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Chapter 7

MDX Sets

Chapter Objectives Estimated time: 2 hours

In this chapter, you’ll learn MDX query terminology and how to

• Use the MDX Sample application to enter queries.

• Use set functions.

• Create sets by using member constants.

• Create calculated members that aggregate sets of values.

Start the lesson

1. Start Analysis Manager. Right-click the server, and click Restore Database.

2. Navigate to the folder containing the sample files for this book, select
Chapter 7, and click Open. The archived Chapter 7 OLAP database is
identical to the one used in Chapter 6, “MDX Values.” Click Restore, and
then close the Restore Database Progress dialog box.

3. Open the Chapter 7 HTML file included with the sample files for this
book. This HTML file contains a Microsoft Office PivotTable list that
retrieves values from the Sales cube of the Chapter 7 OLAP database.

Have you ever noticed that no matter how many times you travel to a loca-
tion as a passenger, the route seems entirely different the first time you have to
navigate—especially if you’re alone. The Microsoft Excel PivotTable report and
the Office PivotTable list features create multidimensional expressions (MDX)
statements to retrieve values from a cube, but creating a report yourself can give
you a tremendous appreciation for how Microsoft SQL Server 2000 Analysis
Services works.

An MDX query statement is different from an MDX expression. An expres-
sion is a formula that calculates a single value. A query is a command that popu-
lates a report with many values from a cube. The Office PivotTable list, the Excel
PivotTable report, and the browser included in Analysis Manager all generate
MDX queries to retrieve values from a cube. You can use tools like these to cre-
ate reports without writing any MDX statements of your own. Unless you’re a
developer creating a custom report generator, you’ll probably have little occa-
sion to write MDX query statements. So, why should you learn how to create
an MDX query statement? Because the most interesting MDX expressions in-
volve creating a single result based on a large set of values from a cube. Those
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expressions, in effect, create a subquery behind the scenes. Learning how to
create an MDX query will enable you to understand clearly what the subquery
is doing when you create complex MDX expressions. In the first part of this
chapter, you’ll learn how to create explicit queries. In the latter part of the chap-
ter, you’ll use the concepts learned in creating the reports to create calculated
members based on large sets of values.

Preparing to Create MDX Queries
The purpose of an MDX query is to extract values from an OLAP cube into a
report. As explained in Chapter 1, “A Data Analysis Foundation,” a cube has
dimensions (up to 64, if you count Measures as a dimension). A report does not
have dimensions; it has axes (typically, a row axis, a column axis, and a filter
axis). An axis can include labels from more than one dimension. A cube con-
tains all possible values for all members of all levels of all dimensions. A report
contains only selected values from selected levels of selected dimensions. An
MDX query statement consists of the instructions for extracting a report from
a cube.

Use a PivotTable list to understand MDX terms

An MDX query statement uses several new terms. Seeing the terms in a famil-
iar context will make them easier to learn and understand. Browsers such as the
Office PivotTable list use MDX query statements to populate a report. You can
use the Office PivotTable list to learn MDX terminology. The initial report in the
Chapter 7 HTML file shows only a single cell showing the total value for the Sales
Dollars measure. The grand total is a single value from the cube. To retrieve this
value, Analysis Services used the default member for each dimension.

1. In the Web browser, click the Field List toolbar button. Drag the Product,
State, Employee, and Time Calendar dimensions from the PivotTable
Field List window to the filter area of the report. Each dimension displays
the default member in the filter area, and the total value never changes as
you add the dimensions. (Since the Time Fiscal and Time Calendar
dimensions are really hierarchies of the same dimension, you can include
only one in the report at a time. The report still uses the default member
of the unused dimension.)
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The default member allows a query to ignore some of the dimensions
in a cube. If a dimension does not appear on the filter axis, it always uses
the default member. If a dimension does appear on the filter axis, it can
either use the default member or a different member. Putting a dimen-
sion on the filter area of a report overrides the default member for that
dimension.

2. Click the arrow next to the Product dimension list, select the Meat check
box, and click OK to show only the total for meat.

If you use nothing but the filter area, you create a report that displays
only a single value, which is rarely useful. The row and column axes of a
report allow you to display more than one member from a dimension.
More than one member from a single dimension is called a set.

3. Drag the State dimension to the row axis. The three countries—plus the
total—appear. The row axis now displays a set that contains four positions.
Each position in the set corresponds to a member from the State
dimension.
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4. Click the Country level label, and click the Expand toolbar button.

The regions appear. The row axis now displays a set that contains
eight positions. Even though the labels are split into two columns—to
show the levels of the dimension—each position in the set still contains
only a single member from the State dimension.

5. Drag the Sales Units measure to the data area. The column axis now
displays a set that contains two positions, each of which corresponds to a
single member from the Measures dimension.

6. For each cell value you see in the report, you can determine a complete
tuple that includes one member from each dimension in the cube. For
the cell in the Sales Dollars column with the value 6233.27, the Product
dimension contributes Meat, the Employee Dimension contributes Sheri
Nowmer, the Time Calendar dimension contributes All Time, and the
State dimension contributes North West.

