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Topic 1: SQL
LO2: SQL basics

Please ask duestions as we go along ©

Wolfgang Gatterbauer
CS3200 Database design (fa22)

https://northeastern-datalab.github.io/cs3200/fa22s3/
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may tell you). Lecture slides will be posted after each class, usually by the end of the day following class.

( | a S S W a r | I I - u p Also notice that due dates are usually Thursdays each week (shown in the Wednesday row below).

Slides & further
i Date Approximate Topics readings Thursdays

o Last class recapitulation

1 WSept7 course overview, databases, client-server Setup PostgreSQL
architecture, tables, database schema, basic LO1-Introduction

o Status Of POStgreS Setu p? SQL (SELECT FROM WHERE) L01-SQL

2 M Sept 12 selection, projection, distinct, ordering, in, Setup Gradiance, SAMS
like, schemas and key constraints and Ch 1-3, SDK 3.1-3.3,
® D u e D a te S a re T h u rS d a yS foreign key constraints (referential integrity),  3.4.4, 3.4.5, 3.9, 4.1,

joins, table alias 445,451

[ U p d a te d H O n O r CO d e S a re n OW 8 W Sept 14 column alias, conceptual evaluation strategy SAMS 4 & 12 G1, HWO

of SQL, table aliases for self-joins, cross join,
equi-joins, alternative join syntax (join on),

online (differences in red)
« Why not flipped classroom?
« FM slide projection presenter view
« Game of life: parallel vs. serial computation
« more SQL (Please keep up the great questions!)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 56
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Source: https://publicdomainreview.org/collection/a-19th-century-vision-of-the-year-2000
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Predicting the role of IT in Education

Source: Neil Ardley, World of tomorrow: School, Work and Play, 1981.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

<]Learning by computer
in the future will be fun,
This computer 1s
displaying a chemistry
experiment for the older
child and anthmetic
problems for the
younger one. The
computer controls
include hght pens to
draw on the screens. The
chemistry student has
done something wrong
and has caused an
explosion!
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One reason why | don't post slides *before™ lecture

From the preamble of one of the best physics books ever: ,How to read +his book”

Source: "Thinking Physics: Understanding Practical Reality”, Lewis Carroll Epstein, 1979-2009. https://www.goodreads.com/book/show/268266.Thinking Physics
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 59
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Former Classroom Philosophy

Home >Classroom> Home [Test/ReaI Life}

Normal cD

New facts Interpreting Application

New facts Interpretlng Application

"Flipped Classroom" requires preparation before coming to class.
In my experience works better for graduate than undergraduate classes.

Source: Gatterbauer, "Interpreting Instead of Teaching Facts in the Classroom," Teaching Theory and Academic Writing, 2008.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Former Classroom Philosophy

Learning Interpreting Repeating Testor
new facts ®> those facts @> those facts @ real life

l PP I PPV l ?
® Using the classroom 06 ®@ Yo
forteaching new facts ~ ~ ~

Classroom Alone Alone Alone
. Usingthe classroom o ? ! ! !
| @ forinterpreting previ- 0o i
| — WV _ .
. ouslyleamntfacts :
: Alone Classroom Alone Alone

What is the optimal use of time in the classroom?

Source: Gatterbauer, "Interpreting Instead of Teaching Facts in the Classroom," Teaching Theory and Academic Writing, 2008.
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Cellular Automata Side-topic

< Cell
« State = empty/off/0
State = filled/on/1

« An automaton consists of a grid/lattice of cells each of which can be
in a (normally small and finite) number of states

e Concept was originally discovered in the 1940s by Stanislaw Ulam
and John von Neumann

Source: http://groups.engin.umd.umich.edu/CIS/course.des/cis579/ppt/
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 62
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Conway’s Game of Life Side-topic

e Devised ~1970
by John Horton Conway

« Simple rules, but still Turing
Complete, i.e., with a suitable initial

pattern, one can do any
computation that can be done on

any computer

« Start with different (often random)
initial conditions

Picture Source: http://qualityswdev.com/2011/07/31/conways-game-of-life-in-scala/
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 63
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Example patterns

Still life Oscillators Spaceships

Source: https://en.wikipedia.org/wiki/Conway%27s Game of Life

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs32007

Side-topic
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Product

PName Price Category Manufacturer
Gizmo 19.99 Gadgets GizmoWorks
PowerGizmo | 29.99 Gadgets GizmoWorks

