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SPROUT? — Structured Queries over Unstructured Data

Challenges
» Inherently uncertain Web data: NELL, Google Squared

» Scalable evaluation of any relational algebra query on
expressive uncertain databases of Web data

Contributions
» Database wrappers for Web data
~ Probabilistic databases from Google Squared, NELL
» Deterministic databases from Google Fusion
» Scalable query processing for any relational algebra query
» Exact/Approximate evaluation for tractable/hard queries
» Done by the SPROUT query engine (part of MayBMS)

» Graphical user interface in SPROUT?’s for selecting data
sources, composing queries, and browsing results

Query Answering in SPROUT

Query evaluation in two steps (logically distinct but possibly intertwined):

1. Gompute the tuples in the query result together with their lineage
The lineage of a result tuple t is a propositional formula over the tuples in the input database and says
which input tuples must be present in order for the query to return t.

2. Compute the probabilities of result tuples by incremental lineage compilation:
Independent or (» and ¥ are syntactically independent) Povv)=1—-(1-P(®))(1 - P(V))
Independent and (¢ and V¥ are syntactically independent) P(®AV) = P(d) - PV)

Shannon expansion (x is a variable in ¢) P(®) = P(X)P(®|x) + P(=X)P(®|-x)

Example: Relational division query “Which supplier stocks all products?”

Supplier S Product P Supplier of all products: S+ P (Xa V X5) (V1 — Xa)(—¥o)
Supplier Product E Product E Supplier E
1 1 X1 1 V1 1 (X1 V Xo V X3)(y1 — X1)(y2 — X2) =5 (X4 \/ X5)(}/1 N X4)
1 2 X 2 ) 2 (XgVXs5)(Y1 — Xg)(—Y2)
1 7 X3
2 1 x Y1 Xa —¥1(Xa V Xs)
5 5  x P((Xa vV X5)(y1 — Xa)(—Y2)) = P(=y2)[P(y1)P(Xs) + P(=y1)[1 — (1 — P(x4))(1 — P(x5))]

Uncertain Data on the Web

» [raditional databases: Data must adhere to rigid structure
and must be complete and trustworthy.

» Internet applications witness an unprecedented shift to-
wards unstructured and user-generated content.

» Example scenario: Business Intelligence
» Extract valuable business information from sources such

as twitter feeds, blogs, or email messages.

» Join those data with offline databases, e.g. on products
~ .. to obtain early feedback about a product’s quality.
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Novel Techniques for Exact and Approximate Probability Computation

» Incremental decomposition of lineage into d-trees using the above three rules

» After each decomposition step, compute rough lower and upper bounds on the
probabilities of the residual formulas at the leafs of the decomposition tree
» Approach 1: Lower bound is the largest probability of a clause in ¢; Upper bound is the sum of
probabilities of all clauses in ¢.
» Approach 2: Compute read-once formulas, whose probabilities represent lower and upper bounds.

» Using the bounds at the leaves, compute lower and upper bounds for the whole lineage
» Stop when the desired precision is reached or the time budget is exhausted

» Underlying idea: Leaves deeper in the d-tree contribute little to the overall probability
mass, hence a good approximation can be found quickly

Complete decomposition
» Corresponds to exact probability computation
» Can be done in polynomial time for tractable query & data instances

» relational algebra queries without repeating symbols and with read-once lineage
~ a class of conjunctive queries with inequality (<,#) joins

Partial decomposition
» Corresponds to approximate probability computation with error guarantees
» Applicable for hard query and data instances

Example: Efficient computation of bounds that are read-once formulas
» Left: original formula; middle: lower bound; right: upper bound
» Lower/Upper bounds obtained by setting the /marked| literals to false/true

/A\v v/A\ /A\
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\V4 \V/ V \V4
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A\ A\ A\ A\ A\ A\ A\ A\ A\ A\ A\
x/ ) x/ \ x/ \\/ x/ \\/ x/ ) x/ \ x/ \\/ x/ \\/ x/ ) x/ \ x/ \\/ X/ \\/
1 Wi 2}/21/\ 3/\ 1 Wi 2 Yo 1/\ 3/\ 1 Wi 2 Yo 1/\ 3/\
Y1 Y3 Va Y5 Yi| (V3| Ya Y5 Yi| |V3| [Va| V5

