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logical foun’dations, scientific DBs, distributed computation (Grid)




Scientific Databases

* Much modern science is dependent on databases
o Prime example: molecular biology
* These databases are built and maintained with a

great deal of human effort

* They often do not contain source experimental
data.

* They borrow extensively from, and refer to, other
databases

* They act as "dynamic” publications.
* They are curated

WISE,

Dec ‘03

Much of the content of curated databases is annotation
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11SB_CUCMA STANDARD; PRT; 480 AA.
P13744
01-JAN-1990 (REL. 13, CREATED)

01-JAN-1990 (REL. 13, LAST SEQUENCE UPDATE)

01-NOV-1990 (REL. 16, LAST ANNOTATION UBDATE)

115 GLOBULIN BETA SUBUNIT PRECURSOR.

CUCURBITA MAXIMA (PUMPKIN) (WINTER SQUASH).

EUKARYOTA; PLANTA; EMBRYOPHYTA; ANGIOSPERMAE; DICOTYLEDONEAE;

VIOLALES; CUCURBITACEAE.

(1]

SEQUENCE FROM N.A.

Gt Go, LITRATR SN KNI

MEDLINE; 881667

TR o HE , NISHIMURA M.

EUR. J. BIOCHEM. 172:627-632(1988)

(2]

SEQUENCE OF 22-30 ND 297-302.

OHMIYA M., HARA I., MASTUBARA H.;

PLANT CELL PHYSIOL. 21:157-167(1980) .

-1~ FUNCTION: THIS IS A SEED STORAGE PROTEIN.

-1- SUBUNIT: HEXAMER; EACH SUBUNIT IS COMPOSED OF AN ACIDIC AND A
EIHE G WD ek £ e RS U He B 0
DISULFIDE BON

_i_ SIMILARITY: T0 OTHER 115 SEED STORAGE PROTEINS (GLOBULINS).

; G167492;

5 FWPULB.

PROSITE; PS00305; 11S_SEED_STORAGE; 1

SEED STORAGE PROTEIN; SIGNAL.

1 21

AKAZAWA T., HARA-NISHIMURA I.;

SIGNAL

CHAIN 22 480 115 GLOBULIN BETA SUBUNIT.
CHAIN 22 29 GAMMA CHAIN (ACIDIC)

CHAIN 297 480 DELTA CHAIN (BASIC).

MOD_RES 22 22 PYRROLIDONE CARBOXYLIC ACID.
DISULFID 124 303 INTERCHAIN (GAMMA-DELTA) (POTENTIAL).
CONFLICT 27 217 S -> E (IN REF. 2).

CONFLICT 30 30 E -> S (IN REF. 2)

SEQUENCE 480 AA; 54625 MW; D515DD6E CRC32;

MARSSLFTFL CLAVFINGCL SQIEQQSPWE FOGSEVWOQH RYQSPRA
RAEAEAIFTE VWDQDNDEFQ CAGVNMIRHT IRPKGLLLPG FSNAPKL:
IPGCAETYQT DLRRSQSAGS AFKDQHQKIR PFREGDLLVV PAGVSHW!

ENLRAQDPVR
QGFGIRGIA
GQSDLVLIV

IDPYLRKFYL AGRPEQVERG VEEWERSS I FSGFADEFLE
EAFQIDGGLV RKLKGEDDER DRIVQVDEDF EVLLPEKDEE ERSRGRYIES ESESENGLEE
TICTLRLKON IGRSVRADVF NPRGGRISTA NYHTLPILRQ VRLSAERGVL YSNAMVAPHY

RGNAR! NF D I PONFVVIKRA SDRGFEWIAF
LPLGVLSNMY RISREEAQRL L SPGRSQGRRE

KINDNAITNL L

CIA World Factbook

Swissprot

WISE,

Dec ‘03




Curated databases “borrow”

| S

»fe0 €€

WISE, Dec ‘03 5

Current database technology is mostly concerned with
efficiency and robustness (high transaction rates,
efficient queries)

It does not address many of the issues in curation

What really happens

Database people's /idea ?ﬁ,‘%ct,z}’z

of what happens ~———,| where abc

WISE, Dec ‘03 6




On the menu for today

* Discussion of provenance b
* Annotation - a related problem

Keys for XML
Efficient Archiving
A copy-and-paste model of curation

Models for semi-structured data @@

e

WISE, Dec ‘03

Provenance --

FRANCE

an old problem 2

W.V. Quine. “"Words b1

uuuuu

enough..." New York Review
of Books XIII(10):3-4, 1969

A well-known encyclopedia, following tradition,

incorrectly

describes Monaco as having an area of “8 square miles.”

A new edition using adds “...the length being 2 1/4 miles

and the width varying from 165 to 1100 yards.”

