XML Updates
Querying and

storing XML S /{é}'

Week 6

XML Updates
February 26-March 1, 2013 ® Input: an XML tree AT and XML update T

@ Output: updated XML tree T' =T + AT

QsSX February 26-March 1,2013

Challenges Update Support

® The study of the following is still in its infancy: @ How to update?

® update languages for XML data ® Flat streams: overwrite document (slow)

® XQuery Update Facility: relatively new standard .
® Colonial: SQL updates? (hard to translate)

® implementation of XML updates
® Native: DOM, proprietary APIs

® native storage of XML data

® How do you know you have not violated
schema?

® validation, consistency and integrity

@ concurrency control for XML “databases”; crash recovery

® Question: is there a method to ® Flat streams: re-parse document

® support updates commonly found in practice? ® Colonial: need to understand the mapping and translate/

® provide XML query engines with XML update support? maintain integrity constraints

e avoid the troubles of concurrency control, consistency checking, etc? ® Native: supported in some systems (e.g., eXcelon)
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Atomic updates

Atomic updates

@ Basic changes that can be applied to tree

u ::= insertInto(n,t)
| insertAsFirstInto(n,t)
| insertAsLastInto(n,t)
| insertBefore(n,t)
| insertAfter(n,t)
| delete(n)
| replace(n,t)

| replacevValue(n,s)

| rename(n,a)
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Atomic updates:
iInsertion

® Insertlnto (c,<x><y/></x>)
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Atomic updates:
iInsertion

® Insertlnto (c,<x><y/></x>)
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Atomic updates:
Insertion

® InsertAsFirstInto (c,<x><y/></x>)
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Atomic updates:
iInsertion

® InsertAsLastInto (c,<x><y/></x>)

Atomic updates:
Insertion

® InsertAsFirstInto (c,<x><y/></x>)
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Atomic updates:
iInsertion

® InsertAsLastInto (c,<x><y/></x>)
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Atomic updates:
Insertion

® InsertBefore (c,<x><y/></x>)
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Atomic updates:
iInsertion

® InsertAfter (c,<x><y/></x%>)

Atomic updates:
Insertion

® InsertBefore (c,<x><y/></x>)
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Atomic updates:
iInsertion

® InsertAfter (c,<x><y/></x>)
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Atomic updates:
deletion

® Delete (¢)
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Atomic updates:
replace text value

® ReplaceValue (d,"foo")

1234

Atomic updates:
deletion

® Delete (¢)

QSX
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Atomic updates:
replace text value

@ ReplaceValue (d,"foo")
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Atomic updates:
replace subtree

® Replace (¢, <x><y/><z/></x>)
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Atomic updates:
rename

® Rename (c,x)

(&)

O
OO

Atomic updates:
replace subtree

® Replace (¢, <x><y/><z/></x>)
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Atomic updates:
rename

® Rename (c,x)

()

(<)
OO
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Updating XML
stored in relations

QSX February 26-March 1, 2013

Updating XML: naive

Approaches

® We've considered several approaches to
storing XML in relations

naive "edge relation:

shared inlining

Dewey Decimal

® interval encoding

® How can we update data in these
representations?

® What are the tradeoffs?
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Updating XML: naive

® Remember this? dlbo.
book _©2
! o7
title 7, author o5 author
parent [ child nodeld| tag type |

ol o2 ol db ELT Database o4 Ramakrish o6
02 o3 02 | book | ELT | Management amakrishnan 8

o3 | tile | TEXT | Systems Gehrke
o3 o4
2 5 od TEXT nodeld text
° ° o5 |author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author!| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QSX February 26-March 1, 2013

® InsertInto(o5,<foo/>) dlbo.
book _©2
! o7
title 3 author o5 author
parent | child nodeld| tag type |
ol o2 ol db ELT Database o4 . 06
02 o3 o2 book | ELT | Management Ramakrishnan o
o3 o4 o3 title | TEXT Systems Gehrke
o4 TEXT
o2 o5
o5 Jauthor| ELT nodeld text
©> | of 6 TEXT
2 7 O o4 Database Management Systems
k 2 o |aruer] 10 0b Ramakrishnan
o/ | o8 o8 TEXT
o8 Gehrke
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Updating XML: naive

INSERT INTO Nodes

)0/ > db
VALUE (09, foo,ELT) />) |
INSERT INTO Edges b°|°k°2\
7
VALUE ( 05,09 ) | title ", author o5 author
parent | child nodeld| tag type |
(o] I 02 o | db ELT Database o4 . o6
o2 03 o2 book | ELT | Management Ramakrishnan "
o3 o4 o3 title | TEXT Systems Gehrke
o4 TEXT
o2 o5
5 P o5 |author| ELT nodeld text
o o
o2 o7 og = T:E_T_T o4 Database Management Systems
o7 o8 08 AuThor TEXT ob Ramakrishnan
o
o8 Gehrke
QSX February 26-March 1, 2013

Updating XML: naive

® Delete(05) dlbo.
book 02
! o7
title 7, author o5 author
parent [ child nodeld| tag type |

ol o2 ol db ELT Database o4 Ramakrish o6
02 o3 02 | book | ELT | Management amakrishnan 8

o3 | title | TEXT | Systems Gehrke
o3 o4

2 5 o4 TEXT nodeld text

2 2 o5 |author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author!| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke

QSX February 26-March 1, 2013
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Updating XML: naive

INSERT INTO Nodes

)0/ > db
VALUE (09, foo,ELT) />) | °
INSERT INTO Edges b°|°k o2
7
VALUE (05,09) n title 7 authoros  author
parent | child nodeld [ tag type | foo%?
o I 02 o | db ELT Database o4 . ob
02 o3 o2 book | ELT | Management Ramakrishnan "
o3 o4 o3 title | TEXT Systems Gehrke
o4 TEXT
o2 o5
o5 |author| ELT nodeld text
5 | of 6 TEXT
S o4 Database Management Systems
02 of o7 |author| ELT £ Y
o7 o8 3 TEXT ob Ramakrishnan
o
o5 | o9 09 | foo | ELT o8 EETLS
QsSX February 26-March 1,2013

Updating XML: naive

DELETE FROM Nodes

WHERE nodeId=o05; TDM
<Trigger...>
2
DELETE FROM Edges book 2 ,
WHERE parent=o05 title 7, author o5 author
OR child=05; |
rDELETE FROM Nodes Datab » o6
atabase )

ILWHERE nodeld=o06; Management Ramakrishnan o
| DELETE FROM Text Systems e
WHERE nodeId=06
- 2 o5 A AL nodeld text

° o5 |author | ELT

o5 o6 o6 TEXT o4 Database Management Systems

o2 o7 o7 |author| ELT ob Ramakrishnan

o7 o8 o8 TEXT o8 Gehrke

QSX February 26-March 1,2013
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Updating XML: naive

DELETE FROM Nodes

Updating XML: naive

WHERE nodeId=05; d|b°'
<Trigger...> —
DELETE FROM Edges \
7
WHERE parent=o5 titleos/ author
OR child=05; |
rDELETE FROM Nodes Datab L.
|WHERE nodeId=o6; Mana:gaerf:nt
| DELETE FROM Text Systems Errm—
WHERE nodeId=o06
A AL nodeld text
o4 Database Management Systems
02 o7 o7 |author| ELT
o7 o8 o8 TEXT o8 Gehrke

QSX February 26-March 1, 2013

20

Updating XML: naive

® Rename(02,text) dlbol
book _o2
! o7
title . author o5 author
parent | child nodeld | tag type |

ol o2 ol db ELT Database ©4 . 06
= = 02 book | ELT | Management Ramakrishnan o

o3 | title | TEXT | Systems Gehrke
o3 o4

2 5 od TEXT nodeld text

° ° o5 |author | ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QsSX February 26-March 1,2013
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Updating XML: naive

UPDATE Nodes

UPDATE Nodes

db,
SET tag='text' |
WHERE nodeId=o02 book 2
7
title 7, author o5 author
parent [ child nodeld| tag type |
ol o2 ol db ELT Database o4 Ramakrish o6
02 o3 02 | book | ELT | Management amakrishnan 8
o3 | tile | TEXT | Systems Gehrke
o3 o4
o4 TEXT
o2 o5 nodeld text
o5 |author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author!| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QSX February 26-March 1, 2013

21

db ,
SET tag='text' |
WHERE nodeId=o02 text 22
7
title . author o5 author
parent [ child nodeld | tag type |
ol o2 ol db ELT Database o4 Ramakrish 06
02 03 02 | text | ELT | Management amakrishnan o8
o3 | title | TEXT | Systems Gehrke
o3 o4
2 5 o4 TEXT nodeld text
° 2 o5 |author | ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QSX February 26-March 1,2013