SingleTouch | 149.99 | Photography | Canon
MultiTouch 203.99 | Household Hitachi

SELECT DISTINCT category
FROM  Product ® P,
ORDER BY category

SELECT category

FROM  Product ) P,

ORDER BY pName

SELECT DISTINCT category

FROM  Product ® P,

ORDER BY pName

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 66
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Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi
SELECT DISTINCT category Category
FROM  Product $ Gadgets
ORDER BY category Household
Photography

SELECT category

FROM  Product ) P,

ORDER BY pName

SELECT DISTINCT category

FROM  Product ® P,

ORDER BY pName
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Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi
SELECT DISTINCT category Category
FROM  Product $ Gadgets
ORDER BY category Household
Photography
SELECT category eIy
FROM  Product $ Gadgets
ORDER BY pName Household
Gadgets
Photography

SELECT DISTINCT category

FROM  Product @ P,

ORDER BY pName o

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 68
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Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo $29.99 Gadgets GizmoWorks
SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi
SELECT DISTINCT category Category
FROM  Product Q Gadgets
ORDER BY category Household
Photography
SELECT category eIy
FROM  Product ® Gadgets
ORDER BY pName Household
Gadgets
Photography

SELECT DISTINCT category d
FROM Product ® S\{v;aoxcen;ir on:clar@c more ;E:m;irpl@ " DBMSs
ORDER BY pName ot roctte o s (o

uwipredictable results on others (MySQL, SQLite)
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

"ORDER BY items must appear in the select list if SELECT DISTINCT is specified." 69
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Product

PName Price Category Manufacturer
If you like o see what MYSQL returvs,, visit: Gizmo $19.99 Gadgets GizmoWorks
https://bit.ly/3QGeol 8 Powergizmo $29.99 Gadgets | GizmoWorks
(for Wtp://sdlfiddle.com/#A/cecFede/1) SingleTouch $149.99 Photography Canon
MultiTouch $203.99 Household Hitachi
& C O 8 sqlfiddle.com/#!9/cec7edc/1

Sl Fiddle@é@ View Sample Fiddle o Clear / Text to DDL
RunSQL » ~
category

Gadgets

Household

SELECT DISTINCT category
FROM  Product ® Photography
ORDER BY pName
v Record Count: 3; Execution Time: 24ms

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 70
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Simple SQL Query

It you like to run the guery for wow, visit:

https://bit.ly/3QGeol8

(for Wttp://sdlfiddle.com/#a/cecFedc /1 )

SELECT =
FROM
WHERE

Product
category="'Gadgets"

Selection

Our friend here shows that vou can follow along i

Postgres. Just install the database from the

"202 - .." available i our sdl folder on Canvas

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi
PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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SQL overview

NTps://nortneastern-aatalan.gitnub.10/CcSs320U/
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Key constraints

A key is a minimal subset of attributes that acts as a
unique identifier for tuples in a relation

« A key is an implicit constraint on which tuples can be in the relation

— i.e. if two tuples agree on the values of the key, then they must be the same tuple!

Students(sid:string, name:string, gpa: float)

Think of your NUid as

1. Which would you select as a key?
your surrogate key!

2. Is a key always guaranteed to exist?
3. Can we have more than one key?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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NULL and NOT NULL

e To say “don’t know the value” we use NULL

— NULL has (sometimes painful) semantics, more details later

Students(sid:string, name:string, gpa: float)

sid |[name |gpa
123 |Alice |3.9
143 |Bob NULL

Say, Bob just enrolled in his first class.

In SQL, we may constrain a column to be NOT NULL, e.g., “name” in this table

Can a column with NULLs be a key?

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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General Constraints

« We can actually specify arbitrary assertions
— E.g. “There cannot be 25 people in the DB class”

e In practice, we don’t specify many such constraints. Why?

— Performance!