An editor, spotting the inconsistency, removes
information from the subsequent edition.

the correct

WISE, Dec ‘03




The area of Monaco today

Most sources 1.95 sq km
www.atlapedia.com 1.94 sq km
military.countrywatch.com 2 sqkm

Most sources
www.state.gov

1.95sq km 0.75sqm
1.95sqkm 0.8 sqgm

www.atlapedia.com 1.94 sq km l1sqm
(1.95 sq km = 0.753 sq m)

WISE, Dec ‘03

The population of Monaco?
(from a 2002 Web search)

“31,842 (July 2001 est.)’

“31,693 (July 2000 est.)’
“ESTIMATED 2000...32,500”
“32,000 (2000)”

“32,035(July 1998 est.)’
“31,515 (July 1995 est.)’
“(1995): 30,744"

29,972”

CIA world factbook and 3 other
sites

8 sites
www.atlapedia.com
biz.yahoo.com

4 sites. One of these gives attribution
-- to CIA world factbook (above)

www.immigration-usa.com
2 sites

"according to the last official census in
1990" www.monaco.mc (the official
web site of Mohaco?)

WISE, Dec ‘03
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ID  11SB_CUCMA STANDARD; PRT; 480 AA.
AC  P13744;
DT  01-JAN-1990 (REL. 13, CREATED)
* DT  01-JAN-1990 (REL. 13, LAST SEQUENCE UPDATE)
1 r A DT  01-NOV-1990 (REL. 16, LAST ANNOTATION UPDATE)
. DE 115 GLOBULIN BETA SUBUNIT PRECURSOR.
0S  CUCURBITA MAXIMA (PUMPKIN) (WINTER SQUASH) .
OC  EUKARYOTA; PLANTA; EMBRYOPHYTA; ANGIOSPERMAE; DICOTYLEDONEAE;
a C' Ira e OC  VIOLALES; CUCURBITACEAE.
RN [11
RP  SEQUENCE FROM N.A.
RC  STRAIN=CV. KUROKAWA AMAKURI NANKIN;
atabase e
RA  HAYASHI M., MORI H., NISHIMURA M., AKAZAWA T., HARA-NISHIMURA I.;
RL  EUR. J. BIOCHEM. 172:627-632(1988).
RN [2]
RP  SEQUENCE OF 22-30 AND 297-302.
RA  OHMIYA M., HARA I., MASTUBARA H.;
RL  PLANT CELL PHYSIOL. 21:157-167(1980) .
CC  -!- FUNCTION: THIS IS A SEED STORAGE PROTEIN.
CC  -!- SUBUNIT: HEXAMER; EACH SUBUNIT IS COMPOSED OF AN ACIDIC AND A
cc BASIC CHAIN DERIVED FROM A SINGLE PRECURSOR AND LINKED BY A
cc DISULFIDE BOND.
CC  -!- SIMILARITY: TO OTHER 11S SEED STORAGE PROTEINS (GLOBULINS) .
DR EMBL; M36407; G167492; -.
DR PIR; S00366; FWPULB.
DR PROSITE; PS00305; 11S_SEED_STORAGE; 1.
KW  SEED STORAGE PROTEIN; SIGNAL.
FT  SIGNAL 1 21
FT  CHAIN 22 480 11S GLOBULIN BETA SUBUNIT.
FT  CHAIN 22 296 GAMMA CHAIN (ACIDIC).
FT  CHAIN 297 480 DELTA CHAIN (BASIC).
FT  MOD_RES 22 22 PYRROLIDONE CARBOXYLIC ACID.
FT  DISULFID 124 303 INTERCHAIN (GAMMA-DELTA) (POTENTIAL) .
FT  CONFLICT 27 27 S -> E (IN REF. 2).
FT  CONFLICT 30 30 E -> 5 (IN REF. 2).
SQ  SEQUENCE 480 AA; 54625 MW; D515DD6E CRC32;
MARSSLFTFL CLAVFINGCL SQIEQQSPWE FQGSEVWQQH RYQSPRACRL ENLRAQDPVR
RAEAEATFTE VWDQDNDEFQ CAGVNMIRHT IRPKGLLLPG FSNAPKLIFV AQGFGIRGIA
IPGCAETYQT DLRRSQSAGS AFKDQHQKIR PFREGDLLVV PAGVSHWMYN RGQSDLVLIV
FADTRNVANQ IDPYLRKFYL AGRPEQVERG VEEWERSSRK GSSGEKSGNI FSGFADEFLE
EAFQIDGGLV RKLKGEDDER DRIVQVDEDF EVLLPEKDEE ERSRGRYIES ESESENGLEE
TICTLRLKQN IGRSVRADVF NPRGGRISTA NYHTLPILRQ VRLSAERGVL YSNAMVAPHY
TVNSHSVMYA TRGNARVQVV DNFGQSVEDG EVREGQVLMI PQNFVVIKRA SDRGFEWIAF
KTNDNAITNL LAGRVSQMRM LPLGVLSNMY RISREEAQRL KYGQQEMRVL SPGRSQGRRE
/7
.
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ID  11SB_CUCMA STANDARD; PRT; 480 AA.
RN [1]
RP SEQUENCE FROM N.A.
RC STRAIN=CV. KUROKAWA AMAKURI NANKIN;
RX MEDLINE; 88166744.
RA HAYASHI M., MORI H., NISHIMURA M., AKAZAWA T., HARA-NISHIMURA I.;
RL EUR. J. BIOCHEM. 172:627-632(1988) .
RN [2]
RP  SEQUENCE OF 22-30 AND 297-302.
RA OHMIYA M., HARA I., MASTUBARA H.;
RL EUR. J. BIOCHEM. 17Z2: = (I988]) .
RN [2]
RP  SEQUENCE OF 22-30 AND 297-302.
RA  OHMIYA M., HARA I., MASTUBARA H.;
RL  PLANT CELL PHYSIOL. 21:157-167(1980) .
. . C  -!- FUNCTION: THIS IS A SEED STORAGE PROTEIN.
CI"'GTlOnS for‘ Sequence cc SUBUNIT: HEXAMER; EACH SUBUNIT IS COMPOSED OF AN ACIDIC AND A
cc BASIC CHAIN DERIVED FROM A SINGLE PRECURSOR AND LINKED BY A
d 1. cc DISULFIDE BOND.
ara CC  -!- SIMILARITY: TO OTHER 11S SEED STORAGE PROTEINS (GLOBULINS) .

