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Exercise Recap

• Discussion

• Questions

Theory

• BSBI

• SPIMI

• Index updating

• Logarithmic merging

Kahoot / Exam 
questions

• Exercise 4: Index Construction
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Online Resource

B+-trees visualization
Visualization of Data Structure by Prof. Dr. Galles
www.cs.usfca.edu/~galles/visualization/BPlusTree.html
Definition might differ from what we defined in the lecture 
though!

http://www.cs.usfca.edu/~galles/visualization/BPlusTree.html
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Bonus Exercise

Tolerant Retrieval
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Bonus Exercise

Tolerant Retrieval
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Index Construction

Term conversion
Inefficient!
Better: Use TermIDs
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Index Construction

Term conversion
Term-TermID mapping
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Index Construction

Constructing the index
Optimize:
• Capacity (we want high)
• Latency (we want low)
• Throughput (we want high)

Use RAM for most of the work. Try to have few 
requests to disk.
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Index Construction

Blocked Sort-Based Indexing (BSBI)
1. Shard the collection of documents (i.e. split 
them up into blocks)
-> Batch processing
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Index Construction

Blocked Sort-Based Indexing (BSBI)
2. Process each block one by one in memory
• Parse termID-docID pairs
• Sort pairs according to termID
• Write back intermediate results
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BSBI

Generating termIDs
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Index Construction

Blocked Sort-Based Indexing (BSBI)
3. Merge intermediate results into the 
final index.
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Index Construction

Blocked Sort-Based Indexing (BSBI)
Complexity: O(T log T)
• First and second step (sorting): O(T log T)
• Third step (merging): O(T) 
T = #tokens
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Index Construction

Single-Pass In-Memory Indexing (SPIMI)
1. Shard collection of documents to blocks
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Index Construction

Single-Pass in-Memory Indexing (SPIMI)
2. Process each block
• Parse term-docID pairs
• Create a dictionary
• Sort on terms
• Write back intermediate results
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Index Construction

Single-Pass in-Memory Indexing (SPIMI)
2. Process each block
• Parse term-docID pairs
• Create a dictionary
• Sort by terms
• Write back intermediate results
-> No term-termID mapping in memory!



28.03.2025

Index Construction

Single-Pass in-Memory Indexing (SPIMI)
3. Final merge
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Index Construction

Single-Pass in-Memory Indexing (SPIMI)
Complexity: O(T)
• First step (processing): O(T log M)
• Second step (final merge): O(T)
T = #tokens, M = #terms
What is the difference?
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Index Construction

BSBI
• Keeps term-termID mapping in memory
• First pass or “on the fly” for collecting 

term-termID mapping
• Merges to postings list in disk at the end

• Does not need a term-termID mapping
• Adds postings directly to intermediate postings 

lists
• More scalable since not limited by memory size
• Uses less memory, is faster

SPIMI
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Index Construction

MapReduce
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Index Construction

Counting Pokémon
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Index Construction

Mappers
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Index Construction

Reducers
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Index Construction

Final summary
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Index Construction

Updating an index
Large document collections are typically not 
static => documents being added, deleted, 
updated

Two ways:
• Periodic reconstruction
• Auxiliary index
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Index Construction

Auxiliary index
Store new documents in memory. Merge when 
memory full.
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Auxiliary index

Deletion
Use invalid bit to filter results away.
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Auxiliary index

Logarithmic merging
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Auxiliary index

Logarithmic merging
Complexity: O(T log (T / n) instead of O(T2 / n)
n: size of auxiliary index
T: total number of postings



28.03.2025

Exercise 4

Index construction
• Questions about BSBI / SPIMI
• Logarithmic merging
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Kahoot

https://create.kahoot.it/details/
ex-04-index-construction/89fc6
ef7-2262-4924-888d-9549940c
0e74

https://create.kahoot.it/details/ex-04-index-construction/89fc6ef7-2262-4924-888d-9549940c0e74
https://create.kahoot.it/details/ex-04-index-construction/89fc6ef7-2262-4924-888d-9549940c0e74
https://create.kahoot.it/details/ex-04-index-construction/89fc6ef7-2262-4924-888d-9549940c0e74
https://create.kahoot.it/details/ex-04-index-construction/89fc6ef7-2262-4924-888d-9549940c0e74

