CS 200

Lecture 08
Relational Databases — SQL
(Structured Query Language)
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Administrivia

BEFORE lab, please read and highlight
* Assignment 8
* Database Design (on learn.uwaterloo.ca)
Adapted from Access Database Design & Programming by Steven Roman
* The SQL tutorial notes (on learn.uwaterloo.ca)

* Slides for this lecture
START the lab this week by doing the SQL tutorial

Topics for today
* relational database design
* when you need another table, and why
* SQL (Structured Query Language)

* a model for relational databases

Please ask questions!
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Assumptions for Today’s Lecture

You’ve seen a two-table relational database
* you’ve been exposed to
forms, reports, queries, sorting, & data validation
* you’re familiar with the terms

database

table

record (aka row)
field (aka column)

If this wasn’t true at the beginning of the term,

* by now you’ve completed the Filemaker Intro
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Things to Think about

How does a DBMS differ from a spreadsheet?
Why would | choose to use a DBMS?
How does SQL differ from FileMaker?

What are the reasons for needing more than one database table?
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Why SQL?
It’s an excellent MODEL for how relational DBMS’s work

Modern “big” DBMS’s are SQL-based

Many PC databases are not
* but can often be used as “front-ends” to mainframe SQL systems
* though FileMaker Pro 11—-16 and MS Access are based on SQL

OS X actually comes with two SQLSs!
* “SQL Lite,” which is designed to be embedded in programs (including the O/S)

* “My SQL,” a (very) popular open source SQL server (used for the Math Faculty’s inventory database)

Often you can
import data from an SQL database into software with a nice GUI (eg FileMaker)
by crafting an appropriate “SQL select statement”
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Databases — Structured Data

Why use a database at all?

Structuring data allows us to do things we can’t do efficiently,
or can’t feasibly do, with unstructured data

* The added power & flexibility aren’t free
it takes time and effort to create (and maintain) the structure

* You have to decide if that effort is worthwhile

Obvious questions:
* What do | mean by “structure” in a database?
* What’s the payoff?
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The visa worksheet in the Excel assignment

* is an example of a 1-table database,
although we built it in Excel, not with a DBMS

“Structure”

* each ROW (“record”) holds data for a particular transaction

* each COLUMN holds a particular piece of data about that transaction (a “field”

* we could have used FileMaker

though for what we wanted to do,
it wouldn’t have been worth the effort of learning FileMaker

* indeed, we could have placed the data in a Word table

or even in a text processor (eg BBEdit)...

We'll look at databases in Excel later
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separate fields by tabs, separate records by ]

but working with the data would have been MUCH harder
— think about implementing the Actual Balance and Statement Balance columns!

[ZXa)3) Accounting Solution.xls
< A B [« D E F [4 H 1 J K L M N
1 |John € Durnmy (101Duml)
F Last Statement Received: 252
3
TN, | Sort ) { Sort J current ustocoExcnfate: | 1.1z | Bottom ) | ot i |
5
[ Trans_Doi$| S|$| Fie|Fayee [#[ U5 Fund#[ COFund#[CD char|#[ CD pay]#| ABalan¢#[ S Bakng# [z [Comment
7 [ " Witalbalince 217239 217239
8 | 2009 [ 1B65 19 Apr @ 250 1 Office Depot 67.83 2,240.22 Z.240.22
9 | 2010 | 1867 23 Apr @ 250 2 Sobeys 50.34 2,290.56 22%0.56
10 | 2011 | 1868 24 Apr @ 250 3 Chapters, Waterko 237817 237817  Thinking in Java + Eon
112012 | 1869 24 Apr @6 250 4 Sobeys 242136 242196
12 | 2014 | 1870 29 Apr @ 250 5 ESMWaterko 245303 2,453.08 snch with Debbie & Lori (w
13 | 2016 [ 1872 20 Apr 86 250 6 iTunes Audic Books 2,509.93  Runaway Jury (Grsham) & A Morbad Taste for Bones (Els Peters)
14| 2017 | 1872 @1 Moy @ 250 7 Sobeys 2,686.89
15| 2019 | 1874 @3 May @ 250 8 Dotzert 2,845.59  Two Tiley mesh polo short sleeve shirts
16 | 2020 | 1875 @3 May @ 250 9 Surplus 287536  Two fans & one USE LED ight
17 | 2018 B2 Moy 86 250 10 “ES Take Control 2,888,868  Take Control of Buying a Digital Camer a; Macwor i Digital Photogr aphy Superguide
18 | 2021 [ 1B76 @3 Moy 86 250 11 Late Night Software 2,981.67  Upgrade to Script Debugger vi
19 | 2022 ( 1877 @6 Moy @ 250 12 ShoppersDrugMart 3,021.30
20 | 2024 [ 1879 @9 May 86 250 13 Sobeys 3,105.83
21| 2013 28 Apr @6 250 14 Payment 2,172.39 93344
22 | 2025 [ 18B0 18 Moy 86 250 15 ChaptersOnine 989.80 g Requiar Expressions & Python Pocket Refe
23 | 2026 | 1BB1 1@ Moy 86 250 16 MMNunes Clotes & Tadors 1,079.50 1,079.50  Take in the waist on three pairs of pants
24| 2023 | 1878 @7 Moy 86 250 17 COWCanada 1,151.10 115110 4 USB2 port Cardbus adaptor for my Powarbook
25 | 2027 [ 1882 13 May @6 250 18 MA&M Meat Shops 1,180.98 1,180.98
JELA 2028 | 1883 13 Moy @ 250 19 Galaxy Waterloo Theatres 1,190.93 1,190.93  United 33
27 | 2029 [ 1884 13 Moy 86 250 20 Sobeys 1,27493 1,274.93
28 | 2030 ( 1BB5 14 Moy 86 250 21 swreg.org/ Publcspace.net 1.297.98  ABetter Finder Renamer
29 | 2034 | 1BB9 16 Mgy @ 250 22 CanadianTire 1,236.46
30 | 2033 [ 1888 15 May @6 250 23 ActwveState 1,372.93  Komodo DE (was 32.05)
31| 2032 [ 1887 15 May @6 250 24 Cocoatech 34.95 30.77 PathFinder
32 2035 [ 1890 16 May 86 250 25 Sobeys
33 | 2031 | 1BB6 15 Moy 86 250 26 WAGI/ Default Folder 3 Upgrade fromv2 ->v3
34| 2036 | 1891 17 Moy 86 250 27 KAGI/ StyleMaster
35| 2037 [ 1892 19 May 86 250 28 Sabey
36 | 2039 [ 1894 21 May 86 250 29 Sobeys
37 | 2038 [ 1893 78 Moy @6 250 30 ES* Take Control Ebooks Take Contral of Fonts... & Take Control of Font Problems.
38 | 2040 [ 16895 22 Mey @6 250 31 OpenDoor 5%.00 67.68 Door Stop X Securityy Suite, with $20 US TidBits discount
39 | 2041 23 Mgy @ 250 32 MDS Laboratories PSA
40 | 2043 [ 1896 25 May @6 | 251 | 1 Arways Transt 1,787.66 | 1,787.66 | |Airways Transit for the annual trip to Oregon
41| 2044 [ 1897 25 May @6 251 2 Albertson's 46.07 52.34 1.840.00  1.840.00 groceries
146] 2147 17 hug 06  #ExE Tom Lee Music 3,476.87  3630.01  2nd Behringer UB1006 for use at the Universiy
147| 2148 | 1982 | 18 Aug 86 o Sabeys 3,519.34  3630.01
148
149 DES# | FR# [ Trans Date| SN | Payee ] US Funds | CD Funds [CO charge[ CD pay't [ ABalance [ 5 Balance [#[Comment
150
151 1983
152 | Top | |  New CDEntry | | New US entry |
153 2149 Next Data Entry Sequence Numbar
154
f@sE o « oo L visa J < M
=0 = heady OSCRL | & ONIM
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The Excel Assignment — Keeping Track of VISA Charges