/!

EMBL; M36407; G167492; -.
PIR; S00366; FWPULB.
PROSITE; PS00305; 11S_SEED_STORAGE; 1.
SEED STORAGE PROTEIN; SIGNAL.
SIGNAL 21

CHAIN 480

CHAIN 296

CHAIN 480
MOD_RES 22
DISULFID 303
CONFLICT 27
CONFLICT 30 30
SEQUENCE 480 AA; 54625 MW;
MARSSLFTFL CLAVFINGCL SQIEQQSPWE
RAEAEAIFTE VWDQDNDEFQ CAGVNMIRHT
IPGCAETYQT DLRRSQSAGS AFKDQHOKIR
FADTRNVANQ IDPYLRKFYL AGRPEQVERG
EAFQIDGGLV RKLKGEDDER DRIVQVDEDF
TICTLRLKQN IGRSVRADVF NPRGGRISTA
TYNSHSVMYA TRGNARVQVV DNFGQSVEDG
KTNDNAITNL LAGRVSQMRM LPLGVLSNMY

11S GLOBULIN BETA SUBUNIT.
GAMMA CHAIN (ACIDIC).
DELTA CHAIN (BASIC).
PYRROLIDONE CARBOXYLIC ACID.
INTERCHAIN (GAMMA-DELTA) (POTENTIAL)
S -> E (IN REF. 2).
E -> S (IN REF. 2).
D515DD6E CRC32;
FQGSEVWQOH RYQSPRACRL
IRPKGLLLPG FSNAPKLIFV
PFREGDLLVV PAGVSHWMYN
VEEWERSSRK GSSGEKSGNI
EVLLPEKDEE ERSRGRYIES
NYHTLPILRQ VRLSAERGVL
EVREGQVLMI PONFVVIKRA
RISREEAQRL KYGQQEMRVL

ENLRAQDPVR
AQGFGIRGIA
RGQSDLVLIV
FSGFADEFLE
ESESENGLEE
YSNAMVAPHY
SDRGFEWIAF
SPGRSQGRRE

WISE, Dec ‘03
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ID 11SB_CUCMA STANDARD; PRT; 480 AA.
AC P13744;
DT 01-JAN-1990 (REL. 13, CREATED)
DT 01-JAN-1990 (REL. 13, LAST SEQUENCE UPDATE)
DE 11S GLOBULIN BETA SUBUNIT PRECURSOR.
OS  CUCURBITA MAXIMA (PUMPKIN) (WINTER SQUASH) .
OC  EUKARYOTA; PLANTA; EMBRYOPHYTA; ANGIOSPERMAE; DICOTYLEDONEAE;
OC  VIOLALES; CUCURBITACEAE.
RC STRAIN=CV. KURO[’(AKZVA AMAKURI NANKIN;
RX MEDLINE; 88166744.
RA HAYASHI M., MORI H., NISHIMURA M., AKAZAWA T., HARA-NISHIMURA I.;
CC  -!- FUNCTION: THIS IS A SEED STORAGE PROTEIN.
CC  -!- SUBUNIT: HEXAMER; EACH SUBUNIT IS COMPOSED OF AN ACIDIC AND A
cc BASIC CHAIN DERIVED FROM A SINGLE PRECURSOR AND LINKED BY A
cc DISULFIDE BOND.
CC  -!- SIMILARITY: TO OTHER 11S SEED STORAGE PROTEINS (GLOBULINS) . CByﬁ A

