
  

INF1343, Winter 2012

Data Modeling and
Database Design

Yuri Takhteyev
Faculty of Information
University of Toronto

This presentation is licensed under Creative Commons Attribution License, v. 3.0. To view a copy of this license, visit 
http://creativecommons.org/licenses/by/3.0/. This presentation incorporates images from the Crystal Clear icon collection by Everaldo 
Coelho, available under LGPL from http://everaldo.com/crystal/.



  

Week 10
   

Relational Databases
and Documents



  

http://upload.wikimedia.org/wikipedia/commons/5/51/BarackObamaCertificationOfLiveBirthHawaii.jpg

http://upload.wikimedia.org/wikipedia/commons/5/51/BarackObamaCertificationOfLiveBirthHawaii.jpg


  



  

CERTIFICATION OF LIVE BIRTH
STATE OF HAWAII
HONOLULU
DEPARTMENT OF HEALTH
HAWAII U.S.A.
CERTIFICATE NO. 123456789
CHILD’S NAME: BARACK HUSSEIN OBAMA II
DATE OF BIRTH: August 4, 1961
HOUR OF BIRTH: 7:24 PM
SEX: MALE
CITY, TOWN OR LOCATION OF BIRTH: HONOLULU
ISLAND OF BIRTH: OAHU
COUNTY OF BIRTH: HONOLULU

Digital

can be digitally signed



  

Digital Signatures 101
A pair of keys:

public + private

message + private key
 signature→

  

message + signature + public key
 verification→



  

The Document
CERTIFICATION OF LIVE BIRTH
STATE OF HAWAII
HONOLULU
DEPARTMENT OF HEALTH
HAWAII U.S.A.
CERTIFICATE NO. 123456789
CHILD’S NAME: BARACK HUSSEIN OBAMA II
DATE OF BIRTH: August 4, 1961
HOUR OF BIRTH: 7:24 PM
SEX: MALE
CITY, TOWN OR LOCATION OF BIRTH: HONOLULU
ISLAND OF BIRTH: OAHU
COUNTY OF BIRTH: HONOLULU

“

”



  

The Public Key
BEGIN PGP PUBLIC KEY BLOCK
Version: GnuPG v1.4.11 (GNU/Linux)
=zLtg
END PGP PUBLIC KEY BLOCK



  

The Signature
BEGIN PGP SIGNATURE
Version: GnuPG v1.4.11 (GNU/Linux)

iQEcBAABAgAGBQJPZrIxAAoJEDcB5yggl1wfpJUH/Ruo0MsigfG/SHdrQ6pYGFX4
lSijSEbvMaps0AQOQNWgWJX6Q0GGm/1gpPd/RYThlaJbKFQ96/13BXk5H9cIrkof
tPaS++nXgQzKFG4jBp/NfFV5YTH/CkVskZyPX3yOE83C8f2wv6AQzaOGRrU2vcJK
gshMZFBLNelobM971qZ2G6gdA07Dyf2og6DAKFtuisKhsdfOGpuNG3WEJnV9jNPV
BQhgqrxNYJzM7kXl2z/yRGfFNruwy4HkemLfTZYrmxLsWHcQch0f0aWQ8h+mha07
RjIZToNSmY1OLU1HR80NLjM7bJWtMyZP5KrCjx4fXMLSRd2uVmKXoc/Fr5Ux5RM=
=BdYB
END PGP SIGNATURE



  

Verification

cd /examples/crypto
gpg import yuri.gpg
gpg verify obama.sig obama.txt



  

Full Text Search
Matching sub-strings

Can be done with LIKE

Bag-of-words search
Like doing LIKE for every term – very slow without
a proper index!

Natural language search
Stop words (“the”, “of”, “to”, “end”)
Stemming (“monkey” vs “monkeys”)
Synonyms (“monkey” vs “simian” vs “Affe”)

Ranking
“tf-idf”, “Okapi BM25”, probabilistic models

Can be useful. SQL support is coming.