& 08 Accounting Solution.xls
<[ A [ B C D | E F [ & [ H | I [ | [ Kk | L M| N A
1 |John C Durnmy (101 Dumy)
2 Last Statement Recehed: 252
3
4 [ s [ s ) [ s )Currunt US to CD Exch Rate: | 1.12
5
6 | DES®| FR{#| Trons Del#| Si€| P& Payee |#| USFungd®| CDFund#|CD char{#| CDpay|®| ABaland#| 5Balanc# s |Comment
T nit@l bakance 2,172,358 | 217239
8 | 2009 | 1865 19 Apr @ 250 1 {fhce Depot 67.E3 224022 2.240.22
9 | 2010 | 1867 23 Apr @& 250 2 Sobeys 50.34 2,290.56 2,290.56
10| 2011 (1868 24 Apr @& 250 3 Chapters, Waterko ar.el 23AT8AF 23787 Thinking in Jawa + Eon
11 | 2012|1869 24 Apr @6 250 4 Sobeys 43.79 242196 242196
12 | 2004 | 1870 29 Apr 86 250 5 ESM Waterko 31.07 £,453.03 £2.453.03 Lunch with Debbee & Lori (was 36,07
13 | 2016 | 1B7Z 28 Apr 86 250 6  iTunes Audio Books 56.90 £,509.93 2.,509.93 Runaway Jury (Grisham} & A Morbid Taste for Bones (Elis Peters)
14 | 2017 | 1873 @1 Moy @& 250 7 Sobeys 176.96 2,686.85 268689
15 | 2019 | 1874 @3 May 8 250 8 Dotzert 158.70 284559 284559 Two Tilley mesh pole short sleave shirts
16 | 2020 | 1875 @3 May @6 250 9 K-W Surpls 20.77 2,875.36 287536  Twofans & one USE LED kght
17 | 2018 B2 Moy 86 250 10 “E5 Take Control 13.52 £,888.88 Z.8E8.88 Take Contral of Buyng a Digital Camera; Macwaor d Degital Phot ogr aphy Superguide
18 | 20271 | 1876 @3 Moy 8 250 11 Late Might Softwara B2.79 2,981.67 2,9B1.67 Lipgrade to Script Debugger wid
19 | 2022 | 1877 &6 Moy 86 250 12 Shoppers Drug Mart 39.63 3,021.30 3,021.30
20 | 2024 | 1879 &3 May 80 250 13 Sobeys 84.53 3,105.83 310583
21| 2013 28 Apr @6 250 14 Payment 217239 93344  933.44
22 | 2025 | TBED 1@ Moy @6 250 15 Chapters Onling 5636 989,80 989,80 Mastering Regular Expressions & Python Pocket Reference
23 | 2026 | TBBT 18 Moy @ 250 16 M Munes Clotes & Taidors B9.70 1,.079.50 1,079.50 Take n the waist on three pairs of pants
24 | 2023 | 1878 @F May @& 250 17 CDW Canada T1.60 L1110 1,151.10 4 USE2 port Cardbus adaptor for my Power book
25 | 2027 | 1882 13 May @ 250 18 MEM Meat Shops 29.88 1,180.98 1,180.98
BEL 2028 | 1883 13 May @6 250 19 Galaxy Waterioo Theatres 9.95 1,190.93 1,190.93  United 93
27 | 2029 | TBB4 13 May BB 230 20 Sobeys 4,00 1,274,933 1,274,933
28 | 2030 | 1BBS 14 Moy 86 250 21 sereg.org)S Publcspace.net 23.05 1,297.98 1.297.98 A Better Finder Renamer
29| 2034 | 1889 16 Moy @& 250 22 Canadan Tre 3B.48 1,33646 1,336.46
30 | 2033 | 1888 15 Moy @& 250 23 ActiveState 3647 1,37293 1372483 Komodo DE (was 32.05)
31| 2032 | 1887 15 May @6 250 24 Cocoatech 34.95 3077 3077 1,412,770 141270  PathFinder
32 | 2035 | 1890 16 May 86 250 25 Sobéys 65.91 147861 1,478.61
33 | 20371 | 1BBE 15 May @6 250 26 KAGIHS Default Folder 3 17.21 149582 1,49582 Uipgrace from w2 -=v3
34| 2036 | 1897 IV May 86 250 27 KAGIS StyleMaster 34.63 1,530.45 1,530.45
35| 2037 | 18%2 19 May 8 250 28 Sobey 24.35 1,554.80 1,554.80
36 | 2039|1894 21 Moy @6 250 29 Sobeys 36.33 1,591.13 1,591.13
A7 | 2038 | 1893 28 Moy @6 250 30 E5* Take Control Ebooks 29,85 1,620.98 1,620.98 Take Control of Fonts,., & Take Control of Font Problems. .,
38 | 2040 | 1895 22 Moy @6 250 31 OpenDoor 5900 67.68 67.68 1,6B8.66 1,6B8.66 Door Stop X Securikyy Suite, with 320 US TidBits dscownt
39 | 2041 23 May @6 250 32 MDS Laboratocies 30.00 1,71866 1.,718.66 P5A
40 | 2043 | 18%6 25 May B8 | 251 1 Arways Transs 69,00 1,787.66 1,7B7 .66 Arways Transit for the annual trip to Oregon -
41| 2044 [ 1897 25 May @6 251 2 Albertson's 46.07 52.34 52.34 1,840.00 1584000 groceries v
146] 2147 17 Aug 06 mows Torm Lee Music 97.06 3,476.87 | 3630001 | 2nd Behringer UB 1006 for use at the Uniersity ?
147 2148 | 1982 | 18 Aug 96 wNous Sobeys 42 47 3,519.34  3,630.00 -
148
149 DES# | FR# | Trans_Date | SN | | Payee [ US Funds | CD Funds | CD charge| CO pay't | ABalance | S Balance |#|Comment
150
151 1983 [ il [ .
152 Top (- New CO Entry ] (- New US entry -)
153 2149 Mext Data Entry Seqguence Mumbar
154
4 4 = &
iz [ l_ Visa
Ready QSCEL | DCAPS | @NUM

CS 200 Spring 2017

SQL



Key DBMS Functionality

Data entry “validation”

Sophisticated searching (aka “queries™)
Sophisticated summarizing and reporting
Safe simultaneous updates by multiple users

The REAL power of a relational database
* appears when you have multiple related tables
* what does “related” mean?

* why have multiple tables?
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A Music Library

The goal — to refine our understanding of why/when multiple tables are necessary

Suppose you want to keep track of your music
* Album Title
* Artist
* Medium (CD, Tape, LP record, ...)
* Category (Jazz, Classical, Hard Rock, ...)
* Price
* Purchase Date
* Copyright
* Label
Well, you could do it with a word processor

* but ... how to find all the recordings by Led Zeppelin?

* & ... what’s the value of your Charlie Parker albums?

* & ... how to avoid entry of a bogus Medium, Category, etc.

* & ...
How well would Excel work?

Consider how we might manage our music in FileMaker
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Albums in FileMaker (1)

0006 Manage Database for “AlbumSongDatabase”
iw Relationships |
Table: | Album_Table s+ | 10 fields View by: | custom order :
' Field Name Type Options / Comments (Click to toggle)
$¢ AlbumID Number Indexed, Auto-enter Serial, Unique, Allow Override
$ Title Text Indexed
$ Artist Text Indexed
$¢ Medium Text Indexed, Existing, Allow Override
¢ Category Text Indexed, Existing, Allow Override
$ Price Number Indexed
$ Purchase Date Date
¢ Copyright Number Numeric Only, Range, Allow Override
¢ Label Text
¢ Sample Container
Field Name: Type ¥ Text #aT Options...
Number 3N
Comment: . Date %D
. Time o .
[ Create ] Change Duplicate Dg Timestamp M |

Container 3R

Print... Calculation %L icel | |

oK |

Summary 38S

Filemaker

* requires datatypes — Text, Number, Date, etc — why?

* provides data entry options for data validation (default values, value lists, range checks, etc)

CS 200 Spring 2017 1
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Albums in FileMaker (2)

SO Album Table
List Wide Medium Category Price  Pur Date &  Label Title
CO Easy 19.58 26 Jan 94 1992 Priwvate |lho. Dare to Dream
_1_1_1_F] TP Hard Rock 12.49 12 Jun 87 1926 Polygram Records Slippery Hhen Het
- " | TP Soft Rock 16.99 31 Mar 80 1987 HMJJ Productions Ead
r TP Sound 19.95 @1 Jun 92 1998 The Really The Phantom of the Opera
L TF Sound 19.95 15 Jan 22 1937 The David Geffen Les Miserables
Records: L0  Easy 12.99 28 Dec 95 1994 Private Inc. Yanhi Liwe at the Acropalis
= cCO  Folk 16.99 28 Dec 94 192V Capitol Records Ower 68 Minutes Hith Lightfoot
Unsorted ChO Classical 14,95 15 Dec 92 1998 HNipon Columbia Mozart by Denom
ChO Classical 132.95% 2@ Mar 92 1991 Telstar Records The Best of Hol fgang Amadeus Mozart
LF  Ea=y Q.95 2V Mag 72 19732 A &% M Records Carpenters: The Singles 1969-19732
TF  Ea=sy 12.49 27V Mayg 27 1922 PolygGram Inc. Chi ldhood Dreams
TF  Ea=y 12.99 19 Dec 39 1926 Polygram Inc. Meditations & Celebrations
CchO  Alternativ 17.99 15 Dec 94 1992 Geffen Records Augu=st and Ewverygthing After
CO  Hard Roclk Q.99 26 Jan 22 1969 Atlantic Led Zeppelin |1
CO Hard Rock Q.99 26 Jan 22 1962 Altantic Led Zeppelin
CO  Hard Rock 12.95 26 Jan 92 1992 Polygram Records Keep the Faith
CO  Hard Rock 14.99 26 Jan 94 1992 Geffen Records Get a Grip
C0O  Hard Rock 14,99 26 Jagn 98 1929 Geffen Records Fump
ch Jdaz=z 1988 26 Jan 95 1994 Polygram Records Charlie Parker Flags Standard
ch Soft Rock  14.50 15 Dec 94 1993 BMG Music Canada God Shuffled His Feet
CO  Hard Rock 29.95 15 Dec 94 1992  Harner Bros. Liwe: Right here, right now
cO  Folk 19.54 =28 Jan 94 1922 EMI Morth Countiry
CO  Folk 25.29 12 Aug 95 1998 ENI Fare Thee Hell Lowe
100 ol T EBrowse > 4k

Aside: looks a lot like a spreadsheet, eh?

