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Comm unications

® W ebpage:

http:/Avww csw ashington edu/education fourses
/fesep544 Pasp/

e M afling list: follow the directionsat
http :/fn aiim an csw ashington edu senetid Aut
h/n aiin an/listinfo sep544

Textbook (s)

M ain textbook, availble at the bockstore:

e D atabase System s: The Com plete Book, H ector
Garcia-M olna, Jeffrey U Ilm an, JenniferW idom

A Im ost identical, and also availble at the bookstore:

e A FirstCourse in D atgbase System s, Jeff U Iin an
and JenniferW idom

e Database Inplem entation, H ector G arcia-M olina,
Jeff U IIm an and JenniferW idom

e Comm ents on the textbook

O therTexts

D atabase M anagem ent System s, R am akrishnan

— very com prehensive

Fundam entals of D atabase System s, E In asri, N avathe
- very w dely used

Foundations ofD atabases, A bitsboul, Hull, V ianu

— M ostly theory of databases
D ata on the W eb, A biteboul, Bunem an, Suciu

- XM L and othernew /advanced stuff

O therR equired Readings

There w ill be reading assignm ents from the W eb:

e SQL forW eb Nerds, by Philip G reenspun,
http ://fhilip greenspun com /&gl/

e O thers, especially forXM L

ForsSQ L, a good source of inform ation is the
M SDN lbmary (on yourW indow smachine)




Cour=e Structure

® Prerequisgites: D ata stuctures course
* W ok & Grading:
— Hom ew ork 30% :3 of them , som e Iight
programm ng.
- Project: 35% - com Ing up next.
- Final: 35% 0 iscussdate)

The Project

e Tn portant com ponentof the course.
e 2 Phases.
e T'lltellyou aboutphase 2 Jater.
e Phasel:
— Youbuild a database application on yourown.

— The dom ain of the application is nventory of some
sort.

— The application w illhave a sin ple w eb Iterface.
— Doneby theend ofweek 4.

Today

e M otivation: w hy do w e w antdatabases.
e Overview of database system s
- Reading assignm ent fiom SQL forW eb
N erds, by Philip G reenspun, htroduction
http y/philip greenspun com Azl
e Course Outline.

® Basicelementsof SQL

W hatIsaRelationalD atabase

M anagem entSystem ?
D atabaseM anagem entSystem = DBM S
RelationalDBM S = RDBM S

e A program thatm akes iteasy foryou to
m anipulate large am ounts of data.

¢ Freesyou from thinking aboutdetails.
Enables you to focus on your challenges.
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W herrare RDBM S used ?

e Backend fortraditional “database”
applications
- Students and courses ata university
- Bank accounting
- A irline reservations
- M ovie listings
® Backend forlarge W ebsites
® Backend forW eb services

Exam ple of a Taditional
D atabase A pplication

Suppose w e are building a system

to store the Inform ation about:

e students

® courses

® professors

e who takesw hat, who teacheswhat

12




Da@aM anagem ent

e D atam anagem ent ism ore than databases.
e Tmaghe:
- Complete Traffic hform ation Availabiliy
— M yNeededB its Anytin e, Anyw here
- <your favorite visionary application here>
e The technigquesw e leam are the principles
of m anaging data anyw here.

Canwedo itw ithoutaDBM S ?
Surewe can! Startby storing the data In files:
studentsxt professorsixt

i B

Now write C orJava program s to in plem ent
goecific tasks

14

Doing itw ithoutaDBM S...

e Enoll "M ary Johnson” in “"CSE444” :
W rite a C program to do the follow ing:

Read ‘students <t/

Read ‘coursestxt!

Find& update the record "M ary Johnson”
Find& update the record “CSE444"”

W rite “students txt”

W rife “coursesixt”

Problem sw ithoutaDBM S...

e System cradhes: Rex shdene!

- W hat is the problem ?
¢ Large data sets (say 50GB)

— W hatis the problem ?
e Sinultaneous accessby m any users

— Need Iocks: weknow them fiom OS,butnow data on disk;
and is there any fim to re-inplkementthem ?

