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Design Goals

e Orthogonal

o All XQuery semantics, typing and validation
e also including XQuery Update Facility

e Interoperable
e Network-layer specification!

e SOAP-based, of course

e Potential for efficiency

e Protocol exposes set-at-a-time opportunities

o Keep it simple
e A minimal extension
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XRPC Syntax Extension

execute at { Expr} { FunApp(ParamList) }

(" )

XRPC: XQuery + RPC

. J

VLDB 2007



Distributed XQuery with XRPC: Possibilities

g Peer3 )

for each person from vienna in docl.xml
who has bought something (item)
from doc2.xml

return ... something ...

4 ) 4 )

(docl.xml) (docz.xmlj

\_ Peerl ) L Peer2

_/
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Distributed XQuery with XRPC: Possibilities

4 N

(doc(“docl.xml”)) (doc(“docz.xml”))
\.

3 A J

<auctions> <auctions>
... FULL DOC ... ... FULL DOC ...
</auctions> </auctions>

4 ) 4 )
( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

( person/@id M buyer/@person)

(//person[@city=“Vienna”] ) ( //item )
) )
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<auctions> <auctions>
... FULL DOC ... ... FULL DOC ...
</auctions> </auctions>
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Distributed XQuery with XRPC: Possibilities

s

Peer3 )

( person/@idM buyer/@person)

/ ~

£ Y £

Data Shipping Strategy

<auctions> <auctions>
... FULL DOC ... ... FULL DOC ...

</auctions> </auctions>

4 ) 4 )
(docl.xml) (docz.xmlj

< Peerl ) < Peer2 y
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Distributed XQuery with XRPC: Possibilities

getViennaPersons(): getPersonltems($pid):
(“docl.xml”)//person[@city="Vienna”] (“doc2.xml”)//item[./buyer/@pid = $pid]

( A ( A

( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

for $person in execute at {Peerl} getViennaPersons()
return
execute at {Peer2} getPersonltems($person/@id)

\. J

getViennaPersons(): getPersonltems($pid):
(“docl.xml”)//person[@city="Vienna”] (“doc2.xml”)//item[./buyer/@pid = $pid]

( A ( A

( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

for $person in execute at {Peerl} getViennaPersons()

return
execute at {Peer2} getPersonltems($person/@id)

\. J

Function Shipping using XRPC

getViennaPersons(): getPersonltems($pid):
(“docl.xml”)//person[@city="Vienna”] (“doc2.xml”)//item[./buyer/@pid = $pid]

( A ( A

( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities

s

Peer3 h

for $person in execute at {Peerl} getViennaPersons()

return
execute at {Peer2} getPersonltems($person/@id)

\. J

Distributed Semi-Join!

getViennaPersons(): getPersonltems($pid):
(“docl.xml”)//person[@city="Vienna”] (“doc2.xml”)//item[./buyer/@pid = $pid]

( \ 4 3

( docl.xml ) ( doc2.xml )

9 Peerl ) 9 Peer2 )
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

for $person in execute at {Peerl} getViennaPersons()
return
execute at {Peer2} getPersonltems($person/@id)

\. J

4 ) 4 )

( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities

r

Peer3 A

for $person in execute at {Peerl} getViennaPersons()
return
execute at {Peer2} getPersonltems($person/@id)

\. J

\_

getViennaPersons()
at {Peerl}

.
4 ) 4 )

( docl.xml ) ( doc2.xml )

\ Peerl y \ Peer2 )
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Distributed XQuery with XRPC: Possibilities

r

Peer3

~N

s

\.

for $person in execute at {Peerl} getViennaPersons()
return

execute at {Peer2} getPersonltems($person/@id)

N\

J

\_

A

getViennaPersons()
at {Peerl}

Y

<person id=1>
<person id=2>

( )

\ J

r
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(docl.xml )
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Distributed XQuery with XRPC: Possibilities
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at {Peer2}
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Distributed XQuery with XRPC: Possibilities
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Distributed XQuery with XRPC: Possibilities

r

Peer3 A

for $person in execute at {Peerl} getViennaPersons()

return
execute at {Peer2} getPersonltems($person/@id)

. J
A A

\_

<item>...
<item>...

