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Pertect
Dimensions

THE RIGHT DIMENSIONAL MODELING TECHNIQUE MAKES ALL
THE DIFFERENCE IN IMPLEMENTING ANALYTIC DATA
STRUCTURES THAT BEST SUIT YOUR RELATIONAL OLAP TOOL

ODAY’S ADVANCED BUSINESS INTELLIGENCE APPLICATIONS COMBINE USING LARGE

volumes of detailed data with sophisticated analytic capabilities. A common implementation technique is to store

data using a relational database and support applications with a relational online analytical processing (ROLAP)
tool providing ad hoc and standardized reporting. These ROLAP systems are a common way to jumpstart your company’s Web-
based information access and regular report scheduling. Most importantly, you’re able to specify complex calculations your
ROLAP tool will automatically translate into SQL statements necessary for a report. Each tool is built around an underlying re-
porting model reflected in the tool’s database design and report construction requirements and limitations. But all tools focus

on business dimensions. We'll discuss the techniques for dimensional modeling and the tradeoffs you might encounter when

arriving upon an appropriate physical representation implemented with a relational database.

Dimensional modeling is a technique
used to model databases for analyti-
cal applications, especially those you can
create using ROLAP tools. Dimension-
al and traditional entity/relationship
(E-R) modeling are logical modeling
techniques used to capture essential
details of the model’s subject. However,
dimensional modeling rules are more
restrictive. The dimensional technique
results in a simpler model, which you
can use with a ROLAP tool after ap-
propriate physical translation into data-
base tables.

E-R diagrams usually represent con-
ceptual models, and you can use such
diagrams to capture complex relation-
ships among entities. E-R models’ rep-
resentative power is stronger than that
of dimensional models because of the
multiple constructs supported, such as
many-to-many, one-to-many, or op-
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tional relationships. A dimensional mod-
el diagram looks somewhat like an E-R
diagram of a normalized conceptual
model but has the following additional
characteristics:

* Every relationship must be manda-
tory (one-to-one or one-to-many)

* There must be no more than one
possible path between any two entities
(this rule prevents cyclic structures)

* You can use groups of optional at-
tributes in place of optional relationships
to outboard entities in a conceptual model.

Figure 1 (page 50) shows three di-
mensions that appear in the conceptual
model for a retail environment. The lev-
els reachable from the Day level comprise
the Period dimension; from the UPC
level, the Product dimension; and from
the Store level, the Geography dimension.
The boxes with dotted borders highlight
hierarchies within the dimension.

Dimensions

A dimension is a collection of concep-
tually related entities. For example, a
Period dimension would consist of en-
tities representing temporal intervals,
such as day, week, month, and year. A
dimension’s entities are called its levels.
The submodel consisting of only a di-
mension’s levels is called the dimension’s
structure, which must be connected. That
is, every level must be reachable from
every other level.

A level that is the source of more than
one arc is a split in the structure, and a
level that’s the target of more than one
reference is a merge. Splits and merges
are collectively called branches. In Fig-
ure 1, Fiscal Period is an example of a
merge between Ad Week and Calendar
Week. Also in Figure 1, Day demonstrates
a split into Ad Week and Calendar Week.
A hierarchy is a substructure of a di-
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mension structure with no branches. If
the entire structure has no branches,
then the dimension is strictly hierarchi-
cal. Within a hierarchy, there’s no ambi-
guity in the interactive analysis terms
roll up (tracing arcs) and drill down (re-
tracing arcs), because at the most, there’s
one possible next level up or down. Di-
mensional diagrams are drawn conven-
tionally with the arrows between levels
pointing up wherever possible. This style
presents natural physical analogs for the
concepts “roll up” and “drill down.”

Fact Groups
An entity not in a hierarchy is a fact
group. Every entity in a dimensional
model must be either a level or a fact
group. The attributes of a fact group are
its facts.

