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T D LTy Lo [ T o= o = o =TSR 2
B0 WEICOME ...ttt ettt et st s e s bt e sttt e a bt e s abe e e sareeeabee st e e snseesabeeesabeeeanseesareeenreeeaneeenane 2
L oY i oo [N ot i To 1 o FUU PR PPROTRRORRTON 2
A Yo [o [ =TT USSP 4
4.3 MASTEI-DETAIN ..ccueiieiiie ettt st st e s b e e n et e s re e s ane e e s raeesnreeanee 7
4.4 Data WarEhOUSES.......eiiiiieriiee ettt ettt ettt e s bt st e s bt e e s bt e e sab e e eabeeesabeeanseesabeeesnseesneeesaneeenns 8
Y Y o] o [To= Y [ o - SRR 11
4.6 What have We 1€arned ? ......cooeiiiiii ettt ettt et et s be e st e e areebee e smreeesaree s 16

Page 1



Learning Data Modelling by Example Chapter 4) Design Patterns

4. Design Patterns

4.0 Welcome

You are invited to follow developments on our Web Site :-
e http://www.databaseanswers.org/data _models/index.htm

You can also join our Database Answers Community
e http://databaseanswers.ning.com/

Barry Williams
Principal Consultant
Database Answers Ltd.

barryw@databaseanswers.org

4.1 Introduction

This Chapter will discuss the importance of Design Patterns and give some examples.

4.1.1 What is this ?

Design Patterns are solutions to common problems.

4.1.2 Why is it important ?

They are important because they occur all around us.

Design Patterns exist because they reflect the existence of common problems and common
solutions in the world of Data Modelling.

Because of this, when we want to understand a Data Model, an obvious starting-point is to
look for common Design Patterns.

This document can help in looking at a Data Model and understanding it.

It is based on the concept of Design Patterns which are general solutions to common
problems which occur on a regular basis.
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This document starts with some simple Concepts and then discusses common Applications
that use these Concepts.
This applies in two situations :-

e Data Models created by Reverse Engineering existing Databases.

e Other Data Models.
This document will help in the Quality Assurance (‘QA’) of these Data Models, which might
be produced internally or externally, by Partners, for activities such as Data Migration.

i) For the first situation, it is not appropriate to try to do a Quality Assurance of the Model.
This is primarily because Databases in operational systems have usually gone through a
series of changes and the impact on design has not been thought through.

As a result there has not been the knowledge, commitment or time to redesign the
Database.

The objective is primarily to understand the Database.

The many-to-many Pattern will not occur because this cannot be implemented directly in a
Relational Database. This applies also to Inheritance which can only be identified by
implication.

It is often useful to create a general Business Data Model that renames Tables as
appropriate to replace the physical Table names with corresponding Business Terms.

For complex Databases, it is usually valuable to create a Top-Level Data Model with lower-
level Subject Area Models.

It is important to try to establish a Glossary of Terms, covering descriptions of the most
important Tables and Attributes and Reference Data.

Another important activity is to establish the Business Rules that define the logic underlying
any Database.

Some simple examples that can be used as Templates have been shown in this document.

ii) For the second situation, it is appropriate to do a Quality Assurance of the Model
This would include a number of tasks, such as :-

e |ooking for examples of the Design Patterns being used where appropriate.
e review of the Reference Data

4.1.3 What will | Learn ?

You will be able to recognise Design Patterns when they occur and find it much easier to cope with
complex situations because you will be able to break them down into simple components.
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4.2 Addresses
This is taken from the Data Model shown on this page :-

e http://www.databaseanswers.org/data models/customers and addresses/index.htm

There are several Options for modelling Addresses.
Option 1 : The simplest Design
This is the simple and most basic Design.

It stores the Address in the Customer Table :-

Customers_

@ customer_id
customer_name
date_became_customer
other_customer_details
address line_1
address line_2
address line_3
city
county_province
Zip_or_postcode
country
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Option 2 : A separate Address Table
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This Design stores the Address in a separate Table, as shown in this example :-

e http://www.databaseanswers.org/data_models/customers and_addresses/index.htm

[ Ref_Contact_Channels |
@ channel_code
channel_description
- &g EMail=Email Address,
- CellMob=Cell/Mobile Phone

Data Model for Customer Addresses
Barry Wiliams
16th. February 2010
DatabaseAnswers.org

( Customers
@ customer_id
customer_name
date_became_customer
other_customer_details

il

Cities

@ city_id
city
=tate_province_county
country

| Customer_Contact_Channels

customer_id

channel_code

@ active_from_date
active_to_date
contact_number

/

| Customers_Payment_Methods

customer_id

payment_method_code
acount_details
card_details

!

| Ref_Payment_Methods “l

@ payment_method_code
payment_method_description
&g CC=Credit Card
eg CHK=CheckiCheque

|
|
|
|
|
|
|
|
|
|
}

Customer_Orders

| Ref Order_Status |

@ order_status_code
order_status_description
- eg Cancelled, Delivered.