Every value in an MDX report requires a single member from each
dimension. The filter axis can include only a single member for any one
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dimension. The row and column axes can include only sets, which
include multiple values from a single dimension.

It’s not unusual for a cube to contain at least six or seven dimensions.
Not counting the filter axis, a report based on an OLAP cube typically
contains only two axes—columns and rows. Often, it’s useful to combine
multiple dimensions from the cube onto a single axis of the report.

7. In the PivotTable List document, drag the Region and State level headings
away from the row area, leaving only the countries and Grand Total on
the axis.

8. Drag the Product level from the filter area to the row area, to the left of the
State level. Drag the Subcategory and Product Name labels away from
the report. Select the Category label, and click the Expand toolbar button.
The report now shows both categories and countries on the row axis. The
row axis still contains a set—a set with 13 positions. But each position
within the set now contains a two-member tuple—a coordinate from
more than one dimension.

Note Technically, a set always contains tuples. Even when there is only one
dimension on an axis, the set consists of single-member tuples.

9. Drag the Time Calendar dimension from the filter area to the row area, to
the left of the Category label. Drag the Calendar Quarter and Calendar
Month labels away from the report. Then select the Calendar Year label,
and click Expand. The report now shows years, categories, and countries
on the row axis. The row axis still contains a set—now a set with 17
positions. But each position in the set now contains a three-member tuple.
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A tuple is a way to specify coordinates from more than one dimension on a
single axis. The filter axis can contain only a single tuple. Row and column axes
can each contain a set of tuples. The bottom line remains: for each value in the
report, there’s a single member from each dimension that contributed to the
complete coordinate for that cell in the cube. The member for a dimension can
come from any of the axes—and more than one dimension can be represented
on a single axis. Any dimension not found on the column, row, or filter axis uses
the default member.

Use the MDX Sample application

Analysis Services comes with the MDX Sample application. The application
allows you to type an MDX statement, run it, and see the results in a grid. The
MDX Sample application includes a metadata pane, which allows you to browse
the hierarchies and members of a cube, inserting dimension, level, and mem-
ber names into the MDX expression. The application also comes with complete
source files for the Microsoft Visual Basic project used to create it. If you’re a
programmer of Visual Basic, you can customize or add enhancements to the
application. Some of the controls in the MDX Sample application are similar to
those in the Calculated Member Builder. In this section, you’ll take a few min-
utes to explore the interface.

1. Launch the MDX Sample application, which is on the Analysis Services
menu along with Analysis Manager. Click OK to connect to the server.
Click the New Query File toolbar button to create a new query file. A
query file can contain multiple queries.

2. In the toolbar, select Chapter 7 as the database name. Then, in the Cube
drop-down list box, select Sales as the cube name.
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The MDX Sample application window is divided into three vertical
panes. The top pane is the query pane, where you build an MDX query
statement. The middle pane is the metadata pane, where you inspect
information in a selected cube. The bottom pane is the results pane, which
shows the output of an MDX query. Across the top of the application are
a menu bar and a toolbar.

Once you select a cube, the Metadata tree—the leftmost section of the
metadata pane—displays the cube name as the top-level parent, plus the
names of all the dimensions in the cube. The Metadata tree is equivalent
to the Data tree in the Calculated Member Builder. The cube name has a
cube icon to its left, and each dimension name has a triple-arrow icon to
its left. Unlike the icons in Analysis Manager, the icons in the metadata
view do not vary between different types of dimensions. The Metadata
tree also displays members, but members often appear multiple times in
the tree. Taking a close look at the metadata window can help you avoid
confusion and get the most benefit from the MDX Sample application.

3. Expand the State dimension. You see one entry for each level in the
dimension, including the All level. The All level has a small rectangular
icon to the left of the level name. Every other level has a dot-cluster icon.
The number of dots represents the level’s depth in the hierarchy.



Chapter 7 MDX Sets 219



Part 2 Multidimensional Expressions220

4. Expand the State level. You see one entry for each member in the level.
Each member name has a lollipop icon to its left. (It’s probably supposed
to be a magnifying glass, but thinking of it as a lollipop is more vivid.)

5. Collapse the State dimension, and then expand the Time dimension.
You see two stair-step icons, one for the Calendar hierarchy and one for
the Fiscal hierarchy. Then expand the Calendar hierarchy to see the
level names.

Note Each item in the Metadata tree is a cube, a dimension, a hierarchy, a
level, or a member. These are all entities that exist within an OLAP database. That
contrasts with sets and tuples, which exist only in an MDX expression. In other
words, there are no sets or tuples in an OLAP database, just cubes, dimensions,
hierarchies, levels, and members.

For your convenience, the Metadata tree usually adds each member
node to multiple locations in the tree. Specifically, in addition to adding
a member node below the level at which it belongs—as with the State
level—the Metadata tree also adds the same member as a child of its
parent member. Some people find this redundancy confusing at first, but
once you understand how the Metadata tree works, it really is
convenient.

