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details

The midterm is written. 25 short answer questions each
worth 4 points.

The midterm survey opens Thursday, February 26.
Please, please do it.



guestions to think about

1. You know how to create a hashtable and serialize it into a
memory-mapped hashfile.
You also know how to use chunks if it’s too big.

Could you use the same strategy for the frontier or anchor
text or other parts of your engine?

2. How big should your seed list be?



agenda

2. theindex and ISRs

3. the constraint solver



The inverted word index within a chunk.

Dictionary Posting list Posting list Posting list Posting list
A posting list
Common IR SEete Index Post | Post | Post Sentinel
Header data

An individual post

Delta from
previous
post loc

Type-specific
data




The dictionary

Dictionary Posting list Posting list Posting list Posting list

May have multiple kinds of things in the dictionary, e.g., document boundaries vs.
words.

Each type of post may have attributes, for example:

word Bold, heading, large font. (But beware it may not be all that
helpful in ranking.)

document URL, number of word or unique words in the URL, title, body,
anchor.

May also distinguish variations on word, e.g., only in the URL vs. only in the title,
by decorating the word when entering it into the dictionary.




Decorating

Dictionary Posting list Posting list Posting list

Posting list

Add characters that get stripped out during HTML parsing to indicate
special characteristics or types of posts, e.g.,

amazon amazon in the body text
#amazon amazon only in the URL
@amazon amazon only in the title
Samazon amazon only in the anchor text
% End-of-document token.

Might also be used for stemming:

swim* swim, swims, swimming, etc.




A posting list

Common | Type-specific

Index Post | Post | Post Sentinel
Header data

An individual post

Delta from e
: Type-specific
previous
data
post loc

It’s important to keep the posts as small as possible on average.

This is commonly done by giving the location as a delta from the previous post and
then encoding that delta in a variable number of bytes, e.g., as UTF-8.




A posting list

Common
Header

Type-specific
data

Index

Post

Post

Post

Sentinel

An individual post

Delta from
previous
post loc

Type-specific
data

You have a choice whether to number locations relative to:

1. Start of the document or
2. Start of the index

If you go with start of document, individual word locations will be ( docid, offset ),

causing a large delta every time you cross a document boundary.

If you go with start of index, a word location is simply an offset, and the deltas

between locations will likely to be smaller binary numbers.




index stream readers

Index stream readers (ISRs)

OpenISR( t ) Create an ISR for given term t, set to the first
occurrence, if there is one.

next( ) Move the ISR to the next post in the list.

seek( location ) Move the ISR to the first post after the specified
location.

Move the ISR to the immediately preceding post.
Not needed, usually omitted.



seeking

The posting lists can be huge.
Important to reduce space.

Usual strategy is to encode each new location as a delta from the
previous.

Further encode with varying numbers of bits depending on the delta.
Some number of bits may encode attributes.

Don’t want to have to add all the previous deltas (there could be millions
of them!) to know the actual location number.

Synchronization points allow seeking to a location just prior to desired
location, then scanning forward, so you only have to add up a smaller
number of deltas.



A posting list

Common Type-specific :
yYPe-Sp Index Post | Post | Post Sentinel
Header data
Posting list index
Post
A function and a data structure that allows
Seek skipping ahead to a synchronization point, a Post
location known offset into the posting list and the
location of that post as close as possible but
not after the seek location. Post

Sentinel




A posting list

Common I EREEe Index Post | Post | Post Sentinel
Header data
Posting list index
Post
Seek ( offset, location ) = Seek( location ); Post
location

Gets close to where you want, then scan

from there, adding up deltas. Post

Sentinel
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constraint solver

Given an inverted word index and a constraint, e.g., a list of
words that must appear together or as a phrase in a document,
find the list of matching documents.



The query language is typically recursive.

"apollo moon landing" | ( apple banana)

OR

The parse tree

/

Phrase AND

g N

"apollo" "moon" "landing" "apple" "banana”




Basic idea is to create ISR structures that match the query constraints.

Each ISR can find the next occurrence of whatever it’s looking for.

"apollo moon landing" | ( apple banana)

The ISR structure

ORISR

/

Phrase ISR

g

apollo ISR

moon ISR

landing ISR

AND ISR

e

~N

apple ISR

banana ISR




"apollo moon landing" | ( apple banana)

The trees are the same.