21




Updating XML: naive

® ReplaceValue(o5,'Raghu’) dlbo.
book _©2
! o7
title ", author o5 author
parent | child nodeld | tag type |

ol o2 ol db ELT Database o4 Ramakrish 06
o2 o3 02 book | ELT | Management amakrishnan o8

o3 title | TEXT Systems Gehrke
o3 o4
2 5 od TEXT nodeld text
° ° o5 |author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author| ELT ob Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QSX February 26-March 1, 2013

2

Updating XML: naive

UPDATE Text

db ,
SET text='Raghu' | °
WHERE nodeId=o06 book 2
7
title 7, author o5 author
parent [ child nodeld| tag type | |
ol o2 ol db ELT Database o4 06
Raghu
02 o) o2 book | ELT | Management o8
o3 | tile | TEXT | Systems Gehrke
o3 o4
o4 TEXT
o2 o5 nodeld text
o5 |author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
02 o7 o7 |author| ELT 06 Raghu
o7 o8 o8 TEXT o8 Gehrke
QSX February 26-March 1, 2013

22

Updating XML: naive

UPDATE Text

db
SET text='Raghu' | °
WHERE nodeId=o06 book 2
7
title 3 author o5 authoro
parent | child nodeld | tag type |
ol o2 ol db ELT Database ©4 Ramakrish 06
02 o3 02 book | ELT | Management amaxrishnan o8
o3 title | TEXT Systems Gehrke
o3 o4
2 5 el HE) nodeld text
° ° o5 [author| ELT
o5 o6 o6 TEXT o4 Database Management Systems
o2 o7 o7 |author| ELT 0b Ramakrishnan
o7 o8 o8 TEXT o8 Gehrke
QsSX February 26-March 1,2013
2
Updating XML.:
]
dbg,,
boolbookl
|
titlle authog L1 authoc1 Lt
Datab
Ma:age:::nt Ramakrishnan
Systems Gehrke
dblD booklD | parentID [code title
dbl bookl | dbID 0 | Database Management Systems
authorlD | bookID author
authl book| | Ramakrishnan
auth2 book| Gehrke
QSX February 26-March 1,2013
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Updating XML.: Updating XML.:
shared inlining shared inlining

dbyy, dbyp
InsertInto(authl,<foo/>) bookbook! InsertInto(authl,<foo/>) bookbook!
| 1
titlle authot;1 Leht author authot; L1 author
Datab
Ma::ge::ws:nt Ramakrishnan Not allowed b)’ " Ramakrishnan

Systems Gehrke schema! Gehrke
dblD bookID | parentID |code title dblD bookIDTpar—~— title
dbl bookl | dbID 0 | Database Management Systems dbl bookl | dbID | 0 | Database Management Systems
authorID | bookID author authorlD | bookID author
authl book!| | Ramakrishnan authl book| | Ramakrishnan
auth2 book| Gehrke auth2 book| Gehrke
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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n ]
Updating XML.: Updating XML.:
dbgy, dbg,,
DELETE FROM authors
Delete(authl) PP WHERE authorId=authl Popll
title author author title author author
| authl auth2 | authl auth2
Database . Database .
Management Ramakrishnan Management Ramakrishnan
Systems Gehrke Systems Gehrke
dblD bookID | parentID |code title dblD booklID | parentID |code title
dbl bookl | dbID 0 | Database Management Systems dbl bookl | dbID 0 | Database Management Systems
authorID | bookID author authorlD | bookID author
authl book!| | Ramakrishnan authl book| | Ramakrishnan
auth2 book| Gehrke auth2 book| Gehrke
QSX February 26-March 1, 2013 QSX February 26-March 1,2013

25 25



Updating XML.:
shared inlining

Updating XML.:
shared inlining

dbyy, dbyy,
DELETE FROM authors - Rename (book1, text ) oo
bookbook ’ X book®o°!
WHERE authorId=authl ~— I
title/ author title /author author
| auth2 | authl auth2
Database Database .
Management Management eI G D
Systems Gehrke Systems Gehrke
dblD bookID | parentID [code title dblD booklD | parentID | code title
dbl bookl | dbID 0 | Database Management Systems dbl bookl | dbID 0 | Database Management Systems
authorID | bookID author authorID [ booklD author
auth| book!| | Ramakrishnan
auth2 | bookl Gehrke auth2 | bookl Gehrke
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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Updating XML.: Updating XML.:
shared inlining shared inlining

dbgy, dbg,,
Rename (bookl, text) bookbook! ReplaceValue(authl.author, 'Raghu') bookbook!
[ I
author ., author ., titlle author, |,  jauthor .,
Datab
NOt a"owed b)’ £ Ramakrishnan Ma:a;e:::nt Ramakrishnan
SChema! Gehrke Systems Gehrke
dblD booklDTpar—~—— title dblD booklD | parentID [code title
dbl bookl | dbID | 0 | Database Management Systems dbl bookl | dbID 0 | Database Management Systems
authorID | bookID author authorlD | bookID author
authl book!| | Ramakrishnan authl book| | Ramakrishnan
auth2 book| Gehrke auth2 book| Gehrke
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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Updating XML.: Updating XML.:
shared inlining shared inlining

dbyy, dbyy,
UPDATE authors \ , UPDATE authors . .
l , r Raghu') bookbook! , ,  Raghu') bookbookl
SET author='Raghu 1 SET author='Raghu I
WHERE authorId=authl tltlle authot;uthI authot;lLIch WHERE authorId=authl tltlle aUti1°r;1uth| authot;wth2
Database . Database
Management SO G Management Raghu
Systems Gehrke Systems Gehrke
dblD bookID | parentID [code title dblD booklD | parentID | code title
dbl bookl | dbID 0 | Database Management Systems dbl bookl | dbID 0 | Database Management Systems
authorID [ bookID author authorID [ booklD author
authl book! | Ramakrishnan authl bookl Raghu
auth2 | bookl Gehrke auth2 | bookl Gehrke
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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Naive/Shared Updating XML.:
]
- - - . L}
inlining: summary Dewey Decimal
® Rename, replace value, insert relatively ® Remember this? P R R
straightforward e T
® when allowed by schema (how to check this?) I book | ELT
. . . db Il | title | ELT
® Delete can require recursion or triggers | — —
book _I -
® can avoid this for a non-recursive schema (or delete / 1 13 12 |author| ELT
of an element with no recursive children) title | author |2 author
| 1.2.1 TEXT
® since there is a fixed upper bound on subtree depth E— o 13 |author| ELT
Management Ramakrishnan 3 131 TEXT
Systems Gehrke

February 26-March 1,2013
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Updating XML.:
Dewey Decimal

® InsertAsFirstInto(1.2,foo)

INSERT INTO Nodes

nodelD| tag type

[ db ELT

I book | ELT

db 0 1.1 title ELT

| .11 TEXT

book 12 |author | ELT

title | author |2 authorL3 1.2.1 TEXT

| 1.3 |author | ELT
Database !-I! S 1.3.1 TEXT

Management Ramakrishnan .
Systems Gehrke

QSX February 26-March 1, 2013
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Updating XML.:

Dewey Decimal

INSERT INTO Nodes
VALUE (1.2.0, 'foo', "ELT")

dIb 0
book _ |
/ : \ s
title | author 12 author
| foo 120
Database !-I'!l . 1.2.1
Management Ramakrishnan i
Systems Gehrke

Updating XML.:
Dewey Decima

nodelD| tag type

0 db ELT

I book | ELT

.1 title ELT
I.1.1 TEXT

1.2 |author| ELT
1.2.1 TEXT

1.3 |author| ELT
1.3.1 TEXT

1.2.0 foo ELT

QSX
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Updating XML.:
Dewey Decima

VALUE (1.2.0,'foo', 'ELT') "°‘:]‘°"D me_| e

| book ELT

db 0 1.1 title ELT

| 111 TEXT

bﬁ* ! 12 |author| ELT

title T, author |2 authorl'3 1.2.1 TEXT

| 1.3 |author| ELT

Database !-!I! ) 1.2.1 1.3.1 TEXT
Management Ramakrishnan .