Whenever we do something ugly (or avoid doing something
convenient) it’s for the sake of performance

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Summary of Schema Information

« Schema and Constraints are how databases understand the semantics
(meaning) of data

« They are also useful for optimization

e SQL supports general constraints:
— Keys and foreign keys are most important
- We'll give you a chance to write the others

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Basic SQL

https://northeastern-datalab.github.io/cs3200/
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Simple SQL Query

SELECT pName

FROM

Product

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi

WHERE manufacturer in (‘Canon’,'Hitachi')

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Simple SQL Query

SELECT pName
FROM  Product

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi

WHERE manufacturer in (‘Canon’,'Hitachi')

Selection
& Projection

PName

SingleTouch

MultiTouch

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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WHERE ... IN(...) cp. to Excel
A A B C D E F
1 |Source: Walkenbach, Excel 2010 Formulas, p396, 2010.
2
3 |Is this name contained in the range?
4 Name: Barbara TRUE
5 Betty
6 Betty TRUE
| 7
8 NameRange
9
10 Barbara Karen Nancy
11 Betty Kimberly Patricia
12 Carol Laura Ruth _
13 |Deborah Linda Sandra Assume that there is
i‘; g°““t1 s t :zrah a range defined for
orothy argare aron _
16 Elizabeth Maria Susan A10:C18 called
17 Helen Mary "NameRange"
18 Jennifer Michelle
19
20

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Side-topic
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Side-topic

Excel's powerful "array formulas”
(ctrl + Shift + Buter)

WHERE ... IN(...) cp. to Excel
] A B C D E F
1 |Source: Walkenbach, Excel 2010 Formulas, p396, 2010.
2
3 |Is this name contained in the range?
4 | Name: Barbara TRUE {=OR(NameRange=B4)}
5 Betty =COUNTIF(NameRange,B5)
6 Betty TRUE =COUNTIF(NameRange,B6)>0
7]
8 NameRange
9
10 Barbara Karen Nancy
11 Betty Kimberly Patricia
12 Carol Laura Ruth _
13 Deborah Linda Sandra Assume that there is
i‘; e b s a range defined for
orothy argare aron _
16 Elizabeth Maria Susan A10:C18 called
17 Helen Mary "NameRange"
18 |Jennifer Michelle
19
20

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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LIKE
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LIKE: Simple String Pattern Matching

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM  Product
WHERE pname LIKE '%izmo'

?

More details: https://www.w3schools.com/sqgl/sql wildcards.asp
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

33


https://northeastern-datalab.github.io/cs3200/
https://www.w3schools.com/sql/sql_wildcards.asp

LIKE: Simple String Pattern Matching

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM  Product
WHERE pname LIKE '%izmo'

PName

Gizmo

Powergizmo

% is a wildcard for any sequence of zero or more characters.

More details: https://www.w3schools.com/sql/sgl_wildcards.asp
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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LIKE: Simple String Pattern Matching

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi

SELECT pName
FROM  Product
WHERE pname LIKE' izmo'

?

More details: https://www.w3schools.com/sqgl/sql wildcards.asp
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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LIKE: Simple String Pattern Matching

Product
PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 Photography | Canon
MultiTouch $203.99 Household Hitachi
SELECT pName
FROM  Product
WHERE pname LIKE ' izmo’ 'O gy O )
NPT A
PName
Gizmo T\
>/
_is a wildcard for exactly one character.
More details: https://www.w3schools.com/sal/sql wildcards.asp 36

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Table selection using comparison predicates

Numbers Text / Strings
Simple = equal to = equal to (exact string)
comparators < smaler than

<= smaller or equal to

> greater than

>= greater or equal to

<> unequal to

Complex BETWEEN valuel AND value2 LIKE equal to (pattern)
comparators any values within the range 'S%' string starting with S
'%S' string ending with S
'%S5%' string containing an S
'S S string with S at both ends
and any character in the middle
Comparators that IN (valuel, value2, ...) any values within the given set
work across IS NULL has no value
types IS NOT NULL has a value

Note: Combinations of multiple predicates with AND & OR (use brackets)

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Postgres Regkx beyond LIKE operator Side-topic

® L|KE 'abc' LIKE 'abc' true

— string LIKE pattern '‘abc' LIKE 'a%' true

— string NOT LIKE pattern oS I e true
‘abc' LIKE 'c' false
‘abc' SIMILAR TO 'abc' true
° SIMILAR TO ‘abc' SIMILAR TO 'a’ false
— string SIMILAR TO pattern 'abc' SIMILAR TO '$(b|d)%' true
— string NOT SIMILAR TO pattern 'abc' SIMILAR TO '(b|c)%' false
‘abc' ~ 'abc' true
» Posix regular expressions ‘abc’' ~ '"a'  true You should only know
_ substring () ‘abc' ~ '(b|d)' true this exists. You can
‘abc' ~ '“(blc)' false always look up details

