Standardizing Data Dimensions
of Healthcare Data Warehouses

Richard E. Biehl, Ph.D.!

Abstract. Database and storage technologies now enable extremely large and complex data warehouses of
very high dimensionality, and design patterns have matured to the point where the design of such data
structures is becoming routine. This paper addresses the major remaining problem in dimensional modeling:
How to semantically select the optimum number and types of dimensions. Using ontologies, with the Basic

Formal Ontology (BFO) as a foundation, the optimum choice for data warehouse dimensions can be made in
support of maximum interoperability and semantic reasoning support.
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1 Introduction

Dimensional data warehouses are large aggregate databases that bring together an enormous amount of
consolidated subject-oriented enterprise data for aggregation and analysis. The size and scale of today’s data
warehouses are largely enabled by the advances in database and storage technologies that have taken place over
the past thirty years, while the semantics of such warehouses have evolved in parallel under different driving
forces.

A central paradigm of dimensional warehousing is the separation of fact data from dimensional data, with
facts comprising the quantitative and observational data of interest, and the dimensions comprising the variety
of contexts in which those facts are collected and understood. The facts can be said to exist in the center of a
cloud of dimensions that was often discussed by drawing a star and labeling the points of the star according to
the desired dimensionality of the facts that would be included. (see Figure 1) In those early days of warehousing
(e.g., the late 1970s), the five-pointed star seemed appropriate because database technologies were only mature
enough to handle about five dimensions in a reasonable design, and the larger warehouses that would require
more than five simple dimensions were beyond the cost-effective storage technologies of the day.
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Fig. 1. Evolution of the “star” schema paradigm in data warehousing: (a) A

traditional sales data view with a 5-point star (c. 1987), and (b) a much higher
dimensional clinical data star with 15-20 dimensions (c. 2007).
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Today’s warehouses routinely exceed the 5-dimension limitation of the traditional star, but the vernacular
naming of the star schema persists. Figure 2 depicts a 19-dimensional star schema for a clinical data warehouse
at a large academic medical center?. The figure illustrates a central fact table surrounded by the 19 dimensions,
although the simple clarity of the 5-pointed star is less obvious as the dimensions scale up.

Each of the dimension boxes in Figure 2 represents a rich set of data constructs that have been generalized
over time to the design pattern depicted in Figure 3. A significant subset of this design pattern is derived from
Kimball. [1] The design pattern allows dimensional data warehouses to be designed and implemented very
quickly, and the standardization supported by the pattern makes it much easier for data analysts to learn to use
these warehouses effectively.
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Fig. 2. Clinical Data Warehouse Dimensional Architecture.
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Fig. 3. Dimensional anatomy design pattern. Bridge-Group constructs allow individual facts to
reference multiple entries in a single dimension, and Context-Reference constructs allow entries to be
identified by the natural keys in multiple source or destination contexts. The Hierarchy construct
allows for aggregation, disaggregation, and associations among entries independent of the local
dimensionality of the facts.

2 The examples presented throughout this paper are taken from the author’s design work in a variety of clinical settings, but
there is nothing about ontologies or these design heuristics that are specific or tailored to the healthcare industry.
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Although there are many dimensions in a star schema warehouse, their structures and behaviors are all the
same. Because of this, a user of the clinical warehouse depicted in Figure 2 is quickly able to approach and use
the research bioinformatics warehouse depicted in Figure 4 because the same design pattern underlies every
dimension regardless of the clinical, scientific, or business meaning of the entries in the dimension. In this sense,
all star schema data warehouses are the same.

Gene
Sequence m Year, Quarter,
Mutation Calendar Month, Day

Chromatin Structure
Transcription Factor Target

mRNA | Transcriptome -,

Proteins

Methylation

Regulome

Hour, Minute,
Second, Sub-second

. Ecology, Nature,
Environment | satting

Ecology, Population,
Organism, Organ, Tissue,
£2] cell, Protein, Gene, B.P.

Specimen 5“’;‘_"'“
Signal Transduction Metabalome Fact instance| Subject
" Experiment
. Interaction . .
Disease Expression Investigation | Imstrument
Appearance Phenotype . Measurement
Trait Function Publication
Physiology Qutcome lati
? Process Confidence . Speculation
Reaction Finding Epistemology | knowledge
Life cydl Assertion
ife Cycles
Growth Stages DEVEIopment Element
" Molecule
R95i5ta':'“* PEthOng\( ChemIStrv Macromolecule
Perturbation Pharmacology
Treatment i i
Thera Quantity, Quality,

Anatomy
Makeup

Structure

Fig. 4. Bioinformatics Data Warehouse Dimensional Architecture.

While the design pattern determines the structure of each of the various warehouse dimensions, it ultimately
says nothing about the content
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