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“How	
  do	
  you	
  represent	
  big	
  
dic@onaries	
  in	
  memory?”	
  

“And	
  what	
  are	
  some	
  of	
  the	
  
applica9ons?”	
  



Binary	
  Search	
  



Binary	
  Search,	
  cont.	
  



Binary	
  Search,	
  cont.	
  
•  Membership	
  checking	
  in	
  O(log2(n))	
  

–  Are	
  the	
  O(1)	
  methods	
  you	
  know	
  of,	
  e.g.,	
  hashing	
  techniques,	
  always	
  beHer?	
  
	
  	
  

•  What	
  about	
  prefix	
  searches?	
  
–  E.g.,	
  “comp*”	
  for	
  {“computa9on”,	
  	
  “computer”,	
  …}.	
  
–  Note	
  how	
  many	
  data	
  structures	
  are	
  “prefix	
  friendly”	
  

•  E.g.,	
  sorted	
  arrays,	
  trees,	
  tries,	
  state	
  machines.	
  

•  Prefix	
  lookups	
  can	
  help	
  solve	
  harder	
  lookup	
  problems	
  
–  Many	
  thornier	
  searches	
  can	
  be	
  cleverly	
  reduced	
  to	
  one	
  or	
  more	
  prefix	
  

searches,	
  possibly	
  with	
  some	
  post-­‐processing	
  added.	
  
	
  



Suffix	
  Arrays	
  
•  A	
  prefix	
  of	
  a	
  suffix	
  is	
  an	
  infix	
  

–  Phrase/substring	
  searches!	
  
	
  

•  Create	
  and	
  sort	
  an	
  array	
  that	
  organizes	
  all	
  
suffixes	
  
–  But	
  do	
  it	
  compactly	
  

•  Search	
  using	
  binary	
  search	
  
–  Possibly	
  speed	
  things	
  up	
  by	
  considering	
  least	
  

common	
  prefixes	
  



Suffix	
  Arrays,	
  cont.	
  



Suffix	
  Arrays,	
  cont.	
  
Di
c9
on

ar
y	
  
en

tr
ie
s	
  

Offsets	
  

lord	
  greystoke	
  
lord	
  of	
  the	
  flies	
  
lord	
  of	
  the	
  rings	
  

Di
c9
on

ar
y	
  
su
ffi
xe
s	
   flies	
  

greystoke	
  
lord	
  greystoke	
  
lord	
  of	
  the	
  flies	
  
lord	
  of	
  the	
  rings	
  
of	
  the	
  flies	
  
of	
  the	
  rings	
  
rings	
  
the	
  flies	
  
the	
  rings	
  

0	
  
	
  
1	
  
	
  
2	
  

•  The	
  applica9on	
  dictates	
  what	
  we	
  
consider	
  to	
  be	
  a	
  searchable	
  suffix	
  
	
  
Lots	
  of	
  repe99ons	
  in	
  the	
  suffixes,	
  
represent	
  them	
  compactly!	
  

•  Exploi9ng	
  lcp(v,	
  w)	
  is	
  useful	
  if	
  the	
  substrings	
  we	
  search	
  for	
  are	
  long	
  
	
  

•  Links	
  to	
  the	
  Burrows-­‐Wheeler	
  transform	
  

(1,	
  5)	
  

lcp(v,	
  w)	
  =	
  4	
  
v	
  
	
  
w	
  



Tries	
  



Tries,	
  cont.	
  
•  Do	
  a	
  trie-­‐walk	
  to	
  find	
  all	
  dic9onary	
  

occurrences	
  contained	
  in	
  given	
  text	
  fragment	
  
–  Scales	
  linearly	
  with	
  the	
  length	
  of	
  the	
  text	
  

fragment	
  
–  The	
  size	
  of	
  the	
  dic9onary	
  “doesn’t	
  maHer”!	
  
	
  

•  The	
  applica9on	
  dictates	
  constraints	
  on	
  where	
  
matches	
  can	
  begin	
  and	
  end	
  
–  Should	
  usually	
  coincide	
  with	
  token	
  boundaries	
  

in	
  an	
  NLP	
  sedng	
  



Tightly	
  Packed	
  Tries	
  
•  Lay	
  stuff	
  out	
  in	
  a	
  single	
  con9guous	
  byte	
  array	
  

–  Facilitates	
  a	
  compact	
  representa9on	
  
–  Enables	
  memory	
  mapping	
  
	
  

•  Populate	
  the	
  array	
  by	
  traversing	
  the	
  trie	
  in	
  
post-­‐order	
  
–  Logically,	
  at	
  least	
  

	
  
•  Can	
  be	
  further	
  combined	
  with	
  compression	
  

techniques	
  
–  E.g.,	
  various	
  variable	
  length	
  encodings	
  



Tightly	
  Packed	
  Tries,	
  cont.	
  



Sharing	
  Prefixes	
  and	
  Suffixes	
  
•  From	
  tries	
  toward	
  more	
  general	
  automata	
  

–  Natural	
  language	
  compresses	
  very	
  well!	
  

•  Keep	
  track	
  of	
  equivalent	
  states	
  during	
  
construc9on	
  
–  Assuming	
  sta9c	
  dic9onaries	
  
	
  

•  Can	
  be	
  very	
  compactly	
  represented	
  
–  Previously	
  men9oned	
  packing	
  techniques	
  

apply	
  



Sharing	
  Prefixes	
  and	
  Suffixes,	
  cont.	
  