But as you know, FileMaker has a lot more layout flexibility than Excel.

Also, FileMaker restricts the way you can inter-connect fields via computation (=
formulas) [“structure’...]
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SQL - Structured Query Language

Here’s a simple language that lets us describe matching between (database) tables

select field list from table list where conditions

EG

select Title, Artist, Price from Albums

CS 200 Spring 2017

C/Iick to run the select

®O0e / music (dba) on music

&= P

SQL Statements

SELECT Title, Artist, Price
FROM Albums

Results

Title
1 Dare to Dream
2 Bad
3 Les Miserables
4 Over 60 Minutes With Lightfoot
5 The Best of Wolfgang Amadeus Mozart
& Childhood Dreams
7 August and Everything After
8 Led Zeppelin
9 Get a Grip
10Charlie Parker Plays Standard
11Slippery When Wet
12The Phantom of the Opera
13¥anni Live at the Acropolis
l4Mozart by Denom
15Carpenters: The Singles 1969-1973

Artist
Yanmni
Michael Jackson
Mackintosh
Gordon Lightfoot
Mozart
Zamfir
Counting Crows
Led Zeppelin
Aerosmith
Charlie Parker
Bon Jovi
Andrew Lloyd Webber
Yanni
Mozart
The Carpenters

Price
1950000
16.99000
19.95000
16.99000
13.95000
13.49000
17.99000

9.99000
14.99000
15.00000
12.49000
19.95000
12.99000
14 95000

9.95000

[Rﬁsults . Messages

Plan UltraLite Plan |

23 rows ILine 2 Column 1°
@ Sybase’s Interactive
SQL App
13
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select Alboum_ID, Mins, Secs, Title from Songs

CS 200 Spring 2017

Another Example of an SQL Select Statement

®e06

music (dba) on music

@ain= > =

SQL Statements

SELECT Album_ID, Mins, Secs, Title

FROM Songs

Results
Album_ID Mins Secs Title
13 3 51 Once Upon a Time A
23 5 7 A Love for Life m
33 5 36 Nice to Meet You
43 3 47 So Long My Friend
53 7 19 You Only Live Once
63 5 37 To the One Who Knows
73 3 47 Face in the Photograph
83 4 45 Felitsa
93 5 0 Desire
103 3 58 Aria
113 5 47 A Night to Remember
123 4 7 In the Mirror
134 Let it Rock
144 You Give Love a Bad Name .
154 Livin' On a Prayer v

[Results | Messages Plan  UltraLite Plan ‘

1 First 110 rows

Line 2 Column1”,

14
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Asking for albums below a certain price

select Title, Artist, Price from Albums where Price < 10.00

CS 200 Spring 2017

®06 music (DBA) on music

ainw ) =

SQL Statements

SELECT Title, Artist, Price
FROM Albums
WHERE Price < 10.00

Results
Title Artist Price
1 |Carpenters: The Singles 1969-1973  The Carpenters  9.95000
2 |Led Zeppelin Il Led Zeppelin 9.99000
3 |Led Zeppelin Led Zeppelin 9.99000

[—Res-trlts—| Messages = Plan | UltraLite Plan 1

I 3 rows ILil’lE 3 Column 2’
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Asking for albums with a particular album title

select Title, Artist, Medium, Category, Price from Aloums where Title = 'North Country'

®06 music (DBA) on music

@an= ) m

SQL Statements
‘select Title, Artist, Medium, Category, Price from Albums where Title = 'North Country'’

Results

Title Artist Medium Category Price
|1 |North Country  The Rankin Family €D Folk 19.54000

[-Results | Messages  Plan  UltraLite Plan 1

I 1 rows ILine 1 Column 87,
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Asking for albums by a particular artist

select Title, Artist, Medium, Category, Price from Aloums where Artist = 'The Rankin Family'

®06 music (DBA) on music

@an= ) m

5QL Statements

‘select Title, Artist, Medium, Category, Price from Albums where Artist = 'The Rankin Family'

Results
Title Artist Medium Category Price
1 |North Country The Rankin Family CD Folk 19.54000
2 |Fare Thee Well Love  The Rankin Family CD Folk 25.29000

[-Results | Messages  Plan  UltraLite Plan 1

I 2 rows ILine 1 Column 9~
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Suppose you want songs t00?

Containing such data as

o T L
Tltle Requests:
1
H ] Omit
* Side
Symbols| =

(" Find

* Track

* Playing Time

Maybe you’re the librarian for a radio station...

Can we just add Song fields to the Albums Table?

100 ol B

Album Title & Artist

Albums+5ongs_FieldsVert.fmp

Med Category

Price Pur Date Copyright Label

5-T M-5 Song Title

* It’s a lot of work (145 additional fields!)
* And how to find a song?
* Or list all the songs that are more than 3 minutes long?
* Or make an alphabetical list of the songs!
* How many songs should you set the table up for?
If too few ... you run out

If too many ... you waste effort & space
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5-T M5 Song Title 0
L P
Q
R
5
T
" -
L)
¥
X
Y
F
A&
AB
AC
2
* Copyright Date Text
# Label Text
# A_SonglD Text
# A_Side Text
* A_Track Text
* A_Mins Text
+ A_Secs Text
# A_SongTitle Text
# B_SonglD Text
%+ B_Side Text
* B_Track Text
# B_Mins Text
* AB_Secs Text
# AE_SongTitle Text
# AC_SonglD Text
# AC Side Text
# AC _Track Text
* AC_Mins Text m
+ AC_Secs Text i
# AC_SongTitle Text ¥
Field Name:
Type
3 Text ®T ) Container #0 Option
) Number #N () Calculation %L : -
) Date %D () Summary 5 S ——
) Time £ ) Global #G Delete ( Done )
£
SQL



The Songs for each album ... as a list

O Albums+Songs{Horz)fmp
A B c
Album Title Med Category Price Pur Date Copyright Label 5-T MW-5 Song Title 5-T MW-5 Song Title 5T M5 SongT
Giod Shuffled His Feet CD Soft Rock 14.50 1215184 1993 BMG Music Canada 1 1 5 10 God Shuffled His Feet 1 2 3 56 Afernoons and 1 3 3 55 MhM
Live: Right hers, right now CD Hard Rock 29.95 1215194 1993 ‘“varner Bros. Records 1 1 5 28 Poundcake 1 2 4 52 Judgement Day 1 3 5 22%hen
Dare o Dream CD Easy Listening 1850 1126/94 1992 Privaks Inc. 1T 1 3 3 Ones Upona Tims 1 2 % 7 Alows for Life 1 3 5 36 Micet
Slippery When Yet TP Hard Rock 1249 612187 1986  Polygram Records Inc. 11 Lek it Rock 1 2 Tou Give Love a Bad 1 3 Livin’
1DD| 'I‘EI Browse I 4 |_M_I L
O Albums+Songs{Horz).fmp
D D F G H
tle 5-T M5 Song Title 5-T M5 Song Title 5-T M5 Song Title 5-T M-5 Song Title 5-T M5 Song Title
b Rtbodtid Btbthod 1 4 3 40 Inthe Days of the 1 5 6 7 Livinonthe Edge 1 5 3 49 SwimminginTourOcean 1 6 3 6 Here | Skand Befors he 1 7 4 52 | Think I'll Disappear MHow
s Love 1 4 5 8 Spanked 1 5 4 37 AintTakin' ‘Bout Love 1T 6 6 21 In"N Out 1 7 4 49 Dreams 1 8 4 50 Manonabission
Meet Tou 1 4 3 47 SoLong by Friend 1 5 7 19 Touldnl Live Once 1 6 5 37 Tothe One Who Knows 1 7 3 47 Face inthe Photograph 1 8 4 45 Felisa
na Prayet 1 4 Social Disease 1 5 Wanted Dead or &live 206 Raize Tour Hands 27 Without Love 2 8 I'd Dig For Tou
IDDI 'ldﬁl Browse [«] T %
O Albums+Songs{Horz).fmp B
I J K L M N =
5-T M5 Song Title 5-T M5 Song Title 5-T M5 Song Title 5-T M5 Song Title 5-T M-5 Song Title 5-T M5 Sony—
1 8 3 42 HowDossa Dusk Know? 1 9 3 43 When |Go Outwith Artists 1 10 3 47 The Peychic 1T 113 24 Two Knights and Maidens 1 121 42 Untitled
1 9 5 14 Ulra Bass 1 108 38 Pleasure DomslDrumsele 1 11 6 39 Panama 1 125 14 Lovealks In 1 135 21 Bunarcund 2 1 6 13 Rig
1 9 5 0 Desire 1 103 58 Aria 1 115 47 & Nightto Remember 1 124 7 Inthe Miror
219 Mever Say Goodbys 2 10 Wild inthe Sheets -
-
100 [_Ju[ET] Erowse 4] [ o7
O Albums +Songs{Horz).fmp B
0 P Q R S =
b Title 5-T M5 Song Title 5-T M-5 Song Title 5-T M5 Song Title S5-T M-5 Song Title 5-T M5 Song Title —
b Mo 2 2 4 %8 OngWay o Rock 2 3 5 22 Why CantThis Be Love 2 4 5 39 Givelo Live 2 % % 50 FinishWhat Ta Starsd 2 6 5 0 BestofBothWorlds
100 Jud[BFT] Browse 4] [l ||z
O Albums+Songs{Horz).fmp HE
T U v W X Y =
5-T M-5 Song Title 5-T M5 Song Title 5-T M-5 Song Title 5-T M-5 Song Title 5-T M5 Song Title 5T M5 S
2 7 11 37 36 2 8 7 58 YouReallyGothMelCabe 2 9 5 41 WontGetFooledAgain 2 104 26 Jump 2 114 59 Top of the World
100 [_Jul [ Erowse [4] T
O Albums+5ongs{Horz).fmp
b z A AB AC
le 5-T M-5 Song Title 5-T M-5 Song Title 5-T M-5 Song Title 5-T M-5 Song Title 5-T M-5 Song Title
& World
100 [ Ju[ B[ Browse [4] T L

