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Does she search this way?

http://tustinhairsalon.com/wp-
content/uploads/2011/02/Blonde_Hair_stylist_s
tylists_blondes_tustin_santa_ana_orange_cou
nty.jpg

+"michael kors" type:handbag
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nty.jpg

michael kors hand bag

That's how she searches!
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"lorem" 
"ipsum" 
"dolor"
"sit" 
"amet" 
"consectetur" 
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"lorem" 
"ipsum" 
"dolor"
"sit" 
"amet" 
"consectetur" 

O(n)

http://nlp.stanford.edu/IR-book/
http://nlp.stanford.edu/IR-book/


http://nlp.stanford.edu/IR-book/

"lorem" 
"ipsum" 
"dolor"
"sit" 
"amet" 
"consectetur" 

OOME
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RDBMS

ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

INSERT INTO .. VALUES

 (17, ‘Tommy Hilfiger’, ‘S’, ‘White’)



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

INSERT INTO .. VALUES

 (17, ‘Tommy Hilfiger’, ‘S’, ‘White’)



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’





ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

CREATE INDEX SIZE_FK 

ON .. (SIZE)

S

M XLL



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’ AND COLOR=’Red’



ID BRAND SIZE COLOR

23 Adidas XL Blue 

45 Reebok M Red

61 Nike XL Red

17 Tommy Hilfiger S White

SELECT * FROM .. 

WHERE SIZE=’XL’ AND COLOR=’Red’

M XLL

S

B W

R



SELECT * FROM .. 

WHERE SIZE=’XL’ AND COLOR=’Red’

CREATE INDEX SIZE_COLOR_FK 

ON .. (SIZE, COLOR)

S x W

XL x B XL x RXL x B



Inverted Index



T[0] = "it is what it is"
T[1] = "what is it"
T[2] = "it is a banana"



"a":      {2}
"banana": {2}
"is":     {0, 1, 2}
"it":     {0, 1, 2}
"what":   {0, 1}

T[0] = "it is what it is"
T[1] = "what is it"
T[2] = "it is a banana"



"a":      {2}
"banana": {2}
"is":     {0, 1, 2}
"it":     {0, 1, 2}
"what":   {0, 1} postings list

term dictionary



"a"    
"banana"
"is"
"it"
"what"

{2}
{2}
{0, 1, 2}
{0, 1, 2}
{0, 1}

index/_1.tis

index/_1.frq
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What is a Scorer?



"a":      {2}
"banana": {2}
"is":     {0, 1, 2}
"it":     {0, 1, 2}
"what":   {0, 1}



"a":      {2}
"banana": {2}
"is":     {0, 1, 2}
"it":     {0, 1, 2}
"what":   {0, 1}



"a":      {2}
"banana": {2}
"is":     {0, 1, 2}
"it":     {0, 1, 2}
"what":   {0, 1}







while(

(doc = nextDoc())!=NO_MORE_DOCS){

 

println("found "+ doc +

" with score "+score());

}







Note: Weight is omitted for sake of compactness
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Doc-at-time search



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

what OR is OR a OR banana



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

what OR is OR a OR banana



"is":     {0, 1, 2}

"what":   {0, 1}

"a":      {2}

"banana": {2}

"it":     {0, 1, 2}



"is":     {0, 1, 2}

"what":   {0, 1}

"a":      {2}

"banana": {2}

collect(0)
score():2

Collector



"is":     {0, 1, 2}

"what":   {0, 1}

"a":      {2}

"banana": {2}

docID×score
0×2



"is":     {0, 1, 2}

"what":   {0, 1}

"a":      {2}

"banana": {2}

collect(1)
score():2

Collector
0×2



"is":     {0, 1, 2}

"what":   {0, 1}

"a":      {2}

"banana": {2}

Collector
0×2
1×2



"is":     {0, 1, 2}

"a":      {2}

"banana": {2}

"what":   {0, 1}
collect(2)
score():3

Collector
0×2
1×2



"is":     {0, 1, 2}

"a":      {2}

"banana": {2}

"what":   {0, 1}

Collector
2×3
0×2
1×2



Term-at-time search
"lorem" 
"ipsum" 
"dolor"
"sit" 
"amet" 
"consectetur" 



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

what OR is OR a OR banana



Accumulator
... 0×1 ... 1×1 ... 

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



Accumulator
... 0×2 ... 1×2 ... 2×1 ...

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

Accumulator
... 0×2 ... 1×2 ... 2×2 ...



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

Accumulator
... 0x2 ... 1x2 ... 2x3 ...



Accumulator
... 0×2 ... 1×2 ... 2×3 ...

Collector
2×3
0×2
1×2

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}
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1×9
7×9
2×7
2×5
9×5
6×4
...
...
≤4
...
...

 k

n



http://en.wikipedia.org/wiki/Binary_heap
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6×4

log k 9×5 2×4

2×7 7×9 1×9

...