<person id=1>
<person id=2>

. 4 N\ /
[getvlennaPersonS() getPersonltems(@id=1)

at {Peerl} at {Peer2}

getPersonltems(@id=2)
L ) at {Peer2}

)
¥ ‘ Bulk RPC ¥
4 ) 4 )
( docl.xml ) ( doc2.xml )
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Distributed XQuery with XRPC: Possibilities
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Distributed XQuery with XRPC: Possibilities

r

Peer3

~N

s

\.

for $person in execute at {Peerl} getViennaPersons()
return

execute at {Peer2} getPersonltems($person/@id)

N\

J

A

| A

Distributed Semi-Join

m Push loop dependent parameters

[

getViennaPersons() ‘

at {Peerl}

Ying Zhang
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Distributed XQuery with XRPC: Possibilities
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Distributed XQuery with XRPC: Possibilities

r

Peer3
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return
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for $person in execute at {Peerl} getViennaPersons()

executg at {Peer2} getPersonltems($person/@id)
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Distributed XQuery with XRPC: Possibilities

r

Peer3 A

for $person in execute at {Peerl} getViennaPersons()

return
executg at {Peer2} getPersonlte ns($person/@id)

\. J
A

\_

getPersonltefhs(@id=1)
at {Pg 72}

Cloi-Dor-cnnTi-or nc/fr'ﬂirl—'))

id=1>
id=2>

<item>...
<item>...

<perso
<perso

[getViennaPersons() [ \
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

for $person in execute at {Peerl} getViennaPersons()

return
executg at {Peer2} getPersonlte ns($person/@id)
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Distributed XQuery with XRPC: Possibilities

e

Peer3 A

for $person in execute at {Peerl} getViennaPersons()
return
executg at {Peer2} getPersonlte ns($person/@id)
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Remote Function Calls

e Functions: unit of distributed execution in XRPC
e Defined in an XQuery module, identified by a URL

e XQuery: a compositional, functional language

e each sub expression = function of its free variables
e each function can be executed with XRPC on any peer

e Query decomposition & placement on peers
e In this paper: by hand
e Future work: automatic optimizer

Ying Zhang VLDB 2007



The XRPC Network Protocol




The XRPC Network Protocol

SOAP Envelope

SOAP Body

Xrpc:request

xrpc:call

Xrpc:sequence

xXrpc:atomic-value

xrpc:element

Xrpc: sequence

xrpc:document

xrpc:attribute

Ying Zhang

e SOAP XRPC

e SOAP-based
e XML over HTTP

e Full support of XDM types

e All atomic types

e All nodes types (pass-by-
value)

User-defined schema types
(namespace definition +
xsl:schemalocation)

Fully validate-able XRPC
messages

VLDB 2007



Distributed Transactions with Isolation

e The basic XRPC protocol is stateless

e Higher level isolation
o All calls: Repeatable-Reads
e Updating calls: Distributed 2PC

e Web Service Transactions Specifications

e WS-Coordination
e \WWS-Atomic Transactions: 2PC

Ying Zhang VLDB 2007



Distributed Transactions with Isolation

/\

XRPC Request

XRPC Request \

XRPC Request

XRPC Request

t XRPC Request

-
MonNEeTDB

l db state 2 '
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Distributed Transactions with Isolation

e The basic XRPC protocol is stateless

e Higher level isolation
e All calls: Repeatable-Reads
e Updating calls: Distributed 2PC

e Web Service Transactions Specifications

e WS-Coordination
e \WWS-Atomic Transactions: 2PC
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Distributed Transactions with Isolation

XRPC Request

/\

XRPC Request

XRPC Request

XRPC Request

Repeatable Reads
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Distributed Transactions with Isolation

e The basic XRPC protocol is stateless

e Higher level isolation

o All calls: Repeatable-Reads
e Updating calls: Distributed 2PC
e Web Service Transactions Specifications
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Distributed Transactions with Isolation

/\

XRPC Request

/

-
MoNEeTDB

XRPC Request

Ying Zhang

XRPC Request

XRPC Request

J’endin

XRPC Request

VLDB 2007

(XQUF)
g Update Lists

XRPC Request




Distributed Transactions with Isolation

e The basic XRPC protocol is stateless

e Higher level isolation

o All calls: Repeatable-Reads
e Updating calls: Distributed 2PC
e Web Service Transactions Specifications

e SOAP based, of course
e WS-Coordination
e WS-Atomic Transactions: 2PC
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Bulk RPC

e \What is it?

e Inside a for-loop,

e multiple requests = single message

e Advantages:

e Network latency + bandwidth

e Exploit DBMS set-at-a-time infrastructure:
bulk selections = SOAP message [><| XML document

Ying Zhang VLDB 2007



MONETDB MonetDB/XQuery

e A pure relational XML DBMS

e open-source, http://monetdb.cwi.nl

e The Pathfinder XQuery compiler
e T. Grust, TUM

e open-source, http://pathfinder-xquery.org

o the Loop-Lifting technique

Ying Zhang VLDB 2007
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Performance

echoVoid () {() 1}

for $Si in (1 to S$x) return
execute at {“y.example.org” }{ t:echoVoid() }

one-at-a-time
bulk

XRPC time of echoVoid() in msec
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Distributed XQuery Standard?