  

Full Text in MySQL
use documents;
select num from analects
 where match(contents)
  against("chariots business");
select num from analects
 where match(contents)
  against("+chariots business"
           in boolean mode);

This requires setting up a “fulltext” index first and 
use “MyISAM” engine – more on those in two 
weeks.
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Alice Bob
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payment

order



  

Alice Bob

payment
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(HTML)

order
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Alice Bob

invoice

payment

order

machine-readable documents



  

<?xml version="1.0" encoding="UTF8"?>
<Invoice>
 <ID>9834562</ID>
 <IssueDate>20030314</IssueDate>
 <Buyer>
    <Name>Bills Microdevices</Name>
    <StreetName>Spring St.</StreetName>
    <BuildingNumber>413</BuildingNumber>
    <CityName>Elgin</CityName>
    <PostalZone>60123</PostalZone>
    <CountrySubentityCode>IL</CountrySubentityCode>
 </Buyer>
 <Seller>
    <Name>Joes Office Supply</Name>
    <StreetName>Lakeshore Dr</StreetName>
    <BuildingNumber>32 W.</BuildingNumber>
    <CityName>Chicago</CityName>
    <PostalZone>60022</PostalZone>
    <CountrySubentityCode>IL</CountrySubentityCode>
</Seller>

XML

http://docs.oasis-open.org/ubl/cd-UBL-1.0/xml/office/UBL-Invoice-1.0-Office-Example.xml

http://docs.oasis-open.org/ubl/cd-UBL-1.0/xml/office/UBL-Invoice-1.0-Office-Example.xml


  

 <Total>
  <TotalAmount amountCurrencyID="USD">479.50</TotalAmount>
  <TaxExclusive amountCurrencyID="USD">479.50</TaxExclusive>
  <TaxInclusive amountCurrencyID="USD">527.45</TaxInclusive>
 </Total>
 <InvoiceLine>
  <ID>1</ID>
  <InvoicedQuantity unitCode="PKG">5</InvoicedQuantity>
  <Amount amountCurrencyID="USD">12.50</Amount>
  <Item>
   <Description>Pencils, box #2 red</Description>
   <SellersItemIdentification>
    <ID>3214512</ID>
   </SellersItemIdentification>
   <BasePrice>
    <PriceAmount amountCurrencyID="USD">2.50</PriceAmount>
   </BasePrice>
  </Item>
 </InvoiceLine>
 <InvoiceLine>
  ...

XML



  

 
 <InvoiceLine>
  <ID>1</ID>
  <InvoicedQuantity unitCode="PKG">5</InvoicedQuantity>
  <Amount amountCurrencyID="USD">12.50</Amount>
  <Item>
   <Description>Pencils, box #2 red</Description>
   <SellersItemIdentification>
    <ID>3214512</ID>
   </SellersItemIdentification>
   <BasePrice>
    <PriceAmount amountCurrencyID="USD">2.50</PriceAmount>
   </BasePrice>
  </Item>
 </InvoiceLine>
 

XML Anatomy



  

 
 <InvoiceLine>
  <ID>1</ID>
  <InvoicedQuantity unitCode="PKG">5</InvoicedQuantity>
  <Amount amountCurrencyID="USD">12.50</Amount>
  <Item>
   <Description>Pencils, box #2 red</Description>
   <SellersItemIdentification>
    <ID>3214512</ID>
   </SellersItemIdentification>
   <BasePrice>
    <PriceAmount amountCurrencyID="USD">2.50</PriceAmount>
   </BasePrice>
  </Item>
 </InvoiceLine>
 

XML Anatomy



  

Validation

Syntactic: form
  <Amount amountCurrencyID="USD">12.50</Amount 

Semantic: meaning
  <Amount amountCurrencyID="USD">Male</Amount> 



  

<?xml version="1.0" encoding="UTF8"?>
<Invoice xmlns:cbc="urn:oasis:names:specification:ubl:sc...">
 <ID>9834562</ID>
 <cbc:IssueDate>20030314</cbc:IssueDate>
 <TaxPointDate>20030314</TaxPointDate>
 <cac:OrderReference>
  <cac:BuyersID>200312341</cac:BuyersID>
  <cac:SellersID>154135798</cac:SellersID>
  <cbc:IssueDate>20030202</cbc:IssueDate>
 </cac:OrderReference>
 <cac:BuyerParty>
  <cac:Party>
   <cac:PartyName>
    <cbc:Name>Bills Microdevices</cbc:Name>
   </cac:PartyName>
   <cac:Address>
    <cbc:StreetName>Spring St.</cbc:StreetName>
    <cbc:BuildingNumber>413</cbc:BuildingNumber>
    <cbc:CityName>Elgin</cbc:CityName>
    <cbc:PostalZone>60123</cbc:PostalZone>
    <cac:CountrySubentityCode>IL</cac:CountrySubentityCode>
   </cac:Address>
  </cac:Party>
 </cac:BuyerParty>
  </cac:Party>