...
≤4
...
...

n



q

p

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

what OR is OR a OR banana



doc at time term at time

complexity

memory



doc at time term at time

complexity O(p + n log k)

memory



"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

 

"what":   {0, 1}

q
1

1 2

2



doc at time term at time

complexity O(p log q + n log k) O(p + n log k)

memory



doc at time term at time

complexity O(p log q + n log k) O(p + n log k)

memory q + k



doc at time term at time

complexity O(p log q + n log k) O(p + n log k)

memory q + k n





q=village OR operations OR years OR
  disaster OR  visit 



q=village OR operations OR years OR 
disaster OR visit OR etc OR map OR 
seventieth OR peneplains OR tussock OR sir 
OR memory OR character OR campaign OR 
author OR public OR wonder OR forker OR 
middy OR vocalize OR enable OR race OR 
object OR signal OR symptom OR deputy OR 
where OR typhous OR rectifiable OR 
polygamous OR originally OR look OR 
generation OR ultimately OR reasonably OR 
ratio OR numb OR apposing OR enroll OR 
manhood OR problem OR suddenly OR 
definitely OR corp OR event OR material 



q=village AND operations AND years AND
 disaster AND visit 



Conjunction
(+, MUST, AND)



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}

what AND is AND a AND it



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}



"a":      {2,3}

"banana": {2,3}

"is":     {0, 1, 2, 3}

"it":     {0, 1, 3}

"what":   {0, 1, 3}
Collector

3 x 4



http://www.flickr.com/photos/fatniu/184615348/



Ω(n q + n log k)



Wrap-up
● doc-at-time vs term-at-time

● conjunction & leapfrog



complexity O(n)

memory O(const)



One War Story

finally

http://www.aboutww2militaria.com/Febr2011/M40_helmet%20%281%29.jpg
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http://localhost:8983/solr/collection1/select?q=

(operations OR years OR disaster OR visit OR etc OR 

map OR seventieth OR peneplains OR tussock OR sir 

OR memory OR character OR campaign OR author OR 

public OR wonder OR forker OR middy OR vocalize OR 

enable OR race OR object OR signal OR symptom OR 

deputy OR where OR typhous OR rectifiable OR 

polygamous OR originally OR look OR generation OR 

ultimately OR reasonably OR ratio OR numb OR 

apposing OR enroll OR manhood OR problem) ...



http://localhost:8983/solr/collection1/select?q=

(operations OR years OR disaster OR visit OR etc OR 

map OR seventieth OR peneplains OR tussock OR sir 

OR memory OR character OR campaign OR author OR 

public OR wonder OR forker OR middy OR vocalize OR 

enable OR race OR object OR signal OR symptom OR 

deputy OR where OR typhous OR rectifiable OR 

polygamous OR originally OR look OR generation OR 

ultimately OR reasonably OR ratio OR numb OR 

apposing OR enroll OR manhood OR problem) …

AND (id:yes_49912894 OR  id:nurse_30134968)



http://localhost:8983/solr/collection1/select?q=

(operations OR years OR disaster OR visit OR etc OR 

map OR seventieth OR peneplains OR tussock OR sir 

OR memory OR character OR campaign OR author OR 

public OR wonder OR forker OR middy OR vocalize OR 

enable OR race OR object OR signal OR symptom OR 

deputy OR where OR typhous OR rectifiable OR 

polygamous OR originally OR look OR generation OR 

ultimately OR reasonably OR ratio OR numb OR 

apposing OR enroll OR manhood OR problem) ...

AND (id:yes_49912894 OR  id:nurse_30134968)

&mm=32&...



straight jeans

silver jeans

silver jeans straight 

jeans

silver

minShouldMatch=2

straight silver jeans



  int nextDoc() {
while(true) {

  while (subScorers[0].docID() == doc) {
    if (subScorers[0].nextDoc() != NO_DOCS) {
      heapAdjust(0);
   } else {   ....
    }
  }
  ...
  if (nrMatchers >= minimumNrMatchers) {
    break;
  }

}
return doc;

  }

org.apache.lucene.search.DisjunctionSumScorer





{1, 3, 7, 10, 27,30,..}

{3, 5, 10, 27,32,..}

{ 20,27,31,..}

mm=3 { 30,37,..}



{1, 3, 7, 10, 27,30,..}

{3, 5, 10, 27,32,..}

{ 20,27,31,..}

mm=3 { 30,37,..}



{1, 3, 7, 10, 27,30,..}

{3, 5, 10, 27,32,..}

{ 20,27,31,..}

mm=3 { 30,37,..}



{1, 3, 7, 10, 27,30,..}

{3, 5, 10, 27,32,..}

{ 20,27,31,..}

mm=3 { 30,37,..}



{1, 3, 7, 10, 27,30,..}

{3, 5, 10, 27,32,..}

{ 20,27,31,..}

mm=3 { 30,37,..}
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BooleanScorer

term at time



×1  

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

Hashtable[2]

org.apache.lucene.search.BooleanScorer

×1  
0 1

chunk



x2  

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}

org.apache.lucene.search.BooleanScorer

x2  
0 1

chunk



org.apache.lucene.search

Collector
0×2
1×2×2  ×2  

0 1

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



org.apache.lucene.search

Collector
0×2
1×2×1   

0 1

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



org.apache.lucene.search

Collector
0×2
1×2×2   

0 1

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



org.apache.lucene.search

Collector
0×2
1×2×3   

0 1

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



org.apache.lucene.search

Collector
2×3
0×2
1×2

×3   

0 1

"a":      {2}

"banana": {2}

"is":     {0, 1, 2}

"it":     {0, 1, 2}

"what":   {0, 1}



Linked Open Hash [2K]

×1  ×1  ×5 ×2    ×2  

0 1 2 3 4 5 6 7

×3 