16

EntersaDM BS

“Tw o tlerdatabase system ”

Functionality ofaDBM S

The program m er sees SQ L, w hich has tw o com ponents:
e Data D efinition Language -DDL
e Data M anipulation Language -DM L

- query language

Behind the scenesthe DBM S has:

* Query optim izer

® Query engine

® Storagem anagem ent

e Transaction M anagem ent (CoNCUNENCY, IBCOVELY) 14




How the Programm erSees the
How the Programm erSees the

DBM S
DBM S
e Tables:
e Startw th DD L to create tables: Students: Takes:
SSN Name | Category SSN CID
CREATE TABLE Students ( 123-45-6789 | Charles |undergrad 123-45-6789 | CSE444
I;Sall\r; e %i];R@?gl)zM ARY KEY NOT NULL 234-56-7890 | Dan  |grad 123-45-6789 | CSE444
. Category CHAR (0) ' = . 234-56-7890 SSE142
CID Name Quarter
CSE444 Databases fall
e Continuew th DM L to populate tables: CSE541 Operating systems _|winter
e Stll in plem ented as files, butbehind the scenes can
INSERT INTO Students s
VALUES (Charles’, '123456789", undergraduate’) be quite com plex
—_ “data Independence” = separate logicalview
1 from physical in plem entation 20
Building an A pplication w ith a ,
Transactions
DBM S
e Requirem entsm odeling (conceptual, pictures) ¢ Enmll "M ary Johnson” mn “CSE444" :
- Decide w hatentities should be partof the application and BEGN TRANSACTDN;
how they should be linked. INSERT NTO Takes
. . . SELECT StudentsSSN , CoursesC D
® Schem a design and in plem entation FROM Studerns, Co
— Decide on a sstof tablks, attrbutes. W HERE Studentsname = M ary Johnson’ and
. . Coursesname = CSE444’
— Define the tabls In the database system .
_ PoleJate datzbase &MWE)' —M or updateshere....
® W rite application program susing the DBM S Fm%xﬁtﬁK
- way easiernow thatthe data m anagem ent is taken care of. ELSE ROLLBACK
= Ifsystem crashes, the transaction is still either com m itted or aborted
T ransactions Q ueres
e A transaction = sequence of statem ents that e Find all courses that "M ary” takes
eitherall succeed, orall fail
. . SELECT Cname
¢ Tensactons have the ACTD properties: FROM  StudentsS,TakesT ,CoursesC
A = atom icity W HERE Sname="M ary” and
C = consistency Ssn=TsmnandTcid=C cid

I= Independence
D = durability

e W hathappensbehind the scene ?

- Query processor figures cuthow to answ erthe

24




Q ueries, behind the scene

Dechratie SQL query — » Imperative query execution plan:

snam e

SELECT C name ‘
FROM StudentsS,TakesT,CoursesC | sog
W HERE S name="M ary” and /cn:ca
Ssen=TssmnandTcid=Ccid =<
/Sxi:si‘l

nam e="M ary”

Students Takes Courses

The optdm izer chooses the bestexecution plan fora query ¢

D atabase System s

e Thebig comm ercial database vendors:
- Omck
- BM WwihDB2) boughtnfom ix recently
- M icosoft (SQ L Server)
— Sybase
e Som e free database system s Unix) :
- Postgres
- Myl
- Predator
e M CSEP544 weuse SQL Server.Y oum ay use
som ething else, but you are on yourown. 2

New Trends m D a@bases

® Objctrelhtional databases
e M ainm an ory database system s
e XMLXMLXML !
— Rehtionaldatabasesw ith XM L support
- M iddlew are betw een XM L and relational databases
- Native XM L database system s
- Lotsofresearch here atUW on XM L and databases

¢ Data htegration
® Peerto peer, stream data m anagem ent— sl research

27

The Study ofDBM S

® Severalaspects:

— M odeling and design of databases

- D atabase program m Ing: querying and update

operations
- D atabase in plem entation

e DBM S study cuts acrossm any fieldsof

ComputerScience:0 S, languages, AL,

Logic, multm edia, theory ...

