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Summary:  This paper  describes how to leverage the many -to -many dimension 

relationships , a feature that debuted  available with Analysis Services 2005. After 

introducing the main concepts, the paper discusses various implementation techniques 

in the form of design patterns: for each model, there is a description of a business 

scenario that could benefit from the model , followed by an explanation of its 

im plementation.  

A separate download (available on http://www.sqlbi.eu/manytomany.aspx )  contains SQL 

Server database and Analysis Services projects with the same sample data used in this 

paper  

 

Acknowledgmen ts :  I would like to thank the many peer reviewers that helped me to 

make this document more readable: Bryan Batchelder, Chris Webb, Darren Gosbell, 

Greg Galloway, Jon Axon, Mark Hill, Peter Koller,  Sanjay Na yyar, Scott Barrett.  

A special mention goes to Teo Lachev , who made the deepest review.  

I would also like to thank T.K. Anand and Marin Bezic, who answered to my questions.  

Finally, special thanks are reserved for Claudio Civetta, Marcella Caviola  and other 

people working for Cedacri spa (Italy): they tr usted me enough to adopt many of the 

described patterns in a production environment and gave me an invaluable feedback.  





 

iii  

Table of Contents  
The many - to - many revolution  ................................ ................................ ............ i  

Table of Contents  ................................ ................................ ...........................  iii  

Introduction  ................................ ................................ ................................ .....  1  

Classical many - to - many relationship  ................................ ...............................  2  

Business scenario  ................................ ................................ ............................  2 

Implementation  ................................ ................................ ..............................  2 

Cascading many - to - many relationship  ................................ .............................  7  

Business scenario  ................................ ................................ ............................  7 

Implementation  ................................ ................................ ............................  11  

Survey  ................................ ................................ ................................ ............. 20  

Business scenario  ................................ ................................ ..........................  21  

Implementation  ................................ ................................ ............................  22  

Distinct Count  ................................ ................................ ................................ .31  

Business scenario  ................................ ................................ ..........................  31  

Implementation  ................................ ................................ ............................  32  

Performance  ................................ ................................ ................................ . 47  

Multiple Groups  ................................ ................................ ............................... 50  

Business scenario  ................................ ................................ ..........................  50  

Implementation  ................................ ................................ ............................  52  

Cross -Time  ................................ ................................ ................................ ...... 57  

Business scenario  ................................ ................................ ..........................  57  

Implementation  ................................ ................................ ............................  58  

Transition Matrix  ................................ ................................ ............................. 66  

Business scenario  ................................ ................................ ..........................  66  

Implementation  ................................ ................................ ............................  68  

Mul tiple Hierarchies  ................................ ................................ ........................ 73  

Business scenario  ................................ ................................ ..........................  73  

Implementation  ................................ ................................ ............................  77  

Conc lusions  ................................ ................................ ................................ ..... 84  

Links  ................................ ................................ ................................ ...........  84  





 

Version 1.0  Revision 93  ï Publishing date: September 25, 2006  

Introduction  
Analysis Services 2005 (SSAS 2005) introduced the capability to handle many - to -many 

relationships between dimensions.  At a fir st glance, you may tend to underscore the 

importance of this feature: after all, Analysis Services 2000 and many other OLAP 

engines do not offer many -to -many relationships. Yet, its lack did not limit their 

adoption and , apparently , only a few businesses r eally require it.  However, as this 

paper shows, the UDM (Unified Dimensional Model)  can leverage many -to -many 

relationship s helping you  to present data from different perspectives that are not 

feasible with a traditional star schema . This opens a brand new  world of opportunities 

that  transcends the limits of traditional OLAP . 

We will explore  many different uses of many -to -many relationships that give us more 

choices to model effectively business needs , including :  

 Classical many -to -many  

 Cascading many - to -man y 

 Survey  

 Distinct Count  

 Multiple Groups  

 Cross -Time  

 Transition Matrix  

 Multiple Hierarchies  

Although you do not have to do so, I recommend you to read the models in the order 

presented above, because often each one builds upon the previous models.  

Each model  has a brief introduction, followed by  a business scenario that may benefit of 

its use and an explanation of its implementation. Each model uses only the minimal set 

of dimensions that are necessary to explain the concept behind it and a small dataset 

that  demonstrates the underlying behavior.  