Products

@ order_id
@ customer_id
p order_status_code

order_date
order_detailz

Order_ltems

@ product_id |
product_detailz

Page 5

order_id
product_id

order_guantity

+

Addresses
@ address_id

@ cify_id
line_1
line_2
line_3
Zip_or_postcode
other_address_detailz

|
|
|
|
l
i
£ X

-
Customer_Addresses

@ customer_address_id

@ address id

f sddress_type_code

@ customer_id
date_address_from
date_address_to

v
1

( Ref_Address_Types
(@ address_type_code
address_type description
&g Biling, Residential.
&g Delivery, Work
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Option 3 : A more general Standards-based Design

This Design also stores the Address in a separate Table which then makes it possible to
validate Addresses using bespoke or commercial software, such as QAS :-

e Inthe US - http://www.gas.com/

e In the UK - http://www.gas.co.uk/

There is a two-line standard recommended by the US Postal Service :-

e http://pe.usps.com/text/pub28/PUB28C2.html

e http://pe.usps.com/

You can find a discussion of the Universal Postal Union UPU S42 International Address
Standard, published in 2003 by following this Link :-

e http://xml.coverpages.org/Lubenow-UPUS42.html

The UK standard called the ‘PAF File’ or ‘Post Office Address File’ , which favours 4 lines.
This design is compatible with the US and the UK standard :-

T
|

( Customers ] ’ Addresses
@ customer_id @ address_id
customer_name ling_1
date_became_customer line_2
other_customer_details line_3
city
—I— county_province
| Zip_or_postcode
| country
other_addrezs_detailz
| - .
|

[

Ref_Address_Types |

(@ address_type_code
address_type_description
&g Biling, Delivery
eqg Residential, Work

A

A

-
Customer_Addresses

@ customer_address_id

@ addess id

@ sddess type code

@ customer_id
date_addrezs_from
date_addrezs to
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4.3 Master-Detail

Chapter 4) Design Patterns

Master-Detail is a very common design and is described on thi page on Wikipedia :-

e http://en.wikipedia.org/wiki/Master-detail

A typical example Master-Detail is Customers and Orders :-

e http://www.databaseanswers.org/data models/customers and orders/index.htm

Data Model for Customers and Orders
{not =howing Reference Data)
Barry Williamz
16th. December 2006

| Suppliers

@ supplier_code
supplier_nams
other_supplier_detailz
&g Bookstore or Coffes Shop

Products }GJ
@ product_id |
@ parent_product id
@ product typs cods

@ supplier_code
product_price

book_izbn
book_author
book_publication_date
book_title
food_containz_yn
food_name
food_description
food_flavor
food_ingredientz
other_product_detailz

Customers

@ customer_id

firat_name T
middle_name
last_name
customer_phone
customer_email

other_customer_detailz

date_order_placed
date_order_paid
der_total order_price
other_order_detail

eg Coffes and a Doughnut

Addresses

Customer_Addresses T

customer_id
address_id

@ date_from
@ sddress type_code
dats_to

Customers_Payment_Methods

mer_payment_ me:‘r’:o:.'_.‘:':_: .

@ customer_payment_method_id

@ cust

@@ pzyment_method_code

mer_id

card_number
date_from
date_to

other_detailz

CL|stomer_Orders_Products]

order_id

product_id
gquantity
comments
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order_id
@ date_reporte

Vivnais
delivery =

@ address_id
line_1
ling_2
line_3
city
Zip_poestcode
state province_county
country
other_address detailz
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4.4 Data Warehouses

4.4.1 Design of an ERD

This Data Model is an Entity-Relationship-Diagram (‘ERD’) for Customers and Demands :-

( T T— 1 ( Ref_Product_Type ‘]
LPK Customer_ID PK Product_Type_Code

: Product_Type_ Description
Cust Details T =
ey eqg Aircraft Engine, Washer

} %

i Demands ) | Products

PK Demand_ID PK Product_ID

FK Customer ID FK Product Type Code
Date_Demand_Made Product_Detailz
Date_Demand_Satisfied
Other_Detailz -T-

{ uil

rPrﬂ-ducts_i n_a_Dema rr.q

PF Demand_ID

PF Product_ID
Quantity
Other_Detailz

We could describe it in these terms :-
“Customers place Demands for Products of different Types.”
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4.4.2 Design of a Data Warehouse
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For our purposes, we can consider a Data Warehouse to be the same as a Data Mart.

In our professional experience, we have designed Data Marts which had a specific scope and

timescale and defined Users.

A Data Warehouse, on the other hand, simply puts all data into a ‘big basket’ and says ‘Here

itis, come and get it".

