


Databases	  

Lecture	  1	  



Standard	  stuff	  

•  Class	  webpage	  
•  Textbook:	  get	  it	  somewhere;	  used	  is	  fine	  
– Stay	  up	  with	  reading!	  

•  Prerequisite:	  CS	  241	  
•  Coursework:	  
– Homework,	  group	  project,	  midterm,	  final	  

•  Be	  prepared	  to	  bring	  laptops	  every	  so	  oKen.	  

	  



Group	  project	  
•  You	  will	  design	  and	  implement	  your	  own	  
database-‐driven	  website.	  

•  Ideas:	  shopping,	  aucQons,	  write	  a	  beRer	  
BannerWeb,	  library/bibliography	  system,	  reviews	  
a	  la	  Yelp,	  bank,	  finance/stocks,	  job	  posQngs,	  
social	  networking	  a	  la	  Facebook,	  recipes,	  movies,	  
apartments,	  …	  

•  Groups:	  probably	  4-‐5	  people,	  formed	  on	  your	  
own.	  

•  Spread	  out	  over	  the	  whole	  semester;	  check-‐ins	  
along	  the	  way.	  



Why	  study	  databases?	  

•  Academic	  reasons	  
•  Programming	  reasons	  
•  Business	  (get	  a	  job)	  reasons	  
•  Student	  reasons	  



What	  will	  you	  learn?	  

•  Database	  design	  
– How	  do	  you	  model	  your	  data	  so	  it	  can	  be	  stored	  in	  
a	  database?	  

•  Database	  programming	  
– How	  do	  I	  use	  a	  database	  to	  ask	  it	  quesQons?	  

•  Database	  implementaQon	  
– How	  does	  the	  database	  itself	  work;	  i.e.,	  how	  does	  
it	  store,	  find,	  and	  retrieve	  data	  efficiently?	  



What	  is	  the	  goal	  of	  a	  database?	  

•  Electronic	  record-‐keeping,	  enabling	  fast	  and	  
convenient	  access	  to	  the	  informaQon	  inside.	  

•  DBMS	  =	  Database	  management	  system	  
– SoKware	  that	  stores	  individual	  databases	  and	  
knows	  how	  to	  search	  the	  informaQon	  inside.	  

– RDBMS	  =	  RelaQonal	  DBMS	  
– Examples:	  Oracle,	  MS	  SQL	  Server,	  MS	  Access,	  
MySQL,	  PostgreSQL,	  IBM	  DB2,	  SQLite	  



DBMS	  Features	  

•  Support	  massive	  amounts	  of	  data	  
– Giga-‐,	  tera-‐,	  petabytes	  

•  Persistent	  storage	  
– Data	  conQnues	  to	  live	  long	  aKer	  program	  finishes.	  

•  Efficient	  and	  convenient	  access	  
–  Efficient:	  don't	  search	  the	  enQre	  thing	  to	  answer	  a	  
quesQon!	  

–  Convenient:	  allow	  users	  to	  ask	  quesQons	  as	  easily	  as	  
possible.	  

•  Secure,	  concurrent,	  and	  atomic	  access	  



Example:	  build	  a	  beRer	  BannerWeb	  

•  Professors	  offer	  classes,	  students	  sign	  up,	  get	  
grades	  

•  What	  are	  some	  quesQons	  we	  could	  ask?	  
– Find	  my	  GPA.	  
– …	  



Obvious	  soluQon:	  Folders	  

•  Advantages?	  
	  
	  

•  Disadvantages?	  



Obvious	  soluQon++	  

•  Text	  files	  and	  Python/C++/Java	  programs	  



Obvious	  soluQon++	  

•  Let's	  use	  CSV:	  
	  
	  

Hermione,Granger,R123,Potions,A	  
Draco,Malfoy,R111,Potions,B	  
Harry,Potter,R234,Potions,A	  
Ronald,Weasley,R345,Potions,C	  



Another	  way:	  
	  
File	  1:	  
Hermione,Granger,R123	  
Draco,Malfoy,R111	  	  
Harry,Potter,R234	  	  
Ronald,Weasley,R345	  
File	  2:	  
R123,Potions,A	  
R111,Potions,B	  
R234,Potions,A	  
R345,Potions,C	  



Problems	  

•  Inconvenient	  –	  need	  to	  know	  Python/C++/
Java	  to	  get	  at	  data!	  