Systems Gehrke
QsSX February 26-March 1,2013

@ InsertBefore(1.2,fo0)

nodelD| tag type

0 db ELT

| book | ELT

db 0 1.1 title ELT

| 111 TEXT
/b°|°k|\ . 1.2 |author| ELT
title T, author |2  author 1.2.1 TEXT

| 1.3 |author| ELT
Database !I'! Ramakrishnalr'\zl 1.3.1 TEXT
Management 130
Systems Gehrke

QSX
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Updating XML.:

Dewey Decimal

INSERT INTO Nodes

nodelD| ta type
VALUE (1.22?,'foo','ELT') g | OP
I db | ELT
| book | ELT
db 0 1.1 title ELT
| 1.1.1 TEXT
b°|°'< ! 12 |author| ELT
1.3
title g author 12  author 1.2.1 TEXT
| 1.3 |author| ELT
Database !-I! S 1.3.1 TEXT
Management Ramakrishnan .
Systems Gehrke
QSX February 26-March 1, 2013
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Updating XML.:
| |
INSERT INT
VALUE ( 1 PrOblem! nodelD| tag type
Doesn't fit. 0| e A
. | book | ELT
Need to shift labels ,
iy 1.1 | tite | ELT
(expensive!) 1.1.] TEXT
ok 12 |author| ELT
\ 1.3 .
title T Author 12 author 1.2.1 TEXT
| foo 1.m 1.3 [author| ELT
Database !l Co 1.3.1 TEXT
Managemene ~ Ramakrishnan 131 1 | foo | ELT
Systems Gehrke

QSX February 26-March 1, 2013
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Updating XML.:
Dewey Decimal

INSERT INTO Nodes

nodelD| ta type
VALUE (1.22?,'foo','ELT') g | OP
0 db | ELT
| book | ELT
db | 1.1 | tte | ELT
| 1.1.1 TEXT
book _| 12 |author| ELT
// 1T~ 1.3
titIeH author |2  author 1.2.1 TEXT
| foo 1.2 ERE e
Database !-!I! R 1.2.1 1.3.1 TEXT
Management amarishnan 131 12 | foo | ELT
Systems Gehrke
QsSX February 26-March 1,2013
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Updating XML.:
Dewey Decimal

UPDATE <nodeIDs>

INSERT INTO Nodes noceD| e | ope

' - ' 0 db | ELT

VALUE (1.2, 'foo', 'ELT') I | book | ELT

db q 1.1 title ELT

| 111 TEXT

book _| 1.3 [author| ELT

title H/A\utlfmor} authorI 4 1.3.1 TEXT

| foo 12 1.4 |author| ELT

Database !-I.! 1.3.1 1.4.1 TEXT

Management Ramakrishnan LA 12 foo ELT
Systems Gehrke

QSX February 26-March 1,2013
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Updating XML.:
Dewey Decimal

Del 1.2
o Le ete( ) nodelD| tag type
I db | ELT
| book ELT
dlb 0 Il | title | ELT
book | 111 TEXT
! 1.3 .2 |author| ELT
title Ll author 12  author
| ’ 1.2.1 TEXT
Database ! ) 1.2.1 1.3 [author| ELT
Management Ramakrishnan . 130 TEXT
Systems Gehrke
QSX February 26-March 1, 2013
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Updating XML.:
Dewey Decimal

DELETE x from Nodes

Updating XML.:
Dewey Decimal

DELETE x from Nodes

WHERE PREFIX([1.2],x.nodeId)
¥ db | ELT

/ ~— 13
author

title L

Database !-I!
Management 131
Systems Gehrke

tag type

I book | ELT

.1 title ELT
I.1.1 TEXT

1.3 [author| ELT

1.3.1 TEXT

QSX
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tag type
WHERE PREFIX([1.2],x.nodeId)
u db ELT
| book | ELT
dlb 0 1.1 | title | ELT
book | 1.1.1 TEXT
! 1.3 .2 |author| ELT
titleI | author |2  author
| ' 1.2.1 TEXT
Database !-I.1 ) 1.2.1 1.3 author ELT
Management Ramakrishnan . 130 TEXT
Systems Gehrke
QsSX February 26-March 1,2013
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Updating XML.:
Dewey Decimal

1 1
® Rename(1,'text") T
0 db ELT
| book | ELT
TD 11| tite | ELT
1.1.1 TEXT
book _ |
/ T~ 1.3 .2 |author| ELT
titleI | author |2  author
| ' 1.2.1 TEXT
Database !-I! Sl I.3 |author| ELT
Management Ramakrishnan 3 131 TEXT
Systems Gehrke
QSX February 26-March 1,2013
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Updating XML.:
Dewey Decimal

UPDATE Nodes X

1.3.1

SET x.tag = 'text'
WHERE x.nodeld = 1
db 0
I
book _ |
. 1.3
titlel'I author 12  author
Database -1 ) 1.2.1
Management Ramakrishnan
Systems Gehrke

nodelD| tag type

0 db ELT

I book | ELT

.1 title ELT
I.1.1 TEXT

.2 |author| ELT
1.2.1 TEXT

1.3 |author| ELT
1.3.1 TEXT

QSX
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Updating XML.:
Dewey Decimal

® ReplaceValue(1.2.1,Raghu)

dlb 0
book _ |
/ ! 1.3
title Ll author 12  author
Datab 1.1.1 1.2.1
Manaage:::nt Ramakrishnan
Systems Gehrke

nodeld

tag

type

I

db

ELT

book

ELT

title

ELT

nodeld

text

Database Management Systems

1.2.1

Ramakrishnan

1.3.1

Gehrke

1.3.1

auTIToT

= = |

1.3.1

TEXT

QSX
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Updating XML.:
Dewey Decimal

UPDATE Nodes X
SET x.tag = 'text'
WHERE x.nodelId = 1

dIb 0
text _ |
. 13
titleI | author |2  author
Database !-I.! ) 1.2.1
Management Ramakrishnan .
Systems Gehrke

nodelD| tag type

0 db ELT

| text ELT

.1 title ELT
I.1.1 TEXT

1.2 |author| ELT
1.2.1 TEXT

1.3 |author| ELT
1.3.1 TEXT

QSX
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Updating XML.:
Dewey Decimal

UPDATE Text X
, . 1| tag type
SET x.txt = 'Raghu % | et
_ ] 1
WHERE x.nodeld = '1.2 oo | BT
db Il | title | ELT
b l Ko nodeld text
00
/ 1 \ 13 I.1.1 | Database Management Systems
title’, | author 12 author 1.2.1 Ramakrishnan
| 1.3.1 Gehrke
Database I'I.l . |.2.| T.J autIToT CLT
Management Ramakrishnan . 130 TEXT
Systems Gehrke
QSX February 26-March 1,2013
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Updating XML.:
Dewey Decimal

UPDATE Text X
, , 1| tag type
SET x.txt = 'Raghu + | BT
— 1 1
WHERE x.nodeld 1.2 ST
db |, I.I | title | ELT
b l Ko nodeld text
00
1 13 I.1.1 | Database Management Systems
title 7| author 12  author 121 Raghu
| | 1.3.1 Gehrke
Database ||| R h I.Z.I T.J autIToT CLT
Management &zl 13 13.1 TEXT
Systems Gehrke
QSX February 26-March 1, 2013
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Updating XML.:
interval encodings

® InsertBefore(8,9,<foo/>) - trickier

begin(end| par| tag type
1 db g

| | 16 db ELT
2book _I5 2 I5] | | book [ ELT

! 14 )
 title ™ 7 author 10 11 author 3 |62 dtle | ELT
| \ 4 |53 TEXT
Database 8 Ramakrish 9 7 | 10| 2 |author| ELT
o e mm—— amakrishnan AR s

4 Systems 5 2 Gehrke |5

Il | 14| 2 |author| ELT
12 [ 13] 11 TEXT

QSX
37
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4

Updating XML.:

interval encodings

® Remember the interval approach:

begin|end|par| tag | type
1 db g
I | 16 db ELT
2book 15 2 |I5] I | book | ELT
! 14 )
, title ™, 7 author 10 11 author 3 6 | 2| title | ELT
| 4 |53 TEXT
Database o Rarmakrish 9 7 | 10| 2 |author| ELT
Management amakrishnan : TS -
Systems 2 Gehrke |,
Il | 14| 2 [author| ELT
12 113 ] 11 TEXT
QsSX February 26-March 1,2013
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Updating XML.:

interval encodings

® InsertBefore(8,9,<foo/>) - trickier

begin|end|par| tag type
1 db g
| I 16 db ELT
2book _I5 2 I5( | [ book | ELT
! 14 .
, title 7, 7 author 10 11 author 3 | 6] 2] tdte | ELT
| / 4 |53 TEXT
Database . 9 7 | 10| 2 |author| ELT
Y mm—— foo 8 Ramakrishnan 5 ST m——
Systems 5 2 Gehrke |5
Il | 14| 2 |author| ELT
12 11311 TEXT
QSX February 26-March 1,2013
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Updating XML.:
interval encodings