This Data Model shows the corresponding Data Warehouse for Customers and Demands : -

f Customers ]—e——|

Ref_Calendar
PK Day_Date
Day_Nurmber

Data_Warehouse_Facts

PK Customer_ID
Customer_Details |

PK Demand_ID

Date_Demand_Made — —Agé
Date Dermand_Satizfied |_ ]

Other_Detailz

| Products |_¢3._ p ]

Demands

PK Product_ID
Product Detailz

PK Fact_ID

FK Customer_ID

FE Day Date

FK Demand 1D

FK Product 1D

FK Product Type Code
Guantity
Other_Details
Awerages, Counts, Totale
Enquiriez and Reports
KPlz, Graphs, Trends
Other Derived Figures

4.4.3 Reviewing the Design of a Data Warehouse

Ierducts_i n_a_Dem and]

PK Demand_ID

~=a— -5— |pK Product_ID
CGuantity

Other_Details

|r Ref_Product_Type w

PK Product_Type Code
Product Type Description
eg Aircraft Engine, Washer

},Q_

The design of any Data Warehouse will conform to this patter with Dimensions and Facts.
Dimensions correspond to Primary Keys in all the associated Tables (ie the Entities in the
ERD) and the Facts are the derived values that are available.

Therefore, reviewing the Design of a Data Warehouse involves looking for this Design

Pattern.

With one exception, the Relationships are optional because the Enquiries need not involve

any particular Dimension.
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The one exception to this rule is that the Relationship to the Calendar is mandatory because
an Enquiry will always include a Date.

Of course, an Enquiry might include all data since the first records, but the principle still
applies.

The purpose of the Data Warehouse is to make it easy to retrieve data in any combination
in order to answer questions like this :-

e Which Customers ordered the most Products ?
e What was the most popular Product in the first week of April ?

e What was the average time to respond to demands for the most popular
Product ?

e How many Demands did we receive in May ?
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4.5 Applications

Chapter 4) Design Patterns

This shows some examples of simple Applications that occur frequently.

4.4.1 Customers and Orders

This typical Customers and Orders Data Model represents a widespread kind of application :-
e http://www.databaseanswers.org/data_models/customers_and_orders/index.htm

It is an example of how a Many-To-Many Relationship between Customer Orders and Products is broken
down into two One-to-Many Relationships.

One of these is Customers-_Orders to Customer-Order-Products and the other is Products to
Customers_Order_Products.

Data Model for Customers and Orders
{not ghowing Reference Data
Barry Williams
16th. December 2006

Suppliers \I

@ supplier_code

supplier_nams
other_supplier_detailz
2g Bookstors or Coffee Shop

5 5
; }QJ
@ product_id |

Products

uct type code
@ supplier_code
product._price
book_izkn
book_author
book_publication_date
book_title
food_containz_yn
food_nams
food_description
food_flavor
feod_ingredients
other_product_detailz

Customers

@ customer_id

firzt_name T
middle_name
lazt_nams
customer_phone
customer_smail

other_customer_details

Customer_Orders

@ order_id

@ customer_id

@ customer_psyment_method_id

@ order_stasius
date_order_placed
date_order_paid
der_total order_price

cooe

other_order_detailz
&g Coffee and a Doughnut

Customer_Addresses

customer_id
address_id

Addresses

@ date_from
@ sddrezz_type_code
date_to

@ address_id

line_1

zip_postcods
state_province_county
country

other_addresz detailz

Customers_Payment_Methods

-

@ customer_payment_method_id

@ customsr_id

@ payment_method_cods
card_number
dats_from
dats_to
other_detailz

CL|stomer_Urders_ProclLlcts:]

@ order_id
product_id
quantity

comments
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4.4.2 Deliveries - Simple
This Data Model is a simple Design Pattern that covers the activities of One-off Deliveries

to a designated address.
The process of reviewing a Data Model is to ask :-
“How do I describe the Business Rules behind this Model ?”

In this case, we could say :-
“A Customer can raise a Demand for Products to be delivered to a specified Address”

Addresses
Customers
3 §h address_id
@ customer_id ;
line_1
customer_name :
line_2
customer_phone |
tomer_email line_3
_— = (Customer_ﬁ.ddresses line 4
date_became_customer = : e
other_customer_details customer_id cty
4 address_id - postcode
(L @ date_from " county_area
@ sddress type code country
date to other_address_details
L

Delivery_Routes

|
|
|

|
‘ @ route_id |
| |
|

route_name

other_route_details

|
A g 9 e

Products Actual_Demands ) ( Delivery_Rome_Locations|
@ product id @ actual_demand_id @ location_code
product_name @ customer_id @ routs_id
product_price @ demand_ststus_code @ tocstion_sddress_id
product_description| | @ reguiar_demand_id location_name
other_details actual_ demand_date other_location_details
other_details _l_
£ e
o |
] AR
l 1
[Actual_Dema ml_Pro-ductﬂ | Deliveries |
actual_demand_id @ location_code
product_id @ =ctusl_demsnd_id
quantity @ delivery_ststus_cods

delivery_date
other_delivery_details
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4.4.3 Deliveries - Complex

Chapter 4) Design Patterns

This shows a more complex Pattern which adds Regular Demands.