Laborious to set up...

CS 200 Spring 2017
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... as a form (1)

S0 Albums+Songs_FleldsVert.fmp
Album Title & Artist Med Category Price Pur Date
Les Miserables TP Sound Track 1985 1501A988
Mackintosh S_T M-S

ST M-S Song Title 0 213 2 2
A 1 1 4 46 Atthe BEnd of the day P 216 1 5B
B 1 2 4 13 |Dreamed a Dream Q2 17 3 29
c 1 3 3 50 Lovelyladies R2 18 4 13
p 1 4 2 50 WhoAmI? 52 19 2 23
E1 5 3 45 Come ToMe T2 20 39
F1 6 2 32 Confontation vz 21 323
61 7 1 45 Casteona Cloud v 2 22 239
H1 B 4 54 Masterofte House W 2 23 3 16
I 1 89 3 0 The Thenardier Waltz of Treachery X2 24 2 17
dJ1 10 2 55 Look Down ¥y 2 25 3 30
K1 11 2 56 GStars Z 2 26 23
L1 12 4 32 Redand Black A 2 27 30
H1 13 2 7 Do YouHear the People Sing? AB 2 28 2 14
N2 14 5 15 Inmy Life AC 2 20 4 55
100 .ol ] EBrowse

Copyright Label
1887  The David Geffen Company

Song Title
A Heart Rull of Love

Plurmet Attack

One Day Maore

On My Own

Javert At the Banmicade Litle People
The Arst Attack

A Little Fall of Rain

Drink With Me

Bring Him Home

Dog Eats Dog

Javert's Suicide

Tuming

Empty Chans at Empty Tables
Wedding Chorale/Beggars At the Feast
Hnale

This looks pretty good . ..

... though it’s also laborious to setup . ..

. .. but try another record, . ..

CS 200 Spring 2017
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As a Form (2)

Albums+5ongs_FleldsVert.fmp

Records:
23

Unsorted

100 o ull B

Album Title & Artist

Bad

Michael Jackson
5-T M-5

A 1 1

B 1 2

c 1 3

D1 4

E1 5

F2 6

G 2 7

HZ B

12 9

J 2 10

K

L

H

M

Browse «

Med <Category
TP Soft Rock

Song Title
Bad

The Way You Make Me Feel
Speed Dermon

Liberian Gid

Just Good FHiends

Another Part of Me

Man in the Mimor

| Just Cant Stop Loving You
Dirty Diana

Smooth Criminal

Price

16.99

< = X off = = - ot ®™@ 4SO W o

= = =
[ N = = B

Pur Date

5-T

M-5

Copyright Label
31.03A989 1987

Song Title

MJJ Productions Inc.

... and we can see there are a lot of empty fields

CS 200 Spring 2017
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The General Problem Just lllustrated

We want to have multiple copies of some field(s)

and we can’t know in advance how many copies

— especially difficult if there’s no limit!

Replicating fields is bad because
* it’s a lot of work to set up
* it makes searching difficult
* you waste a lot of space
* you must modify the database structure

to add more copies
if you run out

CS 200 Spring 2017 22
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How about a table with a separate record for each song?

Define Fields for “Albums + Songs(Vert).fmp"
15 field(s) View by: = custom order | :]
Field Name Type Options I =
$ Side Mumber
$ Track Mumber
¥ Minutes Mumber
¥ Seconds Mumber
$ Song Title Text
$# Album Title Tewxt
*+ Artist Text
# Medium Text
¥ Category Text
$# Purchase Price Mumber
$# Purchase Date Date
# Copyright Mumber
% Label Text
$ Album ID Mumber
Field Name:
Type
) Text #T () Container #O Options...
F i il .
(_JNumber 3N [ Calculation 3L — ——
F e lel ) L iC
() Date #D () Summary 35
) Time  #1 () Clobal 3#C Delete ( Done )

A

Now it’s easy to find a song, but

slide.)

... look at all that space wasted in repetitive album info! (See next

And consider changing the Category for an album...

Be careful

* to get ALL the songs for that album

CS 200 Spring 2017
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One Table,

One Song/Record — The Data (1)