The parse tree

OR

~

Phrase

g

"apollo"

llmoonll

"landing"

The ISR structure

Phrase ISR

g

apollo ISR

moon ISR ‘IandmgISR

AND

Z

AN

llapplell

"banana"

ORISR

e

AND ISR

Z

AN

apple ISR

banana ISR




The AND of apple and banana might actually

AND ISR
take 12 ISRs if the terms are decorated, e.g.,
/ \ @ = anchor, # = title, / = url.
apple ISR banana ISR
AND ISR
ORISR EndDoc ISR ORISR

@apple ISR apple ISR @banana ISR banana ISR

#apple ISR /apple ISR #banana ISR /banana ISR




"apollo moon landing" phrase actually
Phrase ISR requires 4 ISRs for each stream (anchor,
title, URL and body) + an OR ISR = 17 ISRs.
apollo ISR moon ISR landing ISR

Phrase ISR Phrase ISR

@apollo ISR @moon ISRﬁlanding ISR apollo ISR moon ISR }Ianding ISR
Phrase ISR Phrase ISR

1T N 1T N

#apollo ISR #moon ISR #landing ISR /apollo ISR /moon ISR /landing ISR

Assume decorations: @ = anchor, # = title, / = url



Coming back to the question, is this correct?

"apollo moon landing" | ( apple banana)

1 ISR OR ISR
17 ISRs | Phrase ISR 12 ISRs AND ISR
apollo ISR moon ISR landing ISR apple ISR banana ISR

If the terms are decorated, it could take 30 ISRs.



Matches in order of importance:

1. Anchor text.

2. URL.
3. Title.
4. Body.

Exception is Japan were URL matches are less useful due to mismatch
between Kanji or Katakana queries and transliterated URLs.

Indexing URLs requires dictionary word-breaking. An alternative is to do
string matching against the URL during ranking of pages that already match.



Does it matter how many ISRs you use?
How much effect will this have on query search time?

What dominates search time?



Index Stream Reader (ISR)

Finds the next occurrence of the desired token or combination of child ISRs.

ISRWord Find occurrences of individual words.

ISREndDoc Find occurrences of document ends.

ISROr Find occurrences of any child ISR.

ISRANnd Find occurrences of all child ISRs within a single
document.

ISRPhrase Find occurrences of all child ISRs as a phrase.

ISRContainer  Find occurrences of contained ISRs in a single document
not containing any excluded ISRs.



typedef size t Location; // Location @ is the null location.
typedef size t FileOffset;

typedef union Attributes
{
WordAttributes Word;
DocumentAttributes Document;

}s

class Post
{
public:
virtual Location GetStartLocation( );
virtual Location GetEndLocation( );
virtual Attributes GetAttributes( );

}s



class Postinglist
{
private:
struct PostinglListIndex

{
FileOffset Offset;

Location PostLocation;

}s

PostinglListIndex *index;
virtual char *GetPostinglList( );

public:
virtual Post *Seek( Location );

}s



class ISR

{
public:

virtual Post *GetCurrentPost( );

virtual Post *Next( );

virtual Post *Seek( Location target );
virtual Location GetStartLocation( );
virtual Location GetEndLocation( );
virtual unsigned GetNumberOfOccurrences(

}s

class ISRWord : public ISR

{
public:

unsigned GetDocumentCount( );

}s

class ISREndDoc : public ISRWord
{
public:
unsigned GetDocumentLength( );
unsigned GetTitleLength( );
unsigned GetUrlLength( );

}s

)5



class Dictionary
{
public:
ISR *OpenIsr( char *token );
size t GetNumberOfWords( );
size t GetNumberOfUniqueWords( );
size t GetNumberOfDocuments( );

s



Consider these posting lists

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200

#DocEnd 112 570 1006 1704

To read and merge these lists, we need to move from one entry to the next.
We'll do that with an ISR (index stream reader).

The ISR for each token has to be able to report its current location and
attributes, and it needs Next( ) and Seek( ) functions.



OR'ing streams

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200

#DocEnd 112 570 1006 1704

quick | fox 10 27 87 105 106 513 515 518 520 550 1200

An OR ISR simply merges the streams.

No need to pay attention to document boundaries. Each post is in whichever
posting list and whatever document it happens to be.



class ISROr : public ISR

{
public:

ISR **Terms;
unsigned NumberOfTerms;

Location GetStartLocation( )

{

return nearestStartLocation;

}

Location GetEndLocation( )

{

return nearestEndLocation;

}

Post *Seek( Location target )
{
// Seek all the ISRs to the first occurrence beginning at
// the target location. Return null if there is no match.
// The document is the document containing the nearest term.

}

Post *Next( )
{

// Do a next on the nearest term, then return
// the new nearest match.

