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Introduction

For well overtwo decades, the ITindustry has recognized that businesses benefit fromamodel layer
overtheirdata sources. Model layers can deliver high-performance query responses even over
extremely large volumes of data, and they can encapsulate business rules and effectively secure access
to data. Data modeling capabilities were first delivered in Microsoft SQL Server 7.0, and with each
release of the product, the data modeling capabilities have been improved upon. InSQLServer 2012,
the Bl Semantic Model —a new terminology and a set of existingand new capabilities —is available to
produce data models.

This white paperhas been written specifically tointroduce the Bl SemanticModel in SQLServer2012. It
starts by describing the evolution of the product through to the vision that has inspired the Bl Semantic
Model. It then explains the Bl Semantic Model architecture, and describes —in broad terms—how
tabularmodels can be developed. Finally it describes considerations to help you choose the best-fit
approach fordeveloping a Bl Semantic Model.

Microsoft’s Bl modeling strategy and vision

Microsoftfirstintroduced an OLAP serverwith SQL Server 7.0—with a product named OLAP Services—
to meetthisneedin1998. SQL Server became the first DBMS to include an OLAP server. Italso
introduced two technologies, OLE DB for OLAP and Multidimensional Expressions (MDX), which are
currently the industry standards foraccessing OLAP databases. SQLServer 7.0 OLAP Servicesalso
introduced innovative aggregation and storage technology that enabled customers to build highly
responsive and scalablesolutions atlower cost. OLAP Services also offered native integration with
Microsoft Excel. With SQL Server 7.0 OLAP Services, Microsoft began ajourney of democratizing access
to businessintelligence (Bl) technology.

Justtwo years later, OLAP Services was enhanced to supportricher dimension and cube definitions. It
also became the first OLAP product to include data mining. The name was changed to Analysis Services
to reflectthese broadened capabilities. Overthe fiveyears thatfollowed, SQLServer 2000 Analysis
Services became amarketleaderdue toits performance, accessibility, reduced total cost of ownership,
and relative ease of solution development.

In 2005, Microsoft released the next generation of Analysis Services. In this significant update, the
productdelivered enterprise-class OLAP and data mining features. Specifically, advances to the OLAP
feature resultedinafeaturerich, scalable, and higher performance product that customers could use to
solve increasingly sophisticated business problems with unprecedented levels of scale and complexity.
With these richer capabilities, the term Unified Dimensional Model (UDM) was introduced to describe a
model that could be created, consisting of multidimensional objects such as cubes and dimensions.

Analysis Services became the foundation of the Microsoft Bl stack with its ability to host models that
power all of the end-user experiences, including Microsoft Excel client PivotTables and PivotCharts, Excel
Services, PerformancePoint Services, and SQLServer Reporting Services.
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SQL Server 2008 Analysis Services continued to build onthe foundation of the previous release and
increased the baron scalability and performance, while reducing the cost of building solutions.

In 2010 Microsoftreleased SQLServer 2008 R2. In thisrelease, the Analysis Services product group
producedtwo add-insthatextended the capabilities of Excel 2010 and Microsoft SharePoint Server 2010
to deliverself-service Bl. These two add-ins allowbusiness users to create and share models. The add-
ins, referred to togetheras PowerPivot, have revolutionized how organizations defineand use models:

e Businessuserscan create and deploy theirown datasolutions.

e IT managesthe models.

The PowerPivotfor Excel add-in supports loading, exploring, relating, and enriching data. The datacan
come from traditional databases, like SQLServerand Oracle, or from othertypes of data sources, like
OData feeds, Reporting Services reports, textfiles, and spreadsheets. The Excel add-in hosts the
Microsoft SQL Server2012 xVelocity (formerly known as VertiPaq) analytics engine storage engine,
whichisa column-based data store that can load, manage, and query large volumes of data. Because
the storage engine typicallyachieves 10x compression (depending on the structure of yourdata), it can
efficiently store and query largervolumes of datathanis natively supportedinthe Excel client. When
the Excel workbookis saved, the model metadataand datais embedded into the workbook file,
simplifying deploymentand management.