SOe Albums + Songs(Vert).fmp
Horizontal 5-T M-5  Song Title AID  Album Title Artist Med Category Price Pur Date Year Label -
J:' 1 1 10 5 God Shufied His Feet 1  God Shufed His Feet Crash Test Dummies CD Soft Rock 1450 158424994 1893 BMG Music Canada Inc. m
N 1 2 56 3 Aftemoons and Coffeespoons 1 God Shufied His Feet Crash Test Dummies CD Soft Rock 1450 15A2A5984 1883 BMG Music Canada Inc.
,_ 1 3 85 3 MMM MMM MMM MM 1 God Shuffied His Feet Crash Test Dummies CD Soft Rook 1450 15A2A4994 1993 BMG Music Canada Inc.
—_— L 1 4 40 3 Inte Days ofthe Cavermnan 1 God Shufied His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1993 BMG Music Canada Inc.
309 1 5 ¥ 6 LUvin'onte Edge 1 God Shufiled His Feet Crash Test Dummies CD Soft Rock 14480 158A2A994 1993 BMG Music Canada Inc.
Unsorted 1 5 49 3 Swimming in Your Ocean 1 God Shufied His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1993 BMG Music Canada Inc.
1 6§ 6 3 HemelStand Before Me 1 God Shufiled His Feet Crash Test Dummies CD Soft Rock 1450 15A2A994 1993 BMG Music Canada Inc.
1 7 52 4 [|Think [ Disappear Now 1 God Shufied His Feet Crash Test Dummies CD Soft Rock 1450 154A2A994 1993 BMG Music Canaca Inc.
1 8 42 3 How Does a Duck Know? 1 God Shufiled His Feet Crash Test Dummies CD Soft Rock 1450 15424994 1993 BMG Music Canada Inc.
1 9 43 3 When | Go Outwith Artists 1 God Shufiled His Feet Crash Test Dummies CD Soft Rock 1450 15A2A994 1993 BMG Music Canada Inc.
110 47 3 The Psychic 1 God Shufied His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1993 BMG Music Canada Inc.
1 11 24 3 Two Knights and Maidens 1 God Shufied His Feet Crash Test Dummies CD Soft Rock 1450 15A2A994 1993 BMG Music Canaca Inc.
112 42 1 United 1 God Shufied His Feet Crash Test Dummies CD Soft Rock 1450 154A2A994 1993 BMG Music Canaca Inc.
1 1 28 5 Poundcake 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15249894 19893 Wamer Bros. Records Inc.
1 2 52 4 JudgementDay 2 Live: Righthere, ightnow  \an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
1 3 22 5 When Its Love 2 Lve: Righthere, ightnow  \an Halen CD Hard Rock 20085 15424984 19893 Wamer Bros. Records Inc.
1 4 B &5 Spanked 2 Lwve: Righthere, ightnow  an Halen CD Hard Rock 2985 15A2A984 19893 Wamer Bros. Records Inc.
1 5 37 4 AintTakin' Bout Love 2 Live: Righthere, ightnow  ‘Yan Halen CD Hard Rock 2085 15424984 1983 Wamer Bros. Records Inc.
1 6 21 6 In'™MOut 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15A2A984 19893 Wamer Bros. Records Inc.
1 7 49 4 Dreams 2 Live: Righthere, ightnow  \an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
1 8 50 4 Manona Mission 2 Lve: Righthere, ightnow  \an Halen CD Hard Rock 20085 15424984 19893 Wamer Bros. Records Inc.
1 9 14 5 LUifraBass 2 Lwve: Righthere, ightnow  an Halen CD Hard Rock 2985 15A2A984 19893 Wamer Bros. Records Inc.
1 10 38 9 Pleasure Dome /Dum solo 2 Live: Righthere, ightnow  ‘Yan Halen CD Hard Rock 2085 15424984 1983 Wamer Bros. Records Inc.
111 329 6 Panama 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15A2A984 19893 Wamer Bros. Records Inc.
112 14 5 Love Walks In 2 Live: Righthere, ightnow  an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
113 21 5 Runamound 2 Lve: Righthere, ightnow  \an Halen CD Hard Rock 20085 1524984 19893 Wamer Bros. Records Inc.
2 1 13 6 RightMow 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 29895 15A2A984 19893 Wamer Bros. Records Inc.
2 2 58 4 OneWay o Rock 2 Live: Righthere, ightnow  ‘an Halen CD Hard Rock 2085 15424984 1983 Wamer Bros. Records Inc.
2 3 22 5 Why Can'tThis Be Love 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15A2A9894 1993 Wamer Bros. Records Inc.
2 4 39 5 Givetolive 2 Live: Righthere, ightnow  an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
2 5 50 5 HnishWhat*a Started 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15249894 19893 Wamer Bros. Records Inc.
2 6 0 &5 BestofBoth Words 2 Live: Righthere, ightnow  \an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
2 7 37 11 7 2 Lve: Righthere, ightnow  \an Halen CD Hard Rock 20085 15424984 19893 Wamer Bros. Records Inc.
2 8 58 7V ‘ouRealy GotMeiCabo Wabo 2 Lwve: Righthere, ightnow  an Halen CD Hard Rock 2985 15A2A984 19893 Wamer Bros. Records Inc.
2 9 41 5 WontGet Fooled Again 2 Live: Righthere, ightnow  ‘Yan Halen CD Hard Rock 2085 15424984 1983 Wamer Bros. Records Inc.
210 26 4 Jump 2 Lve: Righthere, ightnow  an Halen CD Hard Rock 20085 15A2A984 19893 Wamer Bros. Records Inc.
2 11 59 4 Topofthe Word 2 Live: Righthere, ightnow  an Halen CD Hard Rock 2085 1524984 1983 Wamer Bros. Records Inc.
1 1 51 3 Once UponaTme 3 Dare fo Dreamn fanni CD Easy Listening 1950 26014994 1992  Private Inc.
1 2 7 5 Alovefor Ufe 3 Dare fo Dreamn Yanni CD Easy Listening 1950 26014994 1992  Private Inc. .2
100 . el E] EBrowse « (2 >

Space wasted in repetitive album info!
Consider changing the Category for an album
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One Table, One Song/Record — The Data (2)

Notice that Album Title, Artist, Medium, Category, ... & Label

are completely determined by the Album ID

That is
If you know the Album ID,

you know what the Album Title, Group, Medium, Category, ... & Label are

ie they’re always the same for a given Aloum ID

So why store the Album Title, Group, Medium, .

Why not store them once
somewhere else, and keep just the
Album ID with each song?

CS 200 Spring 2017

.. & Label repeatedly?

[SNaNa] Albums + Songs(Vert).fmp

| Horizontal || s-T M-5  Song Title AID  Album Title Artist Med Category Price PurDate Year Label n
1 1 10 5 God Shufled His Feet 1 God Shufled His Feet Crash Test Dummies CD Soft Rock 1450 168A2A994 1893 BMG Music Canada Inc.
1 2 56 3 Aftemoons and Coffeespoons 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1893 BMG Music Canada Inc.
1.3 55 3 MMM MMM MMM MMM 1 God Shuffied His Feet Crash Test Dummigs CD Soft Rock 1450 15424994 1893 BMG Music Canada Inc.

e 1 4 40 3 Inthe Days of he Cavemnan 1 God Shufled His Feet Crash Test Dummies CD Soft Rock 1450 168424994 1893 BMG Music Canadla Inc.

309 1 8§ 7 6 Lvin'onte Edge 1 God Shufiied His Feet Crash Test Dummies CD Soft Rodk 1450 15424984 1893 BMG Music Canada Inc.

Unsorted 1 5§ 49 3 Swimmingin Your Ocean 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1893 BMG Music Canada Inc.
1 6 6 2 HerelSfand Before Me 1 God Shufled His Feet Crash Test Dummies CD ESoft Rock 1450 168424994 18993 BMG Music Canada Inc.
1 7 52 4 |Think Il Disappear Now 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1893 BMG Music Canada Inc.
1 B8 42 3 How Does a Duck Know? 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15421994 1993 BMG Music Canada Inc.
1 8 43 3 When | Go Outwith Arfists 1 God Shufled His Feet Crash Test Dummies CD Soft Rock 1450 15424994 1893 BMG Music Canada Inc.
110 47 3 The Psychic 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1893 BMG Music Canada Inc.
1 11 24 3 Two Knights and Maidens 1 God Shufled His Feet Crash Test Dummies CD Soft Rodk 1450 15424994 1893 BMG Music Canada Inc.
112 42 1 Unfited 1 God Shufled His Feet Crash Test Dummies CD  Soft Rock 1450 15421994 1893 BMG NMusic Canada Inc.
1 1 28 5 Poundcake 2 Live: Right here, right now WVan Halen CD Had Rock 289095 15A2A994 19893 Wamer Bros. Records Ing.
1 2 52 4 Judgement Day 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
1 3 22 5 Whenlis Love 2 Live: Right here, ight now an Halen CD Hard Rock 2895 15121994 1993 Wamer Bros. Records Ing.
1 4 B 5 Spanked 2 Live: Right here, right now WVan Halen CD Had Rock 289095 15A2A994 19893 Wamer Bros. Records Ing.
1 5§ 37 4 AintTakin' ‘Bout Love 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
1 6 21 6 In'N'Out 2 Live: Right here, ight now an Halen CD Hard Rock 2895 15121994 1993 Wamer Bros. Records Ing.
1 7 49 4 Dreams 2 Live: Right here, right now WVan Halen CD Had Rock 289095 15A2A994 19893 Wamer Bros. Records Ing.
1 8 50 4 WManonaMission 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
1 9 14 5§ LUlraBass 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
1 10 38 9 Pleasure Dome /Dum solo 2 Live: Right here, right now an Halen CD Had Rock 2005 15A2A894 1993 Wamer Bros. Records In
111 39 6 Panama 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
112 14 5§ Love Walks In 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
113 21 5 Runaround 2 Live: Right here, right now an Halen CD Hard Rock 20095 15A2A894 1983 Wamer Bros. Records Ing.
2 1 13 6 RightNow 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 2 58 4 OneWay to Rock 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 3 22 5 Why Can'tThis Be Love 2 Live: Right here, right now Wan Halen CD Hard Rock 2005 15A2A994 1993 Wamer Bros. Records Ing.
2 4 389 5 GivetLlive 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 5 50 5 Fnish What Ya Started 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 6 0 5 BestofBoth Words 2 Live: Right here, right now Wan Halen CD Hard Rock 2895 15A2A894 19893 Wamer Bros. Records Ing.
2 7 3 117 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 B 58 7 YouRealy Got Me/Cabo Wabo 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 89 41 5 WontGet Fooled Again 2 Live: Right here, right now Wan Halen CD Hard Rock 2895 1524894 19893 Wamer Bros. Records Ing.
210 26 4 Jump 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
2 11 58 4 Topofthe Word 2 Live: Righthere, ightnow  Wan Halen CD Hard Rock 2095 15424994 1993 Wamer Bros. Records Ing.
1 1 51 3 OneeUponaTme 3 Dare o Dream Yanni CD Easy Listening 1950 26011994 18992 Prvate Inc.
1 2 7 5 Aloveforlife 3 Dare to Dream Yanni CD Easy Listening 1950 2601A994 18992 Private Inc.

