Elegant & Efficient Database
Design

Tim Allen ' Y Becky Sweger

Brief background
Whatthe presentation is meant to cover:
ARelational, OLTP databasethe type that 90% of our applications use
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ANon-relational databases

AOLAP/decision support data structures, which have their own set of rules

Aintense theory cover just enough to provide the reasoning behind the best practices

Most of the information is conceptually the same for all RDMSs. The actual
implementation details, when discussed, are specific to SQL Server.



There Are No Rules

There are best practicdsut no hard and fast rules.
Furthermore, the rules evolve over time.
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M Naming Conventions

Joshua
Jana
John-David
Jill

Jessa
Jinger
Josiah
Joy-Anna
Jedidiah
Jeremiah
Jason
James
Justin
Jackson
Johannah
Jennifer

TheDuggarfamily sticks with a naming convention
While a bad idea for a family, a good idea for a database
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m Naming Conventions

Pick one and enforce it: camelCase, PascalCase,
under_scores
Why?
Cleaner code
Logical joins
Sanity of future developers and future you
Explicitly name constraints
Avoid keywords as column names
WRDS Fail: group, client, school, subscriber, and
institution are all used for the same data entity

There are more than these three types

Keywords as column names can create future compatibility issezample MySQL
4A 5 label, repeat (reserved in 4, but allowedcadumn name, not allowed in 5)



DB Normalization

OS & 2 dzed fourhamihgaidveéntion and understand the data in your
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. DB Normalization

The key, the whole key,
and nothing but the key.
So help me Codd.
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ensuring that a database structure is suitable for general purpose querying and free of
OSNIiFAY dzyRS&ANI 0t S OKINIOGSNRAGAOA GKI
(http://en.wikipedia.org/wiki/Database_normalization).

EdgarCodd(father of relational database model:
http://en.wikipedia.org/wiki/Edgar_F. Codd) defined various normal forms:

Astnormal form: data is free of repeating groups

And normal form: INF + non key data depends on the entire key (or candidate key), not
just a part of it

Strive for third normal form. Every attribute is dependent on nothing but the key.
EdgarCodd(father of relational database model):
http://en.wikipedia.org/wiki/Edgar_F._Codd
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deliberating denormalizing data is a valid performance tuning strategy. However, to
de-normalize at the design stage is premature optimization. Design for 3NF and de
normalize later if it becomes necessary.



DB Normalization

Faculty and Their Courses

Faculty ID | Faculty Name | Faculty Hire Date | Course Code
389 Dr. Giddens 10-Feb-1985 ENG-206
407 Dr. Saperstein | 19-Apr-1999 CMP-101

407 Dr. Saperstein | 19-Apr-1999 CMP-201
P

' (424 |Dr.Newsome |29-Mar-2007 ?

This table is not in 3NF because course code cannot be definedlsplilg key of the

table (faculty id).

The design is problematic because you may not be able to insert records for faculty
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Why normalize?

Avoid data duplication

Let end users make their own
changes

Avoid data anomalies

Third-party tools rely on normalized
data

Avoid dataduplication
Abetter to have a single source of all information: less epame
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Data anomalies
A previous slide shows insert anomaly
Athere are also update and delete anomalies

Third party tools
Areporting tools

Costof joins: may sometimes be necessaryde-normalize for performance purposes,
but your initial design should be normalized. Avoid premature optimization.



Indexing
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Find a book in Van Pelt without a card catalog...

Without an index, db goes through each record

Imagine finding a library book without a card catalog. You would have to look through
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You can think of a data pages like a page in a book. (exacoplebook)

Alf you create a table with no indexes, the pages will be in no particular ¢neéap)
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example, you would create an index based on main ingredient, then look up potatoes in
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which pages to look at.

Alf you create &lustered index the pages will be physically ordered by a designated

key and there will be an index that points to the first page containing the key values.
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entry would point to the first page of potato recipes. The rest of the potato recipes will

be on subsequent pages.
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Indexes in SQL Server are organized as B-trees

Index
Pages

Akhata

Ganio

Page 141

Akhatar

Page 140-Root

Smith

Page 145

Non-Leaf
Level

Data
Pages

Level

Akhatar |. . .

Ganio _|. ..

Barr

Hall

Con

Jones |...

Martin |-~ -

Smith

Martin |- - -

7206 Smith

- 18721

Funk |...

Jones |- ..

5788

Ota

Smith

- | 8772

Funk

...| 4705

Jones |. ..