6. In the State dimension, expand the Region level and the South West
member. The California member appears below South West. California is
the child—the only child—of the South West member. The California
member appears both in the State level and also as a child of the South
West member.
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7. Expand the Country level, the USA member, and the South West
member. You see the California member once again—this time as a
“grandchild” of USA. The California member is still on the State level.

The highest member in an ancestry tree belongs to the level name just
above it. For example, USA belongs to the Country level. For each degree
of indentation, the members belong to a level one lower in the cube. For
example, South West belongs to the Region level—even though the
member node can appear under the Country level. Likewise, California
belongs to the State level—even though the member node can appear
under the Country or Region levels as well as the State level.

You can double-click any node to have the fully qualified name of the
item appear in the query pane. You can also drag a node to the query
pane, in case you didn’t put the insertion point in the proper place.

8. Double-click the California member. The full name of the member
appears in the query pane.

In the Metadata tree, when you select either a level or a member that has
children, the members appear in the list to the right of the metadata pane. You
can double-click or drag members from the member list to add them to the
query pane.

Double-clicking
a leaf-level
member in the
tree view does
not move the
member into the
query pane. You
can, however,
drag a leaf-level
member into the
query pane or
select the level
name and
double-click a
member from
the member list.
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Creating Basic MDX Queries
You can create MDX queries to replicate the reports you create by using a browser
such as the Office PivotTable list control.

Create a minimal MDX query

Start by creating the simplest possible query from the Sales cube.

1. Replace the contents of the query pane with SELECT FROM Sales. This
is the simplest possible MDX query. You can now run this query.

2. Click the Run Query button on the toolbar. (If you don’t see the results
pane, click the Split View button to the right of the Run Query button;
the Split View button displays the results pane below the metadata pane.)
A single number appears in the report. The number in the report—
35,696.00—is the total Sales Dollars for the entire cube. Because the
query does not specify a member from any dimension, the query uses the
default member from each dimension.

To add a comment to an MDX statement, you simply enter two
adjacent slash characters (//), and MDX will ignore everything from that
point to the end of the line.

3. Move the insertion point before the word SELECT. Type //Simple
Query, and press Enter. Then click the Run Query button to run the
query again. You don’t see any difference—or an error message.

4. Click the Save Query File button on the toolbar, type Queries as the
name of the file, and click Save. You can add multiple queries to this
single file, but you can’t save a file until you’ve entered something in the
query pane.

You can also
press F5 to run
a query.
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You can also
press F5 to run
a query.
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This simple query retrieves a single value from the cube. You can create more
interesting reports by adding sets of members to the column or row axis.

Note In addition to using two sequential slash characters (//) to comment the
remainder of the line, you can also use two sequential hyphen characters (--) for the
same purpose. If you want to create a comment that either is a partial line or spans
multiple lines, you begin the comment with a slash followed by an asterisk (/*) and
end it with an asterisk followed by a slash (*/).

Add a set to the column axis

To display more than one cell in the result grid, you must put a set of members
on an axis. Before creating the new query, add a new query to the query file so
that you can keep both queries intact.

1. Select the contents of the query pane, and press Ctrl+C to copy it. Click
the New Query button, and press Ctrl+V. Change the comment to //Set
on Axis.

To display more than one member on an axis, you use a set of
members, precisely as in the browser. MDX has a number of functions
that return sets. To the right of the member list, in the metadata pane,
there’s a tree labeled Syntax Examples. This list is the same as the
Functions tree in the Calculated Member Builder. To get a set of members
that you can put on an axis, select a function from the Set group.

2. Click immediately after the word SELECT, and type a space. In the Syntax
Examples list, expand the Set group and double-click the Members - Level
function. Then click after the Members function, and type a space and ON
COLUMNS.

3. Click the word «Level». In the Metadata tree, double-click the Category
level node in the Product dimension. The level name appears in the query.

4. Click the Run Query button to see the results of the query. The labels
from the Category level appear as column headings in the report. The
client application, however, can choose to put the “column” axis on
either the columns or the rows.
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5. Click the Pivot Results button on the toolbar. The Category labels now
appear as row headings, even though the query still says ON COLUMNS.

6. Click the Pivot Results button again to return the labels to the column
headings, and save the query file.

Note The terms COLUMNS and ROWS are simply aliases for the true names of
the axes, Axis(0), and Axis(1), respectively. The underlying names make it clearer
to understand why a single-axis report must include a COLUMNS axis but not a
ROWS axis. Technically, an MDX query can have up to 63 axes, with alias names
for the first few. There are, however, essentially no situations in which it’s
necessary to use more than two heading axes for a report.

The tokens in the function templates help you know what kind of item to
add to a specific location of the query. You must replace the «Level» token with
the name of a level. In various contexts, you might also see tokens «Member»,
«Set», «Tuple», «Dimension», and «Hierarchy». «Set» and «Tuple» are MDX con-
structs that do not exist in the OLAP database, so you typically replace them with
functions from the appropriate groups. «Cube», «Dimension», «Hierarchy», and
«Level» all are OLAP objects, so you typically replace these tokens with items
from the Metadata tree. A «Member» is the place where MDX and the cube meet.
You can replace the «Member» token either with a constant member from the
Metadata tree or with a function from the Member group.

