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Separated Execution Approach
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Properties of Separated Execution -

 Advantage: straightforward to implement

 Can be combined with any
source selection strategy

A traditional query execution
plan might then be used for
constructing the result

 Downside: First solutions cannot
be reported before data retrieval
has been completed
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Integrated Execution Approac
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Integrated Execution Approaches

... iIntertwine
data retrieval and
result construction

* Implementations may report
first solutions early

 For monotonic queries

 Implementations may process
data in a streaming manner

* May require less query-local
memory (b/c query-local dataset
need not be materialized)

 Can also be combined with any
source selection strategy
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Push-Based Implementation

 Each operator runs as an
asynchronous thread

 Connected via
message queues

TP Operator

TP Operator TP Operator

Data Reirieva
Operator
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Push-Based Implementation

 Each operator runs as an
asynchronous thread

« Connected via

message queues '\

 Data retrieval operator TP Operator

 May apply any possible
source selection strategy

» Usually, implemented via ator
multiple lookup threads

* Pushes any incoming \
matching triple to the

corresponding triple
pattern operator

Data Retrieval
Operator
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Push-Based Implementation (

TP Operator
( 2i, rdf:type, Book )

TP Operator TP Operator
( ?p, interested in, ?i) ( ?p, affiliated with, orgax )

Data Retrieval
OQerfator
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Push-Based Implementation (E

TP Operator
( 2i, rdf:type, Book )

{ ?p — alice }

~
TP Operator TP Operator
( ?p, interested in, ?i) ( ?p, affiliated with, orgax )

( alice, affiliated with, orgax )

~ Data Retrieval
« berato

( alice, affiliated with, orgax )
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Push-Based Implementation (E

{ ?p — alice, 72 — yoga }

TP Operator
( 2i, rdf:type, Book )

{ ?p — alice }

(7p — alice, 7 — yoga}

~ ~
TP Operator TP Operator
( ?p, interested in, ?i) ( ?p, affiliated with, orgax )

-~
( alice, interested in, yoga ) \

( alice, interested in, yoga )
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Symmetric Hash Join (SHJ)

 Maintains a hash table for each input

« Same hash function for both tables

« Each bucket contains a set of input solutions

Buck

AL

{?p — alice,?0 — orgax}
{?p — eve,?0 — orgax}

W N -~ H

{?p — alice,?i — yoga}

{?p — bob,?i — tea}, {?p — bob,?i — chess}




How SHJ Processes Incoming S

« Hash the value that y,,,; binds to the join variable

Buck

{?p — alice,?0 — orgax}
{?p — eve,?0 — orgax}

W N -~ H

{?p — alice,?i — yoga}

{?p — bob,?i — tea}, {?p — bob,?i — chess}

o

Minput = {?p — bob,?0 — acme}
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How SHJ Processes Incoming S

« Hash the value that y,,,; binds to the join variable

* Insert u,,,: iInto the corresponding input hash table

Bucke
{?p — alice,?0 — orgax}
{?p — eve,?0 — orgax}

Bucket
{?p — alice,?i — yoga}

w NN — H

{?p — bob,?i — tea}, {?p — bob,?i — chess}

> 4
Hinput = {?p — bob,?0 — acme} hfct(bob) = 3
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How SHJ Processes Incoming Sol.

« Hash the value that y,,,; binds to the join variable
* Insert u,,,: iInto the corresponding input hash table
* Probe into the other hash table to find join candidates

« Merge u;,,.« With each join candidate, push results to output

{?p — bob,?0 — acme,?i — chess}
{?p — bob,?0 — acme,?i — tea}

Bucket
{?p — alice,?i — yoga}

Bucket

{?p — alice,?0 — orgax}

{?p — eve,?0 — orgax}

{?p — bob,?0 — acme}
o

Minput = {?p — bob,?0 — acme}

hfct(bob) = 3
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Link Traversal Based Query ExeCL-

... is the combination of
integrated execution and
live exploration

(i.e., the push-based approach can be
used as an implementation of LTBQE)

An even closer combination presents the
following pull-based implementation approach ...
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Pipeline of Link Traversing Iterat-

I1
I2
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff A
~ Query
?p ex:affiliated with <http://.../orgax>‘
?p ex:interested in ?b
?b rdfitype <http://.../Book> Seed: <http://...JorgaX>
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Pipeline of Link Traversing Iterato-

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1

. =

tp, = ( ?p , ex:interested_in , ?b ) I2
tp, = ( ?b, rdfitype , <http://.../.Book>) I3
7p ex:affiliated 4 <http://.../orgax>‘
?p ex:interestéd in ?b
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Pipeline of Link Traversing Iterato-

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/

1
= - ‘
T e

query-local tp, = ( ?p, ex:interested_in , ?b) /

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, tp, = ( ?b, rdf:type , <http://.../Book> ) I3

?p ex:affiliated_with <http://.../orgaX>‘
?p ex:interested in ?b

7 rdftype <http://../Book> SSSEE SR oo ClTOEDC
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Pipeline of Link Traversing Iterato.