6002

Phua |-

T |

White

-+ | 8355

Page 100

Plgo“o

Page 120

Plgo 130

member name clustered index (image from Clustered Indexes vs. Nonclustered Indexes in SQL Server:http://tr.im/AeUs)

B-Tree = balancettee (balanced means that depth between root level and leaf blocks is

constant)

Aroot at the top is an entry point to the index
Aleads to other roots that navigate the index
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Clusteredndex definition:
Aclustered leaf pages in a clustered index are the data pages of the tahlelfysical data

order = index order)
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Athe clustered indessthe table, so there is only 1 clustered index per table

Clustered index good for:
Aquerying a range of data

Aquery data that needs to be sorted

Clustered index not good for:
Afrequently updated columns. when row locators are updated, corresponding locators in all
non-clustered indexes are also updated

Example shows the following query: SELIESMame firsthameFROM member WHERE

lastname= 'Rudd’
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http://digcode.com/default.aspx?page=ed51cde’794datafae
fa6192562ea9&article=443e9774126-422d-a2fl-dbcafbblelfc
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Indexing: Non-Clustered B-Tree

Index
Pages
Paged7 | Non-leaf Level
1234
2234
Page 41 Page 51 Page 71
1234 | Martin 2234 | White 5678 | Barr 7678 | Ganio Leaf Level
1334 Funk 2334 Akhtar 5778 Smith8721 7778 Martin7206
1434 | Smith 2434 | Jones 5878 | Ota 7878 | Phua (Key Value)
1534 | Funka705 | | 2634 [ Con 5978 | Jones5788 7978 | Smithe772
1634 | White9355 2634 6078 Rudd 8078 Hall
| 1
Clustered
Index o Martin
Akhatar ge 1
Ganio I Smith I

1434

Smith_|-

2334 | Akhatar 7678 | Ganio | 1234 | Martin
5678 | Barr 8078 |Hall 7778 | Martin |-
2534 | Con 2434 | Jones 5678 | Ota |-
1334 |Funk |... 5978 | Jones | --| 5788 7878 | Phua |-
1534 |Funk |...| 4705 2634 | Jones 6002

7206 5778 | Smith 8721
7978 | Smith 8772
2234 | White |.-.
1634

White |...| 9355

=

Page 100 Page 110 Page 120

Page 130

member id non-clustered index (image from Clustered Indexes vs. Nonclustered Indexes in SQL Server:http://tr.im/AeUs)

Exampleshows how sql server looks for data in the following queigt EQ&stname

firstnameFROM member WHERtember_no= 6078

Non-clustered index
Aleaf node <> data pageh i

the index

Non-clustered index good for:
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Afrequently updated columns; wide colummsinlike clustered indexes, these only

affect the index in question

Aretrieving small number of rows from large table (higher # of rows retrieved = higher

overhead of bookmark lookups)

Index maintenanceequires overhead, and indexes themselves take up space. So

adding indexes is a balancing act.
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http://digcode.com/default.aspx?page=ed51cde®794datafae
fa6192562ea9&article=443e9774126-422d-a2fl-dbcafbblelfc
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Indexmg Other Types

Unique

Full-text

Included columns
Indexed views

XML

Filtered (new for 2008)
Spatial (new for 2008)

http://msdn.microsoft.com/en-us/library/msi75049.aspx

SQL Server Indekypes http://msdn.microsoft.com/enus/library/ms175049.aspx

Unique
Guaranteeghat the index key contains no duplicate values. Clustered and nonclustered indexes can be unique.

Fulktext index
Usedto index large amounts MAX AND VARBINARY data.

Included columnsallow you to add nonkey columns to the leaf level of the nonclustered index. Idea is to created nonclustered L.
AYRSESa GKI{ aOE@SN:E Y2 NB _lj dzZSNRA S& 2Ke y2i 2dzad FRR (KS | RRA
-canbedatatypesii K & I NBy Qi Fff26SR a4 AYRSE 0O2f dzy 'y a

-not considered by db engine when calculating # of index key columns or index kéyesiaedid size limits)

-Design recommendation: redesign nonclustered indexes w/ a large index key size so that only columns used for searching and

lookups are key columns. Make all other columns that cover the query included nonkey columns. This allows you to cover the

query but keep the index key itself small & efficient.

