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Background: Information Extraction 
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YAGO Knowledge Base 

ÅCombine knowledge  

      from WordNet &  

      Wikipedia 
 

ÅAdditional  

     Gazetteers  

      (geonames.org) 
 

ÅPart of the  

     Linked-Data cloud 
 

Å  YAGO2: >30 Mio RDF facts in base relations, >95% precision 
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Motivation (1/2) 

RDF Facts: 
Å f1: marriedTo ( Bill,Hillary )  
Å f2: represents( Hillary,NY )  
...  

Deduction Rules: 
Å r1: bornIn(?x,?y)  ă marriedTo(?x,?z) ǉ bornIn(?z,?y)  
Å r2: bornIn(?x,?y) ă represents(? x,?y )  

Query: 
q = ?ɮ bornIn(Bill,?y) 

Answers: 
Å bornIn ( Bill,NY )  

Answers: 
--  

Knowledge 
Base 

>>107  

disk-resident 
facts 

Incompleteness 
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handcrafted 
or inductively 
learned rules 



Motivation (2/2) 

D2R2 

KB 

Query 
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Motivation (2/2) 

D2R2 

KB 

Query 

RDF-3X 

Subquery 
Scheduler 

Recursive Query 
Processor 

Rules 

Query 
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Outline 

ÅRecursive query 
processing: 
ïQSQR 

ïChaining & dynamic 
subquery scheduling 

ÅAdding deductive 
reasoning to an RDF-
engine 

ÅExperiments 
 

RDF-3X 

Subquery 
Scheduler 

Recursive Query 
Processor 

Rules 

Query 
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Outline 

ÅRecursive query 
processing: 

ïQSQR 
 

 

 

 

 

 

 

 

RDF-3X 

Recursive Query 
Processor 

Rules 

Query 
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Subquery 
Scheduler 



QSQR 

ÅQuery(q): 
ï Q = ? ă likes( John ,?y )  

 

ÅRules(D): 
ï r 1: likes (? x,?y ) ă friend (? x,?y )  

ï r 2: friend (? x,?y ) ă marriedTo (? x,?y )  

ï r 3: friend (? x,?y ) ă likes (? x,?z ) ǉ praises(? z,?y )  

ÅFacts(D): 
ï f 1: marriedTo ( John,Mary )  

ï f 2: praises( Mary,Tom )  

input_likes  

<John,?>  

input_friend  

<John,?>  

ans_likes  

<John, Mary>  

ans_friend  

<John, Mary>  

<John, Tom>  <John, Tom>  

John 

Tom 

praises 

friend 

marriedTo 

likes 
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friend 
likes 

Mary 

[Abiteboul, Hull, Vianu: 
 Foundations of Databases, 1995]  



Outline 

ÅRecursive query 
processing: 

ïQSQR 

ïChaining & dynamic 
subquery scheduling 

 

 

 

 

 

RDF-3X 

Recursive Query 
Processor 

Rules 

Query 
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Subquery 
Scheduler 



QSQR + Extensions 

1. ChainingΥ ƳŀƪŜ ǳǎŜ ƻŦ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ŜƴƎƛƴŜΩǎ ƛƴŘŜȄ 
structures & ability to perform joins 

 

2. Dynamic scheduling: next set of atoms to be 
evaluated in a subquery is determined after current 
set is evaluated  
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QSQR + Extensions ς Chaining 

Nested Loop Joins 

More choices: 
(SMJ , HJ, NLJ) 

Merging, Hashing 

I 1(?x,?y) ɮ I 2(?x,?y) ǉ E1(?x ,?z )  ǉ E2(? y, ?z )  
 

Two ways to evaluate: ? ɮ I 1(a,?y)  
 

1. Naïve 
  a. E1(a,?z)      get bindings for ?z 
  b. E2(?y,?z) for every ?z 

c. I 2(a,?y)  for every ?y 
 

1. Grouping: better utilization of query optimizer 
  a. E1(a, ?z ) ǉ E2(?y, ?z )  
  b. I 2(a,? y) for every ?y 
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QSQR + Extensions ς Dynamic Scheduling 

I 1(?x,?y) ɮ I 2(? x,?y ) ǉ E1(?x ,?z )  ǉ E2(? y, ?z )  
 

Just because the rule places I 2 ŦƛǊǎǘΣ ŘƻŜǎƴΩǘ ƳŜŀƴ ƛǘ Ƙŀǎ ǘƻ 
be evaluated first:  

 

Declarative paradigm: What vs. How 

 
Extend QSQR to support 

 dynamically deciding  

 which (set of) literals to  

 evaluate next. 
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Outline 

ÅRecursive query 
processing: 

ïQSQR 

ïChaining & dynamic 
subquery scheduling 

ÅAdding deductive 
reasoning to an RDF-
engine 
 

 

RDF-3X 

Recursive Query 
Processor 

Rules 

Query 
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Subquery 
Scheduler 
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RDF-3X Engine ώ¢Φ bŜǳƳŀƴƴ Ŝǘ ŀƭΦΥ ±[5.ΩлуΣ {LDah5Ψлф] 

Å No-tuning RISC, versioning, online updates, transactions 
Å Aggressive indexing (15 SPO permutations & projections) 
Å Fast DP-based join-order optimization for up to 20-30 joins! 
Å Aggressive sideways information passing 

 

me 

hasFriend 

SB 

?f ?s ?p ?a 

?x ?y 

singer performedIn 

2009 

likes 

BobDylan 

composedBy 

female SB 



RDF-3X (1/2) 

Å15 subsets & permutations of SPO attributes stored in 
exhaustive B+-tree indexes: 

 

 

 

 

 

ÅDisk-oriented statistics, relying on the indexes above. 

ÅIndex-only tables: B+-tree leafs contain data & statistics. 

 

SPO OPS POS PSO 

OSP OSP SP 

PS PO PO OS 

SO O S 

P 
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