}



Post *NextDocument( )
{
// Seek all the ISRs to the first occurrence just past
// the end of this document.
return Seek( DocumentEnd->GetEndLocation( ) + 1 );

}

private:

}s

unsigned nearestTerm;

// nearStartLocation and nearestEndLocation are
// the start and end of the nearestTerm.

Location nearestStartLocation, nearestEndLocation;



AND'ing streams

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200

#DocEnd 112 570 1006 1704

quick fox ?

AND'ing of terms should find occurrences of all the terms within a single
document.

Should it return every possible combination, every combination only changing
the nearest ISR or the first match in each matching document?



AND'ing streams

Easier to consider if we show the document boundaries.

quick 10 27 105 513 518 520

brown 28 50 62 70 514 790

fox 87 106 515 550 1200
#DocEnd 112 570 1006 1704
quick fox ?

To determine what document a post falls within, we advance a #DocEnd ISR to
the next document end, where we can retrieve information about the
document, including its length.

This tells us the start and end points of the document and whether all the word
ISRs point within the same document.



AND'ing streams

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200
#DocEnd 112 570 1006 1704
quick fox How many possible combinations?
Can you reach all of them in a single pass, all ISRs only moving
forward?

AND'ing of terms should find occurrences of all the terms within a single
document.

Should it return every possible combination, every combination only changing
the nearest ISR or the first match in each matching document?



AND'ing streams

quick
brown
fox
#DocEnd

quick fox

10

27

105

28

62 70

87

106

112

513 518 520
514 790
515 550 1200
570 1006 1704

How many possible combinations? 6
Can you reach all of them in a single pass, all ISRs only moving

forward? No.

Should it return every possible combination, every combination only changing
the nearest ISR or the first match in each matching document?



AND'ing streams

quick 10 27 (105 513 518 520

brown 28 62 70 514 790

fox 871106 515 550 1200
#DocEnd 112 570 1006 1704
quick fox How many possible combinations? 6

Can you reach all of them in a single pass, all ISRs only moving
forward? No.

Should it return every possible combination, every combination only changing
the nearest ISR or the first match in each matching document?

The point of the constraint solver is to find matching pages. Once any match on
the page has been found, it's the ranker's job to figure out what to do next



AND'ing streams

quick 10 27 (105 513 518 520

brown 28 62 70 514 790

fox 871106 515 550 1200
#DocEnd 112 570 1006 1704
quick fox How many possible combinations? 6

Can you reach all of them in a single pass, all ISRs only moving
forward? No.

You probably want both:
Next( ) Advance the nearest ISR and look for the first match.

NextDocument() Seeks all the ISRs past the end of the document then looks
for the first match.



AND'ing streams

quick
brown
fox
#DocEnd

quick fox

Next( )

10

87

27 105
50 62 70
106

112

513 J518 520

514 790

515| 550 1200

570 1006 1704

NextDocument( ) matches

NextDocument( )

Advance the nearest ISR and look for the first match.

returns (10 87) (27 87)(10587) (105 106) (513 515)
(518 515) (518 550) (520 550)

Seeks all the ISRs past the end of the document then looks
for the first match.

returns ( 10 87 ) (513 515)



AND'ing streams

quick 10 27 105 513518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704
quick fox NextDocument( ) matches

To look for a new match, your objective is to skip forward through the index as
fast as possible.

If a match is to be made including any of the present set of ISR positions, it
must include whatever post is furthest down the index.

So there's no point in considering posts on the other lists that occur before the
beginning of the document containing that furthest post.



AND'ing streams

quick
brown
fox
#DocEnd

quick fox

10

87

27 105
50 62 70
106

513

514

515

NextDocument( ) matches

To look for a match:

518 520

550

790
1200
1006 1704

1. Advance the #EndDoc ISR to just past the furthest ISR to get the length of

the document.

2. Advance the other ISRs to their first matches starting at the beginning of

the document.

3. Ifany ISR is past the end of document, you pick the new furthest and
continue searching.



class ISRANd

{
public:

public ISR

ISR **Terms;
unsigned NumberOfTerms;
Post *Seek( Location target )

{

// 1.

//
//
//
//
//
//
//

}

2.

w

Seek all the ISRs to the first occurrence beginning at
the target location.

Move the document end ISR to just past the furthest
word, then calculate the document begin location.

. Seek all the other terms to past the document begin.

If any term is past the document end, return to
step 2.
If any ISR reaches the end, there is no match.

