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Overview

- Temporal RDF processing : alternative ...
- Data models
* Processing models
« EXpression

- Exemplified by
 Archival : Diachron
« Stream : C-SPARQL, CQELS, SPARQLStream,
EP-SPARQL, INSTANS, R&WBase,
STRABON
» Dydra : in terms of transaction time
* capabilities
* benefits

- Goal : raise three questions
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Three Questions

- How to align levels?
* interfaces and protocols
« schematic, conceptual

» physical, concrete representation
* IS CLOCK_MONOTONIC pervasive

«  Why monolithic expressions?
- dataset

* projection

- Why homogeneous temporality?
- static, archival

+ dynamic, stream

ESWC 2016 Simple Transaction Time o"‘o



Precedent: TSQL

« TSQLyz
« Data:(0O+xT)
« concerns the temporal properties of tuples

» EXpression

CREATE TABLE Employee(

Name VARCHAR(30),
Manager VARCHAR(30) VALIDTIME REFERENCES Employee (Name), Dept

VARCHAR(20)) AS VALIDTIME PERIOD(DATE)
ALTER TABLE Employee ADD TRANSACTIONTIME

TRANSACTIONTIME SELECT Dept, COUNT(*) FROM Employee
GROUP BY Dept
HAVING COUNT(x) > 25

[3]

[1] : <https://www.cs.arizona.edu/~rts/initiatives/tsql2/tsqldesignapproach.pdf>
[2] : <http://timecenter.cs.aau.dk/TimeCenterPublications/TR-1.pdf>
[3] : <http://timecenter.cs.aau.dk/TimeCenterPublications/TR-8.pdf>
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Precedent: Temporal RDF

. Temporal RDF;
Data: ((SxPxO)xT)
* Processing
» EXpression
TriplePattern ::= (Subject Predicate 0Object ) : [T]

In scenarios where changes are frequent and only affecting a few elements of the document, creating
a new physical version of the graph each time an update occurs may lead to large overheads when
processing temporal queries that span multiple versions.[1]

[2]
[1] : <http://users.dcc.uchile.cl/~cgutierr/papers/temporalRDF.pdf>

6
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Precedent: R&W Base

« R&W Base;
 Data: ((SxPx0)xT)

* Processing
- SPARQL rewriting
- delegation to endpoint

» EXpression

Datatset ::= FROM VersionIri

[2]
[1] : <http://events.linkeddata.org/ldow2013/papers/Idow2013-paper-01.pdf>
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Precedent: C-SPARQL

¢ CSPARQLU]
Data: ((SxPxO)xT)
* Processing
- DSMS constitutes snapshot
- SPARQL processor interprets snapshot as dataset
» EXpression

Datatset ::= FROM Iri Window ?
Window ::= ( RANGE Number TimeUnit ( ( STEP Number TimeUnit ) | TUMBLING ) )
| ¢ TRIPLES Number )
Continuous
SPARQL
Query |

C-SPARQL Engine

Continuous SPARQL
Query Query
G [ CINE
F3333 | osws | 39 spARQL | chet e
g «3< | Engine :’u:m”
Geded-ied 3

[2]

[1] : <http://www09.sigmod.org/sigmod/record/issues/1003/p20.article.barbieri.pdf>
[2] : <https://www.w3.org/community/rsp/wiki/images/thumb/c/c4/C-sparql-engine.jpg/800px-C-spargl-engine.jpg>
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Precedent: CQELS

¢ CKDELfiﬂ
Data: ((SxPxO)=xT)*+ ((SxPx0)*xT)
* Processing
- Windowing constitutes snapshot dataset
- Relational SPARQL processor interprets
« Streaming re-generates a stream

« EXpression

GraphPatternNotTriples ::= ... | StreamGraphPattern
StreamGraphPattern ::= ( RANGE [ Window ] VarOrIRIReference { TriplesTemplate }
Window ::= ( RANGE Number TimeUnit ( SLIDE Number TimelUnit ) ? )
| ¢ TRIPLES Number ) | NOW | ALL ‘
CQELS-QL
Query
afaede o af«fedafad
oBefefede’| CQELS | o@lale
33533 Engine | 2232528
aeged «8 EEECEEED 2]