® Insert rickier
Problem! S
Doesnlt fit. n[end|par| tag | type
. 16 db ELT
Need to shift labels
" | I5( 1 book | ELT
(expensive!) .
| title ™ ) bt shate 6| 2| tte | ELT
/ 4 [s5]3 TEXT
Database . 9 7 | 10| 2 |author| ELT
B foo 8Ramakrishnan
Systems L Gehrke 8 [ 9|7 TEXT
Il 14| 2 |author| ELT
12 [13] 11 TEXT
QSX February 26-March 1, 2013

37

Updating XML.:
interval encodings

UPDATE x from Nodes
SET x.begin=x.begin+2
WHERE x.begin >= 8
UPDATE x from Nodes
SET x.par = X.par+2
WHERE x.par >= 8
3YUPDATE x FROM Nodes
SET x.end = x.end+2

DatwHERE x.end >= 8
Mana;
4 Sys
INSERT INTO Nodes

VALUES (8,9,7,foo,ELT)

>) - trickier
begin(end| par| tag type
| 16 db ELT
2 [I5] I | book | ELT
3 | 6] 2| title | ELT
4 |5]3 TEXT
7 10| 2 [author| ELT
8 |97 TEXT
Il [ 14| 2 |author| ELT
12 | 13|11 TEXT

QSX
37

February 26-March 1,2013
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Updating XML.:
interval encodings

® InsertBefore(8,9,<foo/>) - trickier

begin|end|par| tag | type
| dbyg
I 16 db ELT
2book _17 2 |I5] | | book | ELT
! 16 .
, title ™, 7 author 12 ;3 author 3 6 | 2 | title | ELT
| / 4 [5]|3 TEXT
Datab 8 9 Il
Ma:age:::nt foo 10amakrishnan ; |90 ; author TEEI;-(I-T
Systems 14 Gehrke g
Il 14| 2 |author | ELT
12 [ I13] 11 TEXT
QsSX February 26-March 1,2013

37

Updating XML.:
interval encodings

UPDATE x from Nodes
SET x.begin=x.begin+2
WHERE x.begin >= 8
UPDATE x from Nodes
SET x.par = X.par+2
WHERE x.par >= 8
3UYUPDATE x FROM Nodes
SET x.end = x.end+2

DatwHERE x.end >= 8
Mana;
Sys
INSERT INTO Nodes

VALUES (8,9,7,foo,ELT)

>) - trickier
begin|end|par| tag type
I 18 db ELT
2 | 17| | | book [ ELT
3 6 | 2 | title [ ELT
4 [ 5|3 TEXT
7 | 12| 2 [author| ELT
8 9|7 foo ELT
1o |11]7 TEXT
I3 | 16| 2 |author| ELT
14 | 15] 13 TEXT

QSX
37

February 26-March 1,2013




4

Updating XML.:
interval encodings

® Delete(7,10) - easy

begin|end|par| tag | type
1 db g
I | 16 db ELT
2book 15 2 | 15| I | book | ELT
! 14 )
, title ™, 7 author 10 11 author 3 6|2 | title ELT
| 4 |53 TEXT
Database o Rarmakrish 9 7 | 10| 2 |author| ELT
Management amakrishnan ; T oy
Systems 5 1 Gehrke |3
Il 14| 2 |author | ELT
12 | 13] 11 TEXT
QSX February 26-March 1, 2013
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Updating XML.:
interval encodings

DELETE x from Nodes
WHERE 7 <= x.begin
AND x.end <= 10

2book _15

/ ~— 14

3 title 6 11 author

Database
Management

Systems Gehrke |5

5 12

begin (end| par| tag type
| 16 db ELT
2 [I5] I | book | ELT
3 6 | 2 | title [ ELT
4 | 5]3 TEXT
Il | 14| 2 |author| ELT
12 | 13|11 TEXT

QSX
38
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Updating XML.:
interval encodings

DELETE x from Nodes

WHERE 7 <= Xx. begln begin|end| par| tag | type
AND x.end <= 10 1|16 db | ELT
2book _15 2 151 1 book | ELT
! 14 )
, title ™, 7 author 10 11 author 3 6| 2| title | ELT
| 4 |53 TEXT
Database o Rarmakrish 9 7 | 10| 2 |author| ELT
T mm—— amakrishnan T —
Systems 2 Gehrke |,
| 14| 2 [author| ELT
12 [ 13] 11 TEXT
QsSX February 26-March 1,2013
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Updating XML.:
interval encodings

DELETE x from Nodes

WHERE 7 <= Xx. begin begin|end|par| tag | type
AND x.end <= 10 1|16 db | ELT
/2 book '5\ 2 |I5| I | book | ELT

, title " author 3 |62 tte | ELT
| I E TEXT
Database
Management
Systems 12 Gehrke |,
Il | 14| 2 |author| ELT
gaps are fine 12 [13] 11 TEXT
QSX February 26-March 1,2013

38




Updating XML.:
interval encodings

® Rename(2,15,"text") - easy

begin|end|par| tag | type
1 db g
I | 16 db ELT
2book 15 2 | 15| I | book | ELT
! 14 )
, title ™, 7 author 10 11 author 3 6|2 | title ELT
| 4 |53 TEXT
Database o Rarmakrish 9 7 | 10| 2 |author| ELT
Management amakrishnan ; T oy
Systems 1 Gehrke |3
Il 14| 2 |author | ELT
12 | 13] 11 TEXT
QSX February 26-March 1, 2013
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Updating XML.:

interval encodings

UPDATE x from Nodes,asy

SET x.tag='text' ;
begin (end| par| tag type
WHERE x.nodelId = 8 1 |1e db ELT
|
? text I5 2 [I5| I | text | ELT
! 14 .
 title ™ 7 author 10 11 author 3 | 6| 2] title | ELT
| 4 |53 TEXT
Database 8 Rarmakrish 9 7 [10]| 2 |author| ELT
o e mm—— amakrishnan AR s
4 Systems 5 2 Gehrke |5
Il 14| 2 |author| ELT
12 | 13|11 TEXT

QSX
39
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Updating XML.:
interval encodings

UPDATE x from Nodes,asy

SET x.tag='text' e
egin|end|par| tag | type
I
2book _15 2 151 1 book | ELT
! 14 )
, title ™, 7 author 10 11 author 3 6| 2| title | ELT
| 4 |s5|3 TEXT
Database o Rarmakrish 9 7 | 10| 2 |author| ELT
T mm—— amakrishnan
Systems L Gerke |, 8 |97 TEXT
| 14| 2 [author| ELT
12 [ 13] 11 TEXT
QsSX February 26-March 1,2013

39

Updating XML.:

interval encodings

® ReplaceVal(8,9,"Raghu") - easy

begin (end| par| tag type
1 db g
| | 16 db ELT
2book _15 2 |I5| I | book | ELT
. 14 -
, title 7, 7 author 10 11 author 3 6 | 2| title ELT
| nodeld text
Database . 9 4 DatabazesT:;igement
Management 8 Ramakrishnan y .
Systems Gehrke 8 Ramakrishnan
® 2 13 12 Gehrke
| 12 ||3|||| |TEXT|
QsX February 26-March 1,2013
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Updating XML.:
interval encodings

UPDATE x from Nodes - easy

SET xX.text= ' Raghu l begin|end|par| tag | type
WHERE x.nodeId = 8 I |16 db | ELT
2book !5 2 [15] I | book | ELT
! 14 -
, title ™, 7 author 10 11 author 3 6 | 2| title ELT
| nodeld p—
Database 9 4 Database Management
Management 8 Ramakrishnan Systéms
Systems Gehrke 8 Ramakrishnan
) ' 3 12 Gehrke
| 12 ||3|||| |TEXT|
QsX February 26-March I, 2013
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Updating interval
encodings: summary

® Replace = delete + insert

@ can recycle "gap" left by delete, if inserted tree smaller

® Over time, deletes + inserts lead to "gaps"

® Naive: export DB as XML and re-import (O(n) traversal
of db though).

@ periodically clean up by finding gaps and shrinking
them?