To enrich the model, you can use a new expression language named Data Analysis Expressions (DAX).
DAXis predominantly based on many existing and familiar Excel functions, butitalsoincludes new
functionsthathave neverbeenrelevantforusein Excel. You use DAX to define calculated columns that
extend the tabularrowsets, and measures thatare evaluated at query time.

The PowerPivot for SharePointadd-in provides a collection of server components that provide query
processing and management control for PowerPivot workbooks that are published to SharePoint Server
2010. By usinga special library template, the PowerPivot Gallery, business users can browse snapshots
of Excel workbook reports, use the Excel client or Reporting Services to create new analyticexperiences
based on a workbook, and configure a data refresh policy forthe PowerPivot workbook.

Corporate IT can monitorand manage the PowerPivot workbooks stored in SharePoint by usinga
Management Dashboard. This dashboard visually presents logged information about server health,
quality of services, workbook activity, and datarefresh history and failures.

The PowerPivotfor Excel add-inis available for download from Microsoft at no cost.

For more information about PowerPivot, orto download the PowerPivot for Excel add-in, see
http://powerpivot.com.

For more information about DAX, see the white papertitled Data Analysis Expressions (DAX)
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In the Tabular Bl Semantic Model (http:\www.microsoft.com\download\details.aspx?id=28572).

Movingagain from strength to strength, Analysis Servicesis now initssixth version. SQL Server 2012
Analysis Services has broadened its capabilities, features, and scope of reach. To define the vision for
this next generation productrelease, the Analysis Services product group decided on a set of key guiding
principles:

e Buildonthe strengthsand success of Analysis Services.

e Expanditsreach to a much broaderbase.

e Continue to make use of its rich existing ecosystem of tools, developers, and partners.

The Analysis Services product group understands that key to broaderadoptionisto embrace the
relational datamodel. Because the relational datamodel is well understood by developersand IT
professionals today, it makes sense tobringitintothe fold of Analysis Services.

At the same time, the product group has carried forward the existing OLAP capabilities (the UDM) to
ensure that customers’ existinginvestments and skills remain relevant. With the recognition that notall
Bl applications have the same requirements, users can still build solutions that have advanced needsin
terms of scale, performance, and complexity. New capabilities support solutions that need to be
developed quickly. This combination of old and new helps meet the diverse needs of all Bl applications.

Thisvision for Analysis Services delivers flexibility. First, it brings togetherthe tabularand
multidimensional development approaches underasingle Bl platformto deliver the best of both worlds
and choice to the developer. Second, there is choice in terms of scenarios, delivering capabilities for self -
service and corporate Bl solutions. Microsoft calls this vision the Bl Semantic Model.

Introducing the Bl Semantic Model in SQL Server 2012

The Bl SemanticModel is a single modelthatserves all of the end-user experiences for Microsoft BI,
including reporting analysis and dashboarding. The model can integrate datafrom a number of data
sources, whetherthey are traditional data sources, such as databases or LOB applications, or
nontraditional sources, such as OData feeds, textfiles, and spreadsheets.

The followingtools enable users to enrich models:
e Calculationstoencapsulate business rules.
e Multilevelhierarchies to support navigation and the summarization of measures.
e Keyperformance indicators (KPIs) to monitor performance.
e Perspectivesto provide simplified views of amodel.

The model can accelerate access to the data, and thenit can deliver query results using a data model
experience thatis appropriate for avariety of clienttools, including those that supportinteractive
analysis, datavisualization, reporting, scorecards, dashboards, and custom applications. The Bl Semantic
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Model enables users towork with the data in all of these ways regardless of how the model was
developed.

The Bl Semantic Model powers both the entire range of client tool experiences and the full spectrum of
Bl applications that business users and developers can build using the Microsoft Bl stack. This spectrum
can include the following scenarios:
e Personal Bl applications that business users create to meettheir own specificneeds
e Team Bl solutionsthat business users create and share with their colleagues within small
organizations or departments
e Corporate Bl applications that are developed, managed, and sanctioned by corporate ITand
rolled outto a large userbase

Figure 1 shows the different Microsoft Bl tools that you can use in each scenario.
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Figurel
Analysis Services powering the entire spectrum of Bl applications

Regardless of where the Bl solution falls within this spectrum, the Bl Semantic Model is the one model —
the one technology—that powers all end-user experiences.