Only the Distinct Count scenario contains a section discussing the impact on 

performance . Since the considerations presented there may be applied  to other many -

to -many relationship uses , I recommend you read this scen ario if you are interested in 

performance evaluations.  

An important warning has to be made if you are going t o use VisualTotals MDX function  

(directly or through an OLAP browser ): visual totals apply only to one level at a time 

with many - to -many dimensions . In the Links section,  you will find a link to a document 

written by Richard Tkachuk that explains this limitation.  
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Classical many - to - many relationship  
By the title ñClassical many - to -many relationshipò, I mean the common situation that 

may benefit  from m any -to -many relationships . It  is fundamental to understand very 

well  how many -to -many relationships  work  within SSAS  2005  in order to be able to use 

them  for different purposes: minor  implementation  details such as the relationship s 

between dimensions and measure groups could have major design repercussions since 

small change s may lead to different results and confusion  to the end user s. 

Business scenario  
Here is a typical  business scenario: you have a fact table that describes  a measure ( in 

this case an account balance take n at a given  point of time ) for a given  entity (a bank 

account) that can be joined to many members of another dimension ( a joint account 

owned by several customers ). Those of you familiar with the ñclassicalò 

multidimensional model can already see the difficulty , because it  is not easy to describe 

the non -aggregability of measures joined to dimensions with a many - to -many 

relationship (in this case, each bank account can have one or more owners and each 

owner can have one or more accounts).  

Implementation  
With SSAS 2005,  the issue  simply  does not exist . The "trick" is to introduce  an 

intermediate fact table that, in the relational model, defines the many -to -many  

relationship . Typically , this ñspecialò fact table has no measures. Following  t he Ralph 

Kimball ôs methodology we can name it a ñfactless fact tableò or ñbridge tableò; for 

historical reasons I will use the term ñfactlessò more than ñbridgeò in this document, but 

the term ñbridgeò is more appropriate. In Figure 1 fact tables are  colored in  yellow  while 

dimension tables are shown in blue.  

 

Figure 1  ï Relat ional model with many - to -many relationship  

When you define relationships between dimensions and measure groups , you specify 

that Dim Customer is joined to Fact Balance through the Factless Account  Customer 
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measure group  (as defined by the selected item in  Figure 2).  Please note that Figure 2 

shows the results of the ñauto buildò feature of the Cube wizard: the wizard does a 

good job in this case , but in subsequent models we will take  these relationships one-

step  further by adding other dimension -measure group relationships manually.  

 

Figure 2  ï UDM wit h many - to - many relationship  

The many -to -many relationship is further described by the ñDefine Relationshipò dialog 

box (Figure 3) that is displayed when you  click on the button contained in the 

intersecting cell (the highlighted c ell in  Figure 2) . This dialog box is available for every 

combination between dimensions and measure groups and it allows you  to select the 

type of relationship.  

 
Figure 3  ï Many - to - many relationship dialog box  
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The result is shown in Figure 4. I created 4 customers ( Luke, Mark, Paul and Robert) 

and 6 accounts  in the test tables . Each account is joined to one or more customers ( the 

account name is a concatenation of the account holders )  and the balance  for each 

account is always 100 at the date used by the query.  

 

Figure 4  ï Many - to - many relationship result  

As you can see, for each customer you can identify  the  accounts that she owns and for 

each acc ount you can see the balance repeated for each owner é but the total for each 

account (row) is always 100 (Grand Total row) and the balance for all accounts is 600 

(100 * 6). Try to do that with m any other OLAP tools and see what happens é 

Figure 5 synthesizes  the particular aggregability of some measure s in respect of Dim 

Customer.  

 
Figure 5  ï Measure s aggregation by Customer Name  

You can obtain the same result with AS2000 but only with some stunt s and tradeoffs  in 

terms of processing time or query performance  (compared to results you can obtain 

with SSAS 2005).  

Now we have to c onsider the count measure that is available in the Factless Amount 

Customer measure group. It seems to be very similar to the Fact Balance Count 

measure, but it has an important difference that we can better observe with different 

queries. Let us  look at d ata related to Jan -06 in Figure 6. 
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Figure 6  ï Account Mark - Paul is miss ing in Jan - 06 data  

The b alance for the account Mark -Paul is missing from January 2006 in the fact table, 

so we do not see a corresponding row.  