cc DISULFIDE BOND.
CC  -!- SIMILARITY: TO OTHER 11S SEED STORAGE PROTEINS (GLOBULINS).
DR EMBL; M36407; G167492; -.
FT CHAIN 22 480 11S GLOBULIN BETA SUBUNIT.
FT CHAIN 22 296 GAMMA CHAIN (ACIDIC) .
FT CHAIN 297 480 DELTA CHAIN (BASIC).
FT MOD_RES 22 22 PYRROLIDONE CARBOXYLIC ACID.
FT DISULFID 124 303 INTERCHAIN (GAMMA-DELTA) (POTENTIAL) .
BT MOD_RE PYRROLTDONE CARBOXYLT ID.
FT  DISULFID 124 303 INTERCHAIN (GAMMA-DELTA) (POTENTIAL) .
.. FT  CONFLICT 27 27 S -> E (IN REF. 2).
Wher‘e does Thls Infor‘— FT  CONFLICT 30 30 E -> S (IN REF. 2).
SQ  SEQUENCE 480 AA; 54625 MW; D515DD6E CRC32;
. b) MARSSLFTFL CLAVFINGCL SQIEQQSPWE FQGSEVWQOH RYQSPRACRL ENLRAQDPVR
maTlOn come fr'om. RAEAEATFTE VWDQDNDEFQ CAGVNMIRHT IRPKGLLLPG FSNAPKLIFV AQGFGIRGIA
IPGCAETYQT DLRRSQSAGS AFKDQHQKIR PFREGDLLVV PAGVSHWMYN RGQSDLVLIV
N d' p) H FADTRNVANQ IDPYLRKFYL AGRPEQVERG VEEWERSSRK GSSGEKSGNI FSGFADEFLE
ICh e ITOr‘. r was |T EAFQIDGGLV RKLKGEDDER DRIVQVDEDF EVLLPEKDEE ERSRGRYIES ESESENGLEE
TICTLRLKON IGRSVRADVE NPRGGRISTA NYHTLPILRQ VRLSAERGVL YSNAMVAPHY
The CITCd papersj TVNSHSVMYA TRGNARVQVV DNFGQSVEDG EVREGQVLMI PQNEVVIKRA SDRGFEWIAF
H KTNDNAITNL LAGRVSQMRM LPLGVLSNMY RISREEAQRL KYGOOEMRVL SPGRSQGRRE
/7
.
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ID  11SB_CUCMA STANDARD; PRT; 480 AA.
AC  P13744;
DT 01-JAN-1990 (REL. 13, CREATED)
DT 01-JAN-1990 (REL. 13, CREATED)
DT 01-JAN-1990 (REL. 13, LAST SEQUENCE UPDATE)
DT 01-NOV-1990 (REL. 16, LAST ANNOTATION UPDATE) [***"
RNV TIT
RP  SEQUENCE FROM N.A.
RC  STRAIN=CV. KUROKAWA AMAKURI NANKIN;
RX  MEDLINE; 88166744.
RA  HAYASHI M., MORI H., NISHIMURA M., AKAZAWA T., HARA-NISHIMURA I.;
RL EUR. J. BIOCHEM. 172:627-632(1988).
RN (2]
RP  SEQUENCE OF 22-30 AND 297-302.
RA  OHMIYA M., HARA I., MASTUBARA H.;
N h RL  PLANT CELL PHYSIOL. 21:157-167(1980).
HISTOFY (o] 1. e en'l'r‘y CC -!- FUNCTION: THIS IS A SEED STORAGE PROTEIN.
-1~ SUBUNIT: HEXAMER; EACH SUBUNIT IS COMPOSED OF AN ACIDIC AND A
|S incomple-re (Only cc BASIC CHAIN DERIVED FROM A SINGLE PRECURSOR AND LINKED BY A
cc DISULFIDE BOND.
. CC  -!- SIMILARITY: TO OTHER 11S SEED STORAGE PROTEINS (GLOBULINS).
Vernslon numbers Of DR EMBL; M36407; G167492; -.
DR PIR; S00366; FWPULB.
DR PROSITE; PS00305; 11S_SEED_STORAGE; 1.
Ias"’ upda"’es are kep"' ) KW  SEED STORAGE PROTEIN; SIGNAL.
* FT  SIGNAL 1 21
FT  CHAIN 22 480 11S GLOBULIN BETA SUBUNIT.
FT  CHAIN 22 296 GAMMA CHAIN (ACIDIC).
FT  CHAIN 297 480 DELTA CHAIN (BASIC).
FT  MOD_RES 22 22 PYRROLIDONE CARBOXYLIC ACID.
FT  DISULFID 124 303 INTERCHAIN (GAMMA-DELTA) (POTENTIAL) .
FT  CONFLICT 27 27 S -> E (IN REF. 2).
FT  CONFLICT 30 30 E -> S (IN REF. 2).
SQ  SEQUENCE 480 AA; 54625 MW; D515DD6E CRC32;
MARSSLFTFL CLAVFINGCL SQIEQQSPWE FQGSEVWQOH RYQSPRACRL ENLRAQDPVR
RAEAEATFTE VWDQDNDEFQ CAGVNMIRHT IRPKGLLLPG FSNAPKLIFV AQGFGIRGIA
IPGCAETYQT DLRRSQSAGS AFKDQHQKIR PFREGDLLVV PAGVSHWMYN RGQSDLVLIV
FADTRNVANQ IDPYLRKFYL AGRPEQVERG VEEWERSSRK GSSGEKSGNI FSGFADEFLE
EAFQIDGGLV RKLKGEDDER DRIVQVDEDF EVLLPEKDEE ERSRGRYIES ESESENGLEE
TICTLRLKON IGRSVRADVE NPRGGRISTA NYHTLPILRQ VRLSAERGVL YSNAMVAPHY
TUNSHSVMYA TRGNARVQVV DNFGQSVEDG EVREGQVLMI PQNEVVIKRA SDRGFEWIAF
KTNDNAITNL LAGRVSQMRM LPLGVLSNMY RISREEAQRL KYGOQEMRVL SPGRSQGRRE
/7
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How to describe provenance?