-http://msdn.microsoft.com/enus/library/ms190806.aspx

Indexedviews:

Begmnlng w/ SQL Server 2005(7) _you can create a clustered index on a view, which 1) stores the view in the db (anlike_regu

A tala uKIFE 3 ReylFYAOLF Tt (e ONB I G SRU FYyR wH0O GKS 2L Aindel SNJ O v
FROM clause

After the unique clustered index is created on the view, the view is materialized in physical storage in the db.
Trade offs are storage and overhead (when base table changes or when clustering key is updated)

XML:

Introduced in SQL 2005. XML can be stored asfarefied XML data within SQL Server. Primary XML column index stores
properties, attributes, and elements of the XML data and stores it as an internal table. Data can be queri¥Qusirngs
supported by SQL Server.

Filtered index:

lfft26a8 &2dz (G2 ONSBilefits intex Hraetwill SoNthnEoyﬂy theyfowd\ of datd that meet the filtering criteria.
FromSQL Server 2008 Query Performance Tuning Ditlledho y Y & ¥ A f -Gl &StdBdRndex thak Gses afilger, | y 2 y
basically a WI}-\lERE clause, to create a highly selective set of keys agamst a column or columns that may not have ‘gt;od selecti
2ZUKSNBAASODE

Spatial index: ; ~ ; L . . o ; ~
bSg F2NI Wny o {U02NBa aLk uaAlt REGI & -tedhekshywithin @ttetalClgridNE (& LIS 2
grids linked together.
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http://msdn.microsoft.com/en-us/library/ms175049.aspx
http://msdn.microsoft.com/en-us/library/ms175049.aspx
http://msdn.microsoft.com/en-us/library/ms175049.aspx
http://msdn.microsoft.com/en-us/library/ms190806.aspx
http://msdn.microsoft.com/en-us/library/ms190806.aspx
http://msdn.microsoft.com/en-us/library/ms190806.aspx

Primary key = unique index (clustered or non-
clustered)
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Clustered index on every table

Index Pages

Non-Leaf
Level

Page 37
| Akhtar

Page 12-Root

Ganio

Akhatar| Ganio i 470603 Leaf
Hal Smith | 470804 | Level

Jones Ota Smith KeyValue)
Jones White )

White | 470502

470401 | JIGNER] ) -+ -| 470601 ] 470701 470801 470901
Funk 470402 ---| 470602 || Ota 470702 || Phua 470802 |{ Jones| 470902
White 470403 || Barr 470503 J| Smith |- . .| 470603 || Jones 470703 J{ Jones 470803 | Hall 470904

N - Martin|. . .| 470604 5 Smith 470804

member name non-clustered index (image from Clustered Indexes vs. Nonclustered Indexes in SQL Server:http://tr.im/AeUs)

Tim will soondiscuss the finer points of indexing. Here are a few highel, table
based practices

Clusteredindex on every table
1. heap table = table with no clustered index.

A not stored in any order or linked to adjacent pages in the table; unorganized
structure increasesverhead of accessing large heap table when compared
with access a large ndmeap table

A maintenance costs for neolustered indexes are higher on heap tables
because the row locators change over time (on tables w/ clustered indexes,
the non-clustered leaf pages actually point to the clustered index key, not to
arow id)

2. smaller & faster than heaps
3. all nonclustered indexes use the clustered keys as their row locator, so keep overall
size of clustered index as small as possible.

LYF 3S T NP VndexésisNoaclu§edlRy RSESa Ay {v][ { SNIISNX
http://digcode.com/default.aspx?page=ed51cde®794datafae
fa6192562ea9&article=443e9774126-422d-a2fl-dbcafbblelfc
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Indexing considerations: tables

Integer primary key on every table

FLAT_SECTION FLAT_ENROLLMENT N .
; enrollment_int_id
SECTION_ID PENN_ID
TERM SECTION_ID
. . . COURSE_ID TERM
section_int_id | [ec ETC 4

/* take checkpoint, clear buffers & cache */

SELECT s.term, s.section id, COUNT (penn_ id)
FROM flat section s JOIN flat enrcllment e
ON s.section id = e.section id

AND s.term = e.term

GROUP BY s.term, s.section id

Integer based primary key
narrow indexes = more index rowsf#aer page = fewer pages = fewer reads
narrow, numeric indexes = more efficient joins
can help in data corruption recovery
Surrogatei(e., not derivedfrom application data) keys are more futupeoof than natural keys
allow changes to the assouated text fields

rONE

2. AF &2dzQNB ISGdAy3a GKS RIGE FNBY 42YS6KSNB StasSz LINRBGISOGSR FNBY OKFy3Sa Ay

3. more flexibility for future functionality such as archiving changes

Complete script of query run against npkand clustered indepk versions of the tables:
USE WISP
GO

