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:K\�UHSUHVHQW�TXHULHV�DV

REMHFWV

❚ (DVLHU�WR�FUHDWH��PDQLSXODWH��VWRUH�XQGHU
SURJUDPPDWLF�FRQWURO

❚ (DVLHU�HPEHGGLQJ�LQ�D�SURJUDPPLQJ
ODQJXDJH

❙ 'DWDEDVH�FRPPDQG�$'7

❚ $OORZV�VKDULQJ�RI�DUELWUDU\�VXESLHFHV

❚ (DVLHU�WR�LQFOXGH�³GDWD�WHPSODWHV´�IRU
FRPSOH[�VWUXFWXUHV��H�J���F\FOHV�
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$UELWUDU\�FRQVWDQWV�LQ

TXHULHV

❚ 6SHFLILF�REMHFWV��E\�,'�

❚ 9DOXHV�RI�DUELWUDU\�VKDSHV�DQG�VL]HV

❚ 6XSSRUWV�SDUWLDO�HYDOXDWLRQ

❙ 'RQ¶W�UHSHDW�SDUW�RI�TXHU\�WKDW�GRHVQ¶W
FKDQJH

❙ 6XSSRUWV�GLVWULEXWHG�TXHU\�HYDOXDWLRQ

What this
talk is
about
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7KH�,QWHUQHW�

'DWD�ULFK��TXHU\�SRRU

❚ 7KUHH�PDMRU�LVVXHV�

❙ &RQWHQW�LV�RIWHQ�VWULSSHG�RI�LWV
VHPDQWLFV

❘ +70/�LV�MXVW�D�SDJH�OD\RXW�ODQJXDJH

❙ 3ULPLWLYH�TXHU\�FDSDELOLWLHV

❘ &DQ�RQO\�TXHU\�WKURXJK�IRUP�LQWHUIDFHV

� LI�WKH�GDWD�RZQHU�SURYLGHV�RQH

� 8VXDOO\�VLPSOH�,�5��EDVHG�VHDUFKHV

❙ /RFDOL]HG�TXHU\�FDSDELOLWLHV

❘ 1R�TXHULHV�LQYROYLQJ�PXOWLSOH�VHUYHUV
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6ROXWLRQV

❚ 1RZ��;0/�DQG�VHPL�VWUXFWXUHG�GDWD�ZLOO
KHOS�ZLWK�WKH�ODFN�RI�VHPDQWLFV

❚ 5HDO�6RRQ�1RZ��4XHU\�HQJLQHV�OLNH
1LDJDUD�ZLOO�KDQGOH�IXOO�EORZQ�;0/�TXHULHV
LQ�ZHE�VHUYHUV

❚ %XW��QR�GLVWULEXWHG�TXHU\�IUDPHZRUN�LQ
VLJKW

❙ :K\�LV�WKLV�D�SUREOHP"
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%RE·V�QLJKW�DW�WKH�PRYLHV���

Bob’s
computer

BobsPortal.com

Film Reviews
XML data

(some server)

Theaters/Showings
XML data

(some other server)

Reviews for all 
movies 
playing

Now playing in 
Bob’s home town

Bob’s 
preferences
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��KDV�WR�EH�GLVWULEXWHG�

❚ :H�FDQ¶W�VKLS�DOO�WKH�GDWD�WR�RQH�SODFH
DQG�FRPSXWH�WKH�TXHU\�WKHUH«

❙ 7HFKQLFDO�UHDVRQV

❘ :DVWH�RI�EDQGZLGWK

❙ 3ROLWLFDO�UHDVRQV

❘ 'DWD�RZQHUVKLS�DQG�FRQWURO
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7UDGLWLRQDO�GLVWULEXWHG

TXHU\LQJ�LQ�IRXU�HDV\�VWHSV

❚ 7KH�XVHU��PD\EH�XVLQJ�D�*8,�WRRO�
FRPHV�XS�ZLWK�D�WH[WXDO�TXHU\��$Q
;4XHU\�H[DPSOH�
FOR $r IN document(“reviews”)//review,
    $g IN document(“preferences”)//genre,
    $s IN document(“showings”)/
                    showing/[date=“May 18”]
WHERE $r/genre = $g AND $r/title = $s/title
RETURN <film>
          $r/title $r/rating $r/theater
       </film>
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���2SWLPL]DWLRQ