Namespaces



  

XML and RDBMS

Externalization:
export, import, messaging

Internal use:
XML storage and retrieval
(less common for now)
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Bob

application 
software
(e.g., using PHP)

database

HTTP
request

HTTP
request   

HTML   
XML   

SQL

Alice Inc.

“Web services”, “APIs”,
“REST”, “Semantic web,”
“Service-oriented architecture”



  

Examples

Twitter:

http://twitter.com/public_timeline

vs.

http://api.twitter.com/1/statuses/public_timeline.xml



  



  



  



  



  



  

Examples

Yahoo! Geocoding API:

http://maps.yahoo.com/#&q1=3359+Mississauga+Rd+N.
%2C+Mississauga%2C+ON

vs.

http://where.yahooapis.com/geocode?
q=3359+Mississauga+Rd+N,+Mississauga,+ON



  



  

<?xml version="1.0" encoding="UTF8"?>
<ResultSet version="1.0"><Error>0</Error><ErrorMessage>No 
error</ErrorMessage><Locale>us_US</Locale><Quality>87</Qu
ality><Found>1</Found><Result><quality>85</quality><latit
ude>43.546647</latitude><longitude>
79.665735</longitude><offsetlat>43.546733</offsetlat><offs
etlon>
79.665611</offsetlon><radius>500</radius><name></name><li
ne1>3359 Mississauga Rd</line1><line2>Mississauga, ON  
L5L</line2><line3></line3><line4>Canada</line4><house>335
9</house><street>Mississauga 
Rd</street><xstreet></xstreet><unittype></unittype><unit>
</unit><postal>L5L</postal><neighborhood></neighborhood><
city>Mississauga</city><county>Peel</county><state>Ontari
o</state><country>Canada</country><countrycode>CA</countr
ycode><statecode>ON</statecode><countycode></countycode><
uzip>L5L</uzip><hash>16F6288D6874C064</hash><woeid>1269755
7</woeid><woetype>11</woetype></Result></ResultSet>
<! gws14.maps.bf1.yahoo.com uncompressed/chunked Wed 
Nov  9 10:23:36 PST 2011 >
<! wws03.geotech.bf1.yahoo.com uncompressed Wed Nov  9 
10:23:36 PST 2011 >



  

<?xml version="1.0" encoding="UTF8"?>
<ResultSet version="1.0">
 <Error>0</Error>
 <ErrorMessage>No error</ErrorMessage>
 <Locale>us_US</Locale>
 <Quality>87</Quality>
 <Found>1</Found>
 <Result>
  <quality>85</quality>
  <latitude>43.546647</latitude>
  <longitude>79.665735</longitude>
  <offsetlat>43.546733</offsetlat>
  <offsetlon>79.665611</offsetlon>
  <radius>500</radius>
  <name></name>
  <line1>3359 Mississauga Rd</line1>
  <line2>Mississauga, ON L5L</line2>
  <line3></line3>
  <line4>Canada</line4>
  <house>3359</house>
  <street>Mississauga Rd</street>
  <xstreet></xstreet>
  <unittype></unittype>
  <unit></unit>
  <postal>L5L</postal>



  

Examples

Geonames Web Service

http://ws.geonames.org/wikipediaBoundingBox?
north=45&south=42&east=-78&west=-82



  

