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Introduction

• Entity: broadly defined as a thing or concept that exists in the 
world or fiction
• such as a person, a company or a color.

• Entity Retrieval: answering entity-targeted queries
• e.g.  ‘give me all US food company stocks’

• by returning a ranked list of entities from a structured knowledge base or 
knowledge graph. 

• e.g. McDonald’s(NYSE:MCD), Burger King(NYSE:BKC), Kellogg’s(NYSE:K) ... 
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Introduction – Entity Representation

• Entities are usually represented by subject-predicate-object(SPO) 
triples in the knowledge graph

Infobox in a corresponding Wikipedia Article

Corresponding SPO triples in 
DBpedia
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Introduction – Previous Approaches

• Employ standard document retrieval methods 

• by converting SPO triples into pseudo documents
• e.g. “Steve_Jobs-birthYear-1955” to “steve jobs birth year 1955”

multi-fielded pseudo document
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Introduction

• However, there is more structure available than in standard 
document retrieval

Entity Types in the type taxonomy Entity Descriptions in the knowledge source

American 
African families Illinois families

Obama 
family

Barack 
Obama

Michelle 
Obama 6



Our proposal

• Improve entity retrieval by incorporating 
• hierarchical entity type information
• entity descriptions.
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Model Description

• Given a query 𝑄
• A candidate entity 𝐸
• 𝐷 = {𝐷𝑓}: multi-fielded pseudo documents of 𝐸. 

𝑔(𝑄, 𝐷, 𝐸): scoring function incorporating entity type information

෨ℎ(𝑄, 𝐸):     scoring function incorporating entity descriptions

𝜆𝑤:            model parameter

The overall scoring function
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Model Description - Incorporate entity type information

feature function for unigrams

feature function for ordered 
bigram occurrences

feature function for unordered 
bigrams occurrences

Markov random field based framework
Example:  query=‘barack Obama parents’

unigrams={‘barack’,’Obama’,’parents’}
bigrams={‘barack Obama’, ‘Obama parents’}
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Model Description - Incorporate entity type information

• Consider path as a variable
• Enumerate each path 𝑝 in the type taxonomy 

• starts from an entity type 𝑐
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Model Description - Incorporate entity type information

• Dirichlet prior smoothed feature function

𝑡𝑓𝑊,𝐷𝑓
: term frequency of 𝑊 in the pseudo document of 𝑓

𝑊 generalizes to unigrams and bigrams

𝑁𝑡, 𝐷𝑡: path-aware smoothing components
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Model Description - Incorporate entity type information

• Specifically, we add a path-aware smoothing component 
in the feature function

𝑐𝑓𝑊,𝑓 collection frequency of term 𝑊 in field 𝑓

collection frequency of term 𝑊
in field 𝑓 under type 𝑣𝑗

𝜇𝑓. Dirichlet priors

𝑐𝑓𝑊,𝑓,𝑣𝑗

model parameters𝑛 𝑝 , 𝛼

• Can derive many existing 
models by taking particular 
combinations of parameters 
(LM,MLM,SDM,PRMS...)
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Model Description – Time Complexity Analysis

𝑇 = 𝑂( 𝑡𝑦𝑝𝑒𝑠 𝐸 · 𝑝𝑎𝑡ℎ𝑠 𝑐 · 𝑝 · 𝑄 · 𝐹 )

|𝑡𝑦𝑝𝑒𝑠(𝐸)| number of entity types considered
|𝑝𝑎𝑡ℎ𝑠(𝑐)| number of paths explored in the type taxonomy
|𝑝| average length of a path
|𝑄| average length of a query
|𝐹| number of fields

• Given a query and a candidate entity

• assuming the operation of computing term frequencies and collection frequencies 
takes constant time

• Path exploration implemented in a recursive way
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Model Description - Incorporating entity descriptions

• Similar formulation

• Enumerate each path 𝑝 from lead section to a leaf section
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Experiment

• Knowledge graph:   DBpedia 2015-10

• Knowledge source:  Wikipedia 2015-10

• Type taxonomy:       Wikipedia Category System

• Test collection:         DBpedia-Entity v2
• Four benchmark datasets with 467 queries in total

• INEX-LD:           keyword based queries
• SemSearch_ES:  named entity targeted queries
• ListSearch:         queries that seek a particular list of entities
• QALD2:             natural language questions

• Metric: NDCG@10, MAP@100
• “DBpedia-Entity v2: A Test Collection for Entity Search”,  Hasibi et.al, SIGIR 2017
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Wikipedia Category Processing

Each node represents a Wikipedia category
and connects to its parent categories.

Step 1   Construct Wikipedia Category Graph

Step 2   Remove Strongly Connected Components 
in the Graph

Divide the graph into SCCs. A SCC is then reduced by
removing common edges shared by intersected
elementary cycles or one edge of a sole circle.
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Experiment

Baselines

• BM25F: the BM25 Model with extension to 
multiple weighted fields

Stephen Robertson, Hugo Zaragoza, et al. (2009)

• PRMS: the Probabilistic Retrieval Model for 
Semi structured Data

Jinyoung Kim, Xiaobing Xue, and W Bruce Croft. (2009)

• LM: standard language modelling
Zhai Chengxiang, and John Lafferty. (2004)

• MLM: Mixture of Language models
Paul Ogilvie and Jamie Callan. (2003)

• SDM: Sequential Dependence Model
Donald Metzler and W Bruce Croft. (2005)

• FSDM: Fielded Sequential Dependence 
Model

Nikita Zhiltsov, Alexander Kotov, and Fedor Nikolaev. (2015)

Faegheh Hasibi, Krisztian Balog, and Svein Erik Bratsberg. (2016)
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Experiment
Baselines – LM based ones
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Experiment
Baselines – MRF based ones and others
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Experiment
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Dataset specific results
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Experiment

Analysis

• Incorporating both entity documents and type 
information brings the largest improvements 
than with either of them.

• For all dataset except SemSearch ES, the entity 
descriptions and type information contribute 
roughly equally

• On SemSearch ES, most improvements comes 
from exploiting the entity descriptions

• Due to different query characteristics/intents in 
each dataset.
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Summary

• Propose a Markov random field based framework incorporating both 
hierarchical entity type information and entity descriptions
• Add a path aware smoothing component in the feature functions

• Propose a graph-based approach to process Wikipedia category system

• Comparing to existing type-aware entity retrieval models, our model does 
not require explicit inference of query type

• Future work includes investigation of incorporating more knowledge graph 
structures and query characteristics/intents
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