28

Course Outlne

m ay vary slightly)
PartI

e SQL (Chapter7) and its advanced features.

e Databasedesion Chapters2,3,7)

e XM L,XPath,XQuery

e Data sorage, Indexes Chapters11-13)

® Query execution and optim ization (Chapterl5,16)
e D ata Integration, m eta-data m anagem ent

A tirbute nam es

e RelationalM odel Co 1)

Product
PName Price Category | M avnuﬁcmler
Gizmo $19.99 Gadgets G izm oW orks
Pow ergizm o $29.99 Gadgets G izm oW orks

SingkTouch $149 .99 Photography Canon

M uldTouch $203 99 Household Hiachi




SQ L mtroduction
Standard language forquerying and m anipulating data
Structred Query Language

M any sandards outthere:

®ANSISQL

*SQL92 @ka.SQL2)

©SQL99 @ka.SQL3)

*V endors support varbus subsets of these
oW hatw e discuss is common to allof them

SQL

e DataD efiniton Language @D L)
- CreateAlerdelkte @bles and theiratirbutes
- Follow Ing lectures...
e DaaM anipulation Language OM L)
— Query one orm o tables - discussed next !
- Insertfektefm odify tuples n teblkes
o TransactSQL
— Idea:package a sequence of SQL s@Ements  sewver
- W on’tdiscuss n class

32

DamenSQL

1. Atomictypes, aka.da@ types
2. Tablesbuiltfrom atom ic types

Unlke XM L, no nested @blks, only fattablkes ar allowed!

- W ewillsee laterhow to decom pose com plex sauctures nto
multpk flatzbles

DamaTypesn SQL
e Chamacters:
- CHAR (0) — fixed Jength
- VARCHAR @0) —variable length
e Numbers:

- BEBNT,NT,SMALLNT,TNYNT
- REAL,FLOAT —differin precision
- MONEY
e Tinesanddates:
- DATE
- DATETME —SQL Server
e Others... Allare sinpke

34

Tables Explained

e A tuple = arecord
— Restriction: allattributes are of atom ic type
e A @ble=asstoftupks
- Likea list.
— ... but itis unordered : no first(), no next(), no last().

Tables Explained

e The schema of a @ble is the table nam e and
its attrbutes:

Product®N am e, Price, Category, M anfacturer)

e A key isan attribute w hose values are unique;
w e underline a key

Product®N am e, Price, Category, M anfacturer)

36




SQL Query

Basic form : (plusm any m any m ore bells and w histles)

SELECT attrbutes
FROM whtons fossbly multipk)
W HERE conditons (selections)

Simple SQL Query

Product PName Price Category M anufacturer
Gimo $1999 Gadgets G izm oW orks
Pow exgizm o $29.99 Gadgets G izm oW orks
SingkTouch $149 99 Photography Canon
M uldTouch $203 99 Household Hitachi
SELECT *
FROM Product @
W HERE category= G adgets’
PName Price Category M anufacturer
Gimo $19.99 Gadgets G izm oW orks
“eelection”” Pow ergizm o $29 99 Gadgets G izm oW orks

38

Sinple SQL Query

Product PName Price Category | M anufacturer
Gimo $19.99 Gadgets | GizmoW orks
Pow exgizm o $29.99 Gadgets | GizmoW orks
SingkTouch $149 99 Photography Canon
M ultrouch $203 99 Housshold Hitachi

SELECT PName,Price,M anufacturer|
FROM Product
W HERE Price > 100

PName Price M anufacturer
SingkeTouch $149 99 Canon
M uldTouch $203 99 Hitachi

A Notation forSQL Queries

TnputSchem a

Product (PN am e, Price, Category, M anfacturer)

SELECT PName,Price,M anufacturer|
FROM Product
W HERE Price > 100

Answer(PNam e, Price,M anfacturer)

OutputSchema 40

Selections

W hatgoes in theW HERE clause:
® X=Y,X<Y,X<=Y, et
- Fornumbers, they have the usualm eanings
- ForCHAR and VARCHAR : lexicogrzphic ordering
 Expected conversion between CHAR and VARCHAR
— Fordatesand tin es, whatyou expect...
e Pattern m atching on strings...

