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› “Traditional IR Systems”

� Disk Access
� Major Bottleneck
� Seek times poor

› “Optimization Goals”

� “Galago” IR System
� Read less data, less data to process
� Fewer “disk seeks” (less disk I/O),                       

better performance
� Skip Unnecessary Data

Background



› “Optimization Approaches”
� Store entire inverted index in memory
� 64-bit MPUs, growing RAM capacity 
� Improves performance

� “Dynamic” skip pointers ~f(posting list length)

� “Impact Weights”
� “w_td” stored in inverted index at index build time
� “Accumulator” collection constructs SC
� Dynamic “pruning” removes non-top documents

� Parallel Processing (Utilize multi-core MPUs)

� Abbreviated Vocabulary Table (Lexicon)

Background



› “Query Term Weights” (w_tq)
� Calculated at query processing time (QPT)

› “Document Term Weights” (w_td)
� Calculated at index building time (IBT)

Background
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› “Posting Lists” (PLs)

� Posting List Entry (PLE)
� “variable byte encoding compression”
� PLE → <docId, w_td>

� Segments / Bins / Pages
� Segments → PLEs have the same “w_td”
� PL segments sorted in order of “w_td”

� “Blocks”
� Each PL must reside in partitions of 32KB “blocks”

Background



› “Accumulator” collection
� Array, sorted by docId
� Top “k” tuples

› “Tuples” created at QPT
� <T, s, d>
� “T” = term set, set of terms for this docId [1 B]
� “s” = impact score, SC(Di) [3 B]
� “d” = docId [4 B]

› “Or” mode / “And” mode

Background



› “ττττ” = threshold (“tao”)
� Lowest score in “A” shown to user
� “kth” largest score in “A”
� Every document shown to user has SC > τ

› ττττ ~f( k )
� “k” = top # of documents in A 
� k is constant, τ changes to accommodate k
� τ = “getKthUniqueScore(A, k)”

› “ρρρρ” = remainder (“rho”)
� ρρρρ(Ad) = SC possible for Ad with more processing
� Ad + ρρρρ(Ad) < t
� If the accumulator (tuple) is not in the top k results now, it 

never will be, no matter how many additional posting list 
entries are processed

Parameters









› “Porter2” English stemmer
� http://snowball.tartarus.org/algorithms/english/stemmer.html

› Used stopword list of 600 common terms
� http://goanna.cs.rmit.edu.au/~jz/resources/stopping.zip

› “TREC GOV2 collection”

� 25.2 M web pages crawled from the .gov domain
� Text data consisting of 426 GB of space

› “TREC Terabyte Ad Hoc and Efficiency topics”

� Same thing as “numbered queries”
� http://trec.nist.gov/pubs/trec13/papers/TERA.OVERVIEW.pdf

Compression Techniques and Data Set



Data Set

MAP, P@20 vs. Topics
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Data Set



Data Set

Average Query Execution Times vs. Query 

Length, TREC 2005
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Data Set

Query Count vs. Query Length
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Data Set

Mean Average Query Execution Times
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Data Set

Throughput
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Data Set

Throughput vs. Skip Length
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Data Set

Throughput vs. Speedup
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Conclusions

› Less memory accessed 
� Index organized for fast skipping 

� Similar to “dynamic index pruning” of QPT 
� “Skip lengths” changed dynamically (based on segment size)

� Query termination

› Memory-based index preferred

› Parallel MPU’s increase throughput, not linearly scalable

› “Trimming + Skipping” improves throughput by 69%

› “Query Processing Efficiency” increases,                
no loss in effectiveness
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› “Indexing”

� 1 - Generate Tuples
� <docId, term, tf>

� 2 - Form Posting Lists
� Parallel process #1: calculate idf for each term
� Parallel process #2: create docId table

� 3 - Binning
� Create PL segments using (1) and (2)

� 4 – Merging
� Merge and sort segments into proper PLs

Build Index