* Suppose a table is created by a query Q on a
database D. How do we describe the provenance
of some “piece” t of the output?

* Could just give Q and D

* Could try to identify those parts of D that
“contributed to" t.

* What do we mean by “contributed t0"?

WISE, Dec ‘03 15

Two kinds of provenance

name ‘born period
J.S. Bach 1685 baroque
G.F. Handel| 1685 baroque
W.A. Mozart | 1756 classical

SELECT name, born
FROM composer

SELECT name, born
FROM composer
WHERE born < SELECT AVERAGE born FROM composer

name born

(,__,>|J.s. Bach 1685
Why is this element in the 6u‘rph

Where does this element come from?

WISE, Dec ‘03 16




Why and Where

* Where-provenance of output data d

» the set of all source locations whose contents are
copied to d

* Why-provenance of an output tuple d
o the set of all witnesses for d

s awitness for d is a minimal set of source tuples
which "proves” that d exists in the output

o For positive queries -- a set of tuples in the source
whose deletion causes d to disappear

WISE, Dec ‘03 17

A related topic -- annotation

* If T annotate part of the DB how
should the annotation "spread” to
other users.

* Annotations need to spread
forward and backwards through
queries.

* Annotation Systems:

. Annotea (W3C)
. annotate web pages
- location is defined with XPointer
. BioDAS (Distributed Annotation Server) (L.Stein et. a/)

- annotate on genome sequences

WISE, Dec ‘03 Notion of location is specific to genome 18




Annotation placement
(thanks to Wang-Chiew Tan for the next few slides)

Source: View : result of
Relational EEE Query . 51 query applied
Database O 9]

on source

*An annotation is placed in the view

‘where do we place the annotation on source?
*Annotation placement problem presented in relational
setting

‘results carry over to fragments of XML (hierarchical
model)

WISE, Dec ‘03 19

Example

Senves fine Frenchl Cuisine LL NYRestaurants (Source Table)

in elegant setting. Jackets

Cost Type i
i, Restaurant yp Zip

—— | Peacock Alley | $$$ French |10022
Bull & Bear $$$ | Seafood |10022

— Pacifica ®| $ | Chinese |10013
Extensive wine list! E—Soho Kitchen & Baro| $ American | 10022

urants (View 1) Cheap Restaurants (View 2)
Cost | Type Restaurant Cost | Type
Alley O] $%% French Pacifica e $ Chinese
Bull $$$ Seafood Soho Kitchen & BarO $ American

Pacifivca e

Chinese

$
Soho Kitchen & BarO $ American

WISE, Dec ‘03 20




Location and Propagation Rules
® A Jocationis a triple: (R, t, A)
p 1 \

relation name tuple in R A is an attribute in schema of R
® Propagation Rules:

Al A, A Al A, A
R[e[el0] [@[e10]

. Select:
Al Ay Ay
A
R
o Project: é
A A A, A A A A

. on R, ®le] [@0N R, [®ec]0 |
A A A A A A
R[ele®l0] @ (8010

o Union: Al A A
R

WISE, Dec ‘03

The Bad News

K 3

: :

QG
- .....

« It is NP-hard to decide if there is a side-
effect-free annotation for a Project-Join
(PJ) query.

* There is a polynomial time algorithm for
SPJU queries that do not simultaneously
contain a Project and a Join operation.

WISE, Dec ‘03




General results (Khanna, Tan)

* View deletion problems. Given a tuple tin Q(S),
find a subset T of S whose removal causes t to
disappear from Q(S) and

o T is minimal (source minimisation) or
» The effect on Q(S) is minimal
* For both cases
o PJ and JU: NP-hard
o SPUand SJ: P

* This is a form of "why-provenance”

WISE, Dec ‘03

23

View Annotation Problem

* Given an annotation Q(S) (i.e. a location in Q(S), find a
location in S to minimise the "spread” of annotations.

o Only view minimisation is meaningful
* Queries involving PJ: NP-hard
* SPU, SJU: P

All the complexity problems arise because we can
copy (PJVU) two “locations” into one.