❚ 7KH�VHUYHU�UHFHLYLQJ�WKLV�TXHU\��LQ�%RE¶V
FDVH��%REV3RUWDO�FRP��LV�FDOOHG�WKH
FRRUGLQDWRU

❚ 4XHU\�H[HFXWLRQ�PD\�EH�GLVWULEXWHG��EXW
TXHU\�RSWLPL]DWLRQ�LV�FHQWUDOL]HG

❚ 7KH�FRRUGLQDWRU�RSWLPL]HV�WKH�TXHU\�E\
FKRRVLQJ�WKH�EHVW�ORJLFDO��DQG
VXEVHTXHQWO\�SK\VLFDO��TXHU\�SODQ
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4XHU\�SODQV

Join title

Join genre

Select playing tonightScan Bob’s preferences

Project genre

Scan reviews Scan theaters

Graphs of
query operators
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���'HSOR\PHQW

❚ 7KH�FRRUGLQDWRU�WKHQ�GHFLGHV�ZKHUH�HDFK
RSHUDWRU�LV�JRLQJ�WR�UXQ�DQG�VHQGV
VXESODQV�WR�DSSUHQWLFH�VLWHV

BobsPortal.com

The OregonianMovies.yahoo.com
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���([HFXWLRQ

❚ )LQDOO\��WKH�VXESODQV�VWDUW�UXQQLQJ�LQ
SDUDOOHO�RQ�WKH�YDULRXV�VLWHV��DQG�WKH
FRRUGLQDWRU�RYHUVHHV�H[HFXWLRQ

The OregonianMovies.yahoo.com

BobsPortal.com
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«�KDUG�WR�VFDOH�

❚ 2SWLPL]DWLRQ�GHSHQGV�RQ�WKH�FRRUGLQDWRU
KDYLQJ�DFFXUDWH��GHWDLOHG�VWDWLVWLFV

❚ %XW�VXFK�VWDWLVWLFV�DUH�KDUG�WR�DFTXLUH�DQG
PDLQWDLQ�

❙ �5HSOLFDWHG��5HVRXUFH�ORFDWLRQV

❙ 6HUYHU�ORDG��1HWZRUN�EDQGZLGWK���ODWHQF\

❚ +DUG�WR�RUFKHVWUDWH�SLSHOLQHG�H[HFXWLRQ

❙ $OO�VLWHV�PXVW�EH�XS�DQG�WDONLQJ�WR�EHJLQ
H[HFXWLRQ
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0XWDQW�TXHU\�SODQV

❚ 4XHU\�DV�REMHFW��RSHUDWRUV���;0/�GDWD��
85/V���851V

❚ $�VHUYHU�FDQ�PXWDWH��D�4�3��E\�

❙ UHVROYLQJ�VRPH�851V�➨�85/V�➨�GDWD

❙ HYDOXDWLQJ�VXESODQV��DQG�LQVHUWLQJ�UHVXOWV�LQ
WKHLU�SODFH

❚ 5RXWH�WR�QH[W�VHUYHU

❙ FRXQW�RQ�EHVW�HIIRUW�DW�HDFK�VLWH
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Join title

%RE·V�RZQ�PXWDQW�TXHU\�SODQ

Display on bob’s computer

Join genre

urn:theaters:portlandurn:movies:reviews

Select playing tonighturn:bob:preferences

Project genre
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'HFLVLRQV��GHFLVLRQV���

❚ $�ORFDO�PHWDGDWD�FDWDORJ�PDSV�DEVWUDFW
UHVRXUFHV��851V��WR�HLWKHU�

❙ FRQFUHWH�85/V

❙ RWKHU�VHUYHUV�WKDW�FDQ�UHVROYH�WKH�851

❚ $�SROLF\�PDQDJHU�XVHV�ORFDO�PHWDGDWD�WR�GHFLGH
KRZ�PXFK�RI�D�TXHU\�WR�HYDOXDWH��DQG�ZKHUH
WR�VHQG�LW�QH[W

❚ &XUUHQW�QDLYH�VWUDWHJ\�

❙ HYDOXDWH�DOO�ZH�FDQ

❙ VHQG�WR�VHUYHU�WKDW�FDQ�UHVROYH�WKH�PRVW
UHPDLQLQJ�851V
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Parser
XML Catalog

MQP

URN

URN

MQP

URL

URN
Optimizer

Policy
manager

Subplans

Cost estimates

Query
Engine

Subplans to evaluate

Mutated QP

XML Fragments

To next
 server

$UFKLWHFWXUH
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Join title

$�WDOH�RI�WKUHH�VHUYHUV

Display on bob’s computer

Join genre

urn:theaters:portlandurn:movies:reviews

Select playing tonight

Constant

<preferences><genr
e>Science Fiction
</genre><genre>...