The LIKE opemator

e SLIKE p: pattem m atching on strings
e pmay contain two special sym bols:

- % = any sequence of characters

- _ = any shglk chamacter

Product(PN am e, Price, Category, M anufacturer)
Find all products w hose nam e m entions gizmo’:

SELECT *
FROM Products
WHERE PNameLIKE ‘% gizmo% ’

42




Elim inating D uplicates

O dering the Results

SELECT pnam e, price, manufacturer
FROM Product

W HERE category="gizmo’ AND price > 50
ORDER BY price,pname

O ™ering is ascending, unless you specify the DESC keyw ord.

T ies are broken by the second attribute on the ORDER BY list, etc.

44

O rdering the Results

Category
SELECT DISTINCT category Gadgets
FROM Product I::> Housshold
ORDER BY category Photography
Compare to:

SELECT DISTINCT category

FROM  Product :> ?

ORDER BY pname

46

Category
SELECT DISTINCT category Gadgets
FROM Product |:l\: Photogaphy
Housshold
Compare to:
Category
Gadgets
SELECT category :> Gadgets
FROM Product Photogiaphy
Housshold
43
O ering the Resuls
SELECT category
FROM Product
ORDER BY pname
PName Price Category | M anufacturer
Gizmo $19.99 Gadgets G izm oW orks
Pow ergizm o $29 99 Gadgets | GizmoW orks |::> 9
SingleTouch $149 99 Photography Canon [
M uldTouch $203 99 Housshold Hitachi
45
JonsmSQL
e Connecttw o orm ore @bles:
Product PName Price Category M anufacturer
Gizmo $19.99 G adgets G IZm oW orks
Pow ergizmo $29.99 G adgets G izm oW orks
SingleTouch $14999 Photography Canon
M ulHTouch $203 99 Household H itachi
Com pany Cname StockPrice Country
Wiate G Iz oW orks 25 UsA
the conmection
e Canon 65 Japan
them 2 Hiachi 15 Jepan

Joins

Product (pnam e, price, category, m anufacturer)
Company (cnam e, stockPrice, country)

Find allproducts under $200 m anufactured in
retum thernam es and prices.

SELECT pname,price
FROM Product.Campan

AND price <= 200

AND country="‘Japan’

48




Jomnsn SQL

N oy

e [ o | e [ —— T

Gimo 51999 Gadgets Gizm o otks. } .
p— (P B T E 17N
ey ey, — - - B :

= | = I\ =4

o | S | wowmen | T N

SELECT pname, price

FROM  Product, Company

W HERE manufactiier=cnam e AND country= \Japan’
AND price <= 200

g

Joms
Product (pnam e, price, category, m anufacturer)
Company (cnam e, stockPrice, country)

Find all countries thatm anufacture som e product n the
‘G adgets’ category.

SELECT country
FROM Product, Com pany
W HERE manufactirer=cname AND category= G adgets’

50

Joins
Product fpnam e, price, category, m anufacturer)

Purchase (puyer, seller, store, product)
Person (persnam e, phoneN um ber, city)

Find nam es of peopke living in Seattle thatbought som e
product In the G adgets’ category, and the nam es of the
stores they bought such product from

SELECT DISTINCT persname, store

FROM Person, Purchase, Product

W HERE persname=buyerAND product= pnameAND
city="Seattle’ AND category= G adgets’

W hen are tw o Bbles related?

® Youguess they are
e Itellyouso
e Foreign keys are am ethod for schem a designers to tellyou
s (71)
- A foreign key states thata colm n is a reference to the key of
anothertable
ex: Productm anufacturer is foreign key of C om pany
- G ives Inform ation and enforces constraint

52

D isam biguating A tributes

e Som etin es tw o relations have the sam e attr:
Person fonam e, address, w orksfor)

Com pany (cnam e, address)
W hich
SELECT DISTINCT pname, address address ?
FROM Person, Com pany
W HERE worksfor= cname

J

SELECT DISTINCT Personpname, Com pany address
FROM Person, Com pany
W HERE Personw orksfor= Company cname

TupleV ariables

Product fonam e, price, category, m anufacturer)
Purchase (puyer, seller, store, product)
Person fpersnam e, phoneN um ber, city)