-- tell sqgl server to display disk activity and parse/execution time data re: the query
SET STATISTICS 10 ON
SET STATISTICS TIME ON

-- wrne aII dlny pages to disk, remove all clean buffers from buffer pool, clear the plan cache
CHECK

DBCC DROPCLEANBUFFERS

DBCC FREEPROCCACHE

GO

SELECT
s.term
s s.section_id
s COUNTpenn_id )
FROM

flat_section s
JOIN flat_enroliment e
ON s.section_id = e.section_id
AND s.term = e.term
GROUP BY
s.term
s s.section_id

GO

--write all dirty pages to disk, remove all clean buffers from buffer pool, clear the plan cache
CHECKPOINT

DBCC DROPCLEANBUFFERS

g%CC FREEPROCCACHE

SELECT
s.term
s s.section_id
s COUNTpenn_id )
FROM

zflat_section s

JOIN Zzflat_enrollment e

ON s.section_id = e.section_id
AND s.term = e.term

s.term
s s.section_id

GO

SET STATISTICS 10 OFF
SET STATISTICS TIME OFF
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Indexmg considerations: tables

Results

Without Int Primary Key

(76729 row(s) affected)

SQL Server Execution Times:
CPU time = 2375 ms, elapsed time = 4878 ms.

With Int Primary Key

{76729 row{s) affected)

SQL Server Execution Times:
CPU time = 578 ms, elapsed time = 2542 ms.

Table 'FLAT_SECTION'. Scan count 3, logical reads 1108, physical reads 4, read-ahead reads 276, lob 1l
Table 'FLAT_ENROLLMENT'. Scan count 3, logical reads 2481, physical reads 1, read-ahead reads 2256, 1
Table 'Worktable'. Scan count 0, logical reads 0, physical reads 0, read-ahead reads 0, lob logical r

Table 'zflat_enrollment'. Scan count 1, logical reads 2326, physical reads 1, read-ahead reads 2321,
Table 'zflat_section'. Scan count 1, logical reads Z18, physical reads 1, read-ahead reads 219, lob 1

Notes on the output:
Scan countnumber of times a table is accessed

Logical readstotal number of data pages accessed from data cache to process the

query. Some caveats about this metric:

http://blogs.msdn.com/sqlcat/archive/2008/04/10/whayou-shouldknow-if-you-are-

usinglogicatiosto-measurequery-plan-quality.aspx

Physical readsoccurs when the requested data page is not in buffer cache

Readahead read readahead reads anticipate data/index pages required by query and

ONAY3 GKSY Ayid2 o0dzZFFSNI OF OKS 0ST2NEB
Worktable:internal structure built itempdbthat sqgl server uses to generate query
output; generally used for certain group by, order by, or union queries.

iKSéQ
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Indexing considerations: columns

Only join on integer data typesothers are several orders of magnitude slow, even
when indexed, and their indexes will grow much faster much more quickly. Play the
guestions game: break down an integer into bits versuarahar (Tim)

AUnsigned Integer 32 bits

Avedium Integer- 16 bits

ATiny Integer 8 bits

Avarcharphiladelphia- 104 bits

AConsider joining 4 tables orvarchar 4 initial lookups on table indexes. 4 times as
bulky and less cacheable. The longer the biggest string imateharcolumn, the
worse the performance hit.

Avarcharcolumns that are indexed have caused the index file to get so large and
fragmented it can't be optimized on our servers. (Thank you, Matt Frew!)
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Indexing considerations: columns

Columns you join on: indexed integers
are your friend!

How are the columns used in queries?
Cardinality: 1:1, 2:many, many:many
Data type

Indexing multiple columns: moderation
Goal 1: performance!

Goal 2: smallest index file possible.

Only join on integer data typesothers are several orders of magnitude slow, even
when indexed, and their indexes will grow much faster much more quickly. Play the
guestions game: break down an integer into bits versuarahar (Tim)

AUnsigned Integer 32 bits

Avedium Integer- 16 bits

ATiny Integer 8 bits

Avarcharphiladelphia- 104 bits

AConsider joining 4 tables orvarchar 4 initial lookups on table indexes. 4 times as
bulky and less cacheable. The longer the biggest string imateharcolumn, the
worse the performance hit.

Avarcharcolumns that are indexed have caused the index file to get so large and
fragmented it can't be optimized on our servers. (Thank you, Matt Frew!)
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Iy} Indexing Considerations: Yes! No!
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