Lower bound (X1 V —XoYo)X3(Va V V5) Upper bound x; y1 vV =Xo )5

(X141 V = Xo)2)[X1(Y1 V ¥V3) V X3(Va V V5)]
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2] SPROUT: SEE
File  Maintenance
[ jenlightenment _philns:_:a_phers European Count +  Comp Query | Query Result
|en|ightenment philosophers | w |i Retrieve Goaogle Square [
| Key lImag || Description |Date OF Birth |Place Of Birth || Place Of Death || Died || Date Of Death |
o - . —
John Locke http:/foregonstate.. .. His writings influe... |25 August 1632 Wrington, Somerse... | Essex, England 1TN4-1M-28 17n4-10-28
David Hume http: ffupload. wikirm. .. |David Hurne (7 Ma... [1711-04-26 Edinburgh, Scatland |Edinburgh, Scot Paris. France high confidence jg-25
Immanuel Kant http: ffwww homodi  Immanuel Kant wa. .. |April 22, 1724 Kaliningrad, Russia |Kaliningrad, Rus France low confidence [02-12

sry 10, 1755

I769-07-31

7/2/17748

Gottfried Leibniz

Rousseau http: ffupload. wikim...|lean-Jacques Rous... June 28, 1712 Malane, NY |June 28, 1712

Thomas Hobbes http:fforegonstate. ... |[Enlightenment phil... |&pril 5, 1588 Malmesbuny, Wilts... |Derbyshire, England [1679-12-04 December 4, 1679

Adarm Smith hitp:/fupload. wikim. .. &dam Smith (bapti... [1991-04-29 Kirkcaldy, Scotland  |[Edinburgh, Scotland (1790-07-17 1790-07-17 (-

Thomas Paine http: ffwww.catscra. .. |[Thamas "Tom" Pai... [L737-01-29 Thetfard, England Mew York City B-lun-1809 |une 8, 1809

Baruch Spinoza http: ffwww. phillwe. .. |Dutch rationalist p... |Novermber 24, 1632 Amsterdam Hague, Netherlands |1677-02-21 1677-02-21

Rene Descartes http:/foregonstate.... [René Descartes Fr... |March 31, 1556 La Hawe, France Stockholm, Sweden |11 February 1650 Februany 11, 1650 L
htte: (fwww.0ap-sv... |Gottfried Wilhelm L../1 lulv 1646 Leipzia. Germanv  Hanover, Germany |14 November 1716 114 Novernber 1716 |/

Show Database Queries for Caching of this Table |

Ll 'SPROUT: SE0]

File  Maintenance

enlightenment philosophers FEEUFGE_EEH Countries | + | Compose Query | Query Result |

European Countries | w |i Retriewve Google Fusion Tahle !

!Enr:_q-iisul'% é-i:mrt an-.;.i“f.:-:armé-llnames - iICapita;I“ -iil-:'upu.i;tiun - ii.-&r'ea [

Albania - Republic of Albania Tirana 12986952 28,748 km2i11,100 sq mi) A

Andarra - Principality of Andorra Andarra la Wella B4525 468 kmZ(181 =g mi)

Armenia - Republic of Armenia Yerevan 2966802 259,743 km2i11,484 sq mil[n 1] 3

Austria - Republic of Austria Wienna B2141a0 B3.871 km?2i32,383 sq mi]

pAzerbaijan - Republic of Azerbaijan Baku (8303512 BB, 600 km2(33.436 =g mil[n 1]

Belarus - Republic of Belarus Minzk 9R1Z2632 207,600 kmZ(80,155 sq mi)

Belgium - Kingdom of Belgium Brusse I 10423493 30,528 km2(11,787 sq mi)

Bosnia and Herzegovina Sarajevo 3843126 51,129 km2(19,741 =q mil

Bulgaria - Republic of Bulgaria Sofia 7148785 110,879 km2(42,811 sq mi)

Croatia - Republic of Croatia Zagreb 4486881 56,594 km2i21,851 =q mi)

Cyprus - Republic of Cyprus Micosia 1102677 8,251 km2(3,572 =q mil[n 1]

Czech Republic - Czech Republic Prague 10201777 78,867 km2(30,451 =q mil L
Copenhagen 5515575 43.094 km2(16.639 sa milin 1] b

Denmark - Kinadom of Denmark.