 

Figure 7  ï Counts with no relationship between Dim Dat e and Factless  

Figure 7 shows query results for the different count measures we have in our cube. The 

Fact Balance Count  measure counts rows in Fact Balance measure group :  in this query 

it represents how many balances are present for each customer into a given period . 

Since each account has only one balance for each month, it could also be mistaken for 

the number of accounts that a customer has, but the Grand Total proves that this 

assumption is incorrect . Conversely, this information (the number of accounts for each 

customer) is correctly provided by the Factless Account Customer Count  measure, 

which obtains this value directly coun ting the number of rows in Factless Account 

Customer measure group. This number is time invariant from a date, because its 

measure group has no relationship with the time dimension ( Dim Date ) . 

 
Figure 8  ï Counts with many - to - many relationship between Dim Dat e and 
Factless  

In Figure 8 we can see that numbers have changed somewhat  (changes are 

highlighted) as a result of  a relationship between Dim Date and Factless Account 

Customer (as we can see in Figure 9).  Now the correct interpretation of the  Factless 

Account Customer Count  measure is that it represents the number of combination s 

between customers and accounts having at least one  balance in the considered period. 

This explains t he lower value in Jan -06 for Mark and Paul ( a corresponding account 

balance is missing in that month) while the Grand Total is not affected (it includes both 

Dec-05 and Jan -06, so the account Mark -Paul has at least one balance).  
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Figure 9  ï Many - to - many relationship between Dim Date and Factless Account 
Customer  

I encourage you to experiment  with your data using many -to -many relationship s. This 

will help you to understand the implications of no t having a  relationship between a 

dimension and a ñfactlessò (or ñbridgeò) measure group. It is only when you really 

master this concept at this simple level (onl y two measure groups involved) that you 

can really go further with advanced dimensional modeling techniques, which  leverages 

on many -to -many relationships.  
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Cascading many - to - many relationship  
When we apply the many -to -many relationship several times in a c ube, we have to pay 

attention if there is a chain of many - to -many relationship s.  As we have seen in the 

classical many - to -many relationship  scenario , dimensions that apparently do not relate 

to a ñfactlessò measure group could be meaningful and important to enhance the 

analytical capabilities of our model.  

We will call this situation ñcascading many-to -many relationshipò. 

Business scenario  
A typical scenario is the case when a dimension far from the main fact table ( a 

dimension  that  is only directly related  to a factless fact table)  is involved into an 

existing many -to -many relationship and has another many - to -many relationship with 

another dimension.  This is a very common case when you have data based on 

questionnaire containing questions with multiple choi ces ( fast forward to  Figure 10  to 

see a sample dimensional schema ) . 

For example, consider this slightly modified bank account scenario , with a different fact 

that we want to consider :  

 Account transactions  

 Transactions fact table r elated to Dim Date , Dim Account and Dim Type  

 Each account can have one or more owners (customers)  

 Dim Account has many -to -many relationship with Dim Customer  

 Each customer can be classified into one or more categories  

 Dim Customer has many -to -many relation ship with Dim Categories  

Although I could have used the previous balance accounts scenario,  the new schema 

add s the Dim Type dimension  so we need to  use the many -to -many relationship in a 

bidirectional way.  
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I need to describe  the sample data that we will u se in our implementation.  Table 1 

shows the denormalized fact table we will  use. Even if the Date dimension is not strictly 

necessary for this explanation , I will keep it in the model because it is a common 

dimension in a similar scenario and it is useful to see how it relates to the other 

dimensions.  

Table 1  ï Fact table transaction data  

Account  Type  Date  Amount  

Mark  Cash deposit  20051130  1000. 00  

Paul  Cash deposit  20051130  1000. 00  

Robert  Cash deposit  200 51130  1000. 00  

Luke  Salary  20051130  1000. 00  

Mark -Robert  Salary  20051130  10 00. 00  

Mark -Paul Cash deposit  20051130  1000. 00  

Mark  ATM withdrawal  20051205  -200. 00  

Robert  Credit card statement  20051210  -300. 00  

Paul  Credit card statement  20051215  -300. 00  

Luke ATM withdrawal  20051215  -200. 00  

More important for our purposes is the Type dimension: it describes the type of a 

transaction and it is useful to group transactions across  other dimensions. For example, 

these are common question that a user could be in terested to get an answer :  

 What is the  salary / income for  the  ñIT enthusiastò category ? 