WISE, Dec ‘03
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Are we going about this the right

()
WaNald our queries be “annotation conscious"?

SELECT name, age SELECT name, 50 as age
FROM employee FROM employee
WHERE age = 50 WHERE age = 50

* Is the problem more complex?
- EE \

47 is too low

Joe

* Are we ignoring useful structure -- e.g. some
notion of location?

WISE, Dec ‘03 25

Semistructured data and keys

* Negative results on annotation are a consequence
of mapping several locations to one.

* Much scientific data is hierarchical, if not
semistructured, but has a well-defined notion of
location.

* Ad hoc annotation requires some notion of location
to make the annotation "stick"”

* We get some interesting connections...

WISE, Dec ‘03 26




A deterministic model for semi-
structured -- and structured-- data
(Deutsch, Tan)

Synopsis:

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

* Deterministic (out-edges have distinct labels) -- less
general

* Consistent with well-designed relational databases
(E-R diagrams)

* New connections between types and constraints
* Commonly used in practice (claim!)

WISE, Dec ‘03 27

Semistructured data: node-labeled as in
XML

db

composer

composer

“baroque”

title

“BWV 8 “Ich habe genug” “B 19 “Art thou troubled?”

[order is important in XML]

WISE, Dec ‘03 28




Semistructured data: edge-labeled as in
UnQL, XML-QL

“J.S. Bach” “baroque”

«gwv 827 ‘lch habe genug” “BWV 552 “HWV 19 “Art thou troubled?”

[These systems mostly ignore horizontal order]

WISE, Dec ‘03 29

Semistructured data: deterministic model

“G.F. Handel”

“BWV 82” ” “baroque”

title title

“Ich habe genug” “Art thog>troubled?”

WISE, Dec ‘03 30




Semistructured data -- syntax

{ composer: {
name: “J.S. Bach”,
works: {
opus: {num: “BWV82, title: “Ich habe genug”},
opus: {num: “BWV552”}
} o},
composer: { non-detflerministic

name: “G.F.Handel”,

1}

{“"J.S. Bach”:
{works: {“BWV82”: {title: “Ich habe genug”},
} "BWVS52”: {} deterministic

“G.F.Handel”: { . . .}
}

}

WISE, Dec ‘03 31

Examples

A record: {Name: "Bruce", Height: 6.2}}
* Anarray: {1:"a", 2: "b", 3: "c"}
* Aset: {1: 3, 2: {3, 4: {}}
A multiset:  {"Guiness": 3, "Molson": 2}
A relation with an explicit key:
{ 11: {Name: "Kim", Rate: 50},
22: {Name: "Bob", Rate: 75} }
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Precedents

Relational databases from ER diagrams

ACeDB, largely ignored by the DB community

* Most scientific data formats

Model for file/data synchronisation by Pierce et a/
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* File and directory names that contain data

/timit/train/drl/fcjfO/Sal wav

oy
corpus: timit
type: training
dialect-region:1
sex: f
speaker-id: cjf0

sentence-id: sa1
file-type: waveform

* Compound keys traditionally indicated location:
BL MS Cotton Nero A.ix

Manuscript in the British Library, which used to be in
the library of a Mr. Cotton [which burnt down] under a
statue of Nero, top shelf, nine books along from the left.
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Deterministic model has interesting implications
for query languages and type systems for
semistructured data.

Suggests keys for XML

Efficient archiving

May give us better models of construction of
curated DBs
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Keys for XML (Davidson, Fan, Hara,

T

an)
Implicit keys are ubiquitous in scientific data formats
(easily converted to XML)

Some proposals for key specifications in XML work (DTD
IDs, XML-Schema)

"Deep citation” in digital libraries.

Natural consequence of translating back from
deterministic model to XML (node-labeled)
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Keys for Relational DBs

Key attributes

EnrollIment: Student‘Cour‘se Grade‘ Project

Jones Math?’Z 95 B-
Tar,ge.r set { smith Phil4 88 A

Smith Math2 | 77 C
Rebus Phil4 | 99 B+

*Keys are critical in database design
*Keys are used to build indexes (optimization)

*Need to understand key inference
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Key specification (node-labeled)

General form: (Q {Py, ..., P,})

A
path expressions

Example: (payroll.person{name.first, name.last})

farget set

jpersen.. Does not impose uniqueness
------ ~_hame |on payroll or person nodes

‘}e(‘ of key paths
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Meaning of a key spec.
(single key path (Q?P}))

Q target set

’“Value“ equality ‘ ’nodes identical ‘

v
*If S;N S; nonempty then n; = n,
*( 1Sl =1 ["strong" keys] )
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Key inference (absolute keys)
[Davidson, Fan, Hara, Tan]|

(O, S) P any path expression (Superkey) (0.0, {P}) (Subnodes)
Q. SV {P}) (@. 10°F)
(0, SV {Pi, Pj}) PiCPj (Path containment) (Q,5) Q' CQ (Target containment)
0.5V {Pi}) @5

(O, U {Pi}) PicCP (Keycontainment) S any setof path expressions (Root)

(ONRCRH) & 9

These are sound and complete !
(Path expressions may have .*)
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Relative keys
General form: Q{Py, ... , P, }. Q{P'y, ... . P} ...