® Some work on leaving "holes" to decrease
amortized cost of insertion

QSX February 26-March 1, 2013
41

4

Updating XML.:
interval encodings

UPDATE x from Nodes - easy

SET x.text=' Raghu ' begin|end|par| tag | type
WHERE x.nodeld = 8 I |16 db | ELT
Zbook _IS 2 I5( | | book | ELT
! 14 -
; title 7 author 10 11 author 3 | 6] 2| title | ELT
| | nodeld text
Database 9 4 Databasse SP:I:;zgement
Management Raghu Y
Systems Gehrke 8 Razly
2 131 1 Gehrke
| 12 | 13 | Il | | TEXT |
QsSX February 26-March 1,2013
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Atomic updates:
summary

® Atomic updates: primitive change operators on XML data

@ How can they be implemented?
® Shared inlining: using recursive updates/triggers
® Dewey: can translate to SQL using prefix, length
® Interval: can translate to SQL using <
@ All of these are expensive for some operations
® Some recent work on "dynamic DDE" avoids this for Dewey approach

® at cost of making XPath steps more complex

® There has been no comprehensive comparison of these
approaches (AFAIK)

QSX February 26-March 1,2013
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XQuery Update
Facility

QSX February 26-March 1, 2013
43

Compare with SQL

® Besides queries, SQL has "Data Manipulation Language"
® i.e., bulk updates
® which we've already seen in action
® Table updates:
® INSERT INTO table VALUES rl,...,rn
® DELETE FROM table WHERE condition

® UPDATE table SET t.a = v ... WHERE condition

® But also create/delete tables (CREATE TABLE, DROP
TABLE), add/remove columns, (ALTER TABLE) etc.

® For XML, no built-in distinction between table, record,
field: need uniform mechanism for updates

QSX February 26-March 1, 2013
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Bulk updates

® Atomic updates allow for changing one thing
at a time

® Widely supported
@ But tedious to:

o delete all 2012 students

@ increase all salaries where employee is in top 10% of sales
@ Solution: XQuery Update Facility

@ extends XQuery to allow updating

QsSX February 26-March 1,2013
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Updating XML

[Tatarinov et al.]

@ First paper to propose XQuery extensions
for XML updates

@ Idea:

® use XPath/XQuery operations to select target nodes of
updates (including conditional tests)

® use XQuery to construct subtrees (for insert/replace)

@ Create a pending update list that is applied in one shot

® XQuery Update Facility uses similar
approach

QSX February 26-March 1,2013
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Example XPath-
based updates

Example XPath-
based updates

/ N \
course course course course
cho title prereq
|

Advanced

Quantum
cslol course course

Query
Languages

insert node <course>...</course>
into //course[cno='csl01l']/prereq

February 26-March 1,2013
47

Example XPath-
based updates

/ db \
course course course course
eno prereq
course course

cslOl

delete nodes //course[cno='csl01l']/title

/ * \
course course course course
e title prereq
|
Advanced
Quantum
cslol Sy course
Languages
insert node <course>...</course>
into //course[cno='csl01l']/prereq
QSX February 26-March 1, 2013 QsSX
47
e " \
course course course course
cno title prereq
|
Advanced \
101 ORI course course
cs Query
Languages
delete nodes //course[cno='csl01l']/title
QSX February 26-March 1, 2013 QSX

48
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XQuery Update
Facility

® Extends queries with updating expressions

u ::= insert node(s) exp
(as first|as last) into path

| insert node(s) exp
(before|after) path
delete node(s) path
replace node(s) path with exp
replace value of node path with exp
rename node path as name

Insert Into

insert node(s) exp
(as first|as last) into path

® where exp is an XQuery expression that
constructs subtree value

® and path is an XPath expression that selects
node(s)
@ these will be parents of inserted exp
@ "as first"/"as last" govern where nodes inserted

@ if not specified, it's up to implementation

QSX February 26-March 1, 2013
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Example

insert node <x><y/></x>
as first into /a/*

QsSX February 26-March 1,2013
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Example

insert node <x><y/></x>
as first into /a/*

QSX February 26-March 1, 2013
5]
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Example

insert node <x><y/></x>
as first into /a/*

QSX February 26-March 1, 2013
51

Insert Before/After

insert node(s) exp
(before|after) into path

® where exp is an XQuery expression that
constructs subtree value

® and path is an XPath expression that selects
node(s)
@ these will be siblings of inserted exp
® "as first"/"as last" govern where nodes inserted

@ if not specified, it's up to implementation

Example

insert node <x><y/></x>
as first into /a/*

QSX February 26-March 1, 2013
52

QsSX February 26-March 1,2013

Example

insert node <x><y/></x>

before /a/b

QSX February 26-March 1,2013



Example

insert node <x><y/></x>

before /a/b

QSX February 26-March 1, 2013

Example:Copy-paste

for $x in /a/c
insert node $x
before /a/*[3]

Example

insert node <x><y/></x>

before /a/b

QsSX February 26-March 1,2013
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Example:Copy-paste

for $x in /a/c
insert node $x
before /a/*[3]

QSX February 26-March 1, 2013
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Other updates

® delete: obvious (delete selected nodes)
® replace: similar to delete + insert
@ replace value allows changing string values

® rename: changes name while keeping
structure fixed

QSX February 26-March 1, 2013
55

Example

N
VAN

b a

delete $x//a,
insert <foo>bar</foo>
before $x//a

Evaluating complex
updates

® Update evaluation is multi-stage / snapshot:

® Evaluate query & update expressions to form pending
update list (PUL)

® all constructed values are built using old version

® Check PUL is minimally sensible

® e.g. does not rename same node to two different names

® Finally, reorder & apply updates
® Good in that it avoids strange behaviors

@ But this may not do what you expect!

QsSX February 26-March 1,2013
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First collect updates

N /’>\
{ ;/\ é e

insert <foo>bar</foo>
before $x//a

QSX February 26-March 1, 2013
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First collect updates

l/\ />\ >D.

delete $x//a,
insert <foo>bar</foo>
before $x//a

QSX February 26-March 1, 2013
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Then reorder &
apply

/

/\ e
l /\ / g

a

delete $x//a,

insert <foo>bar</foo>
before $x//a

QSX February 26-March 1, 2013
60

Then reorder &
apply

1/\ /\/.\ >\

2 b “ @

delete $x//a,
insert <foo>bar</foo>
before $x//a

QsSX i February 26-March 1,2013
Then reorder &
apply

, ,
N e
e e
delete $x//a,
insert <foosbarc/toc>
QSX

February 26-March 1,2013
60



XQuery Update
Facility: Transforms

® Queries can perform updates locally

u ::= insert node(s) exp

(as first|as last) into path

| insert node(s) exp

(before|after) path
delete node(s) path
replace node(s) path with exp
replace value of node path with exp
rename node path as name
g ::= CcOpY $X := eXpP, ...

modify u

return exp

Transform queries
(hypothetical)

COPY S$X1 = €XPi, «e+, $Xn := €XpPn
modify u
return exp
® Evaluate exp;, bind to $x;, ...
® Evaluate exp,, bind to $xn
® Apply update u
® only $x;... $x,are mutable, other vars cannot be updated

® Evaluate & return exp

® Key point: No side-effects on database

QSX February 26-March 1, 2013
6l

Example

N
VAN

b a

copy Sy := $x/a

modify insert nodes $x/c
as first into Sy

return <result>$y</result>

QsSX February 26-March 1,2013
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Example: Make copy

$x $),

N a
i /a\ .,/ \a

b a

copy $x := S$doc/a

modify insert nodes S$doc/c
as first into $x

return <result>$x</result>

QSX February 26-March 1, 2013
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Example: Apply
updates to copy

/

N a
VAN I/“/ R

a

copy S$x := S$doc/a

modify insert nodes $doc/c
as first into $x

return <result>$x</result>

QSX February 26-March 1, 2013
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Example: Final result

$/x rTu
) N

VAN O

copy $x := S$doc/a

modify insert nodes $doc/c
as first into $x

return <result>$x</result>

Example: Apply
updates to copy

/

RN ;
;jl /\a l// N

a

NO S|de copy $x := $doc/a

effects on $X modify insert nodes $doc/c
as first into $x

QSX February 26-March 1, 2013
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return <result>$x</result>

QsSX February 26-March 1,2013
65

Incremental
maintenance of
XML views

QSX February 26-March 1,2013
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Goal: Incremental
Update

Applicatio @

Why incremental update?

[Bohannon et al. 2004]

® Goal: update external materialized XML tree in response to
changes Al to the underlying database
® Batch computation: recompute the entire tree from scratch;

® large XML views may take multiple hours or days to produce!