100 | Ju B Browse -6 > 4
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One Table, One Song/Record — The Data (3)

So the idea is to keep (just) the songs in a separate table

* With just an Album ID field for each song record
to locate the album information for each song

it’s just an integer, so it doesn’t take much space
* From the Album Table
use Album ID to find Songs in the Song Table
DBMS’s do this for you automatically
* From the Song Table

use Album ID to find album info in the
Album Table

DBMS’s do this for you automatically
* Avoids wasted space
* Searching is straightforward

* Adapts automatically and efficiently
to ANY number of songs / album

Important!

Don’t be confused by album data shown in the Song Table
— it’s temporarily copied from the Album Table just for

CS 200 Spring 2017 26

en0e Album Table
Input -
"B Title |
. Artist |
Tequests: Medium |
Category |
1 Omit Purchase Price |
Purchase Date |
Symbols| = :
— Copyright !
———— Label :
f Find :
. ’ Sample
v
100 Ju B Find y
806 Song Table
Album Into
Song Title |
e Song ID ! i Album ID
Side i Group
1 Track | t Medium
Tequests_ Minutes | i Category
Seconds | i Price
[ Omit Album ID i Date
i Copytight
Symbol :
e T A : Label
—_— ! Album Title
f Find
100 oWl & Find .
SQL



The Song Table in FileMaker

as a list, showing all the songs on an album as a form, showing one song & info for the album on which it

o0 Song Table appears

Titles |SongID AlbID Side Track MinsSecs Title SLa) Sona Tahle

—h 1 3 1 1 3 51 OncellponaTime m 80E€ i
2 3 1 2 = 07 AlavefaorLife m
3 3 1 3 5 36 MNicetobeet¥You Song Title OncelponaTime
4 3 1 4 3 47 Solonghy Frend SongID |1 5 Album ID
2 3 1 2 719 YouOnly Live Once side | varni G

—_— ; 5 1 B 5 37 TotheOneWho Knows 1ae Ay faraup

09 7 3 1 7 3% 47 Faceinthe Photograph Track 1 CD Medium
o 3 1 a 4 45  Felitza Minutes 3 Easy Listening Category

Sorted 3 31 3 5 00 Desire Seconds 51 19.50 Price
10 3 1 10 3 58  Ana

3 26 Jan 1994 Dat

113 1 11 5 47 AMighttoRemember Album ID il ¢
12 % 1 12 4 07 IntheMiror 1332 Copyright
13 4 1 1 Letit Rock Privatelnc. Lahel
14 4 1 2 You Give Love a Bad Mame DaretoDreamn  Album Title |
15 4 1 3 Livin' O & Pracver - 3
16 4 1 4 aocial Dizease i

100 2ol B Browse o < 100 w3 Browse r

The Album info is temporarily copied from the Album
table.
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The Album Table in FileMaker

as a list, showing album information only

S 0O6 Album Table
I Mediun Category Price Pur Date a Label Title m
1 CO  Soft Fock  14.58 15 Dec 94 1993 BMG Music Canoda God Shuffled His Feet
2 CO  Hard Rock  29.95% 15 Dec 94 1992 Harner Bros. Liwe: Right here, right now
3 CO  Easy 19.58 256 Jdan 94 1992 Priwate Inc. Dare to Oream
4 TF  Hard Rock 12.49 12 Jun 87 1926 Polygram Records S1ippery Hhen Het
3 TP Soft Rock  16.99 31 Mar 89 1927 MJJ Productions
B TF  Sound 19.9% 81 Jun 92 1998 The Really The Phantom of the Operao
¥ TP Saund 19.95 15 Jdan 82 1927 The David Geffen Les Miserables
8 CO  Easy 12.99 28 Dec 95 1994 Priwate Inc. ‘“Yanni Liwe at the Acropolis
9 co Folk 16.99 28 Dec 94 1987 Copitol Records Ower 68 Minutes Hith Lightfoot
10 CO Classical 14.95 135 Dec 92 1998 HNipon Columbia Mozart by Dernom
1 co Classical 12.9% 28 Mar 92 1991 Telstar Records The Best of Holfgang Amadeus Mozart
12 LF  Easy 9.95 2V Mag 75 19Y3 A & M Records Carpenters: The Singles 1989-1973
13 TP Easy 12.49 27 May 287 1983 PoluGram Inc. Childhood Dreams
14 TF  Easy 12.99 19 Dec 89 1986 Polygram lhe. Meditations & Celebrations
13 CO  Alternativ 17.99 15 Dec 94 1992 Geffen Records Augu=st and Ewerygthing After
16 co Hard Rock 9.99 26 Jan 88 1969 Atlantic Led Zeppelin 11
17 CO  Hard Rock Q.99 26 Jan 22 1989 Altantic Led Zeppelin
13 co Hard Rock 12.95 26 Jan 93 1992 Polygram Records Keep the Faith
19 CO  Hard Rock 14.99 26 Jan 94 1993 Geffen Records Get a Grip
20 CO  Hard Rock 14.99 26 Jon 98 1929 Geffen Records  Fump
100 | o ull B Browse e PR

®d06 Album Table

Title Les Mizerables

Group Mackintosh

category Sound Track Price 19.95
Label The David Geffen Purchased 15 Jan &3
Medium TP sample Copyright 1957

Sngll  Side Track Title

Album 1D 7

Songs table

Do You Hear the People Sing?

In mv Life

4 Heart Full of Love

] 1 1 At the End of the davy =
51 1 2 1 Dreamed a Dream
2 1 a3 lovely Ladies
B3 1 4 Who Am I7?
54 1 5 Come To Me
55 1 6 Confrontation
) 1 7 Costle on g Cloud
57 1 8  Master of the House
ata] 1 9  The Thenardier Waltz of Treachery
o 1 18 Look Down
[al] 1 11 Stars
3 § 1 12 Red and Elack
1 13
2 14
Z 15

100 .l ] Browse

The Songs info is temporarily copied from the Songs
table.
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Terminology

Album ID
* is a “primary key” for the Aloum Table
because it uniquely identifies an album
* is a “foreign key” of the Songs Table

because it contains a primary key of the Aloum Table
and thus links a Song record to a unique Album record

“One-to-many” and “many-to-one”

* wrt Aloum ID
Albums is the “one table”

* Songs is the “many table” because for a given Aloum ID
there is only ONE Album record
— but are (usually) MANY Song records

* “many-to-many” can happen, too
— though not by matching a primary key in each of two tables!
— it is often useful

* we’ll see an example next week
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The Albums & Songs Database

(a primary key)

CS 200 Spring 2017

Albums Songs

Album_ID Song ID

Title Side

Group Track

Medium Title

Category Mins

Price Secs

Purchase Date Album_ID (a foreign key)
Copyright

Label

Sampl e the relationship from Albums to Songs on Album_ID is

one-to-many

many-to-one

the relationship from Songs to Albums on Album_ID is

30
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Summary

Relational databases
* keep data in multiple tables
* each of which has a primary key
* and link those tables

* by matching field values (though not necessatrily via a foreign key)

This works in both directions
* given a song, get the album info
* given an album, list the songs on that aloum

— just by matching field values (a “relationship”)
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Criteria for when you need another table... T

(1) You have more than one “entity” (eg cars and drivers); fields for one are empty for the other (&
vice-versa)

(2) You can have multiple values of some field, ESPECIALLY when you can’t predict how many

such as having multiple songs on each album
(s ving multip J um) you know the value of another field B without

(3) Given the value of one field A ... looking because B’s value is always the same for
a given value of A just as, given Album ID, we
knew Album Title, Group, etc

eg in a Course Offerin gs table: Cours | sec | Teacher Office Phone | Userid Machine
csi00| 3 KAAnderson | DC 3141 6656 kaanders math
cs100 | 4 KAAnderson | DC 3141 6656 kaanders math
cs100| 6 BMDaly DC 3133 6692 bmzister math
cs100 | 13 DMSwitzer DC 3111 6200 dmswitze math
cs100 | 14 BMDaly DC 3133 6692 bmzister math
cs100 | 15 KAAnderson | DC 3141 6656 kaanders math
cs100 | 16 BMDaly DC 3133 6692 bmzister math
cs100 | 21 DMSwitzer DC 3141 6656 kaanders math
cs100 | 22 KAAnderson | DC 3141 6656 kaanders math
cs100 | 23 DMSwitzer DC 3111 6200 dmswitze math
cs100 | 24 BMDaly DC 3133 6692 bmzister math
cs100 | 25 DMSwitzer DC 3111 6200 dmswitze math
cs100 | 26 BMDaly DC 3133 6692 bmzister math
cs100 | 31 DMSwitzer DC 3111 6200 dmswitze math
cs100 | 32 BMDaly DC 3133 6692 bmazister math
cs200 | 22 DMSwitzer DC 3111 6200 dmswitze math
cs200 | 25 DMSwitzer DC 3111 6200 dmswitze math
cs200 | 26 JCBeatty DC 2109 4525 jcbeatty math
cs200 | 34 JCBeatty DC 2109 4525 jcbeatty math
cs230 | 1 JCBeatty DC 2109 4525 jcbeatty math
05 200 Spring 2017 soL




Listing the songs on an album (“dot notation”) ...

