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DSFBTIJIOHWPMVNFPGBWBJMBCMFEBUBDBMMTGPSF DJFOUBGO
*OUIJTUIFTIT XFEFWJTFEJTUSJCVUFEBMHPSJUINTBOEUFDIO
TDBMFBOEIBOEMFIVHFEBUBTFUT 8FJOUSPEVDF) 3%' B GVMI
CJOFTUIF .BQ3FEVDF QSPDFTTJOH GSBNFXPSL XJUIB/P42-EJT
JOEFYFT PWFS )#"4& UBCMFT ) 3%' DBO QSPDFTTDPNQMFY RVF
PO CPUIUIF KPJO PSEFSJOH BOE UIF KPJO FYFDVUJPO +PJOTE
DFOUSBMJ[FE SFTPVSDFT EFQFOEJOH PO UIFJS DPTU 'VSUIFS
BEESFTTFTHSBQI CBTFE XPSLMPBE BEBQUJWF JOEFYJOH PG N
RVFSZ SFTVMUT "UUIFIFBSUPGUIFTZTUFN MJFT B 41"32- RVF
UIBUJTVTFEUPVOJRVFMZJOEFY BOE SFGFSFODF 41"32-RVFSZ
GPSNT 8FJOUFHSBUFPVSDBOPOJDBMMBCFMMJOHBMHPSJUIN
PSEFSUPHFOFSBUF UIFPQUJNBM KPJO FYFDVUJPO QMBO FYBN
USJOMF JOEFYFT BOE DBDIFE RVFSZ SFTVMUT #Z NPOJUPSJOH
JEFOUJGZBOEDBDIF41"32-RVFSJFTUIBU FWFOJGOPUFYQMJD
SFTQPOTF UJNF PG B XPSLMPBE sFQSPQPTFEDBDIFJT NPEVMI
XJUIEJ FSFOU3%' TUPSFT
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BCZUFT QFS IPVS 5P IBOEMFBOBMZUJDT PWFS TVDI EBUBTFUT XF
JI[FE PQFO TPVSDF BOBMZUJDT TZTUFN GPS OFUXPSL USB D EBUB
TUPSBHF TDIFNFTUP TVQQPSU GBTUKPJOBMHPSJUINT BOEF DJFO
CSJFG %BUJY NBOBHFTUPF DJFOUMZBOTXFS RVFSJFT XJUIJO NJ
IPVSTQSPDFTTJOH XIFOFYFDVUJOHFYJTUJOH 1ZUIPO CBTFE DPEF
BDIJFWFTOFBSMZ TQFFEVQDPNQBSFEUPCBTFMJOFRVFSZ JNQ!I
BOBMZUJDT FOHJOFTTVDIBT )JWFBOE 4IBSL
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User interface and applications

Proof
Unifying Logic
Ontologies: Rules: A
Querying: OWL RIF/SWRL g
SPARQL . =4
Taxonomies:RDFS a
o
=
=
b

Data interchange:RDF

Syntax:XML

Identifiers: URI Character Set: UNICODE
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DB&Ih RDF-encoded Wikipedia 1.89 billion triples
B UEEHDF RDF-encoded biological data 2.7 billion triples
@ DATA GOy US government data in RDF 5 billion triples
Web Challenge Crawled Web data 2 billion triples
Census' US population statistics 1 billion triples
\ 2010
% Yago facts from Wikipedia,
YaE0o Wordnet, Geonames 0.12 billion triples
Linked Open Data cloud 30 billion triples
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. Predicate
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subject ———=| "object

Resource Literal
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educated guesses
week 45 |  of ground-truth

IPs 232,460,635 | unknown < 2°¢
#ASes 42,825 approx. 43K
Subnets 445,051 450K+
countries 242 250
IPs 1,488,286 unknown
#ASes 19,824 unknown
Subnets 75,841 unknown
Countries 200 250
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"M HP S JU $Hlectivity estimation

1 GV O Dd¢lé®iaty (edge, auxy

2 -*-"(00<B $.(*$)1()<h&x1IB GP 1-

3 selectivity % 1

4  J@&lge.isStarLabel) UIFO

5 J &lge.skeletonStarSubgraphlsomorphid¢aux) UIF O

6 aux.setN ewCanonicalV ariableM apping ()

7 selectivity % 2 + patternsT oBeJoined()

8 FMTF

9 SFUWSO

10 FOE

11 FMTF

12 G R$ aux.get(edge.variable EP

13 8*$"4-B 4/901()<1&1 B1&B )0O9B

14 J&lge.subsumega) UIFO

15 J&isFilter UIFO

16 J@&lge.isindexed Ul F O

17 $.(*$)1()<1&1 3:*1/-20%$4/90&1-2%$)1(0&191-2 3&/&08+-2

.-1$*800 1-B

18 selectivity % selectivity " filterSelectivity (a)
19 FOE
20 F M Tekisd @nV ariable B Odglge.isNotindexed U | F O
21 selectivity % selectivity " 2
22 FOE
23 FMTF
24 SFU¥SO
25 FOE
26 FOE
27 FOE