[1] : <http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.361.1369>
[2] : <https://www.w3.org/community/rsp/wiki/images/7/7f/Cqgels-engine.jpg>
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Precedent: SPARQL Stream

° SPARQL Stream
Data: ((SxPxO)xT)

* Processing
- transform and delegate to DSMS

« EXpression

Datatset ::= FROM STREAM Iri Window ?
Window ::= FROM NOW ( - Number TimeUnit )?
TO NOW C - Number TimeUnit )P SPARQL
( STEP Number TimeUnit ) ? Stream
Query
Morph | e§«fadedeg
R2RML RERRE

——— | Stream

EEOECEED
; EODEEEDED
Engine | guEcmono

Continuous
Query
ENOECEEDE
EODEEODOOm
BEEECORODODOE
ssmomnoos | DSMS
EOENOREOO00
EOROREODC

[2]

[1] : <http://oa.upm.es/5121/1/Enabling_Ontology-based_Access_to_Streaming_Data_Sources.pdf>
[2] : <https://www.w3.org/community/rsp/wiki/File:Morph-streams.png>
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Precedent: EP-SPARQL

. EP -SPARQL][1]
Data: ((SxPxO) =T xT)
* Processing :
- transform and delegate to Prolog

« EXpression

GraphPatternNotTriples ::= ... | SeqGraphPattern
| EqualsGraphPattern EP-SPARQL
| OptionalSeqGraphPattern Query
| OptionalEqualsGraphPattern
P ! P e -1ed g degeded
NullOperator ::= ... | getDURATION oQeFedef ETALIS | eBoRZoBed
| getENDTIME cGeefaed Engine |EEomomEen
| getSTARTTIME «Geged+lad BEEomooo
Logic
Program
Prolog
Engine
[2]

[1] : <http://www.wwwconference.org/proceedings/www2011/proceedings/p635.pdf>
[2] : <https://www.w3.0org/community/rsp/wiki/images/c/cb/Etalis.png>

6

ESWC 2016 Simple Transaction Time o4



Precedent: INSTANS

« INSTANS
 Data: (SxPx0)
* Processing :
- Rete network propagation

« EXpression

Ver‘b - - | :haSNIndOW adri/”r;ren:ve \
/ 0-matcher
Input/output

connectors add/remove
triples

/
Network ( / \
a a a a

Triple store

file ¢ addremove Instance B network
triples

Process

Function

instance

\ Rule instance queue
ins instance

Instance e
RETE engine | / [ 2]

[1] : <http://iswc2012.semanticweb.org/sites/default/files/paper_22.pdf>
[2] : <http://iswc2012.semanticweb.org/sites/default/files/paper_22.pdf>

6
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Precedent: DIACHRON

« Diachronp
» Data:(§xPx0)
* Processing :
- SPARQL evaluation of DIACHRON query
« EXpression

SourceClause ::= ... | ( FROM DATASET URI ( AT VERSION URI )? )
| ¢ FROM CHANGES URI ( BEFORE VERSION URI )? )
| ( AFTER VERSION URI )
| ( BETWEEN VERSIONS URI URI )

SourcePattern ::= ... | (DATASET URI ( AT VERSION URI )? )
| ( CHANGES URI ( BEFORE VERSION URI )? ) e e e e e
| C AFTER VERSION URI ) | )|
| ( BETWEEN VERSIONS URI URI ) ‘ ]

[2]
[1] : <http://arxiv.org/pdf/1504.01891.pdf>
[2] : <http://arxiv.org/pdf/1504.01891.pdf>
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Alternatively: Dydra

« Dydran,
« Data: ((SxPxOxG)*=xR)

Processing :
- SPARQL, semantics analogous to named graphs

* EXxpression:

GraphPatternNotTriples ::= ... | RevisionGraphPattern

RevisionGraphPattern ::= REVISION ( Var | RevisionRef | String ) GroupGraphPattern