%RE·V�SRUWDO�
LQVHUWV

�KLV�SUHIHUHQFHV�
LQ�WKH�SODQ���

At Bob’s Portal..

But has to 
resolve these 

URNs
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Join  title

5HVROYLQJ�851V

Display on bob’s computer

urn:theaters:portlandurn:movies:reviews

Select playing tonight

Join genre

Still at Bob’s Portal..

How about
Willamete

Week
for this one?

Constant

<preferences><genr
e>Science Fiction
</genre><genre>...
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 Join title

0XWDWLQJ���

Display on bob’s computer

Scan http://www.wweek.com/cgi?…urn:movies:reviews

Select playing tonight

�GHFLGHV�WR�
HYDOXDWH�

WKLV�VXESODQ

Join genre

At WWeek..

Constant

<preferences> <genre>
Science Fiction
</genre><genre>...
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Join  title

0RUH�PXWDWLQJ���

Display on bob’s computer

urn:movies:reviews

Constant

<films><film>
<title>Plan 9 from Outer
Space</title><theaters>
<theater><address>21340..

Join genre

Constant

<preferences> <genre>
Science Fiction
</genre><genre>...

Still at
WWeek..

::HHN�LQVHUWV�WKH�
SDUWLDO�UHVXOWV��

DQG�IRUZDUGV�WKH�
QHZ�0�4�3��WR

PRYLHV�\DKRR�FRP�
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'RQH�

Display on bob’s computer

Constant
<films><film><title>
Plan 9 from outer space
</title> <rating>
10/10</rating><theater>
<address>21340..

Yahoo
can now

evaluate the
whole plan...

… and send the
results to Bob!
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3LSHOLQHG�YV��0XWDQW

H[HFXWLRQ��7UDGHRIIV

❚ :H�JLYH�XS�

❙ �SDUDOOHOLVP�DQG�SLSHOLQHG�H[HFXWLRQ��ELJ�

❚ :H�JDLQ�

❙ UREXVWQHVV

❙ VLWH�DXWRQRP\

❙ DELOLW\�WR�UH�RSWLPL]H�RQ�HDFK�VHUYHU

❙ UHGXFHG�FRRUGLQDWLRQ�RYHUKHDG
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3HUIRUPDQFH�H[SHFWDWLRQV

&%

A

B

C

A

B

C

Time

$

% &

Pipelined plan

Mutant plan
5HVRXUFHV�DUH

UHOHDVHG�HDUOLHU

%HWWHU
ODWHQF\

5HVRXUFHV�[�7LPH
�´DUHDµ�PD\�EH�VPDOOHU�

A
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6RPH�LQLWLDO�UHVXOWV

❚ :H�KDYH�H[WHQGHG�1LDJDUD�ZLWK�LQLWLDO
VXSSRUW�IRU�ERWK�PXWDQW�DQG�SLSHOLQHG
GLVWULEXWHG�SODQV

❚ :H�WHVWHG�PDQXDOO\�RSWLPL]HG�PXWDQW�DQG
SLSHOLQHG�TXHU\�SODQV
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7HVW�VHWXS

❚ 7KH�TXHU\�ILQGV�DOO�WKH�OLQHV�RI�6LU�-RKQ
)DOVWDII�LQ�DOO�WKH�ZRUNV�RI�6KDNHVSHDUH

❚ 7KUHH�LGHQWLFDO�VHUYHUV

❙ VHUYHU�$�LV�WKH�FRRUGLQDWRU

❙ VHUYHU�%�VWRUHV�DOO�WKH�FRPHGLHV

❙ VHUYHU�&�VWRUHV�KLVWRULHV�DQG�WUDJHGLHV

❚ 7ZR�VFHQDULRV��ZLWK�VHUYHU�&�KDYLQJ
QRUPDO�RU�KLJK�ORDG
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3LSHOLQHG�SODQ

∪

Receive Receive

Server A

Send

σ Falstaff lines

Scan Comedies

Send

σ Falstaff lines

Scan Tragedies

Server B Server C
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0XWDQWV

Server A

Server B Server C

∪

σ

URN

∪

σ σ

URN URN

Client

Comedy
lines

All lines
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Latency     Footprint
  10.95sec 27.28sec

5HVXOWV��QRUPDO�ORDG�

0 10 20 30

Time (seconds)