Facts represent stored data, and met-
rics represent reported data. Facts are rep-

resented in the dimensional model, and
metrics are described in the application’s
metadata. Metrics corresponding directly
to facts are called simple metrics. Metrics
involving calculations, such as standard
arithmetic operations or other, aggregate
operations, numeric constants, and fil-
ter criteria are called calculated metrics.
Because most reporting tools are built
on the premise that all facts correspond
to simple metrics, its best to avoid stor-
ing calculation results as facts. Doing so
splits the application’s calculations into
two classes: those performed in data
management (with definitions captured
in one location), and those performed
by the application (with definitions cap-

tured in a different location). Choosing
to store calculated facts means accept-
ing the limitation that, as far as report-
ing applications are concerned, the re-
sulting fact is disconnected from the
other facts on which it is based.

For example, gross profit is defined
as sales dollars minus cost. This calcu-
lation belongs in the application’s meta-
data so users can look up the definition
along with those of other metrics. Stor-
ing gross profit in addition to sales dol-
lars and cost might save some report pro-
cessing time, but at the expense of being
unable to capture the calculation’s defi-
nition in the application metadata (other
than as a descriptive annotation).

The dimensions related to a fact
group define its dimensionality. The par-
ticular levels to which fact group refers
define its granularity. Generally, a fact
group is permitted to have at most one
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reference to any dimension.

A fact is additive over a particular di-
mension if adding it through or over the
dimension results in a fact with the same
essential meaning as the original fact,
but is now relative to the new granular-
ity. A fact is fully additive if it's additive
over every dimension of its dimension-
ality, partially additive if additive over at
least one but not all of the dimensions
of its dimensionality, and non-additive
if not additive over any dimension. In
general, facts representing individual
business transactions are fully additive,
although cumulative totals are partially
additive. Non-additive facts are usually
the result of ratio or other calculations;
where possible, you should replace such
facts with the underlying calculation facts
so you can capture the calculation in the
application as a metric.

For example, a fact representing cu-
mulative sales units over a day at a store
for a product is a fully additive fact: Add-
ing it over any of its dimensions yields
a fact with the same basic meaning ex-
cept it’s for a coarser granularity. How-
ever, a fact representing ending inven-
tory on hand for a week at a store for a
product is a partially additive fact: Adding
it over the dimensions containing the
store and product levels doesn’t funda-
mentally change its meaning. But add-
ing over the time dimension provides a
result no longer representing ending in-
ventory on hand. (The ending inventory
on hand for each new sample would have
to be the sum of the on-hand values for
only those samples corresponding to the
latest week in consideration.)

Sometimes, careful consideration can
provide alternatives to non-additive facts.
For example, a sales fact representing
cost is useful. It lets you calculate gross
profit. However, per-unit cost is non-
additive, which would present some dif-
ficulty in summarizing the report data. If
you instead store the cost as an extended
cost (per-unit cost times units sold), it
will be fully additive. Furthermore, you
can use a calculation (sum of extended
cost divided by sum of sales units) to ob-
tain average unit cost for any coarser
granularity.

A fact group’s potential cardinality is
the product of the expected cardinalities
of its granularity levels. The expected car-
dinality of a fact group is an estimate of
the sample number that will actually oc-
cur. A fact group’s expected density is the
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expected cardinality divided by the po-
tential cardinality; you can think of it as
a percentage-filled estimate. Finally, the
expected sparsity of a fact group is a per-
centage equal to 100 percent minus the
expected density. You can’t determine
the three analogous physical concepts —
actual cardinality, actual density, and ac-
tual sparsity — without first building and
populating the corresponding table.
Some facts, such as the sales facts in
our example, represent actual events. You
can trace an actual event back to at least
one business transaction (such as sales,
orders, or inventory). The tie to a busi-
ness transaction may be direct (as with

Ad/Fiscal Fiscal

Advertising

finest granularity fact group is called the
base fact. The others are called aggregate
facts and must have rules defined for
how they’ll be constructed from the base
fact. (Usually, summation is the method.)

* There are three primary reasons for
creating aggregate facts when translat-
ing the dimensional model to a physical
representation:

* Enhancing performance on com-
mon queries at coarser granularities

* Storing more historical data than is
practical at the finer granularities

* Taking advantage of the need to store
other facts with similar sparsity and other
characteristics at the coarser granularity.