Ideally:

Different XDBMS cooperatively answer queries

w standardize distributed XQuery

e If such a standard would be based on ideas like XRPC:
e Glue-less integration

e No middle-ware
e No ODBC, IDBC

Ying Zhang VLDB 2007



XRPC: Easy to Implement

[A Serializer / Parser for SOAP messages

[JStub code (client) + request handler (server)

VLDB 2007



Meanwhile: XRPC Wrapper

e Plug-able component on top of the XQuery system

e No integration needed
e Limitation: can not make XRPC calls

. | MonetDB/XQuery

Galax other XQuery engines
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Meanwhile: XRPC Wrapper

e Plug-able component on top of the XQuery system

e No integration needed
e Limitation: can not make XRPC calls

. | MonetDB/XQuery

XRPC Req. : XRPC Req.

— ~.

XRPC Wrapper XRPC Wrapper XRPC Wrapper

other XQuery engines
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XRPC Wrapper Inside

C External XQuery Engine )
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XRPC Wrapper Inside

XRPC Wrapper

XRPC Request

C External XQuery Engine )
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XRPC Wrapper Inside

XRPC Wrapper

XRPC Request

|

[req uest.xmlj

C External XQuery Engine )
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XRPC Wrapper Inside

XRPC Wrapper

XRPC Request

|

[req uest.xmlj
\v

generated
query

C External XQuery Engine )
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XRPC Wrapper Inside

<Xrpc:.response>
for $call in doc(“request.xml”)//xrpc:call
$paraml:= deserialize($call/xrpc:sequence[1])
return getAuctions($paraml)
</Xrpc:response>

Generated XQuery

request.xml auctions.xml

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“personl” <buyer “personl”>

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“person3” <buyer “person3”>

\
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XRPC Wrapper Inside

<Xrpc:.response>
for $call in doc(“request.xml”)//xrpc:call
$pafm1l: = deserialize($call/xrpc:sequence[1])
rn getAuctions($paraml)
</yrpc:response>

Generated XQuery

request.x auctions.xml

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“personl” <buyer “personl”>

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“person3” <buyer “person3”>

\
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XRPC Wrapper Inside

<Xrpc:.response>
for $call in doc(“request.xml”)//xrpc:call
$pafm1l: = deserialize($call/xrpc:sequence[1])
rn getAuctions($paramil)
</yrpc:response>

Generated XQuery

request.x auctions.xml

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“personl” <buyer “personl”>

<xrpc:call> <closed_auction>
<Xrpc:sequence> <price>...
“person3” <buyer “person3”>

\
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XRPC Wrapper Inside

XRPC Wrapper

XRPC Request

|

[req uest.xmlj
\v

generated
query

C External XQuery Engine )

Ying Zhang VLDB 2007




XRPC Wrapper Inside

XRPC Wrapper

XRPC Request

|

[req uest.xmlj
\v
generated

query

v v

C External XQuery Engine )
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XRPC Wrapper Inside

XRPC Wrapper
E‘esponsej

XRPC Request A

|

[req uest.xmlj
\v
generated

query

v v

C External XQuery Engine )
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XRPC Wrapper Inside

XRPC Response XRPC Wrapper
< kresponsej
XRPC Request A

|

[req uest.xmlj
\v
generated

query

v v

C External XQuery Engine )
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Selection ™ Join

getPerson $x

getPerson $x

Query time XRPCWrapper/Saxon (msec)

(" )
getPerson($pid):

doc(“"xmark.xml”)//person[@id = $pid]
\_ J
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Conclusion

e XRPC is a clean orthogonal extension of XQuery
e Full XDM support and XQuery Update Facility

o It aims for interoperability in Distributed XQuery
e Open SOAP based network protocol
e Different XQuery engines can cooperate

e XRPC can be efficient thanks to Bulk RPC

e Optimizes network & exposes bulk opportunities

o With XRPC, distributed XQuery can be simple
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