® Incremental computation: compute XML change AT
® Idea: the new view T’ = theold view T + AT

® Why? the new view T’ often differs only slightly from the old view T - reuse
partial results computed earlier

® Typically more efficient to compute AT (small) and update the old view T with
AT

® Incremental computation: an effective technique with a wide
range of applications

Logic
Pa’ser Application
View XML Text
Query
XML Pub
Ca"hed Middleware
Query I Trees
Rewrite Tagger I
SQL@ ﬁ ﬁ&'}’e';"(s) UP:’oces's, )
pdates??
Optimizel — Executel
Updates: AT
DBMS
QSX February 26-March 1, 2013
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Coping with source
updates

T | T AT6-XMLpublishing =~ =>

source Updates: AL ==>( tal updat :i>
database Incrementa Up are
cached XML

AT tree T

® Problem: the underlying database may be updated constantly (AI)

® e.g. movies database - new movies coming out all the time

® Goal: update the published (materialized) XML tree in response to
source changes Al -- updating the treatment hierarchies

Incrementally compute XML change AT

such that the new view T’ = the old view T + AT

QsSX February 26-March 1,2013
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Example

Actors
aid Iname | fname doc -> Movie*
| Maguire [ Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. a $id := $Movie.mid $year = $Movie.year
mid title yean $title := $Movie.title S$Actors = $Movie.mid

N Actors > Actor*

32 Elizabethtown | 2005

$Actor := select a.aid,a.lname,a.fname
from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid

QSX February 26-March 1, 2013
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Appears d d :
Ll dl Actor -> id,lname, fname
Ll | $id := $Actor.aid
11 2 $lname := S$Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1,2013
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Example

Actors
; <Movie id="11">
aid Iname | fname do¢ <Title>spider-Man</Title>
q <Year>2002</Year>
| Maguire | Tobey $MC <actor id="1">
2 Dunst | Kirsten <LName>Maguire</LName>
L <FName>Tobey</FName>
Movies Mo </Actor> rs
] <Actor id="2">
mid title year $id <1 Name>Dunst</LName>
$tit pName>Kirsten</FName>
I Spider-Man | 2002 Ac </Actor>
~*~ </Movie>
32 Elizabethtown | 2005 sAct <Movie id="32">
<Title>Elizabethtown</Title>
Appears : : <Year>1?99</¥ear>
| 1 ] ctor id=
mid aid Ag- <Act d="2">
11 I <LName>Dunst</LName>
$id <FName>Kirsten</FName>
Ll 2 $lné </Actor>
32 2 $fni</Movie>
QSX February 26-March 1, 2013
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Example

insert Movies(42,Star Wars,1977)

muLwui D
aid Iname | fname doc -> Movie*
I Maguire [ Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. g $id := $Movie.mid $year = $Movie.year
mid title yean $title := $Movie.title S$Actors = $Movie.mid
Il Spider-Man | 2002
P Actors -> Actor*
32 Ellzabethtown 2005 $Actor := select a.aid,a.lname,a.fname
from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears o o -
L oL Actor -> id, lname, fname
L I $id := $Actor.aid
Ll 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1, 2013
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Example

Actors
aid Iname | fname doc -> Moviex*
| Maguire | Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. a $id := $Movie.mid $year = $Movie.year
mid title YEELT $title := $Movie.title $Actors = $Movie.mid
I Spider-Man | 2002
P Actors -> Actor*
32 Ellzabethtown 2005 SActor := select a.aid,a.lname,a.fname
from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears 'd d -
mi dl Actor -> id,lname, fname
Ll I $id := $Actor.aid
|| 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QsSX February 26-March 1,2013
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Example

insert Movies(42,Star Wars,1977)

muwui D
aid Iname | fname doc -> Moviex*
| Maguire [ Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. . $id := $Movie.mid $year = $Movie.year
mid title eIy $title := $Movie.title S$Actors = $Movie.mid
I Spider-Man | 2002
- -> *
32 |Elizabethtown | 2005 | 2CtOrs Actor
$Actor := select a.aid,a.lname,a.fname
42 StarWars |977 from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears d d :
Ll dl Actor -> id,lname, fname
Ll l $id := $Actor.aid
11 2 $lname := S$Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1,2013
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Example

“Movie id="11">

insert Movies(42,Star Wars,1977) <ritle>Spider-Man</Title>

Mnowul D

<Year>2002</Year>
q <Actor id="1">
aid Iname fname doc - <LName>Maguire</LName>
| Maguire | Tobey $SMovie JZSi:iZTObequNam@
2 Dunst | Kirsten <Actor id="2">
————— <LName>Dunst</LName>
Movies Movie <FName>Kirsten</FName>
. _ . </Actor>
mid title year zifu; "</Movie>
. ‘<Movie id="32">
! Spider-Man | 2002 Actop <Title>Elizabethtown</Title>
32 Elizabethtown | 2005 | ———— <Year>1999</Year>
$Actor :: <Actor id="2">
42 Star Wars 1977 <LName>Dunst</LName>
Appears N N L <FName>Kirsten</FName>
mid aid Acto1l </Actor>
11 | — </Movie>
” 2 $id := f<Movie id="42">
$1lname <Title>Star Wars</Title>
32 2 $fname i year>1977</Year>
</Movie>
QSX February 26-March 1, 2013
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Actors {+Movies(42,Star Wars, |977)}
aid Iname | fname doc -> Movie*
I Maguire [ Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. . $id := $Movie.mid $year = $Movie.year
mid title YA | |stitle := $Movie.title $Actors = $Movie.mid
I Spider-Man | 2002
. -> *
32| Elizabethtown | 2005 | 2Ctors Actor
$Actor := select a.aid,a.lname,a.fname
42 Star Wars 1977 from actors a, appears app
A where app.mid=$Actors.mid,app.aid=a.aid
ppears - - ;
mid | aid Actor -> id, lname, fname
Ll I $id := $Actor.aid
11 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1, 2013
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Example

Actors
aid Iname | fname doc -> Moviex*
| Maguire | Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. q $id := $Movie.mid $year = $Movie.year
mid title el $title := $Movie.title $Actors = $Movie.mid
I Spider-Man | 2002
- -> *
32 | Elizabethtown | 2005 | AStors Actor
SActor := select a.aid,a.lname,a.fname
42 Star Wars 1977 from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears 'd d -
mi dl Actor -> id,lname, fname
Ll I $id := $Actor.aid
|| 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QsSX February 26-March 1,2013
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Actors {+Movies(42,Star Wars, [977)}
aid Iname | fname doc -> Moviex*
| Maguire | Tobey $Movie := +<Movie>..</Movie>z,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. . $id := $Movie.mid $year = $Movie.year
mid title eIy $title := $Movie.title S$Actors = $Movie.mid
I Spider-Man | 2002
- -> *
32 |Elizabethtown | 2005 | ACtoOrs Actor
$Actor := select a.aid,a.lname,a.fname
42 Star Wars 1977 from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears d d :
Ll dl Actor -> id,lname, fname
Ll l $id := $Actor.aid
1 2 $lname := S$Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1,2013
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Example

Actors {+Movies(42,Star Wars, 1977)}
aid Iname | fname doc -> Movie*
| Maguire | Tobey $Movie := +<Movie>..</Movie>z,year
2 Dunst | Kirsten from Movies
Movies +@id="42"<Title>Star Wars</Title><Year>1977</Year>...
- . $id := $Movie.mid $year = $Movie.year
mid title el $title := $Movie.title $Actors = $Movie.mid
I Spider-Man | 2002
. -> *
32 | Elizabethtown | 2005 | RStors Actor
$Actor := select a.aid,a.lname,a.fname
42 StarWars |977 from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears d id :
AL al Actor -> id, lname, fname
L I $id := $Actor.aid
|| 2 $1lname := $Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1, 2013
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Actors
aid Iname | fname doc -> Movie*
I Maguire [ Tobey $Movie := select mid,title,year
2 Dunst | Kirsten from Movies
Movies Movie -> id,title,year,Actors
. g $id := $Movie.mid $year = $Movie.year
mid title yean $title := $Movie.title S$Actors = $Movie.mid
Il Spider-Man | 2002
P Actors -> Actor*
32 Ellzabethtown 2005 $Actor := select a.aid,a.lname,a.fname
from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears o o -
L oL Actor -> id, lname, fname
Ll I $id := $Actor.aid
Ll 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QSX February 26-March 1, 2013
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Example