RevisionRef ::= ( R Integer ? / ) ? RevisionRelation (3]
RevisionRelation ::= ( Revision ( / Revision )? ) | ( / Revision ) | XPathDuration )
( / C XPathDuration | Integer ) )?
Revision ::= UUID | /HEAD(~[0-9]+)?/ | XPathDateTime SPARQL
NullOperator ::= ... | THEN Query
SPARQL ogefadeded
Update SPARQL| e@edeTege]
o@«fagafad Engine Graph
= oFoFetoe] or
o= GSP Solution
( e ) Request RDF|  Response
DE= | = J3333| st
[1] : <http://dydra.com> 2]
[2] : <http://arxiv.org/pdf/1504.01891.pdf> (sampled)
3] : <https://en.wikipedia.org/wiki/ISO_8601> :
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Dydra: Architecture

~ Y ™~
( Dydra Web UI J ( WEB Ul ] ( HTTP API ) Interfaces
( ADMIN API ) ( SPARQL 1.1 Protocol and Graph Store HTTP Protocol ) APIs
S Repository ( SPARQL Processor "\ (~ Graph Store Processor ) §
15 .« e q ~
Administration Q
S
E C Parser : 2 productions j RDF Ry
RY )
- - e
E ( eesions ) ( Aigebra: 203/15,154500c ) Import L
3 C D :
Modeller: 0/296,943 sloc Export Q 3
g JIL ) y Internal Processing
( Shared Memory Connector
g A J

Data Store

Data Data Indexer : Transaction Pattern Data
Loader 1,921 /101,416 sloc manager Processor Emitter

Store

[1] : <http://dydra.com>
[2] : < sampled
£
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Dydra: Data-Flow

4 "~ ™
( Dydra Web UI J ( WEB Ul ] ( HTTP API Interfaces
( ADMIN API ) DELETE GET PATCH POST PUT HTTP Methods
L " - < " o .‘ ’ 3 D
S Repository ( SPARQL Precessor_ . A s Grgph Store Processor S
£ | Administration PR g-. ) L ‘ g
E C Parser : 2 productions j S e | © ;?
R o
< |G ) 3
g LSRN C Algebra: 293/15,154 sloc j Import m o
] s / §
< Modeller: 0/296,943 sl N Export .
C odeler: 0/ oo j . ° @ Internal Processing
. . \ L M M e = ‘J '.
.’ '] o € < » ‘s S e o

l ' COUNT ' ' DELETE ' ' INSERT ' ' MATCH ' ' SCAN ' l Store Operators

. X~ r D,
Data Store
Store
Data Data Indexer : Transaction Pattern Data
Loader 1,921 /101,416 sloc manager Processor Emitter

[1] : <http://dydra.com>
[2] : < sampled
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By Analogy to Graph Provenance

Named graphs originated as provenance designators
Evolved to permit assertions about statement sets

Temporal coincidence is analogous to physical or conceptual
* but neither equivalent nor autonomous

Add a REVISION clause to the SPARQL -- RDF API

RevisionGraphPattern ::= REVISION ( Var | RevisionRef | String ) GroupGraphPattern
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Dydra : Revision Designators

- Elementary
« absolute: vurp ; 01234567-0123-0123-012345678901
* relative : /HEAD(~[0-97+)?/ : HEAD~1, HEAD~1..HEAD

» temporal : xpathpateTime : 20150303T1800002

- Compound
* Interval : rsornterval ; 20150303T1800002/PT10M
* Stream : isorepeatinginterval : R/20150303T1800002/PT10M/PTOIM
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Dydra : Revision Clauses

Constant

« absolute: revision vup { ... }

* relative : rRevision /HEAD(~[0-97+)?/ { ... }
» temporal : reviston xpathpateTime { ... }

- Variable
° SlP . { Psubject :revision Prevision } ... REVISION P?revision { ... }
* Protocol : HTTP://...PREVISION=UUID ... REVISION ?revision { ... }

In’[ra-RepOSitory . REVISION ?revision { Psubject a Pclass }

EXtra'RepOSitory . SERVICE ?revisionEndpoint { Psubject a ?class }
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Dydra: RSP

