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Building	  Identification	  (BID)	  Problem	  
Traditional	  Sources	   Non-‐traditional	  Sources	  

Before	   After	  



Information 
from Image 

Vector data Information from 
Phone Book 

CSP Model CSP Solver 
Street and address 
assignment for each 
building in an image 
 

[Michalowski & Knoblock 2005] 



• Set	  of	  street	  names	  

• Set	  of	  buildings	  
• Potential	  street(s)	  it	  is	  on	  
• Side	  of	  street	  it	  is	  on	  
• Order	  for	  a	  given	  street	  

• Additional	  information	  	  
• Side	  of	  street	  where	  even	  numbers	  lie	  
• Ascending	  addresses	  direction	  

• Helpful	  but	  not	  required	  
• Constrains	  the	  problem	  

	  



Phone book 
•   Set of known addresses for all streets in image (vector data) 



Assures	  all	  these	  buildings	  
will	  be	  even	  or	  odd,	  not	  a	  
mix	  

Parity	  Constraint	  



Assures	  that	  address	  >	  address	  
because	  we	  know	  numbers	  ascend	  
in	  south	  direction	  on	  N/S	  running	  
streets	  

Ascending	  Constraint	  
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Block	  Numbering	  

YES	  

NO	  
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‘Addresses	  increase	  West’	  	  CONFLICTS	  	  ‘Addresses	  increase	  East’	  Addresses	  increase	  West	   Addresses	  increase	  East	  

?	  1	   2	  

Constraints	  have	  different	  scopes	  
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Generic	  
Model	  

Accurate	  
Model	  

Solutions	  
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Problem	  Instance	  

Input	  information	  

F =	  {F1,F2,…,Fn}	  

Generic	  model	  

CB =	  {	  C1,C2,…,Ci}	  

Refined	  model:	  Cnew	  =	  CB	  	  ∪	  CI 

Inference	  Engine	  
Inference	  rules	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Rt =	  {R1,R2,…,Rz}	  

Rk:	  	  Fi	  ∈	  F	  	  →	  CI ∈	  CL 

Constraint	  Library	  
	  	  

User-‐defined	  (&	  learned)	  constraints	  
	  	  	  	  

CL =	  {Cl1,Cl2,…,Clz}	  
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Corner	  building	  can	  only	  be	  on	  one	  street	  

A	  single	  address	  per	  building	  

1 3 5 7 
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BID	  Problem	  Sample	  Library	  
	  
• Odd	  on	  North	  (or	  South)	  
• Odd	  on	  East	  (or	  West)	  
• Ascending	  North	  (or	  South)	  
• Ascending	  East	  (or	  West)	  
• Block	  Numbering	  
• Continuous	  Numbering	  
• …	  
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1	   3	   5	   7	  
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Constraint	  Library	  
	  
	  
	  

Applicable	  

Negative	  Positive	   Null	  

Unknown	   Non-‐applicable	  Status:	  

Support:	  
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-‐	  Grouping	  of	  data	  points	  based	  on	  
feature	  values	  

-‐	  Evaluation	  of	  inference	  rules	  to	  
provide	  support	  for	  constraints	  

-‐	  Inference	  of	  applicable	  constraints	  
based	  on	  their	  level	  of	  support	  
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A	  Solution	  

Support	  Level	  
f	  (support+Ci	  ,	  support

-‐
Ci	  ,	  Ci	  )	  

	  

Expresses	  a	  level	  of	  confidence	  in	  the	  inference	  of	  a	  constraint	  	  
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Example:	  BID	  problem,	  Increasing	  North	  rules	  
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Spatial	  Separation	   Problem	  Space	  

Support	  Vector	  Machines	  	  [Vapnik,	  1995]	  
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Inferred	  Model	  
	  

	  Constraint	  1	  
	  Constraint	  2	  
	  Constraint	  3…	  

Conflict	  

Data	  Points	  
{D1,2,3,4,5,6,7,8,9,10}	  

D1,2,5,6	  à	  Constraint	  1	  
D3,4,7,8	  à	  Constraint	  2	  
D9,10	  	  	  	  à	  ?	  