The Bl Semantic Model can migrate from personal Bl, through to team BI, to corporate Bl. Asingle
product powers all of these capabilities.

Bl Semantic Model

The Bl Semantic Model can consume datafrom traditional datasources, including SQL Server, Access,
Oracle, Teradata, and DB2. In addition, tabular models can consume data from a widervariety of data
sources, extending to Excel workbooks, datafiles, ODatafeeds, and cloud services, including Windows
Azure SQL Database.



The model then enriches and provides accelerated access to the data, and itexposes anintuitive
interface thatis surfaced by all tools in the Microsoft Bl stack: Reporting Services (including the new
interactive reportauthoring tool named Power View), Excel, PowerPivot, and SharePoint.

For more information, see Power View (http://technet.microsoft.com/library/hh213579(SQL.110).aspx)
on the Microsoft TechNet website.

The model can be thought of conceptuallyinthree layers: datamodel, business logicand queries, and
data access.

Bl Semantic Model

- Data model
w Business logic

and queries
Figure 2

The conceptual layers of the Bl Semantic Model

Data model
The data model can be explained from both the datamodeler’s and model consumer’s perspective.

First, fromthe data modeler’s perspective, to develop atabular model the model developer uses Excel
2010 or SQL Server Data Tools. The tabular model consists of tables, columns, and relationships. Forthe
multidimensional project type, the datamodel is developed in SQLServer Data Tools and it consists of
dimensionsand measures.

Second, from the model consumer’s perspective, the model can be developed as a tabular model but
consumed as a multidimensional model. This flexibility is achieved because the tabular model exposes a
multidimensional interface like a cube. Existing cube client tools like Excel PivotTables function for both
tabularand multidimensional models.

Business logic and queries

The Bl Semantic Model offers both MDX and DAX for querying. MDXis a well-known calculation and
guery language that dates to the beginning of Analysis Services. MDX is based on multidimensional
constructs (cubes, dimensions, hierarchies, levels, members, and so on). In contrast, DAX isa newer
expression language that has evolvedinto a querylanguage inthe SQL Server2012 release. DAX was
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introduced to enrich PowerPivot modelsin SQLServer 2008 R2. It is based on a subset of Excel
functions. Ituses tabular constructs (tables, columns, and relationships) and includes functionalityto
support model development,including relationship navigation, context modification, and time
intelligence. Importantly, DAX lowers the barriersto entry for defining sophisticated business logicin
tabularmodels.

In the initial release, the tabular models support both MDX and DAX queries, while multidimensional
models support only MDX queries. Microsoft plans to make it possible to query multidimensional
models with DAX.

Data access

The Bl Semantic Model offers developers the option to either cache the data or have it passed through
to the underlying datasource. Both MOLAP and ROLAP storage modes support this functionality for
multidimensional models.

In SQL Server2012, the In-Memory storage mode is used for caching the tabular model data. xVelocityis
an in-memory column store engine that caches all of the data in memory, organizesit by column, and
uses state-of-the-art compression and querying techniques. xVelocity provides extremely rapid query
performance withoutthe need forindexing oraggregations, because it simplyperforms brute-force
scanning of data in memory.

The xVelocity in-memory analytics storage engineis the same storage engine that powers PowerPivot
for Excel, PowerPivot for SharePoint, Analysis Servicesin SQLServer2012 (fortabular models), and the
new columnstore index, whichis availableinthe SQLServer2012 database engine. They are all based on
the same technology.

Finally, fortabular models, thereis the DirectQuery storage mode. DirectQuery is a pass-through mode
to a backend data store. In SQL Server 2012, DirectQueryis supported only for models thatare based on
asingle SQLServerrelational datasource.

To emphasize the flexibility of the Bl Semantic Model architecture, considerthe following two scenarios.