Find all stores that so1d at keast one product that the store
‘BestBuy’ also sold:

SELECTDISTINCT xstore
FROM Purchase AS x, Purchase AS y
W HERE xprmwduct= yproductAND y store = ‘BesBuy’

Answ er (o) 54




TupleV ariables
Genemlmle:

tuple varablkes htroduced autom atically by the system :

Product ham e, price, category, m anufactirer)

SELECT name
FROM Product
W HERE price > 100

Becomes:

SELECT Productname
FROM ProductA S Pmoduct]
W HERE Productprice > 100

D oesn’tw ork w hen Productoccurs m ore than once:
In that case the userneeds o define varables explicitly. 55

M eaning (Sem antics) of SQ L
Queries

SELECT al,a2,.. ,ak
FROM R1ASx1,R2ASx2,.. ,RnASxn
W HERE Conditons

1.Nested Joops:

Answer= {}
forxl mR1do
forx2 mR2do

forxm mRndo
if Conditions
then Answer= Answer” {@l,. ak)}
return Answer 56

FirstUnntuitve SQ Liigm
SELECT RA
FROM R,S,T
WHERE RA=SA OR RA=TA

LookingforR © 6" T)

Butw hathappens If T is empty?

Exercises

Product foname, price, category, m anufacturer)
Purchase buyer, seller, store, product)
Company (cnam e, stock price, country)

Person (pernam e, phone num ber, city)

Ex#1:

Ex #2
Ex#3

Ex#4

Ex#5:

Find peopk w ho bought telephony products.

: Find nam es of peope w ho bought A m erican products

: FInd nam es of people w ho bought A m erican products and they
live In Seattle.

: Find people w ho have both boughtand sold som ething.

Find people w ho bought stuff from Joe orbought products

fiom a com pany w hose stock prices ism ore than $50.

58

Union, Iitersection, D ifference

SELECT name
FROM Person
W HERE City="Seattl”)

UNDN

QELECT name
FROM Person, Purchase
W HERE buyer=nameAND swmore="TheBon”)

Sin flarly, you canuse NTERSECT and EXCEPT.
Y oumusthave the sam e attrbute nam es (othemw ise:rename).  5°

Conserving D uplicates

QELECT name
FROM Person
W HERE C iy="Seattle"”)

UNDN ALL
QELECT name

FROM Person, Purchase
W HERE buyernameAND swore="TheBon")

60
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Subqueries

A subquery producing a single valie:

Can say the sam e thing w ithouta subquery :
SELECT Purchase product
FROM Purchase
W HERE buyer=

SELECT name

SELECT Purchase product
FROM  Purchase, Person
FROM Person
W HERE sen= ‘123456789"Y);
Tn this case, the subquery retums cne valie

W HERE buyer=nameAND ssn= ‘123456789"

If i retumsm ore, it’'s a mun-tm e enor.

This is equivalent to the previous one w hen the ssn isa key
and ‘123456789’ exists In the database;
othemw ise they are different.

Subqueries R etuming R elations Subqueries R etuming R elations
Find com panies w ho m anufacture products boughtby Joe B ow . Equivalentto:
SELECT Company name
FROM Company, Product

W HERE Company name=Productm aker
AND Productname IN

SELECT Company name
FROM

(SELECT Purchase product

FROM Purchase

Com pany, Product, Purchase
W HERE Company name= Productmaker

AND Pmductname = Purchase product|
W HERE Purchase buyer= \JoeBlw ‘);

AND Purchasebuyer= ‘JoeBlow ’

Here the subquery retums a setof values: no more
mntin e enors.

Is this query equivalent to the previous one ?

Bew are of duplicates !