C

B

A

S
er

ve
r

Pipelined plan (normal)

0 10 20 30

Time (seconds)

C

B

A

S
er

ve
r

Mutant plan (normal) Latency     Footprint
  13.85sec    14.56sec

Less than
B + C

for pipelined !
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0 5 10 15 20 25 30

Time (seconds)

C

B

A

S
er

ve
r

Pipelined plan (heavy load)

0 10 20 30

Time (seconds)

C

B

A

S
er

ve
r

Mutant plan (heavy load)

Latency     Footprint
  19.11sec 43.59sec

5HVXOWV��KHDY\�ORDG�RQ�&�

Latency     Footprint
  26.06sec 28.03sec

A has to wait
for C to finish!
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5HODWHG�ZRUN

❚ 3DUDFKXWH�TXHULHV��%RQQHW�DQG�7RPDVLF�

❙ 3DUWLDOO\�HYDOXDWH�D�TXHU\�HYHQ�ZKHQ�VRPH�VRXUFHV
DUH�XQUHDFKDEOH

❚ 2EMHFW*OREH��%UDXPDQGO�HW�DO��

❙ &HQWUDOL]HG�PHWDGDWD�PDLQWDLQDQFH

❙ GLVWULEXWHG�VWDWH�YV��ORFDO�VWDWH

❚ XE4/��6DKXJXHW�

❙ 043�VLPLODU�WR�³UHFUXLWLQJ´�VWUDWHJ\

❙ VHSDUDWH�GHSOR\PHQW�DQG�H[HFXWLRQ�SKDVHV

❚ 0RELOH�DJHQWV
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3DUWLDO�HYDOXDWLRQ�RI�H[DPSOH

SODQ

∪

Comedies URN → list of URLs

σspeaker=Falstaff

Parser

σspeaker=Falstaff

Tragedies URN

Scan operations

Speaker Line 

Speaker Line 

Cannot be 
evaluated

locally

Speaker Line 
Tuple
stream

Scan operations
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0XWDWHG�SODQ��LQ�;0/

<?xml version="1.0"?>

<!DOCTYPE plan SYSTEM "queryplan.dtd">

<plan top="union">

  <union id="union" input="from_comedies from_tragedies"/>

  <constant id=“from_comedies”>

    <stream>

       <tuple><elt><LINE>Now, Master Shallow, you'll
complain of me to the king?</LINE></elt></tuple>

       <tuple><elt><LINE>But not kissed your keeper's
daughter?</LINE></elt></tuple>

       <tuple><elt><LINE>I will answer it straight; I have
done all this.</LINE></elt></tuple>

       <!-- . . . Rest of result omitted . . . -->

    </stream>

  </constant>
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0XWDWHG�SODQ��LQ�;0/��FRQW��

  <resource id="tragedies”  urn="urn:niagara:tragedies"/>

  <scan id="speech" regexp="PLAY.ACT.SCENE.SPEECH"

        input = "tragedies"/>

  <scan id="speaker" type="content”

        regexp="SPEAKER" input = "speech"/>

  <scan id="line" root="$speech"

        regexp="LINE" input = "speaker"/>

  <select id="from_tragedies" input="line">

    <pred op="eq">

      <var value="$speaker"/>

      <string value="FALSTAFF"/>

    </pred>

  </select>

</plan>
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0XWDQW�TXHU\�RSWLPL]DWLRQ

❚ 0XWDQW�TXHU\�SODQV�EULQJ�XS�QHZ
RSWLPL]DWLRQ�SUREOHPV�DQG�RSSRUWXQLWLHV

❚ 6RPH�LGHDV�

❙ &RQVROLGDWLRQ

❙ 'HIHUPHQW

❙ 0XWDQW�VWUDLQV

❙ 5HVXOW�SDUNLQJ
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&RQVROLGDWLRQ

❚ $�VXE�SODQ�FDQ�EH�HYDOXDWHG�ORFDOO\�RQO\�LI�DOO�RI
LWV�OHDI�QRGHV�DUH�DYDLODEOH�ORFDOO\

Can be evaluated 
locally

Cannot be 
evaluated locally

C

A

B
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&RQVROLGDWLRQ��FRQW��

❚ &RQVROLGDWLRQ��UHRUGHULQJ�D�SODQ�VR�WKDW�PRUH
VXE�SODQV�EHFRPH�HYDOXDEOH

Can be evaluated 
locally

Cannot be 
evaluated locally

CA B
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'HIHUPHQW

❚ -XVW�EHFDXVH�ZH�FDQ�HYDOXDWH�D�VXE�SODQ��GRHV�QRW
PHDQ�ZH�VKRXOG

❚ ,I�$����&�LV�D�FDUWHVLDQ�SURGXFW��ZKLOH�$�����%�����&�LV
QRW���HYDOXDWLQJ�LW�ORFDOO\�LV�WKH�ZURQJ�WKLQJ�WR�GR�
EHFDXVH�LW�QHHGOHVVO\�LQFUHDVHV�WKH�VL]H�RI�WKH
RXWSXW�SODQ�
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0XWDQW�VWUDLQV