<?xml version="1.0" encoding="UTF8" standalone="no"?>
<geonames>
<entry>
<lang>en</lang>
<title>Toronto</title>
<summary>Toronto (, local pronunciation ) is the largest 
city in Canada[http://wwp.canadaca.net/ Canada], 
Greenwich Mean Time. Retrieved on 20070708. and is the 
provincial capital of Ontario. It is located on the 
northwestern shore of Lake Ontario.[http://www.city
data.com/worldcities/Toronto.html Toronto, Ontario, 
Canada, North America] Retrieved on 20070708. With 
over 2 (...)</summary>
<feature/>
<countryCode>  </countryCode>
<population>0</population>
<elevation>0</elevation>
<lat>43.65</lat>
<lng>79.3833</lng>
<wikipediaUrl>http://en.wikipedia.org/wiki/Toronto</wiki
pediaUrl>
<thumbnailImg>http://www.geonames.org/img/wikipedia/4700
0/thumb46020100.jpg</thumbnailImg>



  

Alternatives

JSON

http://ws.geonames.org/wikipediaBoundingBoxJSON?
formatted=true&north=45&south=42
&east=-78&west=-82



  

JSON
[{"place":null,"geo":null,"truncated":false,"in_reply
_to_status_id_str":null,"in_reply_to_status_id":null,"
favorited":false,"in_reply_to_user_id_str":null,"sourc
e":"web","contributors":null,"in_reply_to_screen_name"
:null,"created_at":"Tue Oct 26 16:01:27 +0000 
2010","retweet_count":null,"in_reply_to_user_id":null,
"user":
{"statuses_count":1491,"description":"grafia","show_al
l_inline_media":false,"profile_use_background_image":
true,"favourites_count":57,"followers_count":124,"cont
ributors_enabled":false,"notifications":null,"profile_
background_color":"0c3bf5","geo_enabled":false,"profi
le_background_image_url":"http:\/\/a1.twimg.com\/profi
le_background_images\/159886578\/tumblr_l8hz3wJ5lK1qb7
u0po1_400.gif","profile_text_color":"eb1725","url":"ht
tp:\/\/www.fotolog.com.br\/livinhacontreras","verified
":false,"profile_background_tile":true,"follow_reques
t_sent":null,"lang":"en","created_at":"Fri Jun 26 
03:54:16 +0000 
2009","profile_link_color":"0fc3ff","location":"Brasi
l","protected":false,"profile_image_url":"http:\/\/a0.
twimg.com\/profile_images\/1143256104\/P1060283_
_C_pia_normal.JPG",



  

JSON
[
 { "place":null,
   "geo":null,
   "truncated":false,
   "in_reply_to_status_id_str":null,
   "in_reply_to_status_id":null,
   "favorited":false,
   "in_reply_to_user_id_str":null,
   "source":"web",
   "contributors":null,
   "in_reply_to_screen_name":null,
   "created_at":"Tue Oct 26 16:01:27 +0000 2010",
   "retweet_count":null,
   "in_reply_to_user_id":null,
   "user":
     { "statuses_count":1491,
       "description":"grafia",
       "show_all_inline_media":false,
       ...



  

XML Support in RDBMS
Direct XML export

Direct XML import

Storing XML as a data



  

--xml

mysql xml < humans.sql
mysqldump xml p starwars



  

LOAD XML

mysqldump xml p starwars
  persona > personas.xml

load xml local infile 
"/tmp/personas.xml" into table 
persona2; 



  

ExtractValue

use documents;
select
 ExtractValue(xml, 
 "/Locations/Location[4]/LocationName[1]")
 as name,
 ExtractValue(xml,
 "/Locations/Location[4]/Address[1]")
 as address
from xmltest;



  

Scaling
Facebook

 .5 billion users
30 billion pieces of content per month
20 billion events per day

= 200,000 events per second
  

select url, count(*) from status join 
liking on status.id = liking.status_id
group by status.url;
  

Instead:
http://www.facebook.com/video/video.php?
v=707216889765&oid=9445547199&comments



  

“NoSQL” Storage
Basic ideas:

Key-Value Storage & Retrieval
Documents or sparse relations
Schema-free
Distributed storage

  

“Wide Column Store”:
BigTable, HBase, Cassandra

  

“Document Store”:
CouchDB, MongoDB



  

MapReduce
Map

split the task into many parts
all parts should be equivalent
e.g.: count “likes” by URL for batches

of 1 mln hits

Reduce
put together the results

e.g: merge the batch counts into a total
count



  

Cf. with Rel. Model
Pros:

horizontal scaling

Cons:
more work
“you are not Google”



  

Questions?
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