Add a set to a second axis

You can also add a set to the row axis. In MDX, if you create a query that has
only one axis, it must be the column axis. If you create two axes, one must be
the column axis and one must be the row axis, although it doesn’t matter in
which order they appear within the query.
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1. Copy the current contents of the query pane, click the New Query button
to add a new query to the current file, and paste the previous query.
Change the comment to //Two axes.

2. Click after the word COLUMNS, and type a comma and a space. You can
now add another set.

3. In the Syntax Examples list, look in the Set group and double-click the
Children function. Then click after the Children function, and type ON
ROWS.

The token that precedes the Children function name is «Member». A
member has children.

4. Select the «Member» token, and in the Metadata tree, find and double-
click the 1998 member. The formatted statement will look like this:

//Two axes
SELECT 
  [Product].[Category].Members ON COLUMNS,
  [Time].[Calendar].[All Time].[1998].Children ON ROWS 
FROM Sales

This function will now add a set of all the quarters of the year 1998 to
the row axis.

5. Click the Run Query button to run the query.

On the column axis, the Members function displays only the members
from the Category level. There are actually three versions of the Members
function—one that returns the members of a level, one that returns the
members from a dimension, and one that returns the members from a
hierarchy. You can change the query to retrieve all the members of the
Product dimension.

6. Delete the Category level name and the period following it, but leave the
dimension name. The function will now return all the members of the
Product dimension.

7. Click the Run Query button to see the results of the query. Click the Pivot
Results button to move the products to the row axis.
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8. Save the query file, and click the Pivot Results button to return the
orientation to normal.

Both axes contain sets. Even though the products are not indented, all
the members of the Product hierarchy are in the set.

Note One important rule for working with axes in an MDX query is that a
dimension can be represented on only one of the three axes—column, row, and
filter—because each axis contributes a member towards the complete tuple
required to retrieve a value from the cube. If a single dimension is represented on
more than one axis, the tuple will contain two members for a single dimension,
which is invalid.

The Syntax Examples list shows three functions named members—one for
levels, one for hierarchies, and one for dimensions. When a dimension has a dual
hierarchy—as with the Time.Fiscal dimension—you must use the hierarchy
version, not the dimension version, even if only one of the hierarchies exists
in the current cube (as in the Basic Sales virtual cube created in Chapter 4,
“Advanced Dimensions and Cubes”).

Create a set by using explicit member names

The only thing you can put on an axis is a set. A set function is one way to get
a set to put on the axis. But sometimes, particularly with the Measures dimen-
sion, you want to be able to pick one or more individual members to put on an
axis. You must be able to put the members into a set. To include members in a
set, you must enclose the set in braces ({}). The braces aren’t necessary when you
use set functions but are necessary when entering specific member names.

1. Click the New Query button. Type Select {[Sales Dollars]} On
Columns From Sales. Then run the query.
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When you create a set without using a set function, you need to
enclose the set in braces, even if it contains only a single member.

2. After the [Sales Dollars] measure, type a comma, a space to enhance
legibility, and then [Sales Units]. Then run the query.

The set on the column axis consists of two positions. Each position
corresponds to a tuple, and each tuple contains a single member. If you
want, you can add parentheses around each tuple, writing the set as
{([Sales Dollars]), ([Sales Units])}, to show that each member is a separate
tuple within the set. When you create a set by using a set function, you
don’t need to enclose the set in braces (but braces around a set are always
acceptable). When you create a set by using explicit members, you do
need to enclose the set in braces. If the first tuple in a set consists of a
single member, each subsequent tuple in that set must be a member of
the same dimension.

Note You can also manually create a set that includes tuples with multiple
members. For example, the following is a legitimate set and could be placed on
an axis in an MDX query: {([Bread],[California]),([Meat],[Oregon])}. It’s unusual,
however, to create a set with constant member names in multimember tuples.
You’re much more likely to use the CrossJoin function described in the following
section to create a set with multiple members in each tuple.

3. Add a comment to the query, and save the query file.

The terminology of an MDX query centers on sets, tuples, and members. A
set includes one or more tuples, and a tuple includes one or more members. Sets
appear on the axes. Tuples appear either in a set (on a column or row axis), or
in the WHERE clause to create the filter axis. Aside from the cube name in the
FROM clause, a member is the only object from a cube that appears directly in
an MDX query.

Put two dimensions on one axis

In “Use a PivotTable list to understand MDX terms” earlier in this chapter, you
saw how the Office PivotTable list can put two dimensions onto the same axis,
creating a set where each position in the set includes a tuple with more than
one member. In an MDX query, to combine two sets from two dimensions into
a single set that you can put onto a single axis, use the CrossJoin function.
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1. Click the New Query button. Type Select Country.Members on
Columns, Category.Members On Rows From Sales. Click the Run
Query button.

This query puts the members of the country level (of the State
dimension) on one axis, and the members of the category level (of the
Product dimension) on the second axis. Each axis contains a set, and
each set has a single member in each tuple. You can use the CrossJoin
function to combine the two sets into one set, with two members in each
tuple.