Scenario 1

A model developer produces a Bl Semantic Model using the tabular project type in SQL Server Data
Tools. Thismodelis based on several datasources to enable sales analysis. The developerthen enriches
the model by using DAX to define business logicin the form of calculated columns and measures. The
model datais cachedinthe in-memory column store. A business userthen connects to this model by
using Power View. By sending DAX queries to the servertorequesta rowset, PowerView can query the
model definition and data through the tabularinterface.



Now the same model can be consumed by using the Excel client. In this version of the scenario, nothing
has changedinterms of whatthe model developer produced and deployed. However, the business user
isusinga tool that requires a multidimensional view of the model. Excel can consume the model likea
cube, and itsends MDX queriesto the server to requestacellset.

___________________________________

Model Developer

»

i
LI
L=

Bl Semantic Model

Data model

Business logic
and queries

Data access

Figure 3
Scenariol

Scenario 2

The model developerhas used the classic multidimensional modeling experience, previouslyreferred to
as the UDM, to build a Bl Semantic Model using the multidimensional project type. The developerhas
defined an MDX script to enrich the model with calculations (calculated members, scopes and
assignments, and named sets). The model’s datais cachedina MOLAP store. Business users can use the
Excel clientto connectto the model, and the clienttool consumes the multidimensional view of the
model.

Now business users can consume the same model by using Power View. Even though the model
developerhas developed the model using MDX, Power View can consume it through the tabular
interface by sending DAX queries. Microsoft plans to make this capability available in an update of SQL
Server2012.
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Figure4
Scenario 2

Both scenarios emphasize the flexible nature of the Bl Semantic Model. Model developers can choose to
develop modelsinthe way that works best for them, and client tools consume them in the way that
works bestfor the consumption experience.

Create a PowerPivot workbookin SQL Server 2012
PowerPivotforExcel hasbeen upgradedinthe SQLServer 2012 release toinclude animproved design
experience and additional features and functionality.

The model developercanworkin diagramview or grid view. The diagram view represents a metadata
view of the model, and the grid view represents a data view of the model. Some tasks can be achieved in
bothviews. Model developers can choose the view they prefer. However, dataenrichment operations
that use DAX, such as adding calculated columns and defining measures, are availablein dataview only.
Metadata-driven operations such as the creation of multilevel hierarchies are available in diagram view
only. Figures5and show a model and a table in diagramview.
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A table in diagram view consisting of three hidden columns, three measures, and a KPI

The tabular view alsoincludes anew calculation areawhere you defineand preview model measures
and KPls.
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The SalesQuotatable in grid view

There are numerous new capabilitiesand DAX functions. Itis now possibleto:
e Define distinct count measures.
e Define multilevel hierarchies.
e Defineandformat measures.
e Define KPls.
e Adddescriptionstotables, columns, measures, and KPls.
e Define atime table with adate column (which must be based on a Date column type) sothat
integerkeyvaluescanbe usedin fact tables.
e Sort columnvalues by another columninthe same table.
e Define multiplerelationship paths (direct orindirect) between two tables.
e Define perspectives to support subject-specific subsets of the entire model structure.
e Define binary columns (useful forstoringimages).
e Definereporting properties to optimizethe presentation of datain reporting applications.

As wasthe case inthe firstrelease of PowerPivot, the PowerPivot workbook can be deployedtoa
SharePointServer2010 library to secure, schedule datarefresh for, and share access to the model. An
additional functioninthe PowerPivot Gallery enables you to create a PowerView report.

SQL Server 2012 alsoincludes anew function thatrestores a PowerPivot workbook to an instance of
Analysis Servicesintabular mode. In this scenario, the server can host the model in environments
without SharePoint Server2010.

Anotherreasontoimportthe workbookto a serverinstance is to overcome the 2 GB size limitimposed
by an Excel workbook. Further, you can use the import process to configure features that are not
supportedin PowerPivot, such asroles forrow-level security and table partitions for more efficient table
data refresh. The nextsection discusses these additional features.
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Create a Bl Semantic Model with the tabular project template

While SQLServer Data Tools and PowerPivot share model designers, these environments are optimized
for theiraudiences. SQLServer Data Tools, for example, provides a project development approach
designedforIT professionals, whereas PowerPivot provides deep integration with Excel 2010 for
business users.