Example:
book{name}.chapter{number}.verse{number}

f f

number specifies number specifies
chapter only verse only within
within book chapter

Also:
bible{}.book{name}.chapter{number}.verse{number}

empty key: at most one bible node

WISE, Dec ‘03
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Notes on Keys

* Closely related to data models:

® payroll{}.employeef{id}.[name{}, sal{}, ...] (something
like a "complex object”/nested relational model)

* Lots more is how known.

* Interference with data model of XML Schema
(Fan, Libkin)

* Related to functional dependencies for XML
(Arenas, Libkin)

WISE, Dec ‘03
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How do we Build Archival Databases?
[Khanna, Tajima, Tan]

* Many scientific databases keep archives. It's
important to preserve the state of knowledge as it
was in the past

* Archive frequently: space consuming

* Archive infrequently: delay in getting recent
information published.
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Swissprot

0000

40000

6000 entries added annually .

we | . relatively little overwriting .

entries grow 10% annually

60000

Release every 4 months

50000 *

40000 .

30000

20000 *

.+* Total size of all versions =
ve et 20 x size of most recent version

10000




Online Mendelian Inheritance in
Man

Number of Entries in Afendeian [nherftance m Man

OMIH

¢ Pr‘lnTed edITiOHS T = 10,000 1 December 1998
stopped in 1998 000 <
PR 2
+ Updated daily! g
.E 7000
= MIMI1
= 6000
E 5000 -
S
S 4000
=]
g 3000 o
4
2000 -
1000 T T T T T T 1
1965 1970 1975 1980 1935 1990 1995 2000
Year
WISE, Dec ‘03 45

OMIM vs. Swissprot

* Both valuable curated databases

* Similar gross structure -- sequence of
entries, each with internal structure

* Swissprot:
* All past versions available
*Slow release -- every 3-4 months

*OMIM
*Past versions unavailable

*Rapid release -- every day (or more often)

WISE, Dec ‘03 46




Why not use diff?

Diff currently used for archival part of CVS

Tree diffs have not yet come to market

o Line diffs sometimes work well on formatted

XML

* Expensive to unwind 365 diffs

Diffs do not preserve “"object-hood"

WISE, Dec ‘03
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A Sequence of Versions
1 12 13 t4 15
Fps Emps Repts Emps  Depls Emps Dapis Emps Depts
Id1 = Id:1 |dfi’ ***** 1d:2 d:3 - Id:1 g i
Nzfme ’ | Narm sl gl Name Nagie $al Na; ¢l Nay ed ¢ NmeS g

“Jog" 22k 1234 "Joe* 30k1234 "Bob" 20k

"Bob* 20k "Ann" 30k 2345

“Joe* 30K 1234 "Ann" 40k 2345

WISE, Dec ‘03
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Pushing time
down

"Joe" 22k 30k 1234 "Bob" 20k "Ann" 30k 40k 2345
This relies on a deterministic / keyed model

[Driscoll, Sarnak, Sleator, Tarjan: “Making Data Structures Persistent.” ]
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An initial experiment

* Recorded all OMIM versions for about 14
weeks (100 of them)

* XML-ized all of them

* Combined into archive XML format file by
pushing time down.

Also recorded diffs between versions

* Did the same the same thing for the last 20
available versions of Swissprot
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100 days of
OMI

Uncompressed

® Archive size is

o <1.01 times diff repository
size

Size (bytes) x 108

o <1.04 times size of largest
version

Compressed

¢ archive size between 0.94 and 1
times compressed diff repository
size

® gzip - unix compression tool

¢ XMill - XML compression tool
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~ 5 years of
Swissprot

Uncompressed
® Archive size is

o < 1.08 times diff repository size

o <1.92 times size of largest version
Compressed

¢ archive between 0.59 and 1 times
compressed diff repository size
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)Sa/\r/}thetic
ark Data

Uncompressed

Archive size is

o < 1.23 times diff repository size

o <2.11 times size of largest version

Compressed

archive size is between 0.78 and 1 times

compressed diff repository size

Size (bytes) x 108

2400

XMark (15%,15%.,15%)

Ze.00

Z0.00

16.00

16.00

14.00

1&.00

10.00

.00

6.00

version
gzip(inc diff)
: XMill(archive)
2.00 10.00 15.00 20.00

Number of versions
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The Bottom Line

* Can archive a whole year of Swissprot or OMIM with <
15% overhead (size of current file)

file.

