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Overview Provenance Definitions

Why? Where?
Naive Witness "SQL interpretation”
Why-provenance = Where-provenance =
Provenance witness basis () propagation (a,)
definition
Buneman et al. [ICDT’01] Buneman et al. [PODS’02]
QRI definition Minimal Default-all
. . m . d
(Query-Rewrite- witness basis (a,”)  propagation (a,°)
Insensitive) Buneman et al. [ICDT’01] Bhagwat et al. [VLDB’04]

We do not discuss here whether QRI is
desirable (see also Glavic, Miller [Tapp'11]

&

but merely point out that, if aiming fo‘rl\
QRI, care has to be taken about the

ramifications of the proposed Semanﬁcsy\lndependent work presented at this WS

Has problems if
one interprets

annotations on
attribute values

/ \

Minimal

propagation (a,")
Proposed in this paper!
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Example 1: Query-Rewrite-Insensitivity (QRI)

Why

Input

(e

[y
N PR P>
N W N

Why-provenance = witness basis (a,)) Lineage (a

‘ Minimal witness basis (a,,™)

Input
Ra

A | B

Query 1 Query 2 = Query 1
Q(%,y):-R(x,y) Q,(x,y):-R(xy),R(_y)
A | B A | B
112 |{{th 1|2 [{{th{t,t:} {t,}} {ty,t3}
1|3 |{{t,h 113 [{{t,} {t,}} {t,}
2 | 2 |{{ts}} 2 | 2 |{{tsh{t, L1} {t:}} {t,ts}
Where-provenance = propagation (a,) Minimal propagation (o)

Default-all propagation (apd)

13| 2b
1¢| 3d
2¢ | 2f

Query 1 Query 2 = Query 1

Ql(X,y)."Ra (X/y) QZ(X/y)'._IRa(XIy)/Ra (_;y)
A | B A | B A | B AR
12 | 2b 12 2b)f 1a.c 2b',f 12 | 2b
1¢ 3d 1¢ 3d 1a.c 3d 1¢ 3d
e 2f Je 2b,f Je 2b,f Je zf

Example adapted from Cheney et al. [Foundations and Trends in DBs’09]



Real example: Why Default-all is dangerous

Hanako queries a community DB for contents of LF-milk™:

Community Database Hanako's query
R° Q(y):-R(‘LF Milk’,y)
Food Content b | Bob, March 18, 2011 | Content
LF Milk Cesium-137P LDon t drink, lots of Cesium! | Cesium-13@
LF Milk | Calcium® [ Fuyumi, March 19, 2011 | Calciumd
SC Water | Cesium-137f No Cesium, save to drink!

Default-all propagation makes her drink the milk:

Default-all propagation (apd) Minimal propagation (a,")
Content Content
Cesium-137°f "semantically irrelevant Cesium-137P
Calcium® information": annota- Calcium¢d

, tions leak over from SC
b | Bob, March 18, 2011 Water tuple to LF Milk P [ Bob, March 18, 2011 ]
L Don't drink, lots of Cesium! | Don't drink, lots of Cesium!

f | Fuyumi, March 19, 2011 ,/ T
No Cesium, save to drink!

"all relevant and only relevant”

* Note the one-to-one correspondence of this example with example 1



Definition Minimal propagation (apm)

m . I Al
ol (t,A,Q) = |J oA
' eva!(1.0)
A’ cattributes of ¢’ Propagating to cell(z,A)

U transforms 'sets of sets' into 'sets’,
hence something like QRI lineage

Example 1
Where provenance (a,)
Input QueryZ‘
R° QZ(X/y):-"?a(X/y)/Ra(_/y)
A|B A|B,
t, | 12| 2P 12| 250 {{t,}}  {ty)
t,| 1¢| 3¢ 1¢] 3¢ ({{t,}  {t}
ty | 2¢| 2f 2¢ | 20F | {{ts}r {ts)

T i
Wea,™

Minimal witness basis (a,,")

Intuition:
Return the intersection between:

* and QRI minimal witness basis (a,™)

<° query-specific where-provenanc (a,)

"all relevant ... and only relevant”

Minimal propagation (apm)

12 ¢
1¢
Je

)&?(M,B,Qz): U OCp(l‘/,A/)

t'e{n },A

- OCp<l‘1,B) — {b}



Example 1: lllustration of "minimal” versus "all"

Why-provenance

Why-provenance («,,)

Minimal witness basis (a,,")

Where-provenance

Where-provenance (a,)
Default-all propagation (apd)

Minimal propagation (ap'")

a$(t4,Q1)Ta$(l4,Q2)

[ {1} {n,02} }

( {
(14, 01) 0 (14, 02)

o (14,A,01) = 04 (14,4, 02)

o (14,A,01) =07 (14,A,Q>)




Interpretation of Annotations 1: Attribute Value®

GOL)SAQ Sgqua red athens heraklion chania Square it | Add to this Square
labs
athens heraklion chania
Item Name Description Population Add columns Add
athens PIRAEUS (Athens) - HERAKLION

(Crete) - PIRAEUS (Athens) .
PIRAEUS (Athens) - CHANIA

[{alr VX PN\ DIDACIIC /Aéhana)

heraklion Heraklion or Iraklion is the largest
city and capital of Crete. It is also
the 4th largest city in Greece.