! and matching songs to a particular
select Side, Track, Songs.Title from Albums, Songs album
where (Albums.Title = 'North Country') and

(Aloums.Album_ID = Songs.Album_ID)

® 06 music (DBA) on music

a9 ) n

SQL Statements

select Side, Track, Songs.Title

from Albums, Songs

where (Albums.Title = "North Country )
and (Albums.Album ID = Songs.Album ID )

Results
Side Track Title
1 |1 1 North Country
2 |1 5 Lisa Brown
311 2 Oich u Agus HiAaibh Eile
4 (1 3 Borders and Time
5 |1 4 Mull River Shuffle
B |1 6 Ho Ro Nighean Donn Ehoidheach
7|1 7 Tramp Miner
8 |1 8 Rise Again
911 9 Leis an Lurgainn
10 |1 10 Christy Campbel Melody
11 |1 11 Saved in the Arms
12 |1 12 Johnny Tulloch
13 |1 13 Turn That Boat Around

[- Results | Messages Plan  UltraLite Plan 1

13 rows ILinE 4 Column 4"
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Listing the songs in alphabetical order (“order by”)

select Side, Track, Songs.Title from Albums, Songs
where (Albums.Title = 'North Country') and
(Albums.Album_ID = Songs.Album_ID)
order by Songs.Title
T ® O 6 music (DBA) on music

aln® ) =

SQL Statements

select Side, Track, Songs.Title

from Albums, Songs

where {Albums.Title = "North Country )
and (Albums.Album ID = Songs.Album ID )

order by Songs.Title

Results
Side Track Title
11 3 Borders and Time
e 1 10 Christy Campbel Melody
I 1 B Ho Ro Nighean Donn Ehoidheach
EN)! 12 Johnny Tulloch
P 1 9 Leis an Lurgainn
[ 6 |1 5 Lisa Brown
e 1 4 Mull River Shuffle
[8 |1 1 North Country
EN}! 2 Oich u Agus HiAaibh Eile
(10 |1 8 Rise Again
[11 |1 11 Saved in the Arms
[12 )1 7 Tramp Miner
13 |1 13 Turn That Boat Around

[ Results | Messages Plan | UltraLite Plan 1

I 13 rows ILinE 5 Column 2,
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More on Matching (1)

Here’s the precise syntax of a select statement

select field_listA
from table_list
‘where conditions]

order by field_listB]

‘group by field_listC]
You must type each clause in the order shown
just as “The red bounces ball.” is incorrect English

[+++] means that - -+ is optional

Fields in the various field _lists must exist in a table of table list

(1% 34

you can use “*” as field_listA to mean “all the fields”

If two tables use the same field name, you must write TableName.FieldName
to indicate which field you mean

they aren’t necessarily a (foreignKey, primaryKey) matchup
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More on Matching (2)

Repeated from the previous slide...

select field_listA
from table list
'where conditions]

order by field_listB ]

group by field_listC]

The ordering specified by “order by” is
* first by the leftmost field in field_listB
* then by the second leftmost field in field_listB

* etc, from left to right

The “where” clause can accomplish two things
* extract only specific records
eg where (Albums.Title = ‘North Country’)
* specify a connection between two tables

eg where (Albums.AlbumID = Songs.AlbumID)

Actually, these two actions aren’t really different . . .

CS 200 Spring 2017 36

SQL



Consider the two tables
Students

IDN

Name

A model for how the where clause works (1)

with Students data

IDN Name
10 Aaron
11 Sarah
12 Jose
13 Marie

Register
IDN
Course
Term
Mark
and Register data
IDN Course Term Mark
10 CS200 9701 89
10 Biol458 9701 /5
11 CS200 9701 81
11 Econ335 9701 94

(What are the primary keys for these tables? The foreign keys?)

CS 200 Spring 2017
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Suppose you said

A model for how the where clause works (2)

|

|

select * from Students as S, Register as R

Here’s what that produces —

S.IDN S.Name RIDN | R.Course | R.Term R.Mark
10 Aaron 10 CS200 9701 89
10 Aaron 10 Biol458 9701 75
10 Aaron | CS200 9701 8l
10 Aaron | Econ335 9701 94
| Sarah 10 CS200 9701 89
| Sarah 10 Biol458 9701 75
| Sarah | CS200 9701 8l
| Sarah | Econ335 9701 94
12 Jose 10 CS200 9701 89
12 Jose |0 Biol458 9701 75
12 Jose | CS200 9701 8l
12 Jose | Econ335 9701 94
|3 Marie 10 CS200 9701 89
|3 Marie 10 Biol458 9701 75
|3 Marie | CS200 9701 8l
|3 Marie | Econ335 9701 94

CS 200 Spring 2017
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(Note the convention for
defining)

Every possible combination
of a Student and a Register
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A model for how the where clause works (3)

More likely what you want is something like
select * from Students as S, Register as R
where S.IDN = R.IDN

which produces

S.IDN |S.Name| R.IDN |R.Cours| R.Term | R.Mark
10 Aaron 10 CS200 | 9701 89
10 Aaron 10 Biol458 | 9701 75
11 Sarah 11 CS200 | 9701 81
11 Sarah 11 Econ33 | 9701 94

by constructing the previous table
and then throwing out rows that don’t satisfy the where clause
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Or more elegantly,

select S.IDN, Name, Course from Students as S, Register as R

How the where clause works (4)

where S.IDN = R.IDN

which produces

S.IDN S.Name | R.Course
10 Aaron CS200
10 Aaron Biol458
| Sarah CS200
| Sarah Econ335
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select S.IDN, Name, Course from Students as S, Register as R
where (Name = 'Aaron’) and (S.IDN = R.IDN)

which produces

Just the courses for Aaron

S.IDN S.Name | R.Course
10 Aaron CS200
10 Aaron Biol458
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List the students taking CS 200

select Course, R.IDN, Name

from Students as S, Register as R

where (Course = 'CS200') and (R.IDN = S.IDN)

which produces

R.Course R.IDN S.Name
CS200 10 Aaron
CS200 | Sarah
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Why Stop at 27?

Suppose we add a third table

Students Reqister Courses
IDN IDN Name
Name Course Room
Term Time
Mark Description

NB: Students.Name and Courses.Name hold different things

Here’s some data for Courses

Name Room Time Description

CS100 DCI351 M 1230 Introduction to Computer Usage

CS200 MC4060 M 1230 Advanced Concepts for Computer Usage
Biol458 B2 350 MWEF 830 Behavioural Ecology

Econ335 ML212 TR 1000 Economic Development

What’s the primary key for Courses?
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A list of the courses for Aaron, with description

select S.Name, Course, Description
from Students as S, Register as R, Courses as C
where (S.Name ='Aaron')

and (S.IDN = R.IDN)

and (R.Course = C.Name)

which produces

S.Name | R.Course C.Description
Aaron CS200 Advanced Concepts for Computer Usage
Aaron Biol458 Behavioural Ecology

Incidentally,

it would be better to use Aaron’s IDN than his name (why?)
if it makes sense, you can use <, =, >, = or <> instead of =

you can use as many tables as you want

CS 200 Spring 2017 44

SQL



Adding New Records — Insert

Insert Into table_name ( list_of _fields ) Values ( list_of _values)

EG

insert into Students ( IDN, Name ) values ( 14, 'Barbara')
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Altering Existing Data — Update

Update table_name Set field = value Where condition

EG
update Students set Name = 'Mike' where IDN = 10
update Register set Mark = 100 where Course = 'CS200'
update Register set Mark =0
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Removing Records — Delete

Delete From table name Where condition

EG
delete from Students where IDN = 14

delete from Students

CS 200 Spring 2017 47 SQL



Creating Tables and Fields (1)

CREATE TABLE Students

C
IDN integer NOT NULL,
Name varchar(10) NOT NULL,
PRIMARY KEY ( IDN ),
CHECK(C IDN between 10 and 99 ),

DK

CREATE TABLE Courses

C
Name varchar(1@) NOT NULL,
Room varchar(10) NOT NULL,
Thyme varchar(10) NOT NULL,
Description varchar(40) NOT NULL,
PRIMARY KEY ( Name ),

DK

Each field has a type (Integer, Char, ...)
allocate storage

know how to manipulate (eg compare)

"NOT NULL"

you must supply a value

PRIMARY KEYs are identified
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Creating Tables (2)

CREATE TABLE Register

(
IDN integer NOT NULL,

Course  varchar(10) NOT NULL,
Term integer NOT NULL,
Mark integer,

PRIMARY KEY ( IDN, Course, Term ),

FOREIGN KEY ( IDN ) REFERENCES Students ( IDN ) ON DELETE CASCADE,
FOREIGN KEY ( Course ) REFERENCES Courses ( Name ) ON DELETE CASCADE,
CHECKC IDN between 10 and 99 ),

CHECK( Term between 5800 and 9999 ),
CHECK( Mark between @ and 100 ),

D,

FOREIGN KEY
identify the target table

what happens on deletion or updates?
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Indices (1)

Consider

* select Name, IDN from Students where Name = 'Marie'

How long does it take to find the right record?
* suppose you have 15,000 students
* examine the records one-by-one?