2. Change the query definition to Select CrossJoin( Country.Members,
Category.Members ) On Columns From Sales. Click Run Query to
see the results.

The column axis contains a set with nine positions. Each position is a
tuple that includes one member from each of two dimensions. The nine
positions correspond to all the possible combinations of the three
categories and the three countries.

3. After the Columns keyword, type a comma, and press Enter. Then type
CrossJoin( [Calendar Year].Members, [Measures].Members) ON
ROWS, and click Run Query to run the query.

This query contains four dimensions from the Sales cube—two on
each axis. Remember that you can put a dimension onto only one axis in
a single query.

4. Add a comment, and save the query file.

The CrossJoin function is a powerful way to create reports that compare mul-
tiple dimensions. Because the function is so powerful, it’s easy to create sets that
are extremely large, particularly when combined with the Members function of
multiple dimensions.
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Creating Calculations by
Using Aggregation Functions

In Chapter 6, you created calculated members in a cube by using arithmetic
operators and discrete values. Now that you know how to use sets, you can create
calculated members that use aggregation functions. First, however, create a simple
calculated member within an MDX query statement. The calculated member
created as part of an MDX statement works the same as one created in a cube,
except that when stored in the cube the member is permanent and is available
to all users of a cube. Sometimes it can be effective to create calculated mem-
bers in a query statement as you develop them and then copy the expressions
to a cube when you’re satisfied with them.

Create a calculated member as part of a query

To see how to create a dynamic calculated member in an MDX query, create an
Average Price member.

1. In the MDX Sample application, add a new query that looks like the
following:

SELECT
  [Measures].Members ON COLUMNS,
  [Product].[Subcategory].Members ON ROWS
FROM [Sales]

2. Click the Run Query button to see the results of the query, and save the
query file. The query shows the two measures from the cube—Sales Units
and Sales Dollars—as column headings.

For a calculated member, you must specify a parent. For the Measures
dimension—which has only one level—use the dimension name as the
parent. You can enter almost anything as the name of the member, but it
must be enclosed in brackets following the same guidelines as any member
name. The expression for a calculated member consists of instructions to
generate a new value.
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3. Before the Select keyword, insert the following:

WITH MEMBER [Measures].[Average Price] AS ‘[Sales Dollars]/
[Sales Units]’

In the main query, the set for the column axis is [Measures].Members,
which would seem to include all measures, but see what happens when
you run the query after defining a new calculated measure.

4. Click the Run Query button. Nothing changes. Calculated members are
not retrieved by the Members function of a dimension or level.

5. Change the expression [Measures].Members to [Measures].AllMembers.
The AllMembers function is like Members, except that it also includes
calculated members. Click the Run Query button to see the calculated
member.

6. Add a comment to the query, and save the query file.

To dynamically create a calculated member, add a MEMBER clause at the
beginning of the MDX query. You can add more than one MEMBER clause to a
query. The word WITH must precede the first MEMBER clause. You do not put
commas between successive MEMBER clauses.

Create a calculated member of a nonmeasure dimension

The most frequent calculated member you’ll create is a calculated measure—a
member of the Measures dimension—but you can also create a calculated mem-
ber of any dimension. When you create a calculated member of a nonmeasure
dimension, you must specify where in the dimension hierarchy you want the
new member to go. Suppose, for example, that you want to create a new mem-
ber that shows the total Sales Units and Sales Dollars for all countries other than
the United States—that is, for the total of Canada and Mexico.
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1. Create a new query, insert the following MDX query statement, and then
run the query:

SELECT
  [Measures].Members ON COLUMNS,
  [State].[Country].Members ON ROWS
FROM Sales

The query shows three countries on the row axis.

2. Before the SELECT keyword, insert the following clause:

WITH 
  MEMBER [State].[North America].[Non-US] AS 
    ‘[Canada]+[Mexico]’

Specifying [State].[North America] as the parent of the new member
puts the new member at the Country level—the same level as Canada,
Mexico, and USA. This is the level already specified in the query.

3. Run the query to see the results. The new member does not appear. As
with the Measures dimension, the Members function does not retrieve
calculated members of nonmeasure dimensions.

4. On the row axis, change the expression [State].[Country].Members to
[State].[Country].AllMembers. Then run the query again.

The new member is now included on the row axis.

Think through the tuple that generates the 8,881.00 value in the
result grid. The Product, Employee, and Time dimensions do not appear



Chapter 7 MDX Sets 231



Part 2 Multidimensional Expressions232

in the MDX statement and thus use the default members. The column
axis supplies the member from the Measures dimension (Sales Units), and
the row axis supplies the member from the State dimension (Non-US).
The Non-US member is a calculated member. That calculated member’s
expression requires two values. The expression overrides the State
dimension member for each of those two values, inheriting the member
for each of the other three dimensions from the cell in the result grid.

Creating an aggregate member by using a plus sign to add values
works fine when you have only two or three values to aggregate, but it’s
cumbersome if you have multiple values. For example, suppose that you
want to create a query that calculates the total for all states other than
Washington.