Havaldiam in tha aanital AF

kania Chania confusingly is sometimes
written Hania though it can also be
written Khania, Cania, Canea and

Mamin Aand in Meanls in Vanial

Crete A superb way of enjoying the 623,666
journey to Crete is to fly to Athens
and take the ferry from Piraeus

IDivana) tha mnart namiins Abhhanas

1 possible value

Mykonos Heraklion and Chania are 9,320
international airports, Sitia airport is
currently receiving domestic flights

Aanhis labhaviar flinhén Ava Avnantad o

Istanbul 14 Days - Depart USA, stops 8,260,000
include, Istanbul, Mount Athos,
_S_ki_thos, Sga_mos_, _i_(usaggasi, _Delos,

* Interpretation of annotations on entity attribute values favored by us and underlying our model 8



Interpretation of Annotations 1: Attribute Value®

ed athens heraklion chania

.‘ Square it || Add to this Square
Googse squar
labs
athens heraklion chania
Item Name Description Population -~ —— e
athens PIRAEUS (Athens) - HERAKLION Annotations on values of an
(Crete) - PIRAEUS (Athens) . attribute (here "population”) for
PIRAEUS (Athens) - CHANIA : :
PIRAEUS (hthens) - GHANI a particular entity (here "Athens")
heraklion Heraklion or Iraklion is the large{ Possible values
city and capital of Crete. It is alsq O 750000 Low confidence
the 4th |argest c|ty in Greece_ Greece. LOCATION. Offici4l Website:
Harallinm in o Aanibal AF http:/lwww.cityofathens #r/. Population: 750000. Population
kania Chania confusingly is sometimeq ~ ©f Athens metropolitgffarea, 3.7 millio
written Hania though it can also gEaurces »
written Khania, Cania, Canea a | 22936, 24234 Low confidel)ee
Wamia Aand in Nranls in Vanial Population for Athens
Crete A superb way of enjoying the
journey to Crete is to fly to Athel ) 1,102 Low confidence
and take the ferry from Piraeus pop. for Athens
IDivana) than mnart namiinsa Ablhanm WWWC|MOWn|nfOCOm
Mykonos Heraklion and Chania are O 18,967 Low confidence
international airports, Sitia airpor; pop. for Athens
currently receiving domestic fligh www.citytowninfo.com - all 2 sources »
Anbslabhartar flinhin ara avnactad Search for more values »
Istanbul 14 Days - Depart USA, stops

include, Istanbul, Mount Athos,
Skithos, Samos, Kusadasi, Delos,

CTECOTO OO

Argument: Interpreting cell annotations as relevant to the tuple (entity)
adds something that is not trivially modeled with normalized tables.

* Interpretation of annotations on entity attribute values favored by us and underlying our model



Interpretation of Annotations 2: Domain Value®

° e %k ° 0
Domain value annotations : Alternative representatlon
Input Re: Annotation table S°:
A|B /b ( Bob, March 18, 2011 | B | annotation
12 2: ;ThIS number is a prime number.: 2 | b: Bob, March 18, 2011
1¢| 3 / Fuyumi, March 19, 2011 | This number is a prime number.
2e | of Two is not a prime number .
because it is even. 2 | f: Fuyumi, March 19, 2011
) S Two is not a prime number
because it is even
Input 5°
Date /b e e @ e Annotation table 5°:
Dec 25 : Date annotation
f | This is a holiday too !!! . )
Dec 251/ Dec 25 | This is a holiday.
Argument for default-all: If annotations Counter-Argument: But then these anno-
are on domain values, then retrieving tations can be modeled in a separate
all annotations are relevant. | table as normalized tables.

* Alternative interpretation suggested by Wang-Chiew Tan (example created after conversation at Sigmod 2011) 10



Backup: Detailed Example 2

RY Q5(X/y):_Ra(X/y)/ Ra(y/_)/ RG(X/_)
A | B A B

t, 1¢ | 3d ts 28 | 2¢efe {{tg};{t3;t4}}
t,| 28| 2f :
t,| 28| 4h

Why-provenance («,,)

Where-provenance (a,)

Default-all propagation (apd)

A B
1ac 2belE)
Desg 2b,e,f

ad(t,B,Qs) = a,(t,B,Q;) with
Q6(X/y):-Ra(X/y)/Ra(y/_)/Ra(X/_) /Sa(_/y)

Note minimal propagation is not equivalent to just
evaluating the where-provenance for the query:

Q,(x,y):-R°(x,y),R°(y,_). E.g. a,(t5,B,Q;) = {e,f,g} =—

tl 1a Zb t5 1a’c 2b,e,g {{t11t3}i{t11t21t3}1{t11t4}1{t11t21t4}} {{tllt3}l {t11t4}} {t1/t3;t4}

;1) {t;}

Wea,” (~QRI lineage)

Minimal witness basis (a,,™)

Minimal propagation (ap’")

A B

t, @ 208
ty| 2°

o (t4,A,05)= | o(1A)

te{t) t3,14},A"

= 0p(t1,A) = {aj

(le(l‘5,B,Q5>= U (Xp(l‘/,A/)
t'e{},A

- = 0,(t3,B) Uty (t3,A) = {e, f}
11