Retrieval is a linear scan

Works well with compression to less than 30% of current

* Archive as often as you like! (Almost)

Permits temporal queries on objects

WISE, Dec ‘03
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A copy-and paste model of curation

* Manually curated database are not views (constructed by
single queries over other database)

* They are built by a long sequence of manual insertions and
transfers from other databases.

* The underlying transactions are expressed as a sequence of
SQL updates, but this may not be a helpful model.
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Example: my “advising” database

* Student John Doe is assigned to me. I createa
database entry under the key John Doe

* I obtain his personal details from the applications
database and his academic record from another
database.

* When he comes to see me, I correct his telephone
number.
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students Add John Doe

students  Copy personal
“Sall nDoe”  details from-DB1

“John Mark Doe”! 234

Copy course .
details fr‘q’m—b’Bl

“Sall Change the
E telephone number
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In existing systems

* Insertion is done through a forms interface or an XML
editor

* Copying whole “"chunks” of a database can be tricky.
Even using SQL to “copy and paste” a value from
another DB is unwieldy.

Reasoning about provenance is correspondingly hard.
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Simple copy-and-paste commands
MyDB.Students.”John Doe” « {}

Create edge

MyDB.Students.”John Doe”.personal.s12343 <« DB1.people.s12343
Create edges and transfer subtree

MyDB.Students.”John Doe”.courses «— DB2.enrollment.s12343
Create edge and transfer subtree

MyDB.Students.”John Doe”.personal.s12343.tel « 3323

Overwrite subtree

These would/could normally be performed by a visual editor
Implemented with symbolic links or " cp —r ..." ?
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What are the advantages?

* Easy to attach (where) provenance information to nodes.

* If everyone uses the same model, one can produce a
"source” tree.

* Archiving after each transaction is efficient.

* Transaction log can be recovered from archive (with
provenance annotations)

But we also need to do bulk transfers, e.g.
Import all my students’ course information from DB2
This starts to look like a database query!
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Bulk Transfers

Incorporate e-mail addresses from my address book
MyDB.Students.$n.personal.email:$e < Addrbook.$n.mail:$e
(Explicitly naming the subtree to be moved)

Incorporate home addresses from DB3:
MyDB.Students.$n.personal.$i.nome:$e« DB3.people.$i.addr:$e
(Note $n only occurs on LHS - this is OK)

Import course information for a//my students
MyDB.Students.$n.courses:$e<- DB2.enroliment.$i:$e,
MyDB.Students.$n.personal.$i
(Includes a pattern/condition. RHS occurrence of $i is problematic.)
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Copy-and-paste language (CPL)

* We want our rules not to put two subtrees in the same
place (unique provenance)

* Every variable must either occur in the LHS or be
functionally determined by a variable on the LHS
(key/uniqueness information)

* Also need to check that two rules do not conflict.

* CPL cannot perform “aggregate” queries such as (set
theoretic) projection.
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Bag Languages
SQL is offen called a bag language - doesn't
eliminate duplicates:

SELECT age FROM employee.

Comprehensions and their connection with monads
generalise SQL-like query languages to nested
structures and to bags and lists [Wadler, UPenn].

Usual definition of a bag of a, b: a— nat which is
zero on all but a finite set

Alternative definition: equivalence class of finite
index sets:
b boh=b

I\
h o} Aoy
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Relationship with Bag Languages

Arbitrary construction of index functions in comprehensions
doesn't work:

{(x,x) | (i,x)eB}

But it's easy to say how the monad operations should
construct explicit index functions

map: (o = B ) = (I=a) = (I1-p)

flatten: (I o(I' va))— (I X I’) sa  (lossy -not currying)
singleton: o — (unit »a.)

pairwith: (I va) X B — | (o0 X B)

union: (lwa) X ('va) = (1 + ') va

WISE, Dec ‘03 64




These are both index-preserving

languages
* Fact. CPL can simulate this bag language.

Is some form of the reverse true? Need to describe
appropriate tree types and null values.

What can we say about CPL if we generalise the
constraints/conditions?

What constraints are preserved under CPL
transformations?

An SQL-like language that preserves keys?
How do we add aggregating functions to CPL?

WISE, Dec ‘03 65

Summary

* Useful results:
o Keys for XML
o DB archiving

* Provenance/annotation:

o A BIG problem. We have only scratched the
surface. Ideas needed!

* A model for curated DB construction.
o Is copy-and-paste a good model?
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Edinburgh has numerous research positions in Reter Buneman,

databases, XML, web technology fung_gmentals opb@inf.ed.ac.uk

~« Edinburgh is
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Top-rated department. Excellent database group. Good connections with
logical foun‘dations, scientific DBs, distributed computation (Grid)