5. Save the query file, copy the entire contents of the query pane, create a
new query, and paste the copied query. Change the query to look like this
(changed portions are in bold):

WITH 
  MEMBER [State].[South West].[Non-WA] AS 
    ‘Sum([State].[State].Members)’
SELECT
  [Measures].Members ON COLUMNS,
  [State].[State].AllMembers ON ROWS
FROM Sales

The parent is now [South West] rather than [All Product]. Making the
South West region the parent puts the new member at the State level.
Since South West is the last region, this puts the new member at the end
of the list of states. For the time being, the expression includes all the
states and doesn’t exclude Washington.

6. Run the query. The states appear, with Non-WA at the bottom of the list.
The values of the two Non-WA cells include the total of all the states.

You still need to exclude Washington from the set of all the members
of the State level. MDX has a set function that creates a new set by taking
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all the members of one set except those that belong to a second set. The
function is named, appropriately enough, Except.

7. In the member definition, change the expression 'Sum([State].[State].
Members)' to 'Sum(Except([State].[State].Members,
{[Washington]}))', and run the query. While Washington still appears
on the row axis—the row axis definition does not exclude the member—
the totals for the Non-WA member no longer include Washington.

The Non-WA calculated member uses the same expression for each
measure. Since both Sales Units and Sales Dollars have Sum as the
member’s aggregation function, using the Sum function in the Non-WA
member works fine with either measure. Suppose, however, that the cube
contained a measure such as Minimum Price, defined with the Min
aggregation function. Using Sum to aggregate that measure would create
an inappropriate value. MDX does have a Min function, but it would be
extremely unwieldy to create a different Non-WA member for each
measure. To resolve this problem, MDX has an Aggregate function. The
Aggregate function simply aggregates each measure using the aggregation
function defined for the measure. In general, when you create a
calculated member on a nonmeasure dimension, you should use the
Aggregate function rather than the Sum function.

Note MDX has three related functions that manipulate two sets (Set1 and Set2)
to produce a third set (Set3). The Union function puts into Set3 all the members in
either Set1 or Set2. The Intersect function puts into Set3 only those members
in both Set1 and Set2. The Except function puts into Set3 only the members
from Set1 not in Set2. Each of the three functions strips duplicate values from
Set3, unless you include the keyword ALL as an optional third argument.

8. In the Non-WA member definition, change the function name Sum to
Aggregate and run the revised query. The values in the result grid
should not change. Save the query file.

See “Specify the
aggregation
function for a
measure” in
Chapter 3, “Di-
mension and
Cube Editors,”
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assigning an
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measure.
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tion rather than
the Sum function.
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When you create a calculated member on a nonmeasure dimension, that
member will, by definition, intersect with all the members of the Measures di-
mension. Each of those measures already has an aggregation function defined.
Using the Aggregate function takes advantage of that previously defined aggre-
gation function.

Create a cumulative total

The Sum (or Aggregate) function is often used to create a calculated member on
a nonmeasure dimension. You can also use the Sum function to create a new
calculated measure. This is often done to create a cumulative total.

1. Create a new query, and insert the following MDX query statement:

SELECT
  [Calendar Month].Members ON COLUMNS,
  [Measures].AllMembers ON ROWS
FROM Sales

2. Run the query. This displays all the months as column headings and the
two measures—Sales Dollars and Sales Units—as row headings. The
AllMembers function allows you to see new calculated measures as you
create them.

3. Before the SELECT keyword, enter the clause WITH MEMBER
[Measures].[Cumulative] AS '' and put the insertion point between
the single quotes. Then expand the Numeric group of the Syntax
Examples tree, and double-click the Sum function.
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The Sum function syntax shows two arguments. The first argument,
«Set», is required; this is the argument you used when you created the
Non-WA measure in the preceding section. The second argument,
«Numeric Expression», is surrounded by square brackets, indicating that it
is optional. If you create a member on a nonmeasure dimension (such as
Non-WA), you’ll almost never use the «Numeric Expression» argument. If
you create a member on the Measures dimension (such as Cumulative),
you’ll almost always use the «Numeric Expression» argument. The
«Numeric Expression» argument tells you which measure to use as the base
for the new measure.

4. Replace the «Numeric Expression» token with [Sales Units], and delete
the optional brackets. For the «Set» argument, you need a set that begins
with the time period of the first column and ends with the time period of
the current column. You can use a colon (:) to indicate a range of
members.