Calendar Merchandising Operations
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FIGURE 1 A simple dimensional model for a basic retail

application.

sales and orders, where the fact repre-
sents a single aspect of a single transac-
tion), or indirect (as with the case of the
aforementioned inventory, where the fact
represents the net effect of some trans-
actions on the state of the business).
Other facts represent potential events —
those representing the ability of the busi-
ness to perform a transaction. (For ex-
ample, the set of products a particular
store sells during a particular day is typ-
ically much smaller than the set of prod-
ucts it carries on that day.)

Facts for actual events tend to be
sparser than facts for potential events. A
given fact can appear in more than one
fact group as long as there’s a single finest
granularity with which all the others are
compatible. The fact appearing in the

When contemplating the introduc-
tion of aggregates, keep in mind that al-
though aggregating to coarser granular-
ities decreases potential cardinality, it
tends to also increase density (and there-
fore decrease sparsity). This set of rela-
tionships can cause an aggregate fact
group’s expected cardinality to be com-
parable to the base fact group’s expected
cardinality, which means they’d be equally
costly in terms of storage. If a candidate
aggregate fact entity’s expected cardinal-
ity is more than 10 percent of that of the
next finer granularity with the same facts,
strongly consider omitting the aggregate
from the design. Also, note that aggre-
gate management introduces operational
complexities and data dependencies that
you shouldn’t underestimate.
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Physical Dimension
Representations
There are many options for translating
a dimensional model into a physical rep-
resentation appropriate for implemen-
tation in a relational database product.
When deciding which of the possible
representations you should select, con-
sider the specifics of the front-end tool
you're deploying, as well as the under-
lying relational database management
system (RDBMS). We'll focus on the four
major alternatives for representing a di-
mensional model: flattened, normalized,
expanded, and levelized. Note that spe-
cific front-end tools will often impose
additional nuances in the physical rep-
resentation of a dimensional model (es-
pecially in the Period dimension), and you
should investigate these requirements
prior to finalizing a physical design.
Flattened. A flattened dimension
consists of just one table. The table has
one column for each attribute of each
dimension level and contains one row
for each of the rows in the lowest (most
detailed) level in the dimensional model.
Attributes from levels above the lowest
are flattened into the bottom level as sep-
arate columns. Figure 2a shows the flat-
tened representation for the example
model, where Store is the lowest level.

b

REGION

STORE

Region ID

If the dimensional model has fact
groups involving levels other than the
lowest dimension levels, yowll have to
create additional flattened dimension ta-
bles with these other levels; their lowest
levels will serve as targets for the foreign
keys of these other fact tables.

Normalized. Normalized dimensions
consist of one table for each level of the
dimension. Each table has one column
for each corresponding level attribute
(including a primary key), and one for-
eign key column for each of its direct
parent levels. Each table contains one
row for each instance of the corre-
sponding level.

For example, each of the tables in Fig-
ure 2b has ID and Description columns,
but only the Store and District tables
have additional foreign-key columns to
represent the relationships to the next
levels to which they roll up in the di-
mensional model.

Normalized dimensions use space ef-
ficiently, because the minimum possible
set of attributes is defined for each en-
tity. However, some queries against this
sort of model would require more joins
than would other representations. For
example, selecting data from a store-level
fact table and grouping it by an attribute
of regions requires all three dimension

DISTRICT

District ID Store ID

Store Desc
District ID
District Desc
Region ID
Region Desc

Region Desc

Store Desc
District ID

District Desc
Region ID

d.
GEOGRAPHY

tables referred to in Figure 1 — Store,
District, and Region — simultaneously.
This operation would necessitate a multi-
table join and would possibly affect over-
all query efficiency.