SPARQL
Query
SPARQL : ofe?aeBel
Update SPARQL| e@e@ele@el
Lot ol oo Engine Graph
Bodtedes o
GSP Solution
Request RDF|  Response
o eFeFaged Store
Fodeod et
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PREFIX c: <http://linkedurbandata.org/city#>
PREFIX t: <http://linkedurbandata.org/traffic#>

select Ptime  ?trafficCamera Ppassages ravgSpeed where {
# select tollgates in some region (static base data)
{{ select ?trafficCamera where {
?trafficCamera <http://wwnw.w3.org/2003/01/geo/wgs84_pos#lat> Plat .
?trafficCamera <http://wWwnw.w3.org/2003/01/geo/wgs84_pos#long> ?long .
filter ( (Plat >= 24.01804) 8&& (?lat <= 29.92432)
&& (Plong >= 23.65375) && (Plong <= 26.26277) )
I,

reduce that set to those with some activity level
select ?trafficCamera (count(Poffense) as Poffenses)
where {
Pincident t:incident ?trafficCamera .
?incident <http://purl.oclc.org/NET/UNIS/sao/sao#Timestamp> ?
timestamp .
} group by ?trafficCamera (year(?timestamp)) (month(?timestamp))

- 3

}
filter (Poffenses > 100) }
# look for incidents at that location
bind (iri(concat(str(?trafficCamera), 'Prevision=R/HEAD/PT10M/PTO1IM'))
as ?trafficService)
service PtrafficService {
select (count(Preading) as ?passages)
(avg(P?speed) as PavgSpeed)
(then() as Ptimestamp)
where { Preading t:speed Pspeed .}

}
}

filter (PavgSpeed > 70)
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(select
(service ?trafficService
(select
(bgp (triple Preading <http://linkedurbandata.org/traffic#ispeed> ?speed))
(:HAVING (> PavgSpeed 70) (Ppassages (count ?reading))
(PavgSpeed (avg Pspeed)) (Ptimestamp (then))))
(extend
(Join
(select
(bgp
(triple Pincident <http://linkedurbandata.org/traffic#incident> ?trafficCamera)
(triple Pincident <http://purl.oclc.org/NET/UNIS/sao/sao#Timestamp> ?timestamp))
(:HAVING (> Poffenses 100) :GROUP-BY
(?trafficCamera (P?KEY-1 (year Ptimestamp)) (??KEY-2 (month Ptimestamp)))
?trafficCamera (Poffenses (count Poffense))))
(select
(filter
(bgp (triple PtrafficCamera <http://www.w3.org/2003/01/geo/wgs84_pos#lat> ?lat)
(triple ?trafficCamera <http://waw.w3.org/2003/01/geo/wgs84_pos#long> Plong))
(88 (>= ?lat 30623/1275)
(8&8& (<= P?long 39079/1488)
(8& (<= ?lat 35191/1176) (>= ?long 18923/800)))))
(PtrafficCamera)))
PtrafficService
(iri
(concat (str ?trafficCamera) "Prevision=R/HEAD/PT10M/PTO1M")))
:QUERY-TEXT
"SELECT ( COUNT ( ?reading ) AS ?passages ) ( AVG ( P?speed ) AS PavgSpeed ) ( THEN ( )
AS Ptimestamp ) WHERE { Preading <http://linkedurbandata.org/traffic#speed> Pspeed . } HAVING ( ?
avgSpeed > 70 ) ")
(?trafficCamera ?time ?passages PavgSpeed))

6
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Dydra : Processing Model

select (?time ?trafficCamera ?passages ?avgSpeed)

!

filter ( > ?avgSpeed "70"""<http://www.w3.0rg/2001/XMLSchema#integer> )

select (( ?passages ( count ?reading ) ) ( ?avgSpeed ( avg ?speed ) ) extend ?trafficService :
( ?timestamp ( then ) )) ( iri ( concat ( str ?trafficCamera ) "?revision=R/HEAD/PT10M/PTO1M" ) )
@ filter ( > ?offenses "100"""<http://www.w3.0rg/2001/XMLSchema#integer> )