- regex_replace()

Source: https://www.postgresql.org/docs/12/functions-matching.html
Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 88
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Schemas and Keys

https://northeastern-datalab.github.io/cs3200/
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Keys and Foreign Keys

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product

PName Price Category Manufacturer

Gizmo $19.99 Gadgets GizmoWorks

Powergizmo | $29.99 Gadgets GizmoWorks

SingleTouch | $149.99 | Photography | Canon

MultiTouch $203.99 Household Hitachi

Company

CName StockPrice | Country

GizmoWorks | 25 USA Wl/]ﬂl‘l’ 15 V]@l’@
Canon 65 Japan a k@\.{ VS,
Hitachi 15 Japan A 'FOY’@i@VI kG\{?

?
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Keys and Foreign Keys

Key\

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 | Photography | Canon
MultiTouch $203.99 Household Hitachi
Com pany

CName StockPrice | Country

GizmoWorks | 25 USA

Canon 65 Japan

Hitachi 15 Japan

Foreign
key .

91
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Referential Integrity

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /v Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /

: minimal subset of the attributes of
a relation is a unique identifier for a tuple.

. attribute in a relational table that
matches a candidate key of another table

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 92
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Referential Integrity

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /v Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /

: minimal subset of the fields of a
relation is a unique identifier for a tuple.

Gizmo

$14.99

Gadgets

Hitachi

: must match field in a relational table
that matches a candidate key of another table

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Referential Integrity

Product Company
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /v Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /
: minimal subset of the attributes of
a relation is a unique identifier for a tuple. L tuple violates key constraint

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Gizmo $14.99 Gadgets Hitachi

. attribute in a relational table that
matches a candidate key of another table

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 94
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Referential Integrity

Product Company
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /v Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /
: minimal subset of the attributes of
a relation is a unique identifier for a tuple. L tuple violates key constraint

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Gizmo $14.99 Gadgets Hitachi

. attribute in a relational table that
matches a candidate key of another table ?

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');

SuperTouch | $249.99 | Computer NewCom

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 95
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Referential Integrity

Product Company
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks / Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /
: minimal subset of the attributes of
a relation is a unique identifier for a tuple. L tuple violates key constraint

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Gizmo $14.99 Gadgets Hitachi

tuple violates

foreign key constraint
. attribute in a relational table that

matches a candidate key of another table

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');

SuperTouch | $249.99 | Computer NewCom

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/ 96
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Referential Integrity

Product Company
PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /—f‘nnnn 55— Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household | Hitachi /
: minimal subset of the attributes of
a relation is a unique identifier for a tuple. L tuple violates key constraint

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Gizmo $14.99 Gadgets Hitachi

tuple violates

foreign key constraint
. attribute in a relational table that

matches a candidate key of another table

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');

SuperTouch | $249.99 | Computer NewCom ?

Delete from Company
where CName = 'Canon";
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Referential Integrity

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks 7 GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks /v Canon 65 Japan
SingleTouch | $149.99 Photography | Canon / Hitachi 15 Japan

MultiTouch $203.99 Household Hitachi

: minimal subset of the attributes of
a relation is a unique identifier for a tuple.

Insert into Product values ('Gizmo', 14.99, 'Gadgets', 'Hitachi');

Gizmo $14.99 Gadgets Hitachi

. attribute in a relational table that
matches a candidate key of another table

Insert into Product values ('SuperTouch', 249.99, 'Computer', 'NewCom');

SuperTouch | $249.99 | Computer NewCom
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tuple violates
foreign key constraint

\/

— tuple violates key constraint

Delete from Company

where CName = 'Canon";
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(Relational Database) Schema

"Schema": describes the
structure of data in terms of

PName Chame

) ) the relational data model.
Price Stockprice
Category Country A schema includes tables,
Manufacturer columns, PKs, FKs, and other

constraints

Product(pname, price, category, manufacturer)
Company(cname, stockprice, country)

Product.manufacturer is FK to Company

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Schema specification in SQL

@ northeastern-datalab / cs3200-activities (Pubic, = =mmmmm e

Code Issues  Pull requests 1 Actions  Projects create table Company (

CName char (20) PRIMARY KEY,
StockPrice .int;