28 S F U ¥ektlivity
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"MHP S JUékécuteQuery

1 GV O DéxddateQuery(query)
(g,aux) % abstractQuery(query)
R BCTUSBDURVFSZ BVY BVYJMJBSZRVFSZJOGP
cacheRequest» {}
plan % DP ccp(q, aux, cacheRequesty
results % executg(plan); 3% ' FOHJOF
IBOEMFEP JOFCZUIF $BDIF$POUSPMMFS UISFBE
CacheController.cacheResults(results)
CacheController.addRequestBenefits (cacheRequests, qlD
CacheController.addResultBenefit (g, plan)
G V O DdacheResultgresults)
DBDIFDPNQVUFE SFTVMUT
G PeSult + results EP
HFUUIF SFTQFDUJWFCFOFmMU GSPNUIFDBDIFSFRVFTUT
request% CacheRequests.gdfresult)
result.benefit % request.benefit
result.querylDs % request.querylDs
cachdresult, result.benefit )
FOE
G V O DaddmequestBenefits(cacheRequests, qID
G Rr8q, benefit) + cacheRequestsk P
addBenefit (req.skeletonLabel, req.starLabel, req.aux, benefit, gID)
FOE
G V O DadddreesultBenefit (g, plan)
VQEBUFUIFCFOFmUPG VUIJMIJ[FEDBDIFE SFTVMUT
G Pe8ult + plan.usedCachedResults E P
newP lan % DP ccpW ithoutResult (q, result)
result.benefit + = ( newPlan.cost# plan.cost)
FOE
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"MHP S JU&dBenefit

1 GV O DadidBreoefit (skeletonLabel, starLabel, aux, benefit, qID )
skeletonLabel, starLabel: UIF DBOPOJDBM MBCFMT PG UIFBCTUSBDU RVFSZ HES
aux: BVYIJMJIJBSZ RVFSZJOGP mMUFST QSPKFDUJPOT FUD
benefit : UIFFTUJNBUFE CFOFmU GPS UIF RVFSZ
glD: UIF RVFSZ *%
aux.addStarLabel(starLabel)
benefitTree % CacheRequests.gdtskeletonLabel)
treeAddBenefit (benefitT ree.root, aux, benefit, 1,qID)
G V O DtkedAd@Benefit (node, aux, benefit, s, qlD)
s: QBSFOUOPEFTFMFDUJWJUZ
J&x.isEmpty () UIFO
addChild (benefit, s,qlD )
FMTF
alnfo % aux.next()
J@nfo.isStarLabel () UIFO
newEdgelfNotExists (alnfo.getLabel ()
FMTF
addChild (benefit, s,qID )
newEdgelfNotExists ( A,Andex W
newEdgelfNotExists (alnfo)
FOE
G Reslge, child + node.children() E P
DIFDLVTBCIJMJUZ TFMFDUJIJWJUZPGFYJTUJOH FEHFT
selectivity % s" selectivity (edge, alnfo)
QSVOFTVCUSERET XJUI
J Benefit # selectivity " R/thr) > 0 UIFO
treeAddBenefit (child, aux, benefit, selectivity )
FOE
FOE
FOE
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"M HP S JUCIsdcheControllerP eriodicP rocess

NFUIPETUIBUSVOJODPOmMHVSBCMF UJNFPSRVFSZJOUFSWBMT
G V O DupdareBenefits ()
OrderedResults: CFOFmU PSEFSFE MJTU PG DBDIFE SFTVMUT
G PeSult + ResultCache E P
EFDSFBTFCFOFmMU XJUIUJNRPYadAH EFDBZ QBSBNBUFS
result.benefit = result.benefit " a
OrderedResults.insert (result)
FOE
OrderedRequests: CFOFmMU PSEFSFE MJTU XJUINBY TJ[F
G Peguest + CacheRequestskE P
EFDSFBTFCFOFmMU XJUIUJNF
request.benefit = request.benefit" a
OrderedRequests.insert(request)
FOE
SFNPWFDBDIF SFRVFTUT UIBUBSFOPUJOOSEFSFE3FRVFTUT
removeF romCacheRequest§OrderedRequesty
G Peguest + OrderedRequests E P
FTUIJINBUFDPTU GPS OFcp) SFRVFTUT VTJOH
request.benefit = request.benefit/ estimateCost()
FOE
G V O DpyafilleQueryGeneration ()
22 JUFSBUFJOEFDSFBTJOHPSEFSPGCFOFmMmU DPTU
23 G Pef + OrderedRequests E P

O 0 NN Ut W N =

NN e e e e e e e e e
= O 0 00 NN W = O

24 QSPBDUJWFMZDIFDLDBDIF SFQMBDFNFOU
25 evict % evictions (estimateSize(req), req.benefit)

26 J&ict.satisfied UIFO

27 result % executeQuery(req)

28 SFUVSO

29 FOE

30 FOE
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"M HP S JUtachingP olicy

1 GV O Ddachg @sult, benefit )

2 evict % evictions(result.size, benefit))

3  J&ict.satisfied UIFO

4 removeCachedResultgevict)

5 cacheResul{(result.V, result.E, result.aux, result.size )
6 decreaseBenefits(result.querylDs )

7 SFUVSO

8 FOE

9 GV O Davigthvas (size, benefit)

10 DBDIF SFQMBDFNFOU QPMJDZ
11 evict % {}

12 J&vailableCacheSize3 size UIFO

13 evict.satisfied = true

14 SFUWWKD

15 FOE

16 JUFSBUF DBDIFESFTVMUTJO EFDSFBTJOHCFOFmMU PSEFS
17 G PeSult + OrderedResults E P

18 J@sult.benefit 4 benefit UIFO
19 evict.add(result)

20 J &ict.totalSize 3 size UIFO
21 CSFBL

22 FOE

23 FOE

24 FOE

25 J &vict.totalSize 3 size UIFO

26 evict.satisfied = true

27 FMTF

28 evict.satisfied = false

29 FOE

30 S FUED
31 GV O Devigtiv@s(size, benefit)
32 G Peguest+ CacheRequestsE P

33 oldSize % request.querylDs.size
34 SFNPWF DPNNPO RVFSZ*%T
35 request.querylDs = request.querylDs \ querylDs
36 newSize % request.querylDs.size
37 request.benefit = request.benefit" newSizel oldSize
38 FOE
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