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

Answers: Query:

« bornIn(Bill,NY) g = ?«< bornIn(Bill,?y)

] handcrafted
Deduction Rules: or inductively

* rl: bornIn(?x,?y) € marriedTo(?x,?z) A bornIn(?z,?y) REEIECRIES
* r2: bornIn(?x,?y) < represents(?x,?y)

>>107
RDF Facts: disk-resident
. f1: marriedTo(Bil1,Hillary) facts Knowledge
-”f.2: represents(Hillary,NY) Base
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Motivation (2/2)

KB

Query
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Motivation (2/2)
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Algorithm 1: QSQR(D, q)
Input: A Datalog program ) and an intensional query ¢
Input: The global ans_ and input._ relations
Qutput: All answers for ¢
1 begin
2 Set all ans. relations to be empty
3 Set (R7,J) to be the generalized query corresponding to g
. 4 repeat
¢ Query(q)- 5 Set all input_ relations to be empty
. 6 Gall QSQR_EVAL_GENERALIZED(D, (R, J))
- Q = ? é -I 1 keS (J Ohn y ?y) <: 7 until Until no ans_ relation has changed in the last iteration;
8§ | return All answers for q by performing a selection on ans_R" using J
e Rules(D): [Abiteboul, Hull, Vianu:
— ry: likes(?x,?y) € friend(?x,?y) Foundations of Databases, 1995]

— ry,: friend(?x,?y) €« marriedTo(?x,?y)
— ry: friend(?x,?y) €« likes(?x,?z) A praises(?z,?y)

o .
Facts(D):
— f,: marriedTo(John,Mary)

<John,?> <John,?>

ans_friend ans_l1ikes

<John, Mary> <John, Mary>

— f,: praises(Mary,Tom)
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QSQR + Extensions

1. Chaining: make use of the underlying engine’s index
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 — Chaining

(?x,?y) « I,(?x,?y) AN E;(?x,?72) A E,(?y,?2)

Two ways to evaluate: ? « T, (a, ?y)

1. Nalve
a. E;(a,?z) getbindings for ?z
b. E,(?y,?z) forevery?z
C. (a,?y) forevery?y

Nested Loop Joins

1. Grouping: better utilization of query optimizer  More choices:
a. E;(a,?z) AN E,(?y,?2) y (S.MJ,I-II-IJ,hN.LJ)
b. (a,?y) forevery?y SELEE s
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QSQR + Extensions — Dynamic Scheduling

T,(?x,?7y) « I,(?x,?7y) AN E{(?X,?z) AN E,(?y,?72)

Just because the rule places I, first, doesn’t mean it has to
be evaluated first:

Declarative paradigm: What vs. How

Algorithm 3: QSQR_EVAL_RULE(D, ¢, gq)
Input: A Datalog program D, a rule v and a generalized query gg = (R, T')
Input: The global ans_ and input_ relations

Extend QSQR to support ! bogin

2 Remove from T all tuples that do not unify with the head of the rule
. . . 3 Initialize sup from T

dynamically deciding ¢ | SQrermamins = b

5 ,“(\_ﬂ — )
. . 6 vhile S d

which (set of) literals to : ) — SELECTION_FUNCTION
8 al [
9 PROJECT

eva | u ate neXt- 10 | Add tuples produced for sup into the global variable ans_K’
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Outline
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RDF-3X Engine [T. Neumann et al.: VLDB’08, SIGMOD‘09]
« No-tuning RISC, versioning, online updates, transactions
» Aggressive indexing (15 SPO permutations & projections)
* Fast DP-based join-order optimization for up to 20-30 joins!
* Aggressive sideways information passing

composedBy

singer

performedIn

10000

RDF-3X mmm
MonetDB
PostgreSQL mmm
1000 |
- 100 |-
10 }
1 / 21
. 7
7 7 7
7 | £/
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RDF-3X (1/2)

* 15 subsets & permutations of SPO attributes stored in
exhaustive B*-tree indexes:

* Disk-oriented statistics, relying on the indexes above.
* Index-only tables: B*-tree leafs contain data & statistics.
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RDF-3X (2/2)
* Operators see integers: D-ct-onari

324 Hillary_Clinton

PSO 55 livesin
(55,324,671) 671 New_York
93 Bill_Clinton
(87,93,2984) 87 presidentOf
2984 USA

* Sideways information passing
(SIP):

— Operators communicate across
qguery plan to skip pages.
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RDF-3X Integration (1/2)

Our query patterns do not always match what RDF-3X
expects.

* Small subqueries (single literal/atom) are very common:

» Bypass RDF-3X query optimizer & employ own
precompiled plans.