Actors {+Movies(42,Star Wars, 1977)}
aid Iname | fname doc -> Moviex*
| Maguire | Tobey $Movie := +<Movie>..</Movie>2,year
2 Dunst | Kirsten from Movies
Movies +@id="42",<Title>Star Wars</Title><Year>1977</Year>...
. q $id := $Movie.mid $year = $Movie.year
mid title el $title := $Movie.title $Actors = $Movie.mid
I Spider-Man | 2002
R ->>
32 | Elizabethtown | 2005 | AStors Z+ no new actors
$ := sel .aid,a.l ,a.f
42 Star Wars 1977 Aetor iio:c;:c:o:: a? a::::r: a;:me
where app.mid=$Actors.mid,app.aid=a.aid
Appears 'd d -
mi dl Actor -> id,lname, fname
Ll I $id := $Actor.aid
” 2 $lname := $Actor.lname
32 2 $fname := $Actor.fname
QsSX February 26-March 1,2013
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More complex

avamnlae

insert Actors(3, 'Bloom', 'Orlando') =~
ACTOrs
aid Iname | fname doc -> Movie*
l Maguire |_Tobey $Movie := select mid,title,year
2 Dunst | Kirsten ais & trom Movie; - Y
3 Bloom |Orlando _ i _
Movies Movie -> id,title,year,Actors
[ a1 eieln [ $id := $Movie.mid $year = $Movie.year
insert Appears(32 , 3) _ $title := $Movie.title $Actors = $Movie.mid
delete Appears(11,2) 4 Actors -> Actor*
| 32 | Elizabethtownl 2005 $Actor := select a.aid,a.lname,a.fname
from actors a, appears app
where app.mid=$Actors.mid,app.aid=a.aid
Appears d d :
L0l l Actor -> id,lname, fname
Ll l $id := $Actor.aid
$lname := S$Actor.lname
32 2 $fname := $Actor.fname
—— 3D 3
QSX February 26-March 1,2013
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More complex More complex

avamnlae avamnlae

. (] c (]
insert Actors(3, 'Bloom', 'Orlando’) insert Actors(3, 'Bloom', 'Orlando’)
ACTOrs ACTOrs
. <Movie id="11"> . .
alld rjlnam'e flf_‘at;“e doC <ritiesspider-Man</Title> a'ld N'I"am.e fl'_‘a:e doc -> Movie*
aguire | Tobey <Year>2002</Year> aguire | Tobey . . .
2 Dunst | Kirsten $MOV _» ior ig=r1"> 2 Dunst | Kirsten $Movie := select mJ..d,tJ.tle,year
from Movies
<LName>Maguire</LName>
3 Bloom |Orlando 3 Bloom |Orlando
M " <FName>Tobey</FName> M T > 1id.titl Act
Movies OV. </actor> s Movies ovie -> id,title,year,Actors
[ etela [ e $id F:jl\-&- fieieted > [ a1 eieln I $id := $Movie.mid $year = $Movie.year
. el ovie: . itle := ie.titl =
insert Appears ( 32 , 3 ) _ $tit (<MOVie id="32"> insert Appears ( 32 , 3 ) | Stitle SMovie.title $Actors $Movie.mid
delete Appears(1l1,2) 4 Act« jgigiig;;z;?:zzzwnwiﬂ@ delete Appears(11,2) 4 Actors -> Actor*
| 32 |Elizabethtown | 2005 $Actor <actor id="2"> | 32 |Elizabethtown | 2005 Shoter 5 SoLeot Buaid.a.l80ms.a.faans
<LName>Dunst</LName> f}rf"“ dotors 4, appears app .
Appears <FName>Kirsten</FName> Appears where app.mid=$Actors.mid,app.aid=a.aid
mid | aid Act( </Actor> mid | aid Actor -> id,lname, fname
11 | - <Actor id="3"> 11 | - -
$id = <pName>Bloom</LName> $id := $Actor.aid
$1name <FName>Orlando</FName> $lname := $Actor.lname
32 2 $fname </Actor> 32 2 $fname := $Actor.fname
—— 37 3 — </ MOV ie> ) ) —— 3D 3
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More complex

avamnla

insert Actors(3, 'Bloom', 'Orlando') =
ACTOors

ot o [imoe] oo > bovie: Updating XML

6 TriCkier _ need A $Movie := select mid,title,year

from Movies

to find keys/paths Movie -> id,title,year,Actors V i eWS Of re I a ti O n S
to subtrees that

$id := $Movie.mid $year = $Movie.year
. $title := $Movie.title $Actors = $Movie.mid
insseg

need to change

delea_ ctors -> Actor*
| 32 | Elizabethtownl 2005 $Actor := select a.aid,a.lname,a.fname
from actors a, appears app
A where app.mid=$Actors.mid,app.aid=a.aid
ppears . q :
mid | aid Actor -> id, lname, fname
Ll I $id := $Actor.aid
$lname := $Actor.lname
32 2 $fname := $Actor.fname
— 3D 3
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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View updates

® XML view updates: propagation from XML to
relations

® Input: a mapping o from DB R to XML T, and XML updates AT
® Output: updated database R such that T + AT = 0 (R + AR)

® Already hard for relational views

[ view updates [ duery)  anper

ﬁ I
[middlewar‘e] [ pBmMs |
Voot

_————
RDB

View updates:

hard even for relational views

QSX February 26-March 1, 2013

More on relational
view updates

® May not have a unique answer

® Schema: R(A, B), S(B, C);
® View: Mac (R X S)

® View delete: remove (ai, C1).

® Not doable without side effect (the deletion of (ai, c2) or (a2,

® Input: a relational view definition o, an instance of relational
database I of schema R, a view V = ¢(I), and view updates AV
® Output: database updates Al such thatV + AV = o (I + Al)
® May not be updatable:
® Schema: R(A, B), S(B, C);
® View: Mac (R X S)
® View delete: remove (a1, C1).
® Not doable without side effect (the deletion of (a1, c2) or (a2, c1))
R: S: v: | A ¢
A B B C L
al bl bl cl o] e
a2 bl bl <2 S
a2 c2
QsSX February 26-March 1,2013
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Complexity of relational

updates

[Buneman et al. 2002]

View updatability problem:

® given a relational view definition g, an instance of relational database I of
schema R, a view V = o(I), and view updates AV

@ decide whether the view is updatable, ie, whether there exists a side-
effect-free database update Al such that V + AV = o (I + AI)

o NP-hard for relational views defined with Projection+Join (PJ) or Join
+Union (JU) only, even for only deletions

Minimal view update problem:

® given a relational view definition o, an instance of relational database I of
schema R, a view V = ¢(I), and view insertions (resp. deletions) AV

o find the smallest database update Al such that V + AV = o (I + AI)

e NP-hard for relational views defined with PJ or JU only, even for only
deletions

c1))
R: S: V:
A B B C A C
al bl bl «cl
al cl
al b2 b2 ¢l
QSX February 26-March 1, 2013
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XML view updates Example

Actors
Input: an ATG o from DB R to XML T, and XML updates AT e
q <Movie id="11">
aid Iname | fname <Title>Spider-Man</Title>
Output: updated database R such that T + AT = ¢ (R + AR)
I Maguire Tobey <Year>2002</Year>
. <Actor id="1">
XML updates. 2 Dunst | Kirsten <LName>Maguire</LName>
e insert e into p <FName>Tobey</FName>
Movies </Actor>
® delete p <Actor id="2">
mid title year <LName>Dunst</LName>
where p: XPath query; e: an XML element/subtree B <FName>Kirsten</FName>
I Spider-Man | 2002 </Actor>
Suppose that T is stored as edge relations - relational view V 32 | Elizabethtown | 2005 </Movie>
<Movie id="32">
Approach: <Title>Elizabethtown</Title>
Appears ; ; <Year>1999</Year>
® Translate AT to AV mid aid <Actor id="2">
L D 1
) ngolve the relational view update problem: from AV to base relational updates : : ; :nggzsz:::;Jigz;y
</Actor>
32 2 </Movie>
QSX February 26-March 1, 2013 QSX February 26-March 1,2013
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delete /Movie[@id=11]/Actor[@id=2] delete /Movie[@id=11]/Actor[@id=2]
Actors Actors
aid Iname fname <Movie id="11"> wie id="11">
<Title>Spider-Man</Title> H itle>Spider-Man</Title>
I Maguire | Tobey Srere 02 Nere> delete Kirsten Dunst ar>2002</Year>
<Actor id="1"> ' ’ tor id="1">
2 Dunst | Kirsten <LName>Maguire</LName> from Splderman d Name>Maguire</LName>
<FName>Tobey</FName> FName>Tobey</FName>
Movies </Actor> Movies \\::top
<Actor id="2"> tor id="2">
mid title year <LName>Dunst</LName> mid title year <LName>Dunst</LName>
<FName>Kirsten</FName> <FName>Kirsten</FName>
I Spider-Man | 2002 </Bctor> I Spider-Man | 2002 <Rt
. </Movie> : </Movie>
32 Elizabethtown | 2005 o AT 32 Elizabethtown | 2005 o AT=TEATS
<Title>Elizabethtown</Title> <Title>Elizabethtown</Title>
Appears X - <Year>1999</Year> Appears - X <Year>1999</Year>
PP mid | aid <Actor id="2"> PP mid | aid <Actor id="2">
|| | <LName>Dunst</LName> |1 | <LName>Dunst</LName>
11 2 <FName>Kirsten</FName> 1 2 <FName>Kirsten</FName>
</Actor> </Actor>
32 2 </Movie> 32 2 </Movie>
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Example Example