 How many different transaction types are used by the ñRally driverò category? 

 What customer categories have ATM withdrawal transactions?  
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Within the transaction fact data , there is not enough information to provide answers to 

those questions . Therefore,  we need a supplementary table holding further information . 

Table 2 contains the relationship existing between customers and categories in our 

samp le data.  

Table 2  ï Customers - categories relationship  

Customer  Category  

Mark  IT enthusiast  

Robert  IT enthusiast  

Paul  Rally driver  

Robert  Rally driver  

Luke  Traveler  

Mark  Traveler  

Paul  Traveler  

Robert  Traveler  

To give an answer to the first question we need an additional clarification . I f we 

consider the accounts owned by only one person , then there are no customers 

belonging to  the  ñIT enthusiastò category who get a salary income; but if we consider 

joint accounts  (e.g. Mark and Robert both own the same account ) , then their owners 

receive a salary income. From Markôs perspective , he rece ives a salary income of 1000 . 

On the other side,  Robert  gets a 

salary income of 1000 too! 

However,  unfortunately for them, 

from the perspective of ñIT 

enthusiastò category we cannot  

count the same salary income two 

times, so the ñIT enthusiastò salary 

inco me is still 1000 and not 2000! 

So the tough reality is that Mark 

and Robert have to share th is 

single  salary income because we have no other way to know (basing on  our data) which 

of them is really receiving this income  as the transaction is recorded again st  their joint 

account . This problem is very common in bank environment :  one of the possible SQL 

query solution s presented beside demonstrates how this kind of problems cannot  be 

easily tackled with a generic query builder that many users are used to work ing  with  

(see the subquery in the WHERE condition of the main SQL query) . For this reason , we 

would like to resolve similar questions with a pivot table.  

SELECT SUM(  ft . Amount )  AS Amount  
FROM Fact_Transaction ft  
INNER JOIN  Dim_Type dt  
  ON dt . ID_Type = ft . ID_Type  
 AND dt . Type  = 'Salary'  
WHERE ID_Account IN  (  
 SELECT ID_Account  
 FROM Factless_CustomerCategory fcc  
 INNER JOIN  Dim_Category dc  
   ON dc . ID_Category = fcc . ID_Ca tegory  
 INNER JOIN  Factless_AccountCustomer ac  
   ON ac . ID_Customer = fcc . ID_Customer  
 WHERE CategoryName  = 'IT enthusiast'  
)  
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Now we can try to solve the second 

question. There are two customers 

who belong to the ñRally driverò 

category, Paul and Robert; these two 

customers owns 4 accounts, which in 

our fact table gets any transaction 

type other than ñATM withdrawalò. 

Therefore,  the answer will  be 3 

transaction types : Cash deposit (for 

an amount of 3000), Salary (1 000) and Credit card statement ( -600. 00).  The SQL 

query construct could be very similar to the previous one.  

The third question requires a different approach: starting from a set of transactions 

(filtered by type) we need to get related customers and then related categories. In such 

a case a query builder could give us a 

working que ry, but it should be noted how 

potentially slow the query could be, 

because it could generate a large set of 

rows before applying the DISTINCT clause. 

The SQL query could be optimized but in a 

way that is difficult to obtain with a 

generic query builder.  Even this time a 

working pivot table would be a dream that 

becomes reality for an end user.  

Now we have enough requirements to design and test a multidimensional model that 

enable s a pivot table to solve this kind of problems with a few clicks.  

SELECT COUNT(  DISTINCT  ft . ID_Type )  AS 
TransactionTypes  
FROM Fact_Transaction ft  
WHERE ID_Account IN  (  
 SELECT ID_Account  
 FROM Factless_CustomerCategory fcc  
 INNER JOIN  Dim_Category dc  
   ON dc . ID_Category = fcc . ID_Category  
 INNER JOIN  Factless_AccountCustomer ac  
   ON ac . ID_Customer = fcc . ID_Customer  
 WHERE CategoryName  = 'Rally driver'  
)  