(?Xx,?7y) « L,(?X,?7y) AN E,(?y,?z) A 1:(?7z2,7y)

* Predicates are always given in our context:

» Reduce the number of plans RDF-3X considers: only POS,
PSO, PO and PS needed (others still used for statistics).
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RDF-3X Integration (2/2)

* During recursion, same pages can be
requested multiple times:

» Add caching on top of compressed indexes.

Caches: page_id - page

A 5 5 5
A0 &5 L
A 45 4o 5
Ao o o
O ———— A e
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Experiments (1/5)

* Datasets:
— YAGO1 - 22 Mio RDF facts (3.8 GB)
—> 16 partly recursive rules
— LUBM - Scale factor 1: 100k RDF facts (5.7 MB)
- single recursive rule (subOrganizationOf)

e D2R2 implemented in C++ on top of RDF-3X

e Other systems:
— IRIS Reasoner (incl. PostgreSQL 8.4 backend)
— Jena Semantic Web Framework (incl. TDB 0.8.7 backend)
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Experiments (2/5)

250

D2R2 === YAGO
RDF3X mmms
200 Lo DN .
setting,
g 150 g -
£ no rules
=
i: 100 Lo
50 LI ... d ...............

% %, X, A U Uy % Y,

QE1 =7? < bornIn(Tipper Gore; ?y);
QE3 =? < isMarriedTo(Al Gore; ?y); bornin(?y; ?z);
QE6 = ? & actedIn(Schwarzenegger; ?y); actedIn(?x; ?y); bornIn(?x; ?z);

lllljll



Experiments (3/5)

16407 | _
NIS: Number of : Chaining === YAGO
Intermediate fe+06 - NO Chaining memmm
Subqueries 100000 _ __________________________________________________________________________________________________________________________________________________________________ ] Sett'”g,
, 10000 | recursive
= _
1000 frmmmimm rules
100 ________________________________________________________

10 |

1_
%R YRYBEY R0,

R1: bornIn(?x; ?z) < isCitizenOf(?x; ?y); locatedIn(?z; ?y); livesin(?x; ?z);

R2: bornIn(?c; ?y) €< livesIn(?x; ?y); livesIn(?z; ?y); isMarriedTo(?x; ?z); hasChild(?x; ?c); hasChild(?z; ?c);

R3: livesIn(?y; ?z) < isMarriedT o(?x; ?y); livesin(?x; ?z);
R4: isMarriedTo(?x; ?y) € hasChild(?x; ?z); hasChild(?y; ?z); notEquals(?x; ?y);

Ql="7? < bornin(Al Gore; ?x);
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Experiments (4/5)

3500 : . . .
. D2R2 (C) ===
: R =
3000 B Jenm DB (EN% gt YAGO
S IRIS+PostgreSQL (C) Dzzzm
x’“ [\_{_|H|S+POSTQFGSQL (W) o tt ng
2500 .................. F i S e I
- )
g 20 single
£
= 1500 recursive
1000 rule
500 (ancestor)

Q2:? < isMarriedTo(Woody Allen; ?x);

Q10: ? < directed(Martin Scorsese; ?x); actedIn(?y; ?x); actedIn(?z; ?x);notEquals(?y; ?z);
Q12: ? €& ancestor(?x; Charles; Prince of Wales);

Q13: ? < ancestor(Edward IV of England; ?x);

R1: ancestor(?x,?y) € parent(?x,?y);
R2: ancestor(?x,?y) € ancestor(?x,?z); parent(?z,?y);
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Experiments (5/5)

D2R2 (C) oxm Jena+ DB (C) edizs
D2R2 (W) mwwwem  Jena+TDB (W) mw—m ] LUBM
10000 | [l S . U
setting
1000 [y . L %
) | ; 7 I
E : :
Q I
=
— 100
10 |
1

R %o R Xy X % W % R X, R, R % R

R1: type(?x; Professor) < type(?x; Full Professor);
R2: subOrganizationOf(?x; ?z) € subOrganizationOf(?x; ?y); subOrganizationOf(?y; ?z);
R3: hasAlumnus(?x; ?y) € degreeF rom(?y; ?x);

e QL1: ? & type(?x; GraduateStudent); takesCourse(?x; http://www:Department0:University0:edu=GraduateCourse0);
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Conclusions

i Setting Query
— Large disk-resident RDF >
collections & deductive “h qd”elry
reasoning SeRelUEr
* Recursive queries
— QSQR with extensions: e e
chaining & dynamic scheduling Processor
* Facts store
— RDF-3X with modifications for
our setting
* Current work Rules

— Distributed reasoning HPIFEE

— Lineage tracing & probabilistic
inference (“soft rules”)
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Thank Youl!

Questions?
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