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Background

 There are many ways to analyze large sets of data, and it is
often difficult to determine which method is most
appropriate

e Clustering is a technique that allows for data to be
segmented (classified) into sub-groups based on their
similarity to each other

e K-Means is a non-hierarchical (partitioned) iterative
technique to divide data into K clusters

* |n certain cases, clustering can be applied to data in order to
obtain additional detail into cost drivers and create cost
estimating relationships that weren’t initially visible
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Predictive Modeling Methods

* Regression
= Linear/Non-Linear
= Multivariate

e Decision Trees
® Predictive
= Analytic
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e Clustering N
= K-Means (centroid) - ,,’”.5*6
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Clusters

e Clustering — a statistical technique utilized to analyze and
classify data that exhibits natural groupings

* No independent or dependent variables

* [tems in a cluster are similar to
each other and dissimilar to items
in other clusters

* Primary input to define clusters is
correlation coefficients and
distance measures

e Goal: Minimize the distance between each point within the
cluster while maximizing the distance between each clusters
central point
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Why K-Means?

e K-Means clustering is a (relatively) simple technique for
classifying data points into K groups

e Algorithm is simple to set up and can be calculated
manually, if necessary

e Data is placed into clusters based on which cluster centroid
(central point) it is closest to
= Goal is to minimize error (SSE)
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Identify
Relevant
Variables

e Create a correlation .
table or scatterplot to
identify variables that
have a relationship to
cost .

e More variables does not
necessarily make the
model better — be
careful to avoid over
specificity

Correlation Graph
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Normalize
Data

All variables should be
normalized, allowing
them to fall on the same
scale

If data is not normalized,
larger variables will
dominate the analysis

Process

Determine
Amount of
clusters

e Thereis no hard and fast * Complete the clustering

rule, but a good strategy
is to compare the sum of
the squared error (SSE)
(distance each point is
from the cluster’s
center) to the amount of
clusters

* The “Elbow Method”
displays the relationship
between SSE and cluster
amount and helps
identify the point of
diminishing returns

Elbow Method - Example
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Define
Clusters

algorithm (supported by
various software
programs) to identify
optimal clusters

Use caution to ensure
that the global solution

is found, and not a local

solution
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Apply
Results

Sort new data into
identified clusters

Data should be
compared to the clusters
central point and placed
into the group which it is
most similar to

After new data is
obtained, the algorithm
to identify clusters can
be re-run, which may
slightly alter the analysis



Common Pitfalls

* Non-optimal number of clusters
= Omission of natural groups
= QOver-specificity

e Empty/Unique Clusters

= Depending on how the initial centroids are defined
* A cluster may contain no data points
* A cluster may center on one outlier and include no other data

= |n this case, centroids should be randomly reselected

e Local Minimum
= K-means algorithm does not necessarily converge to global
minimum
= Split/merge clusters
= Goal is to minimize SSE without adding additional clusters
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Best Practices

e Run algorithm using several sets of initial starting points
= Allows for identification of local verse global minima

e Define a convergence threshold

= For very large data sets, complete convergence may not be
achieved until a large amount of iterations have been completed

= Setting a threshold at which to stop iterations (i.e. 95% of data
points remain in the same cluster after an iteration) can increase
the speed of the calculation without sacrificing significant accuracy

e Cost Estimation:
= Group cost drivers (HW, SW, Installations) based on similar
requirements
= |n some cases, more in depth analysis can be completed on clusters
in order to better estimate future costs
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Pros and Cons

* Pros
= Calculation algorithm is simple and efficient
= Works well with large data sets
= Allows in-depth analysis to be completed on similar data points

e Cons

= Potential for different starting points to lead to different results
(local minima)

= QObjective optimal amount of clusters
= |ssues with outliers

= Algorithm has trouble identifying clusters with different
sizes/densities, or those that are not spherical
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Real World Application



Application - Background

Challenge Proposed Solution

e The client provided data sets * Apply K-Means Clustering

with a large amount of site methodology to available data
survey results that were not to determine it natural groups
consistently defined (not all exist

variables were included in

e After identifying natural
each data set) ying

groupings, sort align buildings

* Needed to determine how to with no cost data into the
obtain costs for all locations cluster that best fits them
that had not completed

e Apply average cluster cost to
obtain estimate for future
building procurement
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Application - Results

e An algorithm was created utilizing Excel Solver (although
more sophisticated tools exist) to identify the appropriate
cluster parameters

* Three clusters were identified:
= Partial Upgrade
= Full Upgrade, Low Subscribers
= Full Upgrade, High Subscribers

Average Cost Subscribers Refresh

Cluster1 | S 449,746 (2.74) (1.55)
Cluster2 | 5 1,075,983 3.68 2.73 | *Data shown has
Cluster3 | S 4,066,472 1.14 (2.23)] been normalized

e Buildings were sorted into the cluster they most closely
aligned with, and costs were applied to the LCCE Cost Model
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Considerations

e Simpler is often better — more variables (clusters) allow the
model to more accurately describe known data, but can
over specify and be a poor predictor of future results

 Whenever possible, randomly separate data into training
and test sets
= The training set is used to build the initial model(s)

= The model(s) are then applied to the test set to determine if over-
fitting has occurred

 There are many types of predictive modeling techniques,
and the most applicable one varies depending on the type
of data requiring analysis
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Questions?

Jacob Walzer
Consultant

Kalman & Company, Inc. 7

1100 Wilson Blvd, #1000
Arlington, VA 22209

Mobile: 757-319-2884
Jacob.Walzer@kalmancoinc.com
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