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/

1
X - ‘
-

query-local tp, = ( ?p, ex:interested_in , ?b) /

tp, = ( ?b, rdfitype , <http://.../.Book> ) I3
_~—§
. : <Tittp:AL. . /orgax>‘
20 ex: mterested in ?b - -

\?b rdf:type <http://.../Book> Seed: <htp// /orgaE




Pipeline of Link Traversing Iterato.

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

. =

tp, = ( ?p , ex:interested_in , ?b ) I2
tp, = ( ?b, rdfitype , <http://.../.Book> ) I3
_~—§
. : <Tittp:AL. . /orgax>‘
20 ex: mterested in ?b - -

\?b rdf:type <http://.../Book> Seed: <htp// /orgaE




Pipeline of Link Traversing Iterat

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/

w . <

query-local =( ? i ' ?
& tp, = ( ?p , ex:interested_in , ?b ) I2
tp, = ( ?b, rdfitype , <http://.../.Book>) I3

%Xt?
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Pipeline of Link Traversing Itera

Y, - T

ﬁJ

query-local
dataset

N\ £

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1
> 2
tp, = ( ?p , ex:interested_in , ?b ) I2
Wgﬁext?
tp, = ( ?b, rdf:type , <http://.../Book> ) 13
W@ext?
25
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Pipeline of Link Traversing Itera

Y, - T

ﬁJ

query-local
dataset

N

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1
-

tp, = ( ?p , ex:interested_in, ?b ) 12
4 Next?

tp, = ( ?b, rdf:type , <http://.../Book> ) I3
%Xt?
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Pipeline of Link Traversing lterators

tp, = ( ?p, ex:affiliated_with , <http://.../orgaX>)

/

1
o - |\ Itle
@J £y Next?
query-local
dataset
Zhext
-
. t?
<http://.../alice> ex:affiliated with <http://.../orgaX>
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Pipeline of Link Traversing lterator

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

g .y { ?p = <http://.../alice> }
N e
query-local

dataset

£ rlLlext?

-

<http://.../alice> ex:affiliated with <http://.../orgaX>
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Pipeline of Link Traversing Iterat

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1

Clmm { 7p = <http://.. Jalice> }
B -
query-local =( ? i ' ?
& tp, = ( ?p , ex:interested_in , ?b ) I2
4 Next?
tp, = ( ?b, rdf:type , <http://.../Book> ) 13

%Xt?
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Pipeline of Link Traversing lterato

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

Cl > { ?2p = <http://.../alice> }
e ~
query-local =( ? i ' ?
& tp, = ( ?p , ex:interested_in , ?b ) I2
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
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Pipeline of Link Traversing lterators

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

{ ?p = <http://.../alice> }
v
tp, = ( ?p , ex:interested_in , ?b ) I2

tp,' = (&http://.. /allce> ex:interested in, ?b)

g Itlext'?
ﬂ , : - o

<http://.../alice> ex:interested in <http://.../b1>

’
’
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Pipeline of Link Traversing lterators

tp, = ( ?p, ex:affiliated_with , <http://...JorgaX>) |

/? { ?p = <http://.../alice> }
| i -
query-local =( ? i ' ?
o tp, = ( ?p , ex:interested_in , ?b ) I2

tp,' = ( <http://.../alice>, ex:interested_in, 7b)

g Itlext?

-

<http://.../alice> ex:interested in <http://.../b1>
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Pipeline of Link Traversing lterators

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

@ { ?p = <http://.../alice> }
query-local — (9 . )
T tp, = ( ?p , ex:interested_in , ?b ) I2
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
-

<http://.../alice> ex:interested in <http://.../b1>
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Pipeline of Link Traversing lterator

i
query-local
dataset

N

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

{ ?p = <http://.../alice> }

tp, = ( ?p , ex:interested_in , ?b ) I2
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3
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Pipeline of Link Traversing lterator

i
query-local
dataset

N

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

{ ?p = <http://.../alice> }

tp, = ( ?p , ex:interested_in , ?b ) I2
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3

tp,' = ( <http://.../o1>, rdf:type , <http://.../Book> )
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Pipeline of Link Traversing lterators

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1
A { 2 = <http://.. /alice> }
T J—
ery-local =( ? i ?
e tp, = ( ?p , ex:interested_in , ?b ) I2

tp,' = ( <http://.../alice>, ex:interested_in, 7b)

{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v

<2, = (?b, rdfitype , <http://.../Book> )

tp,' = ( <http://.. ~IbT> =rdf tyw cm@hitp:/.. /Bo@

ﬂ - : -

<http://.../Book> rdfs:subClassOf <http://.../CreativeWork>
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Pipeline of Link Traversing lterators

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

a1 B { ?2p = <http://.../alice> }
il L
qupry-local =( ? i ?
\cim\iet/ tp, = ( ?p , ex:interested_in , ?b ) I2
tp.' = ( <http://.../alice> , ex:interested in, ?b)
/ { ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3
k= <http://..@, rdf:type , <http://.../Book> )