Expanded. Similar to normalized di-
mensions, expanded dimensions consist
of one table per dimension. However,
each of the tables has columns for the
corresponding level attributes as well as
for all the levels above it in the dimen-
sion structure. As shown in Figure 2c,
an expanded dimension has the maxi-
mum number of tables, with the maxi-
mum number of columns per table. The
tables each have one row for each in-
stance of the corresponding level. Ex-
panded dimensions are even less space
efficient than flattened dimensions be-
cause of the larger number of tables they
spawn. However, the tables let you per-
form efficient queries against all possi-
ble fact tables involving the dimension,
because a table with the right key and
the right columns for any filter will al-
ready be available for a join; there’s no
need to resort to multi-table joins within
a single dimension.

Levelized. Levelized dimensions con-
sist of just one table that has all the col-
umns of a flattened dimension and a few
additional special columns to identify
the source level. The table has one row
for each instance of each level. In other
words, the number of columns in a lev-
elized design will be roughly equivalent
to what’s required in a flattened design,
yet the number of rows will be equal to
the sum of the number of rows from all
levels in a normalized design.

In Figure 2d, the table would contain
one row for each Store, District, and Re-
gion. For each row, the value of the Level
Code column indicates the correspond-
ing level, which would be Store, District,
or Region. An artificial key, such as Ge-

Geography ID

Geography Desc
Store ID

Store Desc
District ID
District Desc
Region ID
Region Desc
Level Code

Region ID District ID Store ID ography ID, serves to keep all the rows
distinct, because it possible the domains
of the natural keys for the levels might
overlap (such as when there’s both a Store
1 and a District 1). For each row, the
columns that don’t apply are NULL. For
example, a District row would have
NULLs for the store information.
Among the four physical dimension
representations, flattened is the one most
often discussed in reference to dimen-
sional modeling. However, dimensional
modeling is a logical technique, and the

dimension representation is a physical

Store Desc
District ID
District Desc
Region ID
Region Desc

District Desc
Region ID
Region Desc

Region Desc

FIGURE 2 The four alternatives for physical representation of a di-
mensional model: (a) flattened, (b) normalized, (c) expanded,
and (d) levelized.
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decision most often determined by the
choice of reporting tool. The other three
representations are equally valid, and
there are situations in which they are re-
quired. Dimensional modeling per se
doesn't dictate dimension flattening.

Knowing Design Parameters
The dimensional modeling techniques
we've described facilitate creating data
models to support ROLAP and other an-
alytical access against a data warehouse.
High-level, tool-based access to data ware-
houses usually requires relatively sim-
ple data models because of the structural
assumptions reporting tool developers
make. These assumptions determine the
database schema patterns the tool will
support, which are usually closely re-
lated to the patterns appearing in a di-
mensional model.

By using a modeling method that ac-
counts for the restrictions the reporting
tool places on the physical model, it’s
easier to arrive at a final model you can
use through the tool. Of course, as with
any effective modeling technique, the
diagrams are a small part of the overall
deliverable. In addition, it’ vital to pro-
duce documentation that also includes
extensive conceptual information: pre-
cise definitions of the business terms
used in the model, detailed explanations
of design decisions, the alternatives con-
sidered, and the factors and reasoning
behind the alternatives chosen. All this
is necessary to let project contributors
do qualified reviews and support ongo-
ing discussions with business users. For-
tunately, because the dimensional dia-
grams tend to be relatively simple, they
serve as an excellent frame of reference
for both these activities.

Space considerations for the dimen-
sional tables in a physical representation
are typically inconsequential compared
to their corresponding fact tables (which
are generally orders of magnitude larger
in size than the dimensional tables). The
real trade-offs in choosing physical rep-
resentation usually relate to the partic-
ular front-end reporting tool selected
and the ability of your database to han-
dle the implemented table structures ef-
ficiently. Before making database and
front-end reporting tool selections, you
have to understand the design parame-
ters your choice will influence. Only then
can you implement a physical represen-
tation with a relational database opti-

mized for your tool of choice. Dimension-
al modeling techniques are independent
of the physical representation you ulti-
mately select, and they provide a robust
design vehicle for describing the analytic
structure you want to implement in your
ROLAP system. IE
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