“How	
  do	
  you	
  determine	
  if	
  two	
  
strings	
  are	
  syntac@cally	
  close?”	
  

“And	
  how	
  do	
  you	
  compute	
  edit	
  
distance	
  efficiently	
  against	
  a	
  large	
  

dic9onary?”	
  



Edit	
  Distance	
  

•  Given	
  two	
  strings	
  s	
  and	
  t,	
  the	
  minimum	
  
number	
  of	
  opera9ons	
  to	
  convert	
  one	
  to	
  the	
  
other	
  

•  Opera9ons	
  are	
  typically	
  character-­‐level	
  
–  Insert,	
  Delete,	
  Replace	
  	
  
– Transpose	
  

•  Generally	
  found	
  by	
  dynamic	
  programming	
  



Edit	
  Distance,	
  cont.	
  



Edit	
  Tables	
  
•  Start	
  at	
  (1,	
  1),	
  answer	
  at	
  (|s|,	
  |t|)	
  

–  Usually,	
  but	
  not	
  necessarily,	
  
computed	
  column	
  by	
  column	
  

•  We	
  might	
  get	
  away	
  with	
  
compu9ng	
  only	
  part	
  of	
  a	
  column	
  
–  Ukkonen’s	
  cutoff	
  

•  Costs	
  don’t	
  have	
  to	
  be	
  integers	
  
–  But	
  with	
  unit	
  edit	
  costs	
  the	
  table	
  has	
  

some	
  special	
  proper9es	
  
–  Costs	
  can	
  take	
  sta9s9cs,	
  keyboard	
  

layout	
  etc	
  into	
  account	
  



Edit	
  Distance	
  and	
  Dic9onaries	
  
•  Given	
  s,	
  find	
  the	
  closest	
  t	
  in	
  a	
  large	
  dic9onary	
  

–  Organize	
  the	
  dic9onary	
  entries	
  in	
  a	
  trie	
  
–  Possibly	
  also	
  par99on	
  the	
  entries	
  by	
  length	
  
–  Assumes	
  small	
  edit	
  distance,	
  e.g.,	
  k={1,	
  2,	
  3}	
  
	
  

•  The	
  trie	
  defines	
  a	
  search	
  space	
  
–  We	
  want	
  to	
  prune	
  the	
  search	
  space	
  early	
  
–  Each	
  step	
  in	
  the	
  search	
  involves	
  compu9ng	
  a	
  

column	
  in	
  an	
  edit	
  table	
  
–  All	
  strings	
  below	
  a	
  node	
  share	
  the	
  same	
  prefix,	
  

and	
  hence	
  also	
  the	
  same	
  columns	
  in	
  the	
  edit	
  
table	
  

–  We	
  can	
  prune	
  away	
  a	
  branch	
  when	
  the	
  edit	
  
distance	
  exceeds	
  a	
  given	
  threshold	
  



Edit	
  Tables	
  and	
  Bit-­‐Parallelism	
  
•  Represent	
  the	
  edit	
  table	
  as	
  a	
  set	
  of	
  horizontal	
  

and	
  ver9cal	
  bit	
  vectors	
  
–  Assuming	
  unit	
  edit	
  costs	
  

•  Edit	
  table	
  computa9ons	
  become	
  fancy	
  bit	
  
masking	
  and	
  shiling	
  opera9ons	
  
–  Allows	
  a	
  constant	
  speed-­‐up	
  propor9onal	
  to	
  

the	
  machine’s	
  word	
  size	
  



Edit	
  Distance,	
  cont.	
  

•  Together	
  with	
  n-­‐gram	
  
matching	
  
1.  Find	
  the	
  m	
  best	
  n-­‐gram	
  

matches	
  
2.  Rerank	
  matches	
  using	
  edit	
  

distance,	
  possibly	
  
considering	
  word	
  
permuta9ons	
  

•  Together	
  with	
  phone9c	
  
hashing	
  
1.  Preprocess	
  the	
  dic9onary	
  to	
  

hold	
  (h(t),	
  {(t,	
  v)})	
  instead	
  of	
  
(t,	
  v)	
  

2.  Look	
  up	
  h(s)	
  using	
  a	
  very	
  
low	
  edit	
  threshold	
  (possibly	
  
0)	
  

3.  Rerank	
  matches	
  using	
  edit	
  
distance	
  between	
  s	
  and	
  t	
  

3-­‐gram	
  matching:	
  
“nowember”	
  yields	
  {“november”,	
  “december”}	
  
	
  
Edit	
  distance:	
  
Makes	
  us	
  select	
  “november”	
  

Example	
  choices	
  of	
  h:	
  
Soundex,	
  Double	
  Metaphone	
  
	
  
Double	
  Metaphone:	
  
{“carlisle”,	
  “karlysle”,	
  …}	
  yields	
  “krll”	
  



Spellchecking	
  and	
  Context	
  

•  Spellchecking	
  word	
  by	
  word	
  only	
  gets	
  us	
  so	
  far	
  
– “un9ed	
  airlines”	
  
– “blackmonitor”,	
  “micro	
  sol”	
  

•  Some	
  candidates	
  are	
  more	
  likely	
  than	
  others	
  
– Score	
  candidates	
  using	
  real-­‐world	
  frequency	
  
informa9on	
  

	
  
•  When	
  shouldn’t	
  we	
  spellcheck	
  queries?	
  