•  Redundancy/inconsistency	  
•  Integrity	  problems	  
•  Atomicity	  problems	  
•  Concurrent	  access	  problems	  
•  Security	  problems	  



Why	  are	  there	  problems?	  

•  Two	  main	  reasons:	  
– The	  descripQon	  of	  how	  the	  files	  are	  laid	  out	  is	  
buried	  within	  the	  Python/C++/Java	  code	  itself	  (if	  
it's	  documented	  at	  all)	  

– There	  is	  no	  support	  for	  transac,ons	  (supporQng	  
concurrency,	  atomicity,	  integrity,	  and	  recovery)	  

•  DBMSs	  handle	  exactly	  these	  two	  problems.	  



Example	  
•  RDBMS	  =	  RelaQonal	  database	  
management	  system.	  

•  The	  relaQonal	  model	  uses	  
relaQons	  (aka	  tables)	  to	  
structure	  data.	  	  (CS	  172,	  boom!)	  

•  Grades	  relaQon:	  
First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



•  RelaQonal	  model	  is	  an	  abstracQon.	  
•  Separates	  the	  logical	  view	  (as	  viewed	  by	  the	  
DB	  user)	  from	  the	  physical	  view	  (DB's	  internal	  
representaQon	  of	  the	  data)	  	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



•  Simple	  query	  language	  (SQL)	  for	  accessing/
modifying	  data:	  

•  Find	  all	  students	  who	  are	  gejng	  a	  B.	  
– SELECT	  First,	  Last	  FROM	  Grades	  WHERE	  
Grade	  =	  "B"	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  





TransacQon	  processing	  
•  One	  or	  more	  DB	  operaQons	  can	  be	  grouped	  into	  
a	  transac,on.	  

•  For	  a	  DBMS	  to	  properly	  implement	  transacQons:	  
•  Atomicity:	  All-‐or-‐nothing	  execuQon	  of	  
transacQons.	  

•  Consistency:	  A	  DB	  can	  have	  consistency	  rules	  that	  
should	  not	  be	  violated.	  

•  IsolaQon:	  Each	  transacQon	  must	  appear	  to	  be	  
executed	  as	  if	  no	  other	  transacQons	  are	  
happening	  simultaneously.	  

•  Durability:	  Any	  changes	  a	  transacQon	  makes	  must	  
never	  be	  lost.	  



On	  to	  the	  real	  stuff	  now…	  



Data	  Models	  

•  A	  notaQon	  (descripQon)	  of	  a	  descripQon	  of	  data.	  
–  BeRer:	  a	  descripQon	  of	  how	  to	  conceptually	  structure	  
the	  data,	  what	  operaQons	  are	  possible	  on	  the	  data,	  
and	  any	  constraints	  on	  the	  data.	  

•  Structure:	  how	  we	  view	  the	  data	  abstractly	  
•  OperaQons:	  what	  is	  possible	  do	  do	  with	  the	  data?	  
•  Constraints:	  how	  can	  we	  control	  what	  data	  is	  
legal	  and	  what	  is	  not?	  



RelaQonal	  model	  

•  Structure:	  relaQon	  (table)	  
•  OperaQons:	  relaQonal	  algebra	  (select	  certain	  
rows,	  certain	  columns,	  where	  things	  are	  T/F)	  

•  Constraints:	  can	  enforce	  restricQons	  like	  
Grade	  must	  be	  in	  {A,	  B,	  C,	  D,	  F}	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



Semi-‐structured	  model	  
<Grades>	  
	  <StudentGrade>	  
	   	  <Student>Hermione	  Granger</Student>	  
	   	  <Course>PoQons</Course>	  
	   	  <Grade>A</Grade>	  
	  </StudentGrade>	  
	  <StudentGrade>	  
	   	  <Student>Draco	  Malfoy</Student>	  
	   	  <Course>PoQons</Course>	  
	   	  <Grade>B</Grade>	  
	  </StudentGrade>	  