(?reading <http://linkedurbandata.org/traffic#speed> ?speed)

select (GROUP-BY

( ?trafficCamera ( ??KEY-1 ( year ?timestamp ) ) ( ??KEY-2 ( month ?timestamp ) ) )
?trafficCamera ( ?offenses ( count ?offense ) ))

select (?trafficCamera) ‘

T

filter ( ( >= ?lat "24.01804"""<http://www.w3.0rg/2001/XMLSchema#decimal> )
&& ( <= ?long "26.26277"""<http://www.w3.0rg/2001/XMLSchema#decimal> )
&& ( <= ?lat "29.92432"""<http://www.w3.0rg/2001/XMLSchema#decimal> )
( >= ?long "23.65375"""<http://www.w3.0rg/2001/XMLSchema#decimal> )

)

< (?incident <http://linkedurbandata.org/traffic#incident> ?trafficCamera) > < (?incident <http://purl.oclc.org/NET/UNIS/sao/sao#Timestamp> ?timestamp) >

(?trafficCamera lat ?lat)

(?trafficCamera long ?long)
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Dydra: Examples

* http://dydra.com/schema-org-test/schema-org
* http://dydra.com/schema-org-test/provenance

* http://dydra.com/schemal/efo
- http://dydra.com/schema/efo-provenance
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Dydra: Query @Revision

' ‘ DYDRA Home About Docs Blog MyAccount Logout

Schema_org_test / Schema_Org Query Log Endpoint URL Back to Repository
v Views + Name: revisions » Run B Save @ Save as @ Clear
Count of properties 1 | select ?revision ?date
2 |where {
Count of types 3 revision Zrevision {
Deprecations 4 bind (then() as 7date)
Medical properties : ; }
Medical schemas -
revisions 8
» Default Prefixes ?
. — £\
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Dydra: View @Revision

dydra.com/schema-org-test/schema-org/revisions.html

43 revisions

revision

urn:uuid:ad278158-020b-b940-a137-f721b69fa314
urn:uuid:604759b6-4a75-b547-b1e1-29589cca6948
urn:uuid:0e65df72-ae2e-bc42-81af-ef8d6756197d
urn:uuid:58acf71d-04e2-dd4a-98cb-081a46d809a2
urn:uuid:a13c21b6-4c14-db42-85a4-bf5dd34dble
urn:uuid:4cfa489e-c6b8-9b4c-96e2-bd0fd48d4f50
urn:uuid:879ccfcc-52c2-8049-8d43-23772758b8c4
urn:uuid:133ac8b1-83b7-ef43-aB8ea-c948511402ac
urn:uuid:50bd2160-0069-7a49-80a2-174a76f9576b
urn:uuid:3be0878b-61a7-c846-91de-433e69937dae
urn:uuid:f57db3d0-68aa-f44f-b9e2-4d822e31529a

urn:uuid:b51af61c-1568-944e-a0c6-1be3e860a469

® Download ~

date

2015-09-01T10:01:02.771288Z

2015-09-01T10:00:51.96827Z

2015-09-01T10:00:40.918747Z

2015-09-01T10:00:30.002933Z

2015-09-01T10:00:18.995734Z

2015-09-01T10:00:08.27253Z

2015-09-01T09:59:57.491989Z

2015-09-01T09:59:46.670262Z

2015-09-01T09:59:35.789613Z

2015-09-01T09:59:24.893212Z

2015-09-01T09:59:14.034819Z

2015-09-01T09:59:03.213645Z

<
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Dydra: Query @Revision

select %
where {
{ revision <urn:uuid:604759b6-4a75-b547-b1e1-29589¢ccab6948> {
{ select (count(x) as Pcount) where {?s ?p Po} }
bind (then() as ?date)
bind ("as UUID" as ?form)
}
} union
{ revision "HEAD~1" {
{ select (count(x) as Pcount) where {?s ?p Po} }
bind (then() as ?date)
bind ("relative" as ?form)
}
} union
{ revision "2015-09-01T09:57:07" {
{ select (count(x) as Pcount) where {?s ?p Po} }
bind (then() as ?date)
bind ("by date" as ?form)
}
}
}