5. Select the «Set» token. In the Metadata tree, select the Calendar Month
level of the Time.Calendar dimension. Then double-click the first Jan
member in the member name list. Click after the [Jan], type a colon, press
enter, and then type [Time].[Calendar].CurrentMember. The final
definition of the member before the SELECT word should look like this:

WITH 
  MEMBER [Measure].[Cumulative] AS 
    ‘Sum([Time].[Calendar].[All Time].[1997].[Qtr1].[Jan]:
    [Time].[Calendar].CurrentMember, [Sales Units])’

6. Run the query. The result grid shows the monthly values along with the
cumulative values.

Calculating the cumulative values from the beginning of a particular
time period is an extremely common MDX task, so MDX provides
functions to simplify the process. The most important is the PeriodsToDate
function. This function creates a set much like the range you created in
the Cumulative calculated member: the ending point of the set is the
current member of the dimension flagged as a Time dimension (the first

See “Working
with Time Di-
mensions” in
Chapter 3 for
details about
flagging a di-
mension as a
Time dimension.
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one, if a cube contains more than one dimension flagged as Time). The
default beginning member of the set is the first member that shares the
same parent as the ending member. For example, in a normal calendar-
year hierarchy with Calendar Year, Calendar Quarter, and Calendar
Month levels, a current member of August would produce the set
July:August. (Qtr3 is the common parent.) A current member of
[1998].[Qtr3] would produce the set [1998].[Qtr1]:[1998].[Qtr3]. ([1998] is
the common parent.)

If you want to go back to a different common ancestor, simply specify
the level of the ancestor you want. For example, with a current member
of [August], specifying Year as the level produces the range [January]:
[August]. You can use the (All) level to go back to the beginning of the
entire level.

Note The PeriodsToDate function behaves very similarly to the ParallelPeriod
function described in Chapter 6. The ParallelPeriod function returns a single
member, and the PeriodsToDate function returns a set of members that can be
used in an aggregation function such as Sum.

7. Change the set portion of the Cumulative member expression to
PeriodsToDate([Time].[Calendar].[Calendar Year]), run the query,
and scroll to see the Cumulative value drop back to match the Sales Units
value in January.

8. Remove the argument from the PeriodsToDate function altogether—
leaving only the empty parentheses. Run the query, and see the
Cumulative value resynchronize with the Sales Units value every quarter.
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9. Give the query a comment, and save the query file.

You can use functions that aggregate multiple values when you create a new
member for either the Measures dimension or for a nonmeasure dimension. On
the Measures dimension, specify a Measure member to aggregate; you must use
an explicit aggregation function—Sum, Min, Max, or Count. On a nonmeasure
dimension, do not specify a Measure member (since the measure will intersect
all the possible measures); you generally use the Aggregate function to apply the
appropriate aggregation for whichever measure is currently being calculated.

The Sum Function Creates a Subquery

Consider how MDX calculates the value for a member using the Sum
function. For each value, the Sum function creates a subquery behind
the scenes. The set you provide as the first argument to the Sum function
serves as the set for the row axis.

When you use the Sum function to create a nonmeasure member,
the Measure member comes from the main query—from the row or
column axis, or from an actual or implied filter. For example, you could
use the following MDX statement to replicate the subquery used to
calculate the Non-WA value for the Sales Units column in “Create a
calculated member of a nonmeasure dimension”:

SELECT
  {[Sales Units]} ON COLUMNS,
  Except([State].[State].Members,{[Washington]}) ON ROWS
FROM Sales

The result grid of that subquery would look like this:

(continued)
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Calculate discount dollars by using a member function

The Sales Dollars values in the Chapter 7 OLAP database are net of discounts.
In other words, if you multiply the Sales Units for a product by the official list
price of the product as stored in the Product table of the data warehouse, you’ll
get a number larger than the Sales Dollars amount. The difference is in various
discounts that can be applied. To calculate the Discount Dollars at every level
of summarization on all dimensions involves several steps. In this section, you’ll
learn those steps.

USA/REDMOND/WILLOWS/FLOOR2/2549
The Sum Function Creates a Subquery (continued)

The Sum function then simply sums all the values in the subquery
result grid and returns that single value to the main query. The Sum
function for the Sales Dollars column creates an analogous subquery
to produce its single value.

When the Sum function is used to create a member of the Measures
dimension, it still creates a subquery, but this time the Measures mem-
ber cannot come from the main query since the Measures member of the
main query is, by definition, the measure currently being calculated.
That’s why the Sum function requires a «Numeric Expression» argument
when used with a Measures member. The «Set» argument to the Sum
function still serves as the set for the row axis of the subquery. The
«Numeric Expression» argument serves as the lone member of the col-
umn axis of the subquery, and all other dimensions are inherited from
the main query. For example, you could use the following statement
to simulate the subquery needed to calculate the cumulative May value
from the query in “Create a cumulative total”:

SELECT
  {[Sales Units]} ON COLUMNS,
  {[Time].[Calendar].[All Time].[1997].[Qtr1].[Jan]:
   [Time].[Calendar].[All Time].[1997].[Qtr2].[May]} ON ROWS
FROM Sales

The result grid of that subquery looks like this:

Once again, the Sum function simply summarizes all the numbers
and returns that single value. An analogous subquery is created for each
cell of the Cumulative row in the main query. Fortunately, most of the
values used in each subquery are stored in the client cache, so each
subquery executes quickly.
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The first step is to retrieve the price for a product. The Product dimension
includes Price as a member property. You can create a calculated member that
retrieves the value of that member property.

