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Two Pipelines for Neural IR
Representation-Based

• Dense, representation-based retrievers: 


• DPR, SBERT, Condenser, ICT, RocketQA, ANCE, 
RepBERT, ColBERT, …


• Sparse, representation-based retrievers:


• SparTerm, EPIC, SPLADE, FLOPS, … 



Two Pipelines for Neural IR
Interaction-Based

• Dense, interaction-based retrievers: 


• MonoBERT, MonoT5


• Sparse, interaction-based retrievers:


• DUET, KRNM, HiNT, DeepImpact, MatchPyramid 
DeepTileBars,  … 



Two Pipelines for Neural IR

Representation-Based

Interaction-Based



Representation- vs. Interaction-Based 

• Representation-based:


• Popular at the moment


• But, 


• Lower effectiveness


• It “index” cannot be reused


• Most research is in the “indexing” phase, few about “retrieval”


• Q-D interaction is kept at a minimum



Representation- vs. Interaction-Based 

• Interaction-Based


• Higher effectiveness 


• Its pre-neural example is 
BM25— a long time winner


• But, 


• Comp. cost is prohibitive 


• Do not have an index



Inverted Index for 
Interaction-Based NeuIR

• Fast lookup


• DeepCT, HDCT, TILDE


• Indices are tailored to specific retrievers


• SNRM


• Put latent terms in index (like semantic indexing) 



Our Proposal: SEINE
• SEINE: Segment-based neural indexing 


• Focus on interaction-based neural IR


• General, flexible, reusable index design to support Q-D interaction at 
different granularities 


• Document-level: BM25, TILDE


• Term-level: KRNM, 


• Topic-level: HiNT, DeepTileBars


• Decompose retrieval methods and identify the atomic Q-D interaction 
units



System Overview



Steps

• Pre-process the document collection


• Segment documents (to support various interaction 
granularities)


• Done by TextTiling


• Store atomic Q-D interactions in inverted index 


• Accelerate with Spark



Atomic Interaction Functions
• Term frequency (e.g. both non-neural and neural retrievers such as DeepTileBars) 


• Inverted Document Frequency (e.g. both non-neural and neural retrievers such as 
HiNT)


• Operations over BERT embeddings


• Linear aggregation (e.g. DeepCT, HDCT)


• Max operation (e.g. ColBERT, EPIC)


• Multi-layer Perceptron (e.g. DeepImpact)


• Kernel functions


• Dot product (e.g. MatchPyramid, dense retrievers such as COIL)


• Gaussian kernel (e.g. KRNM, DeepTileBars) 


• Cosine Similarity (e.g. KNRM, HiNT) 


• Conditional probabilities (e.g. TILDE) 



Parallel Programming by Spark



Main Results - LETOR MQ2007



Main Results - LETOR MQ2008



Impact of Segment Size

• Effectiveness seems to peak at 20-ish segments per document (roughly 200~270 
words; close to natural paragraph breaks)  

• Training efficiency changes dramatically

• No big impact on test efficiency



Conclusion

• SEINE is a general, reusable indexing framework


• Store atomic interactions between query and segments 


• Supports various interaction-based neural retrievers


• Currently, SEINE does not support indexing for 
MonoBERT


• Future work