Show Database Queries for Caching of this Table |
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enlightenment philosophers | European Countries | + [—Cnmpuse Query | Query Result |
i_enlightenment... ||select | Probabilistic Model | \European Cnuntries-!!Select -|
Key Ifl i:er.t..;in _: Enghsh sh;::r‘t.an;:.i. ' |:|
Image [ |Mutually exclusive Capi Wl
Description [ Mutually exclusive Population L]
Date Of Birth [ Mutually exclusive _| |Area | [
Place Of Birth |  lIndependent
Died [ |Mutually exclusive
Date Of Death | [ [Mutually exclusive ? |

Approximate Confidence (Relative Error) i V; |E| = 0.001 . Vi |Cnmpute E'uer}-'!

Currently configured joins
|Left \|Join || Right
EApprnxi'mafe Equality Join 'ienli'gH'tenmen'f philosophers.Place OFf Death

|
| -

enlightenment philosophers.Place OF Birth

L]l

SPROUT?4: Browsing Ranked Query Results

Fil Maintenance Fil Maintenance
enlightenment philosophers European Countries | enlightenment philosophers European Countries |
+ Compose Query Query Result | + Compose Queny Query Result |
Iea-lidl:utenme...- ii-eﬁiigf-chenme... i:ea-lidl:ntenme...- i%éIETS'M.capité_l.i:CnaFi:.:i;,nce | [ea-li;il:ntenment ;;Fi-lnsnaﬁers_r(ey -ill::nn?id-énce |
Thomas Landon London Lendon High Confide. .. -~ | : E
H Thomas High Confidence —_—
Denis Diderot |Langres, Fra... |Paris, France |Paris Madinm Canf... Denis Diderat Medium Confidence | 0.6BB06514 |_
Charles de 5... [Bordeausx, Fr... |Faris, Fran = B30y |rr1 Caonf... Charles de Secondat, baron de Mont... |Medium Confidence
Wolfgang &m... [Salzburg, Au... Vienna, Austria Vienna Low Confiden.., Wolfgang Amadeus Mozart Medium Confidence
Valtaire Paris, France Paris Low Confiden... Baruch Spinoza Medium Confidence
Baruch Spinoza Amsterdam Hag MNeth Prag Low Canfiden... Rene Descartes Low Confidence
Voltaire Paris Paris, France |Paris Low Confiden, .. Dawid Hurme Low Confidence . g
Wolfgang &m. . [Vienna, Austria Vienna Vienna Low Confiden. . Immanuel Kant Low Confidence
Vaoltaire Paris, France Paris, France Amsterdam, ... ILow Confiden... Cesare Beccaria Low Confidence
Baruch Spinoza Amsterdam, ... |Hague, Nethe .. Amsterdam, ... |Low Canfiden... [ | Thomas Hakb Low Confidence [ |
Wolfgang Am... [Vienna, Austria [Vienna, Austria [Vienna Low Confiden. .||~ Gaottfried Leib ILow Confidence v
I Show Database Query for Confidence Computat | Show Database Query for Confidence Computation |

Publicly-available Prototype

» SPROUT is implemented as an extension of PostgreSQL
8.4 backend

» Public version downloadable with MayBMS from CVS at
maybms . sourceforge.net

SPROUT: Scalable Query Processing in Uncertain Databases

WWW: http://www.cs.ox.ac.uk/projects/SPROUT


maybms.sourceforge.net
http://www.cs.ox.ac.uk/projects/SPROUT