Post *Next( )

{

return Seek( nearestStartLocation + 1 );

}

private:

unsigned nearestTerm, farthestTerm;
Location nearestStartLocation, nearestEndLocation;

s



class ISRANd

{
public:

public ISR

ISR **Terms;
unsigned NumberOfTerms;
Post *Seek( Location target )

{

// 1.

//
//
//
//
//
//
//

}

2.

w

Seek all the ISRs to the first occurrence beginning at
the target location.

Move the document end ISR to just past the furthest
word, then calculate the document begin location.

. Seek all the other terms to past the document begin.

If any term is past the document end, return to
step 2.
If any ISR reaches the end, there is no match.

Post *Next( )

{

return Seek( nearestStartLocation + 1 );

}

private:

unsigned nearestTerm, farthestTerm;
Location nearestStartLocation, nearestEndLocation;

s



Phrase match

Terms must be in consecutive locations.

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

Length of the match must equal to sum of the lengths of the terms.

If a match is to be made including any of the present set of ISR positions, it
must include whichever post is furthest down the index.



Phrase match

Terms must be in consecutive locations.

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

Can phrase matches be overlapping?
Do you need to pay attention to document boundaries?

If it’s not a match, do all the ISRs have to move?



Phrase match

Terms must be in consecutive locations.

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

Can phrase matches be overlapping? Yes, if beginning and ending terms match.

Do you need to pay attention to document boundaries? No, not if you skip a
location number between documents. All phrase matches will always be within
a single document.

If it’s not a match, do all the ISRs have to move? No, you iterate, trying to move
the nearest to correct position relative to the furthest.



Phrase match

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

So, what are the functions you might want? Probably want both Next( ) and
NextDocument( ).



Phrase match

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

So, what are the functions you might want? Probably want both Next( ) and
NextDocument( ).



Phrase match

quick 10 27 105 513|518 520

brown 28 50 62 70 514 790

fox 87 106 515| 550 1200
#DocEnd 112 570 1006 1704

"quick brown fox" (513 514 515)

To look for a match:
1. Pick the furthest ISR.

2. Advance the other ISRs to their first matches starting at exactly where they
should appear to be a matching phrase.

3. Ifany ISR is past the desired location, pick the new furthest and continue
searching.



class ISRPhrase :

{
public:

public ISR

ISR **Terms;
unsigned NumberOfTerms;
Post *Seek( Location target )

{
//

//
//
//
//
//
//
//
//

}

1.

Seek all ISRs to the first occurrence beginning at
the target location.

. Pick the furthest term and attempt to seek all

the other terms to the first location beginning
where they should appear relative to the furthest
term.

If any term is past the desired location, return
to step 2.

If any ISR reaches the end, there is no match.

Post *Next( )

{

// Finds overlapping phrase matches.
return Seek( nearestStartLocation + 1 );

}
}s



NOTs

Terms that cannot appear in a matching document.

quick 10 27 105 513 518 520

brown 28 50 62 70 514 790

fox 87 106 515 550 1200
#DocEnd 112 570 1006 1704

brown -fox 790
-fox Not allowed

A NOT matches anywhere the term doesn't appear, which is likely pretty nearly
everywhere.

So we don't allow searches for nots alone and we don't check for exclusions
until we've found an otherwise matching page.



Container ISRs

ISRs that must match and those that must not within a document.

quick 10 27 105 513 518 520

brown 28 50 62 70 514 790

fox 87 106 515 550 1200
#DocEnd 112 570 1006 1704

brown -fox 790
-fox Not allowed

(AND'ing is a special case of a container with no exclusion ISRs.)



class ISRContainer : public ISR

{
public:

ISR **Contained,
*Excluded;
ISREndDoc *EndDoc;
unsigned CountContained,
CountExcluded;
Location Next( );

Post *Seek( Location target )

{

/] 1.

//
//
//
//
//
//
//
//
//
//
//
//
}s

2.

w

(9

Seek all the included ISRs to the first occurrence beginning at
the target location.

Move the document end ISR to just past the furthest

contained ISR, then calculate the document begin location.

. Seek all the other contained terms to past the document begin.

If any contained erm is past the document end, return to
step 2.
If any ISR reaches the end, there is no match.

. Seek all the excluded ISRs to the first occurrence beginning at

the document begin location.

If any excluded ISR falls within the document, reset the
target to one past the end of the document and return to
step 1.



Post *Next( )
{

Seek( Contained[ nearestContained ]->GetStartlocation( ) + 1 );

}

private:
unsigned nearestTerm, farthestTerm;
Location nearestStartLocation, nearestEndLocation;

}s
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