
-1.8 2.9 22.5 -0.7
0.1 -0.2 -0.8 19.1

Table 3: DtRDt matrices showing communication
patterns for October, 2000 and October, 2001.

that it identifies some people who were pretty much purely
of a certain type and other people who had mixed charac-
teristics. For example, a given person might “load” on both
an executive and a lawyer component or aspect, and thus
show email exchanges resembling each of these two roles to
some extent.

The entries in matrix R describe the communication pat-
terns between groups of the same and different type. They

show how a particular person’s combination of roles or at-
tributes influences the pattern of messages he/she exchanges
with particular other employees given the other employee’s
roles or attributes. The R matrix is asymmetric and of-
fers an idealized version of a directed graph involving the
components identified in A.

In addition, three-way DEDICOM shows the associated
communication patterns over time in the tensor D. The
scales in each Dt show the strength of participation of a
particular group for time period t.

In the present study, we investigated a semantic graph
with edges labeled by time. As an alternative to time, we
point out that our semantic graph could have incorporated
different types of communication media (e.g., email, phone,
and mail communications) instead of time in the third mode.
Then an analysis with three-way DEDICOM would repre-
sent information about the vertices across all forms of com-
munication (appropriately scaled by slices of D) in the A
and R matrices.

Furthermore, DEDICOM is not limited to the analysis of
sociometric and intercommunication data; DEDICOM may
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Table 2: Three-way DEDICOM results on the Enron email graph for three different decompositions, p = 2, 3, 4.
The top 10 entries from all reported columns of A are listed in the table. Entries exceeding a threshold of
0.06 are highlighted.
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Table 3: DtRDt matrices showing communication
patterns for October, 2000 and October, 2001.

that it identifies some people who were pretty much purely
of a certain type and other people who had mixed charac-
teristics. For example, a given person might “load” on both
an executive and a lawyer component or aspect, and thus
show email exchanges resembling each of these two roles to
some extent.

The entries in matrix R describe the communication pat-
terns between groups of the same and different type. They

show how a particular person’s combination of roles or at-
tributes influences the pattern of messages he/she exchanges
with particular other employees given the other employee’s
roles or attributes. The R matrix is asymmetric and of-
fers an idealized version of a directed graph involving the
components identified in A.

In addition, three-way DEDICOM shows the associated
communication patterns over time in the tensor D. The
scales in each Dt show the strength of participation of a
particular group for time period t.

In the present study, we investigated a semantic graph
with edges labeled by time. As an alternative to time, we
point out that our semantic graph could have incorporated
different types of communication media (e.g., email, phone,
and mail communications) instead of time in the third mode.
Then an analysis with three-way DEDICOM would repre-
sent information about the vertices across all forms of com-
munication (appropriately scaled by slices of D) in the A
and R matrices.

Furthermore, DEDICOM is not limited to the analysis of
sociometric and intercommunication data; DEDICOM may
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Figure 2: Scales in D indicate the strength of participation of each group’s communication over time.

derive useful information from any directed graph. New pos-
sibilities include analyzing a network of web traffic between
servers over time or perhaps a web/citation graph, where
edges convey authority among vertices. A third mode enters
when the 2-way data are categorized by time, demographic,
click number, or some other feature of the data.

Finally, we suggest a few extensions to the DEDICOM
model and its application in data mining that we intend to
pursue. First, constrained DEDICOM [23] is an extension
of DEDICOM that has been suggested in the 90’s and pur-
sued more recently. The idea is to put constraints on the
A factors themselves so that the columns of A lie in a pre-
scribed column space. For example, in the email graph, one
might want to impose a constraint on the first column of
A so that it contains only the top executives. Many other
variations are possible. This procedure allows for including
domain knowledge or incorporating human understanding
into the problem. Kiers and Takane [23] offered an algorithm
for handling different subspace constraints on A. More re-
cently, Rocci [33] proposed a new algorithm for fitting any
constrained DEDICOM model.

Second, a nonnegative factorization of DEDICOM, where
A and/or R are nonnegative, would preserve the non-negativity
of the data, which could be desirable in some domains and
applications.

Finally, DEDICOM has been applied to skew-symmetric
data [17] and has yielded some benefits. There might be
ways to apply this technique to semantic graphs as well.
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Summary

• Improvements to DEDICOM
- New procedure for finding A
- Newton step for finding D

• Modifications 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



More Information

• 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:
- Tech report SAND2006-2161 available on website 

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


