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Data Provenance

« When you see some data on the Web, do
you know

— where 1t came from?
- why Is It there?

e This information (provenance) Is typically

lost In the process of copying/transforming
databases

e Loss of provenance is an acute problem in
some scientific databases
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Provenance of Data Derived via Queries

500 databases in molecular biology
- only a handful are source data
- rest are materialized views
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Database Inter-dependence Is Complex
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Provenance of Data Derived via Queries

500 databases in molecular biology
- only a handful are source data
- rest are materialized views

e We see a piece of data in some view
— the origins of this piece of data

— the process by which it was included

e |IT the data comes from a curated
database, can we carry through relevant
annotations ?
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Database Inter-dependence Is Complex
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Two kinds of provenance

name born peri od
J.S. Bach 1685 bar oque
G F. Handel | 1685 bar oque
WA. Mzart | 1756 cl assi cal

SELECT nane, born
FROM  conposer

VWHERE born < 1700

namne bor n

J.S. Bach 1685 g
G F. Handel | 1685

Why is this tuple in the database?

Where does this value come from?
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Why vs. Where-Provenance

SELECT name, telephone

FROM employee
WHERE salary > SELECT AVERAGE salary FROM employee

 What specific part of input data contributed
to my inclusion in the output ?

- the entire employee database

e Given that I am in the output, where did my
telephone number come from ?

- just my record in the employee database
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The problem at hand

e Given a database D=Q(D,...,D,) and a
component c of D, what is the “why” and
“where” provenance of c?

 We expect the answer, in each case, to be
a set of components of D,,...,D,

- What are the relevant components ?
- How do we identify them ?
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The Goals of this Project

Construct data that knows
why It exists and where it came from

e Describe provenance

e Infer provenance

Annotate data with provenance
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num: “BWV 82" num~BWV552”

title

“I have enough”

Semistructured data --
deterministic model

J.S. Bach” name: “G.F. Handel”
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A deterministic model for semi-
structured (and structured) data

e Based on common model of semistructured
data as an edge-labeled graph.

e Less general

— Deterministic (outgoing edges are distinct)
 More general

— Labels can have structure
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Relationship with XML

S~or:
- composer
3, composer TxeQMmposer
bog
born /2 (O name (O works O name ©Q works Q_period ¥georn Y
@ C Q opus Qopus O (2 _opus O U O
1685“\]8 Bachn “G_F_ Handel” “baroque” 1685 1756
O num O title  © num & num O title
O O O O O
“BWYV 82" “I have enough” “BWV 552 “HWV 19 *“Art thou troubled?”
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Relationship with XML

%] 3]

- == composer
2 composer ceamposer [4] Q
| ] bor
] (O works O QO works Q_period Qporn <
1 (D opus Q opus (2 opus O O O
1685" J.S. Bach’l 1 1] 1] 2] ‘baroque’ 1685 1756
O num Q title  ©Q num Q title
1] 1] 1] [L] [1]
O O O O O
“BWYV 82" “I have enough” “BWV 552 “HWV 19 “Art thou troubled?”
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An Example

where <db.composer>
<born> $b </born> _
<name> $n </name> Find all composers

</db> in “composers.xml” -
construct <year ID=F($b) born=$b> born in the same year

<name> $n </name>

</year>
<year born=1685>
<name> G.F. Handel </name> Why’?
<name>|J.S. Bach |</name>
</year>
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The Why-Provenance

1 ab
= 2] 3]
/ - composer
[1 (J composer 1 xgQmposer [4] Q
, 1 o]
b
born /- (7 name (O works name O works Q_period Qporn o
[ A [1] 2] [ [2 ‘ 1] |
e, O QD opus Qopus O (2 _opus o O O
16855, BachLL 1 1] “G.F. Handel’ f7] “baroque” 1685 1756
O num O title  © num & num O title
1] 1] 1] [L] [1]
O @, O O @,
“BWYV 827 “I have enough” “BWV 552 “HWV 19 *“Art thou troubled?”
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The Why-Provenance

D
// 2] 3] composer
[1 S, composer \" QMmposer Q
b
born /- (7 name (O works O name © works Q_period &rorm o
e [1] 2 g 1 S
e, O Q opus Qopus O (2 _opus o L O
.S. gach’ L ] 1] “G.F. Handel’ 1] “baroque’C1685) 1756
O num Q title  © num O num O title
1] 1] 1] [L] [1]
@, O O @, O
“BWYV 82" “I have enough” “BWV 552 “HWV 19 *“Art thou troubled?”
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An Example

where <db.composer>
<born> $b </born> _
<name> $n </name> Find all composers

</db> in “composers.xml” -
construct <year ID=F($b) born=$b> born in the same year

<name> $n </name>
</year>

<year born41685%
<name> G.F. Handel </name> Where?