SELECT DISTINCT  dc . CategoryName  
FROM Fact_Transaction ft  
INNER JOIN  Dim_Typ e dt  
  ON dt . ID_Type = ft . ID_Type  
 AND dt . Type  = 'ATM withdrawal'  
INNER JOIN  Factless_AccountCustomer fac  
  ON fac . ID_Account = ft . ID_Account  
INNER JOIN  Factless_CustomerCategory 
fcc  
  ON fcc . ID_Customer = fac . ID_Customer  
INNER JOIN  Dim_Category dc  
  ON dc . ID_Category = fcc . ID_Category  
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Implementati on  
Figure 10  shows the relational schema of our model: we have two bridge tables (or 

factless fact tables )  that join two ñcascadingò many-to -many relationships, the first one 

between Dim Account and Dim Customer and the second one  between Dim Customer 

and Dim Category.  

 

Figure 10  ï Relational model with cascading many - to - many relationships  

If we create the cube with the auto build feature of Cube Wizard we end up with  a 

model that correctly identify dimension and fact tables . However,  the problem of 

missing relationships between dimensions  and measure groups we have already see n in 

the previous scenario is amplified here, as we can see in Figure 11 . The wizard is not 

able to find cascading many -to -many relationships and a  reason for this behavior is that 

defining all the many -to -many relationships could  negatively affect performance.  

 
Figure 11  ï Dimension relationship obtained by cube wizard / auto b uild  feature  
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Unfortunately, t he many gray box es that are present in Figure 11  produce meaningless  

results when you query dimension and measure group at corresponding coordinates. 

For example (see Figure 12 ), we can not see the amount of transactions for each 

customer category  and thing s are  wors e when we try to split the Amount measure by 

transaction type (see Figure 13 ).  

 
Figure 12  ï Categor ies  are not related to amount measure  

 
Figure 13  ï Categories still do not split amount measure  
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At this point,  the problem seems to be  the missing relationship between Dim Category 

and Fact Transaction measure group: so we click on the button in the gray box and in 

the Define Relationship dialog box select the only available intermediate measure group 

for the Many -to -Many relationship type we choose ( Figure 14  better summarize this 

selection).  

 
Figure 14  ï Intermediate measure groups available for Dim Category  
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Now we can reprocess the cube, but the results w ill be the same and wrong  as Figure 

12  and Figure 13  show . Before claiming  it is a bug of Analysis Services (it is not), look 

at the new dimension relationship summary in Figure 15 . There are still a lot of gray 

boxes and the intermediate measure group between Dim Category and Fact Transaction 

is different than the one between Dim Customer and Fact Transaction (one is Factless 

Customer Category and the other is Factless Account Cu stomer).  

 

Figure 15  -  Dimension relationship after Dim Category manual definition  

To understand w hat is happening and why, you need to realize  that Analysis Services 

entities like dimensions and measure groups are totally separated and disconnected 

from the underlying relational schema . Subsequently, Analysis Services has no 

sufficient information to relate correctly customer categories with account transactions. 

We told Analysis Services that a category is related to account transactions through the 

Factless Customer Category measure group, but to go from a category to a transaction 

we need to get all  the customer s for that category (Factless Customer Category) and 

then all the accounts for this set of customers  (through Factless Account Customer). 

Now the problem should be clear: when have not informed Analysis Services about the 

relationship between Dim Category and Factless Account Customer . For this reason,  it is 

still a gray box. We can fill this void by clicking on the é button: this time our dialog 

box shows up two possible intermediate measure groups ( Figure 16 ).  
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Figure 16  ï Difficult choice for Dim Category intermediate measure group  

We need to choose Factless Cus tomer Category as intermediate measure group, 

because this is the only possible factless fact table that we traverse walking from Dim 

Customer to Factless Account Customer into the relational schema ( Figure 10 ). 

However,  why does the ñIntermediate measure groupò dropdown include the  Fact 

Transaction as a possible intermediate measure group? Simply because we previously 

defined a (wrong) relationship between Dim Category and Fact Transaction using 

Factless Customer Category as inter mediate measure group (review Figure 14 ). If we 

would return at the stage immediately after the Cube Wizard, we would have seen only 

one choice (the right one) defining a many - to -many relationship between Dim Category 

and Factless  Account Customer.  
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At this point,  we still need to correct the relationship between Dim Category and Fact 

Transaction: it has to be Factless Account Customer instead of Factless Customer 

Category we have previously chose n. Now if we redefine this relations hip the dropdown 

lists both choices, because Dim Category has many relationships with other measure 

groups. The resulting dimension usage schema is summarized in Figure 17 . 