Generally the solutions that IT professionals produce have greater needs interms of size, scalability, and
security. SQLServer Data Tools project templates support anotherimportant requirement, source
control integration.

SQL Server 2012 offers four additional capabilities for IT professionals who are developing tabular
models.

First, the data volume sizes can exceed the 2GB limitimposed by Excel 2010. For tabular projects, size is
limited by the server capacity in terms of disk space and memory. Itisimportantto understand that
tabular project development depends on aninstance of Analysis Services. Notethat thisis nota
requirementfor PowerPivot becausethe xVelocity in-memory analytics engineisinstalled with the
PowerPivotfor Excel Add-in.

Second, the DirectQuery storage mode for query pass-through can only be configuredin atabular
project.

Third, you can define table partitions to support datarefresh on a subset of the table’s data. Afterthe
database is deployedtoaserver, database administrators can process the database tables or partitions;
create, configure, and delete partitions; and merge partitions.

Andfourth, you can define roles. Roles define permission sets for users and groups, and they can be
used to limitaccess to specificdata. You can write dynamicand staticexpressionsin DAX to define row
filters forthe model tables.

You can alsoimporta PowerPivot workbook to create anew tabular project. Forexample, abusiness
usermight create a solution using PowerPivot. By restoring the workbook, IT can add features thatare
not supportedin PowerPivot, such asrolesto grant read permission to different groups of users.
Additionally, recognition by ITthat the model isimportant tothe organization may promptthemto
importthe workbookinto a tabular projectand take ongoing responsibility for developingthe model.

Choose the appropriate model development approach

For business users, the appropriate design experience is likely to be PowerPivot for Excel.
Multidimensional projects or tabular projects are usually the best options for IT professionals. The
choice depends onthe needs of each of the three conceptual layers (datamodel, business logic, and
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data access and storage). In some cases, you may need to make tradeoffs to determine what willwork
bestfor both the model developerand the required solution.

SQL Server Data Tools includes atabular project template, which enables you to develop new models
using DAXand the In-Memory or DirectQuery storage modes. You can use the multidimensional project
template to develop anew model by defining multidimensional objects (dimensions and cubes). In this
template, the cube’s MDX scriptis used to define calculations, and the cube’s partitions are defined to
configure the MOLAP or ROLAP storage modes.

For more information about the features available foreach development approach, see Feature by
Server Mode or Solution Type (http://technet.microsoft.com/library/hh212940(SQL.110).aspx) on
TechNet.

Data model

If you wantto work with familiar relational concepts to produce the model, you can choose the tabular
projecttemplate. Thisalmostalways resultsin asimplified development effort and fastertime to
solution. While many advanced concepts availablein multidimensional projects are not natively
supported, itis still possible toimplement some of them. Forexample, parent-child hierarchies and
many-to-many relationships can be implemented by using DAX calculations.

A further consideration for choosing the tabular project templateisthatitis simple and fasttowrap a
model overa raw database to supportreporting and analytics. By importing the required tables,
ensuringall relationships are defined, defining key measures, and perhaps renaming or hiding certain
columns, you can develop anintuitive, interactive, and highly responsive model.

If your skillset already includes developing multidimensional models, this may be the natural way to
continue producing models. However, it can be more difficultto design, develop, enrich, and optimize
multidimensional models than to build atabular model. Also, it usually takes longer to produce and
deploy a multidimensional model.

In contrast, the multidimensional model allows you to work with advanced concepts, including native
parent-child hierarchies, native many-to-many relationships, dimension attribute relationships,
extremely sophisticated calculations, cube and dimension write-back, actions, translations, and more. If
your model requires any of these advanced structures, your choice of development approachissimple:
a multidimensional model isthe only modeltype that supports them.

Business logic
It isimportantto understand that MDX is sophisticated than DAX. Although DAX keeps simple problems
simple, it cannotalways address complex problems.
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DAXis based on Excel formulas and relational concepts, and it has a lowerinitial learning curve than
MDX. However, complex DAX calculations can be challenging for model authors, and they require an
understanding of advanced DAX concepts such as filter context.