64

Rem oving D uplicates Rem oving D uplicates
SELECT Company name M ultpe copies SELECT DISTINCT Com pany name
FROM Company, Product, Purchase FROM Company, Product
W HERE Companyname= Productm aker WHERE  Company nam e= Productm sker
AND Pmwductname = Purchase product! AND Produ © ]N]
AND Purchasebuyer= ‘JoeBlw ’ SELECT P product
FROM Purchase
W HERE Purchase buyer= ‘Joe Blow ')
SELECT DISTINCT Com pany name [1 Sing’e copies
FROM  Company, Product, Puchase SELECT D ISTINCT Com pany name N
W HERE Company name= Productm aker FROM Com pany, Product, Purchase mow
- ey are
AND Productname = Purchase product W HERE Companyname= Productm aker alent
AND Purchase buyer= ‘Joe Blw ’ AND Pmductname = Purchase product]
65 AND Purchasebuyer= ‘JoeBlow ’ 66
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Subqueries R etuming R elations

Youcanalouse: s>ALLR
s>ANY R
EXISTSR

Product (pnam e, price, category, m aker)

Find products that are m ore expensive than all those produced
By “G Zzm oW orks”

SELECT name

FROM Product

W HERE price> ALL (SELECT price
FROM Purchase
W HERE maker='G izmoW orks’) |,

Conditons on Tuples

SELECT DISTINCT Company name
FROM Com pany, Product
W HERE Companyname= Productm aker
AND (Productnam eprice) IN
(SELECT Purchase product, Purchase price)
FROM Purchase
W HERE Purchase buyer= “Joe Bow ”);

M ay notwork n SQ L server...

Q uestion forD atabase Fans
and their Friends

e Canw e express thisquery asa single SELECT -
FROM W HERE query, w ithout subqueries ?

e Hint: show thatallSFW queries are m cnotone
(Bgure cutwhatthismeans). A query with ALL
isnotm cnotone

68

Conelated Q ueries

M ovie (Htle, year, diector, kength)

Find m ovies w hose title appears m ore than once.
SELECTDISTINCT UV

FROM MoveASx
W HERE year<>ANY
SELECT year
FROM M ovi
W HERE ttle= xttke);

Note (1) soope of variblks ) this can stillbe expressed as single SFW

70

Complex Conelated Q uery

Product (pnam e, price, category, m aker, year)
e Find products @nd theirm anufacturers) thatare m ore expensive
than allproducts m ade by the sam e m anufactrerbefore 1972

SELECT DISTINCT pname,m aker
FROM  PmductAS x
W HERE prce >ALL ©ELECT price
FROM ProductASy
W HERE xmaker=ymakerAND yyear< 1972);

Pow erfil, butm uch harderto optim ize !

A ggregation

SELECT Avg forice)
FROM Product
W HERE maker="Toyow”

SQ L suppotts several aggregation operations:

SUM ,M N ,M AX ,AVG,COUNT

72
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A ggregation: Count

SELECT Count(x)
FROM  Pmduct
W HERE year> 1995

ExceptCOUNT, allaggregations apply to a single atrbute

A ggregation: Count

COUNT applies to duplicates, uness othew ise sated:

SELECT Count(category) sam e as Count(*)
FROM Product
W HERE year> 1995

Better:

SELECT Countd ISTINCT category)
FROM  Product
W HERE years> 1995

7

Sin ple A ggregation
Purchase fproduct, date, price, quantity)
Example 1: find totalsales for the entire database

SELECT Sum forice * quantity)
FROM Purchase

Examplk 1’: find toalsales ofbagels
SELECT Sum forice * quantity)

FROM Purchase
W HERE product= ‘bagel’

G oupng and A ggregation
U sually, w e w ant aggregations on certain parts of the relation.
Purchase (product, date, price, quantity)

Examplk 2: find totalsalesafter 10/1 per product.

SELECT  pmoduct, Sum (price*quantity) A S TomlSaks
FROM purchase

WHERE  date > “10A”

GROUPBY product

Let's seewhatthismeans..

N Sinple A ggregations
Product | Date Price Quantty
Bagel | 1041 085 15
Banana 1022 052 7
Banana | 10/19 052 17
Bagel | 1040 085 20

G oupng and A ggregation

1.Compute the FROM andW HERE clauses.
2 .G wup by the atirbutes In the GROUPBY
3. Selectone tupk forevery group @nd apply aggregation)

SELECT can have (1) grouped attrbutes or ) aggregates.