Addresses
Customers (Cmmmer_ﬁ.ddresaes
i address_id
( customer_id B customer_id w4
CUBIOMET_Nams B} address_id SO |n¢_2
customer_phane i@ dote_from fs 5
cusiomer_=mail ﬂ address_{ype_rode iI'IE:-'-
dale Becams cuslomer date o city
other_cuslemer_delails pesteode
h i county _araa
i ;? country
- r
Products '] f Regular_Demands | Actal_Demands f Defivery_Routes | nihe: _ﬁﬂlirﬂaa_-ﬂs‘.mli
@ product_id @ regular_demand_id @ actual _demand_id @ rouvle_id CL
product_name QD costomer_id = (1 customer i riule_nane
produci_price frequency @ demend_stetus_code odher_route_detailz
IS AR aipton demand_details @ reguier_demand i
oiher_detsis achual_demand_date
e - nther_detnik

i

(Regular_Demand_Products)
i@ requiar_demand_id
il product_id
quaniiy

i

/|
[nnmal_l:lemam_lﬁrmmﬂ
G actual_demand_id
B product jo

quantiy

@ locedon_code

i scival_dermand id

@ delivery_ststug_code
dedvery _date
ather_debrery_detais
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A Fii

(Delivery_Route_Locations

(1 location_code

(fr rosie_id

@ iocation_eddregs_id
lacalion_name
eiher_location_details




4.4.4 Maintenance of Equipment
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The scope of this Data Model is the Maintenance of Assets by Third-Party Companies.
The Business Rules state :-
An Asset can have a Maintenance Contract.
An Asset consists of Asset Parts
Faults occur with these Parts from time to time.
Third Party Companies employ Maintenance Engineers to maintain these Assets.
Engineers pay Visits which are recorded in a Fault Log.
They correct the Faults and this is recorded in the Fault Log.

[Inlm_Pﬂrw_Cmuanies\l

(@ company_id
@ company type code

COMQANY_REMmES
company_address
other_coempany_detaks

T
A

[

Maintenance_Contracts

@ maintenance_contract_ld
i meintensnce_contrect_ company,_id

conlract_stari_date
contract_end_date
other_coniract_detais

()

@ part_id
pari_name
chargeablds_yn

piher_pari_detais

chargeabls_amount

hsseis

—_—— @ aszet_id

@ maintenance_contract id
D suoplier_company_id
aseat_make
azzat model
asast acquired_date
azeel_di=posed_date
alher_defais

]

Azsel_Parts

s asset_id
i part_id
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( Faull_Log

(§ fault_log_entry_id
Faull_log_eniry_datetime
fault_dgescription
other_faul_defods

Part_Faults

E{ ﬁ feuit_log_eniry_id

r’Mﬂnrlstnf'.-mﬂl'.u::-i.;Ern;linﬁnerﬂ
@ engineer_id

—gh] i company_id

engineer_deinis

|

L

Engineer_Wisits
@ engineer_visil_id
@ engineer_ig

@ reon_ststus_cods
vigh_atart_catetima
visil_snd_daletime
other_visl_detaiks

@ part_fault_id

@ sszer i

@ partid
faull_short_name
fault_description
other_foul_delnis

T R MR

]
it
Fault_Log_Parts
@ foult_log_entry_id
BE part_faul id
@ fouit_status_code

[ e
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4.4.5 Top-Level and Subject Areas
Complex Data Models are common in large organisations.

They can best be understood when they are broken down into a Top-Level Model and
Lower-Level Subject Areas.

Typical Subject Area Models might include Finance, HR, Deliveries and Maintenance.
These are shown in earlier Sections of this document.

Top-Level Model

This is a top-level Model showing the Entities that are important at the top level.

It provides a suitable form of communication with a wide range of stakeholders.

A lower-level Model has been created for each specific Subject Area.

Here is an example for a Retail organisation that you can find on this page :-
http://www.databaseanswers.org/data models/enterprise data model for retail/index.htm

Products Area

L]

Customers |
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4.6 What have we learned ?

This Chapter has discussed Design Patterns which are generic solutions to problems that occur
frequently.

After we become familiar with these Design Patterns we can see them frequently when we look around
us.

Therefore, an understanding of these Patterns can be a great help when we want to assemble a Data
Model quickly and we can recognise that specific Patterns are relevant.
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