1. Create a new query, and insert the following MDX query statement:

SELECT
  [Measures].AllMembers ON COLUMNS,
  Product.Members ON ROWS
FROM Sales

2. Run the query. This extracts the Sales Units and Sales Dollars for all levels
of the product hierarchy. You can now create a calculated measure that
retrieves the Price member property.

3. Insert the following calculated member:

WITH 
  MEMBER [Measures].[Base Price] AS 
    ‘[Product].Properties(“Price”)’

4. Run the query. When you retrieve a member property for a dimension,
you get a value only for the level at which the member property was
defined. At any other level, the member property returns an error value.

The Price member property was defined at the product level. A
member property is always stored as a text string, even if it is a numeric
value such as the price. To use the price, you must convert the string to a
number. As explained in Chapter 6, MDX doesn’t have a built-in function
to convert a string to a value, but you can use the Microsoft Visual Basic
for Applications (VBA) function CDbl to convert a string to a double
(that is, a number that can include a decimal place).

5. Change the expression for the Base Price member to 'CDbl([Product].
Properties("Price"))'. Run the query. Prices exist only at the Product
level. The error values that previously appeared at the higher summary

The Price mem-
ber property was
added to the
Product dimen-
sion in “Create a
detail-level mem-
ber property” in
Chapter 3.

This is the same
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“Use an external
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Chapter 6.
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levels are now some strange large numbers. You can ignore them for the
time being. The prices at the product level values don’t appear to change,
but you can now use them in arithmetic calculations.

If you want to calculate the Gross Dollars for a product, you must
multiply the Price value by the Sales Units. To calculate the Gross Product
for a product category or subcategory, you must sum up the Gross Dollars
for all the products in that category or subcategory. For example, suppose
that you want to calculate the Gross Dollars for the Bagels product
subcategory. You must first find all the products that belong to that
subcategory. For each product, multiply the Base Price by the Sales Units
to calculate the Gross Dollars for the product. Then sum the Gross Dollars
for all the products to get the Gross Dollars for the subcategory.

6. Add the following additional calculated member to the query:

MEMBER [Measures].[Gross Dollars] AS
  ‘Sum(Descendants([Product].CurrentMember,[Product Name]) ,
    [Base Price]*[Sales Units])’

The expression for this member uses the Sum function. Think through
the subquery the Sum function generates for the Bagels product. The first
argument of the Sum function specifies a set for the row axis of the
subquery. In this case, you define that set by using the Descendants
function. The Descendants function is like the Children function, except
that it can retrieve values at any level. The Descendants function starts
with the Bagels member. It finds all the descendants of Bagels at the
Product level—the row axis of the subquery contains all the members of
the Product level that are descendants of the Bagels member. The second
argument of the Sum function specifies the column axis of the subquery.
In this case, the subquery includes the Base Price (derived from the Price
member property) and the Sales Units (as stored in the cube). The
members of the other dimensions are inherited from the main query. The
subquery for the Bagels member would look like this:

WITH 
  MEMBER [Measures].[Base Price] AS 
    ‘CDbl([Product].Properties(“Price”))’
SELECT {[Base Price], [Sales Units]} On Columns,
  Descendants([Bagels],[Product Name]) On Rows
From [Sales]
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And the results of the subquery for the Bagels member would look
like this:

The Sum function then multiplies the values in the first column by
those in the second column and sums the results.

7. Now run the query with the Gross Dollars calculated member.

As expected, the Gross Dollars are slightly higher than the Sales
Dollars at each level of summary. At the Product level, the subquery
performed by the Sum function is small—only a single row. At the All
Product level, the subquery includes all the products in the entire
hierarchy. Percolating a member property up the hierarchy can be a slow
operation on a large hierarchy.

8. To calculate the Discount dollars, add the following calculated member,
and then run the query, add a comment, and save the query file. (Then
try varying the set on the row axis—use sets from other dimensions.)

MEMBER [Measures].[Discount Dollars] AS
  ‘[Gross Dollars] - [Sales Dollars]’
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You can use a member property—particularly one that has a numeric value—
within calculated members. You must remember to convert the member prop-
erty to a numeric value before using it in a calculation, and you must use the
member property only at the level at which it was created, using aggregation
functions to percolate the values up the rest of the hierarchy.

Chapter Summary

To Do this

Add a comment to an MDX query Enter double slash characters (//)
before the comment.

Include all the members of the Use the clause [Product Name].Members
Product Name level on the ON COLUMNS.
column axis

Put sets of members on two axes Use both ON COLUMNS and ON
ROWS in a query.

Create a set from explicit members Enclose the list of members separated
by commas, between opening braces ({)
and closing braces (}).

Create a set consisting of all Use the CrossJoin function with the
possible combinations of two sets two sets as arguments.

Calculate the average of all Use the expression
members of the State level of Avg([State].[State].Members).
the State dimension

Calculate an aggregation by using Use the Aggregate function.
each measure’s aggregation
function

Calculate the cumulative total Use the expression
restarting with each new member Sum(PeriodsToDate([Calendar Year])).
of the Calendar Year level

Calculate a numeric value of the Use the expression
Price member property of the CDbl([Product].Properties("Price")).
current member of the Product
dimension
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