In contrast, MDX is based on multidimensional concepts, soitinvolves ahigherinitial learning curve. It
can be usedtodefine complexsolutions andisideally suited formodels that need the power of
multidimensional expressions. Common examplesinclude planning, budgeting, and forecasting models.
MDX can define calculated members (including measures), KPls, scopes and assignments, and named
sets. Withthe one notable exception of measures, DAX cannot define orsimulateany of these types of
constructs.

Data access and storage
Tabular models support two storage modes: In-Memory and DirectQuery.

The In-Memory storage mode isan in-memory column store that typically produces 10x compression or
greater. It achieves high performance by default without the need fortuningbecause the server
performs brute-force memory scans. The xVelocity in-memory analytics engine uses the server’s
resourcesto performscans across the data to isolate whatis needed, and it exploits not justthe
memory available on the machine butalso all of the cores. Although there is basic paging support, to
ensure best performance, you should ensurethat serverresources can cache the entire model in
memory.

The DirectQuery storage mode essentially translates DAX queries to the underlying datasource, and it
can exploitthe backend database capabilities. However, thereare a number of caveats. In SQL Server
2012, the model must be based on a single SQLServerrelational datasource, and the model must not
contain copy-and-paste data or calculated columns. Roles with row filters cannot be defined, so row-
level security must be implemented at the datasource. Additionally, the model can only be queried with
DAX.

The benefits of the DirectQuery storage mode are that the model can query the latest data and leverage
SQL Serversecurity.

Note: If the SQL Serverrelational tables have columnstore indexes built, the xVelocity in-memory
analytics engine is employed at the data source.

Multidimensional models support two basic choices of storage modes: MOLAP and ROLAP.

The MOLAP storage mode is a disk-based store that typically achieves 3x compression. This storage
mode performs disk scans with in-memory subcube caching, and aggregation designs and tuning are
typically required. Becausethere is extensive paging support, MOLAP supports models with extremely
high data volumes that can scale to multipleterabytesinsize.
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In contrast, the ROLAP storage mode passesthrough query requeststo the underlying datasource.
Althoughitsupports most relational datasources, it does not support aggregations exceptthose made
available by SQLServerrelational indexed views. DirectQuery always resultsinasingle query sentto the
underlying datasource. With ROLAP, Analysis Services can split query processing over multiplerequests
to the data source and perform post processing.

Conclusion
Analysis Servicesin SQLServer2012 supports one data model to deliverrich, interactive, scalable, and
rapid access to data. This model, the Bl Semantic Model, provides flexibility, richness, and scalability.

Flexibility

To define business logic, you can choose eithertabular modeling with DAX or multidimensional
modeling with MDX. Both experiences support data cachingand pass-through storage modes. Whatever
design approach you choose, the business userand clienttool experience remain the same.

Richness

Both modeling experiences support rich capabilities and advanced constructs, including perspectives.
They enable youto encapsulate sophisticated business logicby using DAX or MDX. Both models can be
secured using fine-grained permissions sets to the row level orthe cell level.

Scalability

The tabular model can deliver high performance based onanin-memory datastore, and the
multidimensional modelcan achieve similar results with a MOLAP data store. Foraccess to the latest
data inthe data sources, DirectQuery and ROLAP support for pass-through modes fortabularand
multidimensional models, respectively. Both model types can scale to exploit the resources of large
enterprise servers.

In summary, the development approach taken to produce a Bl Semantic Model is the choice of the
model developer. Model developers can continue to develop sophisticated, high-performing
multidimensional models, asthey have been able to since the SQLServer 2005 release, or they can take
the new, more simplified and rapid approach by developing tabular models.

For more information:

http://www.microsoft.com/sqglserver/: SQL Server Web site

http://technet.microsoft.com/en-us/sqglserver/: SQL Server TechCenter
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Did this paper help you? Please give us your feedback. Tell us on a scale of 1 (poor) to 5
(excellent), how would you rate this paper and why have you given it this rating? For example:

e Are you rating it high due to having good examples, excellent screen shots, clear writing,
or another reason?
e Are you rating it low due to poor examples, fuzzy screen shots, or unclear writing?

This feedback will help us improve the quality of white papers we release.

Send feedback.
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