* is that how you look up somebody’s phone number?

No!

* if the records were sorted by Name
it would be much faster

Can we assume records are sorted in the order we want?
* not if we might look things up on any of two or more fields!

* also, we don’t want to have to enter data in sorted order,
or have to sort all the data before looking something up
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The solution: create indices

* and update them whenever a record is added

* or a name is changed

Indices (2)

Index 2

555-2337 @

555-5285 @

Index 1 Name Phone
Aaron (1 » Aaron 555-6393
Jose & [ _ v Sarah 555-5285
Marie ‘*;-/,:.:""* Jose 555-6206
Sarah @ [ "M  Marie 555-2337

555-6206 (3)

Indices are “auxiliary tables” you can’t (directly) manipulate
* the DBMS updates them when you change an indexed table

For our example database

* Create Index ByName On Students( Name )

* Create Index ByIDN On Students( IDN )

* Create Index ByCourse On Register( Course )

* etc.

If an index exists and would be useful
* SQL will use it automatically

SQL won’t create an index for you, however

* except for primary keys
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Other SQL Commands
EG

* delete a table
* delete an index
* add a field

* delete a field

We won’t worry about them because it’s easier to use the Sybase Central

SybaseCentral.app

-E O Sybase Central

lann B0 Y AR XOF
M 7

Folders New Table] X (Tables
H i F 1
' ? Ein Izizi:rsli?vln -pga [ |[[Mamed ouner fyes comment
v & Frables M [ Assignment admin Table
) ] [C] Class admin Table
] A55|gnmen_t (admi [ Course admin Table
[] Class {admm_} [ Employee admin Table
[[] Course (admin) U [Oub admin Table
[] Employee (admin)~ = ] Mark admin Table
D Lab (admin) D Regig,ter admin Table
[] Mark (admin) [] Room admin Table
[] Register (admin) [] section admin Table
[[] Room (admin) [] student admin Table

[C] Section (admin)
[] Student (admin)

4« F 3
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Sybase Central — Creating a New Field

806 Sybase Central
a8 B0E Y BRX OF
& =
B i & A
—
Folders INEWCDlumn|i +Ednmns—| Foreign Keys Referencing Tables Unique Constraints = Check Constraints 1_r | 4 j—
v 2 universityl0 A
. . ™~ PEey Mame IDData Type Size Scale Nulls Unigue Value & Comment
v universityl0 - DBA
? 0 Tahle‘: M Eﬂtudnum 1 integer (] []
] Assignment (admi "1 Surname 2 char 20 - ]
] Class (admin) "1 Initials 3 char B Wi ]
] Course (admin) "1 Address 4 char 40 W []
] Employee (admin) "~ [ Birthdate 5 date M O
[C] Lab (admin) [] Sex 6 char 1 [] []
[] Mark (admin)
[] Register (admin)
[] Room (admin)
[[] Section (admin)
[[] Student (admin)
4 F 3
I v
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Sybase Central — Utilities (Creating a New Database, Backups, etc)

806

Sybase Central

B

W

lrap D E AR YBEB X O

Folders

&

% Sybase Central

Adaptive Server Anywhere 9|

i Servers —I:I‘I:H-n:nes—lJ

Mame
% Create Database
% Upgrade Database

| Create Database |

% Backup Database
% Restore Database
% Create Backup Images
% Unload Database

% Extract Database

% Validate Database

% Compress Database

% Uncompress Database
% Create Write File

% Create Custom Collation
% Translate Log File

% Change Log File Settings
% Erase Database

% Migrate Database

% Open Interactive SQL

Description

Create a new database.

Upgrade a database to the current version.
Backup a database to an archive.

Restore a database from an archive.

Create backup copies of a database's files.
Unload a database into a SOL command file.
Extract a database for a remote user (applies...
Validate the contents of a database.

Create a compressed database from a databa...
Create a database from a compressed databa...
Create a write file for a database.

Create and edit a custom collation file.
Translate a log file into a S0OL command file.
Change the log file settings for a database.
Erase a database's files.

Migrate the structure and data from a remot...
Open an Interactive S0OL window.
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Sub-Selects (1)

®06 music (DBA) on music

al» ) nm

SQL Statements

select Albums.Title, Purchase Price from Albums

whera

Purchase Price = (select Purchase Price from Albums where Title = 'Led Zeppelin')

-

Results
Title Purchase_Price
1 |Carpenters: The Singles 1969-1973 9.95000
2 |Led Zeppelin |l 9.95000
3 |Led Zeppelin 9.95000

[ Results | Messages  Plan  UltraLite Plan 1

I 3 rows ILine 4 Column

Selects albums whose purchase price
Is equal to the purchase price of the album “Led

Zeppelin.”
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Sub-Selects (2)

®06 music (DBA) on music

a9 > nm

SQL Statements
SELECT Title, Purchase Price FROM Albums A

WHERE
Purchase Price > (SELECT avg({Purchase Price) FROM Albums) w

Results

Title Purchase_Price
1 |Dare to Dream 19.50000
2 |Bad 16.99000
3 |The Phantom of the Opera 19.95000
4 |Les Miserables 19.95000
5 |Owver 60 Minutes With Lightfoot  16.99000
b |August and Everything After 17.99000
7 |North Country 19.54000
8 |Live: Right here, right now 29.95000
9 |Fare Thee Well Love 25.29000

[ Results | Messages | Plan  UltraLite Plan 1

I 9 rows ILinE 4 Column ~,

Selects albums whose purchase price
Is greater than the average purchase price of all
albumes.
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Sub-Selects (3)

@06

music (DBA) on music

aln= ) u

SQL Statements

whearea

select Albums.Album ID, Albums.Title from Albums

exists‘tselect * from Songs where

Songs.Album id = Albums.Album ID

and Songs.Title

= Albums.Title

] ‘

order by Albums.Title

music (DBA) on music

", Title

Bad €
The Way You Make Me Feel
Speed Demon

Title

Liberian Girl

Just Good Friends

Another Part of Me

Man in the Mirror

I Just Can't Stop Loving You
Dirty Diana

®@06
[ ]
Results ﬁ E;D Iﬂ [’
_ SOQL Statements
Album_1D Title
| 1 |5 €— Bad €— select Album ID, Track No,
2 |13 Childhood Dreams from Songs B
3 25 Fare Thee Well Love where Album_ID = 5 <=
I 19 Get a Grip order by Track_HNo
I 1 God Shuffled His Feet
I 18 Keep the Faith )
7 |24 Morth Country Results
8 |6 The Phantom of the Opera -
[—Res-trlts—| Messages = Plan = Ultralite Plan | ; : 21
I 8 rows ILine 7 Col i 3 3
5 4
. 5 5 5
Selects albums for which there’s at least one : s 6
. . . . . 5 7
whose title is identical to the album’s title. g s 8
5 9
10 5
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Sub-Selects (4)

@06

music (DBA) on music

aln= ) m

SQL Statements

and Songs.Title

select Albums.Album ID, ', Albums.Title from Albums
where
MOT exists |(select * from Songs where Songs.Album id = Albums.Album ID

order by Albums.Title

= Albums.Title ]\

@06

music (DBA) on music

@aln® ) m

Results
Album_ID' Title
1 | =15 August and Everything After
2 12  Carpenters: The Singles 1969-1973
3 21 Charlie Parker Plays Standard
4 3 Dare to Dream
5 17 Led Zeppelin
6 16 Led Zeppelin Il
7 7  Les Miserables
8 2 Live: Right here, right now
[- Results | Messages Plan | UltraLite Plan 1
I 15 rows ILil’lE 5 C

Selects albums for which there’s no song
whose title is identical to the album’s ftitle.

There are other variations...
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select Album_ ID, Track HNo,

from Songs

where Album ID = 15 <=

order by Track HNo

", Title

Results

Album_ID Track_MNo'
1 15 1
2 15 2
3 15 3
4 15 4
5 15 5
B 15 B
i 15 Fi
8 15 B
9 15 9
10 15 10
11 15 11

Title
Round Here
Omaha
Mr. Jones

Perfect Blue Buildings

Anna Begins

Time and Time Again

Rain King

Sullivan Street

Ghost Train

Raining in Baltimore
A Murder of One

[- Results | Messages

Plan

UltraLite Plan |

I 11 rows

ILinE 3 Column 1;;.5
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What’s Next?

Comparing FileMaker and SQL

Remember to read

* “Database Design” on learn.uwaterloo.ca
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