❚ 5HGXFLQJ�ODWHQF\�E\�IUDJPHQWLQJ�D�SODQ
LQWR�VPDOOHU�SODQV��WKDW�DUH�ODWHU�MRLQHG
WRJHWKHU�

❚ 9LVLWLQJ�Q�VHUYHUV�VHTXHQWLDOO\�

Server
1

Server
2

d 2d

Server
n

. . . 
n*d
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0XWDQW�VWUDLQV��FRQW��

❚ %UHDNLQJ�WKH�SODQ�LQWR�WZR�VWUDLQV�WKDW�YLVLW
DOWHUQDWH�VHUYHUV�UHGXFHV�WKH�GHOD\�E\�KDOI

Server
1

. . . Server
n

n*d/2

Server
2

Server
3
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*HWWLQJ�VRPH�SLSHOLQLQJ

❚ :H�FDQ�DOVR�XVH�PXWDQW�VWUDLQV�WR�UHGXFH
GHOD\�E\�EUHDNLQJ�WKH�WUDQVPLVVLRQ�RI�D
ODUJH�SODQ�LQWR�D�VHULHV�RI�VPDOOHU�SODQV�
)RU�H[DPSOH��LQVWHDG�RI�

A B
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3DUWLDO�UHVXOWV��FRQW��

❚ :H�FDQ�SDUWLRQ�WKH�ELJ�MRLQ�LQWR�DQ
HTXLYDOHQW�VHULHV�RI�VPDOOHU�MRLQV�

A B
. . .
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5HVXOW�SDUNLQJ

❚ 6XSSRVH�ZH�NQRZ�WKDW�WKH�UHVXOWV�RI
HYDOXDWLQJ�D�VXE�SODQ�ZLOO�QRW�EH�XVHG�LQ
WKH�QH[W�IHZ�GHVWLQDWLRQV�RI�WKH�043«

❚ :H�FDQ�³SDUN´�WKH�UHVXOWV�ORFDOO\��DQG
LQVHUW�D�WHPSRUDU\�85/�SRLQWLQJ�WR�WKH
FXUUHQW�VHUYHU�LQ�WKH�PXWDWHG�43

❚ $�VXEVHTXHQW�VHUYHU�WKDW�FDQ�QHHGV�WKH
UHVXOWV�FDQ�UHWULHYH�WKHP��RU�VHQG�WKH
043�EDFN
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7KHUH·V�PRUH�

❚ 5LFKHU�PHWDGDWD

&ROOHFW�DQG�GLVWULEXWH�PHWDGDWD�DERXW�VHUYHU
ORDG�DQG�FDSDELOLWLHV

❚ &RQWUROOHG�PXWDWLRQ

*LYH�WKH�XVHU�FRQWURO�RYHU�KRZ�043V�DUH
URXWHG�DQG�SURFHVVHG��SULYDF\�DQG�VHFXULW\
FRQFHUQV�

❚ 0HWD�PXWDQW�SURFHVVLQJ

❙ WULJJHULQJ��ORDG�EDODQFLQJ��FDFKLQJ
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&RQFOXVLRQV�	�IXWXUH�ZRUN

❚ 0XWDQW�TXHU\�SODQV�SDUW�RI�D�YLDEOH��VFDODEOH
IUDPHZRUN�IRU�GLVWULEXWHG�TXHULHV

❙ QR�QHHG�IRU�RPQLSRWHQW��RPQLVFLHQW�FRRUGLQDWRUV

❚ )XWXUH�ZRUN

❙ ,PSOHPHQW�RXU�LGHDV�IRU�PXWDQW�TXHU\�RSWLPL]DWLRQ�LQ
WKH�1LDJDUD�IUDPHZRUN

❙ &RQQHFW�ZLWK�LQIRUPDWLRQ�GLVFRYHU\�IDFLOLWLHV