78
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Firstcompute the FROM W HERE clauses
date > “10/1"”) then GROUP BY product:

Product | Date Price Quantty
Banana | 10/9 052 17
Banana | 1022 052 7

Bagel 1020 085 20
Bagel 1021 085 15

Then, aggregate
Product TotalSales
Bagel $29775
Banana $12 48

SELECT product, Sum (price*quantity) A S ToalSalks
FROM Purchase

W HERE date > “10/"

GROUPBY product

80

GROUPBY vs.Nesed Queries

SELECT  product, Sum fprice*quantity) A S TowlSals
FROM Purchase

W HERE date > “10A"

GROUPBY product

SELECTDISTINCT xpmduct, SELECT Sum fy price*y quantity)
FROM Purchasey
W HERE x product= y product
AND ydate > “10A4")
AS TozlSaks
FROM Purchase x
WHERE  xdate> “10A"

AnotherExample
Product Sum Sales M axQ uantity
Banana $12 48 17
Bagel $2975 20

Forevery product, w hat is the total sales and m ax quantity sold?

SELECT product, Sum fprice * quantity) A S Sum Saks
M ax (quantity) AS M axQ uantity

FROM Purchase

GROUP BY product

82

HAVING Clause

Sam e query, except thatw e consideronly products thathad
atleast100 buyers.

SELECT  product, Sum (price * quantity)
FROM Purchase

WHERE  date> “9A”

GROUP BY pmoduct

HAVING  Sum (Quantiy) > 30

HAVING chuse contains conditions on aggregates.

G eneral form of G rouping and

A ggregation
SELECT S
FROM Ris Ry
WHERE C1

GROUPBY &, A
HAVING C2

S =may contain attrbutes a, ,.. A, and/orany aggregatesbutNO O THER
ATTRIBUTES

C1 = isany condition on the atirbutes nR .. R,
C2 = isany condition on aggregate expressions

84
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G eneral form of G rouping and
A ggregation

SELECT S

FROM  R,,.. R,
WHERE C1
GROUPBY a,.. &
HAVNG C2

Evaluation steps:
1. Computethe FROM W HERE part, obtain a table w ith all atrbutes
nR,,. R,

2. Gmupbytheattrbutesa ,.. A

3. Compute the aggregates in C2 and keep only groups satisfying C2
4. Compute aggregates in S and retum the result

A ggregation

Author(ogin nam e)
D ocum entfur, ttle)
W rote (ogin url)

M entions urlw oxd)

86

e Find allauthors who w rote at least 10

docum ents:
. . This is
e A ttem pt1:w ith nested queries SOL by
anovie
SELECT D ISTINCT Authorname
FROM Author
W HERE COUNtSELECT W moteurl
FROM W mte
W HERE Authorlgi=W 1ote Jogin)
> 10

e Find allauthors who w rote at least 10
docum ents:

e Attempt2:SQL style withGROUPBY)

SELECT  Authorname 7 Thes
FROM Author, W ote SQL by
W HERE Authorlgn=W mote Joghn an expert
GROUP BY Authorname
HAVING  countfwmoteur) > 10

Noneed forD ISTINCT :autom atically from GROUPBY  ss

e Find all authors w ho have a vocabulary over
10000 words:

SELECT Authorname

FROM Author, W ote, M entions

W HERE Authorlogin=W mwteJogihn AND W mwteurkM entionsurl]
GROUPBY Authorname

HAVING  count@distinctM entionsw ord) > 10000

Look carefiilly at the lasttw o queries: you m ay
be tem pted to w rite them as a nested queries,
butn SQL wew rite them bestw thGROUP BY

Exercises

Product fonam e, price, category, m anufacturer)
Purchase buyer, seller, store, product)
Company (cnam e, stock price, country)

Person (per-nam e, phone num ber, city)

Ex #1 : Find people w ho bought telephony products.

Ex #2 : FInd nam es of people w ho bought A m erican products

Ex #3 : FInd nam es of people w ho bought A m erican products and they
live In Seattle.

Ex #4 : FInd people w ho have both boughtand sold som ething.

Ex #5: Find people w ho bought stuff from Joe orboughtproducts
fiom a com pany w hose stock prices ismore than $50.
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