ﬂ -

: lext?
<http://.../b1> rdf:type <http://.../Book>
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Pipeline of Link Traversing lterator

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

/\%J { ?2p = <http://.../alice> }
3 | —
q‘:jzg%‘ia' tp, = ( ?p , ex:interested_in, ?b) I,
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3

tp,' = ( <http://.../o1>, rdf:type , <http://.../Book> )

<http://.../b1> rdf:type <http://.../Book>
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Pipeline of Link Traversing lterator

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

/\%4@ { 7p = <http://.../alice> }
-] | —
q‘g‘;@%‘f' tp, = ( ?p , ex:interested_in, ?b) I,
e tp,)' = ( <http://.../alice> , ex:interested_in, ?b))
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3

tp,' = ( <http://.../o1>, rdf:type , <http://.../Book> )

{ ?p = <http://.../alice>, ?b = <http://.../b1> }
v
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Pipeline of Link Traversing lterator

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

/\%4& { 7p = <http://.../alice> }
o] | —
q‘gzgfga' tp, = ( ?p , ex:interested_in, ?b) I,
e tp,)' = ( <http://.../alice> , ex:interested_in, ?b))
{ ?p = <nhttp://.../alice>, ?b = <http://.../b1>}
v
tp, = ( ?b, rdfitype , <http://.../.Book>) I3

tp,' = ( <http://.../o1>, rdf:type , <http://.../Book> )
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Pipeline of Link Traversing lterator

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) [/ 1

@ EmP { 7p = <http://.../alice> }
al m .
query-local — (o r )
&?S/et/ tp, = ( ?p , ex:interested_in , ?b ) I2
tp,' = ( <http://.../alice>, ex:interested_in, 7b)
tp, = ( ?b, rdfitype , <http://.../.Book>) I3
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Pipeline of Link Traversing It

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1

../alice> }

in, ?b) / |
ex:interested in
G Next?

tp, = ( ?b, rdf:type //.../Book> )

query-local
dataset

X7

tp, = ( ?p, exinter
tp,' = ( <http://.../a
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Pipeline of Link Traversing lterators .

* Deeply intertwines integrated execution + live exploration
» Data retrieval is a side-effect of calling link traversing iterators
* No need for a separate data retrieval operator

« Makes adding LTBQE to existing SPARQL engines easy
» Because those usually use iterators for execution

« Caveat: does not achieve the full flexibility
that is possible with LTBQE

e Iterators evaluate the triple patterns in a fixed order
e |terators discard each input solution after using it
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Alternative Execution Order

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I1

¥

tp, = ( ?p , ex:interested_in , ?b ) I2
tp, = ( ?b, rdfitype , <http://.../.Book> ) I3
7?p ex:affillated 4 <http://.../orgax>‘
?p ex:interegted in ?b
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Alternative Execution Order

tp, = ( ?b, rdf:type , <http://.../Book> ) I1
tp, = ( ?p , ex:interested_in , ?b ) I2

¥

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I3
~ Query

7p ex:affiliated N <http://.../orgax>‘

?p ex:interested_in ?b
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lterator Based Execution

tp, = ( ?b, rdf:type , <http://.../Book> ) I1
tp, = ( ?p , ex:interested_in , ?b ) I2

¥

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) /

3
/ : ith  <twe:LL. /orgax>‘
?p ex: mterested in ?b - o=

\?b rdf:type <http://.../Book> Seed: <htp// /orgaE




Alternative Execution Order

tp, = ( ?b, rdf:type , <http://.../Book> ) I1
A = ‘
\/
Eery-local =( ? i ' ?
o tp, = ( ?p , ex:interested_in , ?b ) I2

¥

tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I3

B

<http://.../alice> ex:affiliated with <http://.../orgaX>
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Alternative Execution Order

VY, - N
.

query-local
dataset

<http://.../alice> ex:affiliated with <http://.../orgaX>
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Itlext’?
Itlext’?
-
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Alternative Execution Or

tp, = ( 7?b, rdf:itype , <http://.../Book> )

END!
.

tp, = ( ?p , ex:interested_in , ?b ) /

xt?

o

tp, = ( 7p, ex:affiliated_with , <http://.../orgaX>)
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Alternative Execution Order

tp, = ( ?b, rdf:type , <http://.../Book> ) l
oy END!
— .
query-local =(? i ' ?
Vdataset tp, = ( ?p , ex:interested_in , ?b ) I
END!
v
tp, = ( ?p , ex:affiliated_with , <http://.../orgaX>) I3
Computed query m—
END!
result may depend o

on the@;of triple patterns
= Jogical query execution plan
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Outline

» Separated Execution

= Integrated Execution
- General Idea and Properties \

> Push-Based Implementation [LT10, LT1
~ Link Traversal Based Query Execution

Next part: 5. Query Planning and Opti
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