...	  	  
	  </Grades>	  	  



Semi-‐structured	  model	  

•  Structure:	  Trees	  or	  graphs	  
– e.g.,	  XML	  

•  OperaQons:	  Follow	  paths	  in	  the	  implied	  tree	  
from	  one	  element	  to	  another.	  
– e.g.,	  XQuery	  

•  Constraints:	  can	  constrain	  data	  types,	  possible	  
values,	  etc.	  
– e.g.,	  DTDs	  (document	  type	  definiQon),	  XML	  
Schema	  



Object-‐relaQonal	  

•  Similar	  to	  relaQonal,	  but	  
– Values	  in	  a	  table	  can	  have	  their	  own	  structure,	  
rather	  than	  being	  simple	  strings	  or	  ints.	  

– RelaQons	  can	  have	  associated	  methods.	  



RelaQonal	  model	  is	  most	  common	  	  

•  Simple:	  built	  around	  a	  single	  concept	  for	  
modeling	  data:	  the	  relaQon	  or	  table.	  
– A	  relaQonal	  database	  is	  a	  collecQon	  of	  relaQons.	  
– Each	  relaQon	  is	  a	  table	  with	  rows	  and	  columns.	  
– An	  RDBMS	  can	  manage	  many	  databases	  at	  once.	  

•  Supports	  high-‐level	  programming	  language	  
(SQL)	  
– Limited	  but	  useful	  set	  of	  operaQons.	  

•  Has	  elegant	  mathemaQcal	  theory	  behind	  it.	  



RelaQon	  Terminology	  

•  RelaQon	  ==	  2D	  table	  
– ADribute	  ==	  column	  name	  	  
– Tuple	  ==	  row	  (not	  the	  header	  row)	  

•  Database	  ==	  collecQon	  of	  relaQons	  
First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



RelaQon	  Terminology	  

•  A	  relaQon	  includes	  two	  parts:	  
– The	  relaQon	  schema	  defines	  the	  column	  headings	  
of	  the	  table	  (aRributes/fields)	  

– The	  relaQon	  instance	  defines	  the	  data	  rows	  
(tuples,	  rows,	  or	  records)	  of	  the	  table.	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



Schema	  

•  A	  schema	  is	  wriRen	  by	  the	  name	  of	  the	  relaQon	  
followed	  by	  a	  parenthesized	  list	  of	  aRributes.	  
–  Grades(First,	  Last,	  Course,	  Grade)	  

•  A	  rela,onal	  database	  schema	  is	  the	  set	  of	  
schemas	  for	  all	  the	  relaQons	  in	  a	  DB.	  

	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  



Domains	  

•  A	  relaQonal	  DB	  requires	  that	  every	  component	  
of	  a	  row	  (tuple)	  have	  a	  specific	  elementary	  
data	  type,	  or	  domain.	  
– string,	  int,	  float,	  date,	  Qme	  (no	  complicated	  
objects!)	  
	  

Grades(First:string,	  Last:string,	  
Course:string,	  Grade:char)	  



Equivalent	  representaQons	  of	  a	  relaQon	  

	  	  	  	  Grades(First,	  Last,	  Course,	  Grade)	  
•  RelaQon	  is	  a	  set	  of	  tuples,	  not	  a	  list.	  
•  ARributes	  in	  a	  schema	  are	  a	  set	  as	  well.	  
– However,	  the	  schema	  specifies	  a	  "standard"	  order	  for	  
the	  aRributes.	  

•  How	  many	  equivalent	  representaQons	  are	  there	  
for	  a	  relaQon	  with	  m	  aRributes	  and	  n	  tuples?	  

First	   Last	   Course	   Grade	  

Hermione	   Granger	   PoQons	   A	  

Draco	   Malfoy	   PoQons	   B	  

Harry	   PoRer	   PoQons	   A	  

Ronald	   Weasley	   PoQons	   C	  