<name> J.S. Bach </name>
</year>
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The Where-Provenance

BN
1 2] 3]
= - composer
composer C TeQIPOSer
[1 P [1 /,/ ] 4]

d | bor
born J~ (7 name (O works O name © works Q_period O <
L1/ 4 [1] 2] 1] [2 ‘ 1] |
e, O Q opus Qopus O (2 _opus O O O
-J.S. Bach”[l ] 1] “G.F. Handel” 1] “baroque” - 1756

O num O title  © num & num O title
1] 1] 1] [L] [1]
O @, O O @,
“BWYV 827 “I have enough” “BWV 552 “HWV 19 *“Art thou troubled?”
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A Query Language

e A complex query can be transformed into
an equivalent canonical form:

Q=Q,E ...EQ,
e Each Q, has the form
where p, in D4,

Each p, is a “path”-pattern
Each D; Is some database name

P, N Dy, Output e Is a “path”-pattern as well

condition
collect e
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How does this help compute provenance?

e We are interested In the provenance of
some component of the database.

e This component is specified by a path p (a
path expression without variables)

« Map the variables in the output expression
e to the path p

 Track these variables though the query to
Identify provenance
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Demo

Computing Data Provenance and Carry
Annotations through Queries
http://hobbit.cis.upenn.edu:8080

5 DataBase - Netscape ' - 10| x|

— #DATABALE

_’STUD_ENTS = The title should be "Java Programming”
I g:g;gg;g — 7 The title has been changed to "Frogramming language - JAVA"
+ SID=08771 = This title i5 better than previous one.
+ SID=99138 > (" The title was changed on Fall 1999 <@(mm

¥ SID=98377 = The title is NOT "Advanced Java Programming Technigues",

+ SID=09227
+ SID=98271
+ SID=08136
~eCOURSES: .
+ ClD=cs321
+ CD=can34 ANMNOTATE UPDATE | DELETE | DONE |

= CID=cs114

~#CID=c5119 T | kS
@ITLE:Programming
=®CREDIT=1

=9 TA=99243
+eEMNROLLMERNTS:




A Join Query

+F Diatabas Somotation and Provenance - Netscape ) Jﬂﬂ

File Edit View Go Commomcator Help

—~#DATABASE —CueryResult
FoSTUDENTS: AME=Enc, GRADE=A+
+#COURSES: + 2 WAME=Eric, GRADE=A-
+oENROLLMENTS: + ? NAME=Jane GRADE=A+

+ ? NAME=Jane, GRADE=A-
+ 2 NAME=Jim GRADE=A
+ 2 NAME=Jim GRADE=A+
+ 2 WAME=Joe, GRADE=A
+ ? NAME=Joe, GRADE=A-

select name,grade ﬂ
from students,enrollments

where students.sid = enrollwents.sid
W,

..........................

A Project the name and grade of the jeiiiof
Students and Enrollments relation
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A Join Query

— ®DATABAZE | TQuesResult
—¢STUDENTS: AME=Eric, GRADE=A+
+ SID=99112 + ? NAME=Eric, GRADE=A-
+ SID=99243 + ? NAME=Jane, GRADE=A+
+ SID=95221 + 7 MAME=Jdane, GRADE=A-
+ SID=99138 + 2 MAME=Jim, GRADE=A
- SID=98277 + 2 NAME=Jim, GRADE=A+

=~#SID=98277 + 2 NAME=Joe, GRADE=A
oNA il + ? NAME=Joe, GRADE=A-
=#AGE=22
SePASA
+ SID=99227
¥ SID=98271
+ SID=98136
+#COURSES:
~eEMNROLLMENTS:
+ SID=99138
+50=99138
- SID=98277, ClD=cs321
=e5|D=88277
=¢CID=c5321

+ SID=93277

Loy — ey 4
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Results

e Previous work (Cui, Widom, and Wiener)
provides a solution for relational databases.

— deals with “why” provenance

For why-provenance, we get same answers by
very different framework

Where-provenance -- seems new !
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Closing Thoughts

e Data provenance is a subtle issue

« Where provenance allows to carry over
meaningful annotations

e Annotations are expensive
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http//WWWJSbaC 4 e' “J’S. Bach” ame: “G.F. Handel”
‘ http://www.intr.net/sleissa/handel/home.html

orks http} %\%/l t ica.com/bcom/eb/article/
‘ 6/0,6 118 v +10+110129,00.html

Hip://www.jsbach.org/bwvs500.ht ’ ‘
t . “ k .,,‘ | el uOI'g/bWV552htm| T ”
http: I Jsbacw rg/%wvs 00:hirs 2 num: HWV19 baroque

http://www.jsbach.brg/bwv82.html http://www.intr.net/bleissa/handel/1to42.html#HWV19

‘ http://lwww.intr.netfgleissa/handel/1to42.html#HWV19/title

title titlg title
http://www.jsbach.grg/bwv552.html#title
http://www.jsbach|org/bwv82.htm#title

“Ich habe genug” st Anne Fugue”  “Art thou troubled?”
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Closing Thoughts

e Data provenance is a subtle issue

« Where provenance allows to carry over
meaningful annotations

e Annotations are expensive
- Imagine recursive annotation trees !

- What compression techniques work ?

 Meaningful annotations require versioning
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Using “persistent” representations

1:1 1.2 13 14 1.5
S Emps Repts Emps  Depts Emp [D2pts Emps Depts
ld1 e Id-1 Id-g----- Id:2 143 —- Id-1 d:3 “c-----
MNamsg MNafme al al
N eSaJ | gl ™ | MrneS Nae $al Sal Nay ed. Nmes
"Joe" 22k 1234 "Joe” 30k 1234 "Bob" 20k "Bob" 20k "Ann" 30k "Joe” 30K 1234 "Ann" 40k 2345
Stratford -upon-Avon A The Why and Where of Data Provenance @ 29
June 2000 R



The “compressed” version

2] 35 | * |

"Joe" 22Kk 30k 1234 "Bob"™ 20Kk "Ann" 30k 40K 2345
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END
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