 
Figure 17  ï Correct Dim Category many - to -many relationship assignments  

To verify that this is correct, we can retry the queries  we failed in Figure 12  and Figure 

13 . This time we get the correct numbers, as we can see in Figure 18  and Figure 19 . 

 
Figure 18  ï Categories are correctly related to amount measure  

 
Figure 19  ï Categories correctly split amount measure  

Now, take a cup of your favorite coffee and fix well in your mind what you are learning 

here: it will save you a lot of time when your fa vorite cube will start to have several 

cascading many -to -many relationship.  The cascading many - to -many relationship s is a 

fundamental concept on which the rest of the model s described in this document  are 

built . 
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The relationship between a dimension and a m easure group  is used to  tell Analysis 

Services how to relate  dimension members with fact measures. When the relationship is 

regular, it is simple. When the relationship is many - to -many, the intermediate 

measure group must refer to a measure group that  cont ains  a valid 

relationship with a dimension  that is related via a regular relationship to  the 

target measure group . This should explain why choices were good or bad in my 

previous examples.  In this example,  Factless Account Customer measure group had to 

be used to relate Dim Category to Fact Transaction measure group as that is the only 

measure group that has a dimension (Account) that is directly related to the Fact 

Transaction measure group.  

Official documentation explains this concept of  granularity, whic h is formally correct but 

much less intuitive. In other word s, when you define a many - to -many relationship 

between a measure group and a dimension, you have to choose the intermediate 

measure group (the factless fact table , or bridge table ) that is nearest  to the measure 

group , considering all the possible measure groups that you can cross going from the 

measure group to the considered dimension.  

I think that Define Relationship dialog could be more clear and smart . For example, it 

could filter out the choi ces that are probably wrong. However,  you have to consider that 

the cascading many - to -many relationship  feature was introduced very late in the 

development cycle . I guess that there was not enough  feedback to improve the user 

interface in the release versi on . 

We should check if all other business requirements are met . Figure 20  shows  the right 

answer to the second question (How many different transaction types are used by the 

ñRally driverò category?). Figure 21  answer s correctly to the third question (What 

categories of customers have ATM withdrawal transactions?). Note that , in both cases , 

the Grand Total row is not the sum of previous rows and that it is coherent with the 

nature of the many -to -many relat ionship.  

 
Figure 20  ï Transaction types for Rally driver category  

 

Figure 21  ï Category of customers who did ATM withdrawals  

At this point,  we should determine  if the remaining gray boxes  could st ill lead to issues  

with  other queries. In fact, if we are interested in the count measure produced by the 
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factless fact table, they do. For example, if for whatever reason you would choose to 

address the third question using the Factless Customer Category Count measure 

instead of the Amount measure (it is not such a useful number, but you should not ask 

whether a number is useful while it is wrong), you would obtain the strange result of 

Figure 22 . 

 
Figure 22  ï Wrong results using Factless Customer Category Count measure  

Numbers aside  (in this query the measure should represent  the number of customers 
for each category that did at least one ATM withdrawal transaction, but it does not) , the 
category list is wrong. The reason should be  obvious : there is not a valid relationship 
between Dim Type and Factless Customer Category measu re group, which contains the 
measure we used in our query. At this point we must choose between making this 
measure invisible or fixing this measure: I prefer the second approach , because in 
future  I may need to expand my UDM and having more defined relati onships makes the 
cube easier to explain . I can always make these strange measures invisibles, but this is 
not a good excuse to leave UDM incomplete . 

 

Figure 23  ï Complete cube model for cascading many - to - many relationships  

In Figure 23  I finalized the UDM dimension usage by  defining relationship s between all 

dimensions and al l measure groups. Often times , all many -to -many relationships (all 

cells) of a dimension usage column point to the same intermediate measure group.  This  

is common because only the measure groups that are based on true factless fact table 

have different inte rmediate measure groups for different dimension s, e.g. the Factless 

Account Customer measure group.  

I worked on complex UDMs that have different intermediate measure groups for 

different dimensions linked with many - to -many relationships. Sometime s it happe ns 