delete /Movie[@id=11]/Actor[@id=2] delete /Movie[@id=11]/Actor[@id=2]
Actors Actors
id | f <Movie id="11"> il | fi <Movie id="11">
3! Rame paine <Title>Spider-Man</Title> el S S <Title>Spider-Man</Title>
| Maguire Tobey <Year>2002</Year> I Maguire Tobey <Year>2002</Year>
<Actor id="1"> <Actor id="1">
2 Dunst | Kirsten <LName>Maguire</LName> 2 Dunst irsten <LName>Maguire</LName>
<FName>Tobey</FName> a Ze IName>
Movies </Actor> Movies .
<Betor id="2"> Another way: delete
mid title year <LName>Dunst</LName> mid tit] - Name>
¥ Spider-M 2002 <FName>Kirsten</FName> ¥ Spid ACtOFS(2,DunSt, KIrSten) /FName>
pidaer-I"lan </Actor> pidek_
. ( : </Movie>
32 Elizabetkh 32 Elizabethtown | 2005 e wan
One way: delete , R i ,
htown</Title> <Title>Elizabethtown</Title>
Appears - ( ) r> Appears - - <Year>1999</Year>
PP mid Appears(| 1,2 PP mid | aid Sreary1999%/ve
|| I TName>Dunst</LName> |1 | <LName>Dunst</LName>
11 2 / <FName>Kirsten</FName> 1 2 <FName>Kirsten</FName>
</Actor> </Actor>
32 2 </Movie> 32 2 </Movie>
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delete /Movie[@id=11]/Actor[@id=2]
Actors Actors
id I f <Movie id="11"> id I f
el name name <Title>Spider-Man</Title> 2 NS RIS (o iae'11
. <y >2002</Y > . <Movie id=" ">
| Maguire | Tobey <A:Zr id="1"§ar | Maguire | Tobey <Title>Spider-Man</Title>
2 Dunst | Kirsten <LName>Maguire</LName> 2 Dunst | Kirsten <Year>2002</Year>
<FName>Tobey</FName> tee
Movies </Actor> Movies </Movie> ~
<Movie id="32">
| mid | title | year | mid title year <Title>Eliza/1bethtown</Title>
<Year>1999</Year>
i ide- | I Spider-Man | 2002 <Actor id="2">
But this has side-effects!| : A e neames
<Movie id="32"> 32 Elizabethtown | 2005 <FName>Kirsten</FName>
<Title>Elizabethtown</Title> j/ACF°r>
Appears - - <Year>1999</Year> Abpears - . </Movie>
PP mid aid PP mid aid
Ll | 1 |
11 2 11 2
32 2 </Movie> 32 2
QSX February 26-March 1, 2013 QSX February 26-March 1,2013



Another tricky one

insert nodes <Actor id='l'>...</Actor
Actors into /Movie[@id='32"]

aid Iname | fname

<Movie id="11">
<Title>Spider-Man</Title>

| Maguire | Tobey

2 Dunst | Kirsten e
Movies S
<Movie id="32">
mid title year <Title>Elizabethtown</Title>
<Year>1999</Year>
I Spider-Man | 2002 <Actor id="2">
- <LName>Dunst</LName>
32 Elizabethtown | 2005 <FName>Kirsten</FName>
</Actor>
Appears : ; </Movie>
PP mid aid
Ll |
Ll 2
32 2
QSX February 26-March 1, 2013
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Another tricky one

insert nodes <Actor id='l'>...</Actor
Actors into /Movie[@id='32"]
aid Iname | fname

<Movie id="11">
<Title>Spider-Man</Title>
<Year>2002</Year>

| Maguire | Tobey

2 Dunst | Kirsten

. < ie>
Movies /Movie> WA

<Movie id="32">
<Title>Elizabethtown</Title>
<Year>1999</Year>

I Spider-Man | 2002 <Actor id="2">

<LName>Dunst</LName>
32 Elizabethtown 2005 <FName>Kirsten</FName>
</Actor>
<Actor id="1">
mid aid <LName>Maguire</LName>
I I <FName>Tobey</FName>
</Actor>
L 2 </Movie>
2

32

mid title year

Appears
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Another tricky one

insert nodes <Actor id='l'>...</Actor
Actors into /Movie[@id='32"]

aid Iname | fname

<Movie id="11">
<Title>Spider-Man</Title>

I Maguire | Tobey

2 Dunst | Kirsten el
Movies </Movie>
<Movie id="32">

<Title>Elizabethtown</Title>

insert Tobey Maguire | <vear1999</vear>

<Actor id="2">

into Elizabethtown? | <tiene>bunst</wvane>

<FName>Kirsten</FName>

</Actor>
<Actor id="1">
<LName>Maguire</LName>

Appears mid aid
11 | <FName>Tobey</FName>
</Actor>
I 2 </Movie>
32 2
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Another tricky one

insert nodes <Actor id='l'>...</Actor
Actors into /Movie[@id='32"]
aid Iname | fname

<Movie id="11">
<Title>Spider-Man</Title>

I Maguire | Tobey

2 Dunst | Kirsten e
. </Movie>
Movies <Movie id="32">
mid title year <Title>Elizabethtown</Title>
— <Year>1999</Year>
I Spider-Man | 2002 <Actor id="2">
32 Elizab /LName>
1Zabg "
One way: add to n</FName>
Appears mid Appears e</LName>
11 T T ToDEY</FName>
T H A </Actor>
</Movie>
32 2
32 |
QSX February 26-March 1,2013
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Another tricky one

insert nodes <Actor id='l'>...</Actor

Actors into /Movie[@id='32"]

aid Iname | fname

I Maguire | Tobey R e e .

<Title>Spider-Man</Title>

2 Dunst | Kirsten <Year>2002</Year>

| Maguire | Tc
ovies A h .
mid title nother way. Insert teies

11| spidervan |ACtors(1,Maguire, Tobey)
32 [Eizabetheow| — and Appears(32,1) |

Appears <Actor id="1">
mid aid <LName>Maguire</LName>
11 | <FName>Tobey</FName>
T 5 </Actor>
3y > </Movie>
L_32 ]
—

QSX February 26-March 1, 2013
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Summary

® XQuery Update Facility
® allows for bulk updates

® semantics somewhat complex

® Updating views of XML stored in relations
® view update: challenging in general

® special case: XPath on ATG-defined publishing views

® XML/semistructured updates &
optimizations remain active research topics

QSX February 26-March 1, 2013
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Another tricky one

insert nodes <Actor id='l'>...</Actor

Actors into /Moypiellid="'29"'1

aid | Iname | fname ( But this violates key

I Magui Tob -

P S (and has side effects)

unst | Kirsten

I Maguire | T
ovies A h . .
mid - nother way: Inser btenes

11| spiderMan |ACtors(l,Maguire, Tobey)
32 | Elizabethtown and Appears(32, | ) >

Appears <Actor id="1">

mid <LName>Maguire</LName>
11 <FName>Tobey</FName>

11 </Actor>

35 </Movie>

L_32

B.
=N

— NN -

QsSX February 26-March 1,2013

82

Summary;
research areas

@ Controlling when/how updates performed

@ snapshot (all at once at end) vs. explicit commit

@ concurrency control
® Dynamic optimization of updates

@ Translating XML updates to relational updates

® Typechecking results of updates

® Analyzing when update interferes with query

® avoiding view recomputation

QSX February 26-March 1,2013
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Next time

® XML typechecking & static analysis
® XDuce: A statically typed XML processing language
@ Static analysis for path correctness of XML queries

® Schema-based independence analysis for XML
updates

QSX February 26-March 1, 2013
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