Country char (20) );

¥ master ~

cs3200-activities / sql /
create table Product (
0 wolfandthegang ... onMay 23 O PName char (20),
Price decimal (9, 2),
Category char (20),

[ 300-SmallIMDB.txt 4 months ago Manufacturer char (20),
[ 302-Simpleproducts.txt 4 months ago PRIMARY KEY ( PName ) L4
FOREIGN KEY (Manufacturer) REFERENCES Company (CName) );
[ 304-Worker.txt 4 months ago
[ 305-Conceptualevaluationstrategy.txt 4 months ago
[ 306-NestedLoopJoin.py 10 months ago
308-Purchase.txt 4 months ago -- Populate the tables

insert into Company values ('GizmoWorks', 25, 'USA');
insert into Company values ('Canon', 65, 'Japan');
insert into Company values ('Hitachi', 15, 'Japan');

insert into Product values ('Gizmo', 19.99, 'Gadgets', 'GizmoWorks'):;
insert into Product values ('PowerGizmo', 29.99, 'Gadagets'., 'GizmoWorks'):

Example SQL code and database: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Joins

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql

Company

CName StockPrice | Country
GizmoWorks | 25 USA
Canon 65 Japan
Hitachi 15 Japan

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 | Photography | Canon
MultiTouch | $203.99 | Household Hitachi

Q: Find all products under 5200 manufactured in Japan;
return their names and prices!

?
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Joins

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks / GizmoWorks | 25 USA
Powergizmol $29.99 Gadgets GizmoWorks / Canon 65 Japan
SingleTouch|{| $149.99 Photography | Canon / Hitachi 15 LJapan
MultiTouch | $203.99 | Household Hitachi

Q: Find all products under 5200 manufactured in Japan;
return their names and prices!

SELECT pName, price

FROM

Product, Company

and country="Japan'

WHERE (manufacturer=cName) $

and price <= 200

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Join b/w Product

/ and Company

PName

Price

SingleTouch

$149.99
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Quiz

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 | Photography | Canon
MultiTouch | $203.99 | Household Hitachi

What does the query below return?

SELECT
FROM
WHERE

pName, StockPrice
Product, Company
manufacturer=cName

and country = 'USA'
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)

Company

CName StockPrice | Country
GizmoWorks | 25 USA
Canon 65 Japan
Hitachi 15 Japan
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Quiz

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks
SingleTouch | $149.99 | Photography | Canon
MultiTouch | $203.99 | Household Hitachi

What does the query below return?

SELECT

FROM

WHERE
and

pName, StockPrice
Product, Company
manufacturer=cName
country = 'USA'
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)

Company

CName StockPrice | Country

GizmoWorks | 25 USA

Canon 65 Japan

Hitachi 15 Japan
PName StockPrice
Gizmo 25
Powergizmo 25
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Table Alias (Tuple Variables)

Person (pbName, address, works_for)
University (uNamé, address)

SELECT DISTINCT pName, address
FROM  Person, University
WHERE works for = uName

what will this f?
query return

SQL example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/sql
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Table Alias (Tuple Variables)

Person (pbName, address, works_for)
University (uNamé, address)

which address?

Error!
SELECT DISTINCT pName, address

FROM  Person, University
WHERE works for = uName

SELECT DISTINCT Person.pName, University.address
> FROM  Person, University
WHERE Person.works for = University.uName

SELECT DISTINCT X.pName, Y.address
> FROM  Person as X, University Y
WHERE X.works_for = Y.uName \

Notice that +he use of "as” is not necessary, it is optional |
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Column Alias (rename attributes)

Person (pbName, address, works_for)
University (uNamé, address)

SELECT DISTINCT X.pName as name, Y.address adr
FROM  Person as X, University Y
WHERE X.works for = Y.uName

SELECT DISTINCT X.pName, Y.address
FROM  Person as X, University Y
WHERE X.works for = Y.uName
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QU iZ Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household Hitachi

Q: Find all US companies that manufacture
products in the 'Gadgets' category!

SELECT cName

FROM $
WHERE ?
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QU iZ Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household Hitachi

Q: Find all US companies that manufacture
products in the 'Gadgets' category!

