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MultiDim: A Conceptual Multidimensional Model

Conceptual data models

- Allow better communication between designers and users to understand
application requirements

- More stable than implementation-oriented (logical) schema, which changes with
the platform

- Provide better support for visual user interfaces
No well-established conceptual model for multidimensional data

Several proposals based on UML, on the ER model, or using specific
notations

Problems:
- Cannot express complex kinds of hierarchies

- Lack of a mapping to the implementation platform
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MultiDim: A Conceptual Multidimensional Model

Currently, data warehouses are designed using mostly logical models
(star and snowflake schemas)

- Difficult to express requirements (technical knowledge required

- Limit users to defining only elements that the underlying implementation
systems can manage

MultiDim data model is based on the entity-relationship model

Includes concepts like:

dimensions

hierarchies

facts

measures
Supports various kinds of hierarchies existing in real-world applications

Can be mapped to star or snowflake relational structures
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MultiDim Model: Notation

A graphical notation used for a sample hierarchy

leaf level o R root level
| criterion cardinalities ‘
Product @/
3 Category Department
ProductNumber O
ProductName ‘g‘ > CategoryName - DepartmentName
Description 3 Description Description
Size o
N
[ parent level
child level

Dimension: level or one or more hierarchies

Hierarchy: several related levels

Level: entity type

Member: every instance of a level

Child and parent levels: the lower and higher levels

Leaf and root levels: first and last levels in a hierarchy
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MultiDim Model: Notation

A graphical notation used for a sample hierarchy

leaf level o R root level
criterion cardinalities . .
~ ‘ Cardinalities
Product 2 (0,1)
3 Category Department C (1'1)
ProductNumber |5 )
ProductName i > CategoryName DepartmentName —(< (0,n)
Description 3 Description Description (1,n)
Size o
N

] parent level
child level

Cardinality: minimum/maximum numbers of members in a level related
to members in another level

Criterion: expresses different hierarchical structures used for analysis
Key attribute: indicates how child members are grouped

Descriptive attributes: describe characteristics of members
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MultiDim Model: Notation

A sample fact with 5 dimensions

Customer ____ Many-to-one
dimension
CustomerKey
CompanyName
Role-playing Many to-many
dimension dimension
A\
i OrderDate
Time P Sales SalesReason

TimeKey DueDate Quantity 3 SalesReasonKey
DayNbWeek Amount SalesReasonDesc

Order One-to-one
dimension

OrderNo
DeliveryAddress

Fact: relates measures to leaf levels in dimensions

Dimensions can be related to fact with one-to-one, one-to-many, of
many-to-many

Dimension can be related several times to a fact with different roles
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MultiDim Model: Notation

Summary
Level Hierarchy Cardinalities
ChildLevel ParentLevel O (01)
LevelName Name g Name —(1,1)
IdentAttribut IdentAttril - IdentAtiribut ———O< (0,n)
OtherAttributes OtherAttributes OtherAttributes < (Ln)
Fact with measures and associated levels
RoleName,
LevelName; Fact Name LevelName,
IdentAttributes Sm RoleName; | |dentAttributes
, easure .
OtherAttributes Measure: AggFet OtherAttributes
Types of measures  Analysis criterion Distributing factor Exclusive relationships
Additive §
Semiadditive +! ' N +®*
s percentage +
Nonadditive #
/Derived
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MultiDim Conceptual Schema of the Northwind

Data Warehouse

Year — Supplier /: City P @ O State
=
Year SupplierlD & CityName SO, | StateName
A CompanyName §) [ EnglishStateName
Address StateType 50
Semester PostalCode \(DJ C Territories ) StateCode
Semester Emoloves StateCapital
i oy -
Quarter Customer () :
z FirstName Region
Quarter CustomerlD @ LastName
A CompanyName Title ;
Address §’ BirthDate RegionCode
Month O] -
PostalCode HireDate
MonthNumber /l\ N Address | P &)=
MonthName City e Country O—!
N Sal L Region
ales
( Calendar ) — e PostalCode CountryName
: Quantity @2 Country CountryCode
Time UnitPrice: Avg +! é ( Supervision ) gggsltgg:pntal
Date OrderDate< Discount: Avg +! @ | Subordinate Subdivision
DayNbWeek DueDate | SalesAmount >
DayNameWeek  [gpisnedDate Freight Y
DayNbMonth = INetAmount Shipper Coninent
DayNbYear ‘1/
WeekNbYear ContinentName
Product CompanyName
w
(]
Category 5 |ProductiD
2 |ProductName Order
CategorylD g QuantityPerUnit
CategoryName UnitPrice OrderNo
Description Discontinued QrderLineNo
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Balanced Hierarchies

At schema level: only one path where all parent-child relationships are
many-to-one and mandatory

Product )
(@) Category
S
ProductName ttgb CategoryKey
QuantityPerUnit 3 CategoryName
UnitPrice = Description
Discontinued N

At instance level: members form a balanced tree (all the branches have
the same length)

All parent members have at least one child member, and a child belongs
exactly to one parent

All all
Category Beverages Seafood
l | J |
Product | Chai | | Chang |.. | lkua | | Konbu |..
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Unbalanced Hierarchies

At schema level: one path where all parent-child relationships are many-
to-one, but some are optional

)

ATM ® Agency Branch Bank
ATMNumber |8 AgencyName BranchName BankName
Address & BO— Address ~()— Address Address
Model X Area MinCapital Manager
MoneyCapacity | 8 NoEmployees MaxCapital Headquarters

At instance level: members form a unbalanced tree

Bank bank X
| |
Branch branch 1 branch 2 branch 3
! I
I | I I
Agency agency 11 agency 12 agency 31 agency 32
|
I |
ATM ATM 111 ATM 112
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A special case of unbalanced hierarchies

The same level is linked by the two roles of a parent-child relationship

Used when all hierarchy levels express the same semantics

The characteristics of the parent and child are similar (or the same)

Schema level

Instance level

In HTML view press 'p' to see the lecture notes
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Employee

Employee

FirstName
LastName

Supervision
Subordinate

S
2
5
Q
3
w

Andrew
Fuller
[ [ ] 1
Nanc Janet Margaret Steven Laura
Davolio Leverling Peacock Buchanan Callahan
I 1
Michael Robert Anne
Suyama King Dodsworth
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Generalized Hierarchies

At schema level: multiple exclusive paths sharing at least the leaf level;

may also share other levels
Two aggregation paths, one for each type of customer

Sector
)
Customer SectorName

@ Pt Description PO—+— Branch
Customerld e ' :
CustomerName | @ ® ® w
Address (&} : i escription
u>—°—C Profession = =0O-—+—

ProfessionName

Description

At instance level: each member belongs to only one path

|

l

I§rec§:ftgsr/sion | sector A | | sector B ‘ ]professionA| |professionB]
Customer Icompanyzl |companyK| | person X l | person Y |
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Also known as ragged or level-skipping hierarchies
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Noncovering Hierarchies

A special case of generalized hierarchies
At the schema level: Alternative paths are obtained by skipping one or

several intermediate levels

2

TopP
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Noncovering Hierarchies

At instance level: Path length from the leaves to the same parent can be
different for different members

Continent Europe
I I
Country Belgium Germany Vatican
Region Wallonie
|
| I | I
State Hainaut Liége Bayern Sachsen
City Chimay Liége Munich Lepizig Vatican
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