Domain-‐independent	  solution	  

D2	  

D5	  
D1	  

D6	  

D3	  

D8	  

D7	  

D4	  

Support	  Vector	  Machine	  Model	  

Constraint	  1	  
Constraint	  2	  

Class	  Labels:	  
	  

D9	  

D10	   Classify	  
unknown	  data	  
points	  
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Area	   Data	  Points	  

1.	  El	  Segundo	  CA	   (a)	  38	  points	  west	  of	  Main	  St.	  
(b)	  660	  geocoded	  points	  
(c)	  12	  USGS	  gazetteer	  points	  East	  of	  Main	  Street	  
(schools	  and	  churches)	  	  

2.	  Downtown	  Los	  Angeles	   7	  hotels	  from	  an	  online	  hotels	  data	  source	  

3.	  San	  Francisco	  CA	   16	  USGS	  gazetteer	  points	  (schools	  and	  churches)	  

4.	  Boulder	  CO	   7	  USGS	  gazetteer	  points	  (schools	  only)	  

5.	  New	  Orleans	  LA	   21	  USGS	  gazetteer	  points	  (churches	  and	  schools)	  

6.	  Belgrade	  Serbia	   85	  points	  from	  a	  government	  planning	  website	  
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El	  Segundo	  CA	  

San	  Francisco	  CA	  

Downtown	  Los	  Angeles	  

New	  Orleans	  LA	  

Belgrade	  Serbia	  
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Complete and accurate models Slightly incomplete but accurate models 
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Very accurate with only 4% (~66 points) training data 



Area	   Data	  Points	  

1.	  El	  Segundo	  CA	   (a)	  38	  points	  west	  of	  Main	  St.	  
(b)	  1650	  geocoded	  points	  (East	  &	  West	  of	  Main)	  
(c)	  20	  USGS	  gazetteer	  points	  East	  &	  West	  of	  Main	  
(schools	  and	  churches)	  	  

2.	  Downtown	  Los	  Angeles	   7	  hotels	  from	  an	  online	  hotels	  data	  source	  

3.	  San	  Francisco	  CA	   16	  USGS	  gazetteer	  points	  (schools	  and	  churches)	  

4.	  Boulder	  CO	   7	  USGS	  gazetteer	  points	  (schools	  only)	  

5.	  New	  Orleans	  LA	   66	  USGS	  gazetteer	  points	  (churches	  and	  schools)	  

6.	  Belgrade	  Serbia	   88	  points	  from	  a	  government	  planning	  website	  

7.	  Jakarta	  Indonesia	   20	  hotels	  from	  an	  online	  Indonesian	  source	  

35	  Not solvable without added enchancements 
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More precise constraints inferred Same results as previously inferred (more complex process) Complete but slightly inaccurate model (misclassification) Incomplete and slightly inaccurate model (misclassification + lack of information) Complete and accurate model 



37	  Large reduction in runtime, significant increase in precision 
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Sudoku	  Puzzles	  



Given:	  	  

	  

	  

	  

	  

	  

	  

	  

Query:	  	  Fill	  the	  empty	  cell	  such	  that	  1..9	  
appear	  in	  each	  row,	  column,	  and	  unit	  w/o	  
repetition	  

7 1
2 5

9 1 8
7 8 9

7 8 4
5 6 9 7

1 2 3 6
4 3

7 6

47	  

•  One model
–  81 variables: C1,1... C9,9

–  Domains: {1,2,3,…,8,9}
–  Constraints:

•  all-diff constraints, 9-arity
•  One constraint per row
•  One constraint per column
•  One constraint per (3x3) unit 
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Model	  
Generator	  

Some Sudoku Puzzles 

Constraint	  Model	  
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Sudoku	  Puzzles	  
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Basic	   Diagonal	   Even/Odd	  

Geometry	   Magic	  

•  100	  instances	  of	  easy,	  medium,	  hard	  difficulty	  levels	  for	  all	  
puzzle	  types	  

•  Magic	  puzzle	  instances	  have	  same	  difficulty	  level	  
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Sudoku	  Puzzles	  

Recall:	  #correctly	  inferred	  cons.	  /	  total	  #	  cons.	  
Precision:	  #	  correctly	  inferred	  cons./	  total	  #	  inferred	  cons.	  
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Sudoku	  Puzzles:	  New	  Points	  
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Sudoku	  Puzzles:	  Inferred	  Models	  
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Sudoku	  

%	  solved:	  percentage	  of	  instances	  with	  a	  solution(s)	  
%	  one	  sol.:	  percentage	  of	  solved	  instances	  with	  a	  single	  solution*	  

	  
*all	  puzzle	  instances	  are	  well-‐formed	  (a	  single	  solution)	  