SELECT cName

FROM  Product P, Company ®
WHERE country = 'USA' ?
and P.category = 'Gadgets' .

and P.manufacturer = cName
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QU iZ Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Product Company

PName Price Category Manufacturer CName StockPrice | Country
Gizmo $19.99 Gadgets GizmoWorks GizmoWorks | 25 USA
Powergizmo | $29.99 Gadgets GizmoWorks Canon 65 Japan
SingleTouch | $149.99 Photography | Canon Hitachi 15 Japan
MultiTouch | $203.99 | Household Hitachi

Q: Find all US companies that manufacture
products in the 'Gadgets' category!

SELECT cName

FROM  Product P, Company ® e
WHERE country = 'USA' GizmoWorks
and P.category = 'Gadgets' GizmoWorks

and P.manufacturer = cName

Wolfgang Gatterbauer. Database design: https://northeastern-datalab.github.io/cs3200/
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Quiz

Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Product

PName Price Category Manufacturer
Gizmo $19.99 Gadgets GizmoWorks
Powergizmo | $29.99 Gadgets GizmoWorks

SingleTouch | $149.99 | Photography | Canon
MultiTouch | $203.99 | Household Hitachi

Q: Find all US companies that manufacture

products in the 'Gadgets' category!

SELECT DISTINCT cName
FROM  Product P, Company C
WHERE C.country = 'USA'
and P.category = 'Gadgets'
and P.manufacturer = cName

Company
CName StockPrice | Country
GizmoWorks | 25 USA
Canon 65 Japan
Hitachi 15 Japan
® Cname
GizmoWorks

Joins cam introduce duplicates — remember to use PISTINCT!
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Meaning (Semantics) of conjunctive SQL Queries

SELECT aq, a,, ..., a,
FROM R;asxy, Ryasx,, ..., R, as x,
WHERE Conditions

Conceptual evaluation strategy (nested for loops):
Answer = {}
for x, in R, do

for x, in R, do

for x,in R, do
if Conditions
then Answer = Answer U {(ay,...,a,)}
return Answer
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Meaning (Semantics) of conjunctive SQL Queries

R1

att,

| att, | att, | ...

R2

att, | ...

att,

| att,

R3

att,

att, | ...

att,

» )

Answer = {}

for x, in R, do
for x, in R, do

”mfor X, In R, do

if Conditions
then Answer = Answer U {(ay,...,a,)}

return Answer
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Meaning (Semantics) of conjunctive SQL Queries

R1

att,

| att, | att, | ...

R2

att, | ...

att,

| att,

R3

att,

att, | ...

att,

»

Answer = {}

for x, in R, do
for x, in R, do

”mfor X, In R, do

if Conditions
then Answer = Answer U {(ay,...,a,)}

return Answer
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Conceptual Evaluation Strategy

« Semantics of an SQL query defined in terms of the following conceptual
evaluation strategy:
— FROM: Compute the cross-product of relation-list.
— WHERE: Discard resulting tuples if they fail qualifications ("select" the rest)
— SELECT: Delete attributes that are not in target-list.
— If DISTINCT is specified, eliminate duplicate rows.

« This strategy is probably the least efficient way to compute a query! An
optimizer will find more efficient strategies to compute the same answers.

e Quiz: we say “semantics” not “execution order”. Why?

?
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Conceptual Evaluation Strategy

« Semantics of an SQL query defined in terms of the following conceptual
evaluation strategy:
— FROM: Compute the cross-product of relation-list.
— WHERE: Discard resulting tuples if they fail qualifications ("select" the rest)
— SELECT: Delete attributes that are not in target-list.
— If DISTINCT is specified, eliminate duplicate rows.

« This strategy is probably the least efficient way to compute a query! An
optimizer will find more efficient strategies to compute the same answers.

e Quiz: we say “semantics” not “execution order”. Why?
— The preceding slides show a join means ( ): "the logic"
— Not actually the DBMS actually executes it (separation of concerns): algebra
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QU | Z Our colorful M‘avnols represent "team eXEreises’ g Ay :
If we are ovlive, please make a screevshot!

Product (pName, price, category, manufacturer)
Company (cName, stockPrice, country)

Q: Find all US companies that manufacture both a product
below $20 and a product above $25.

SELECT DISTINCT cName
FROM
WHERE
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