6
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Dydra: View @Revision

dydra.com/schema-org-test/schema-org/specific-revisions.htmi

. - - - -

43 specific revisions ® Douioad
count ¢ date ¢ form -
11094 2015-09-01T10:00:51.96827Z as UUID
11094 2015-09-01T10:00:51.96827Z relative
2771 2015-09-01T09:57:06.177342Z by date

Simple Transaction Time
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\rdfs:subClassOf /rdfs:subClassOf

rdfsisubClassOf [rdfs:subClassOf

Provenance Recording

Tdfype

dfs:subClassOf

E

dfitype

dfs:subClassOf

rdfitypel

 revision/7fd75320-285¢-0

prov-hadMember

130-647¢-76¢b6001b40d_

.~
broviwasRevisionOf

Prov:wasAssociated With provawaslnvalidatedBy

By provaused

T~

revision/7fd7.

transaction/6b7¢5700-285¢-0130-23b9-

2856-0130-647¢-76b6001b40d__
/130-647¢- 766060010404

prov:gen€atedatedB)

-
query/6b7¢5700-285¢-0130-23b9-76¢b6001b40d

provhadPlan

fprov:started AtTime

20111231T235959Z

Datatype: xsd:dateTime

ESWC 2016

roviended AtTime

prov:started AtTime

proviendedAtTime \prov:started AtTime fprovilocation  prov:value

20121231T235959Z

Datatype: xsd:dateTime

‘ 20121231T235958Z | Datatype: xsd:dateTime ‘ 192.168.1.1 ‘ ‘ delete {2 2p %0 ) where { 2 a statement }

Simple Transaction Time




Dydra: as SPARQL endpoint

select PversionId Ptitle Pterm Pcomment
where {
{ service <http://localhost/schema-org-test/provenance> {
select P?location ?versionId Pendpoint ?title
where {
Prevision <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <urn:dydra:Revision> .
{ graph ?revision {
Prevision <http://www.w3.org/ns/sparql-service-description#endpoint> ?endpoint .
Prevision <http://purl.org/dc/elements/1.1/title> ?title .
Prevision <http://usefulinc.com/ns/doap#revision> ?versionId .

}
}
}
¥
}

service rendpoint {
?term <http://waw.w3.0rg/2000/01/rdf-schemasicomment> ?comment .
filter (regex(Pcomment, '.xdeprecat.x'))
+
by

6
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Storage Model: Evolution

1. Next, "change based" @statement id
- efficient HEAD access

 jnefficient urn:uuid? access
« space efficient
 inefficient mutation at scale
2. Initially, "independent copies" @quad term id
 efficient HEAD access
« efficient urn:uuid? access
- space inefficient
- inefficient mutation at scale
3. Current, "time-slice based" (various)
« OIAl HEAD access
« OIAl urn:uuid? access
 space efficient

- efficient mutation at scale
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Storage Model: Current

« Current, "time-slice based" (various)
« OIAl HEAD access
« OIAl urn:uuid? access
 space efficient
- efficient mutation at scale

« Analogous to T-SPARQL1, but where T is
anisotropic, with one dimension - transaction time,

comprising UUID values and the others as
application concerns.

[1] : Grandi : <http://www-db.deis.unibo.it/~fgrandi/papers/GraphQ10.pdf> R
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Results: Update Processing

- Time : efficient mutation at scale
- effort proportional to mutation size (+ / -)

« Space
- initial space requirements (initially sub-optimal)
+ subsequent compaction (2x)

« Detrimental practices

+ Zero-sum non-monotonic updates
+ blank nodes
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Query Processing Performance

* indexed revisions v/s materialized
* spurious b+tree
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ontology

gist
schema.org
STW

efo

efo

revisions

16
23

7

144
@2.69

files (MB)

2.9
19.1
94.2

1,384.0

2.8

quads
total
47,273
156,150
771,375
12,807,240
260,503

Space

HEAD
849
9,144
108,967
260,503
260,503

store (MB)

38.4
40.6
240.0
4,270
84.6

bytes/quad

851
273
311
358
324
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Thank you

4% DYDRA

James Anderson <james@dydra.com>
Arto Bendiken <arto@dydra.com>

@dydradata @lomoramic @bendiken
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