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SQO: Semantic Query Optimisation

SQO is the use of metadata for query optimisation such as:

1 Result by contradiction
2 Result by transformation
3 Join elimination
4 Join introduction
5 Predicate elimination
6 Predicate introduction
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SQO: Semantic Query Optimisation

SQO is the use of metadata for query optimisation

Origins of application semantics:
1 Application logic

US visa application
Auction
Trip booking
Product order

2 Physical laws
Sensor network

Metadata used in database systems:
Relation schema + Constraints
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Peculiarities of SQO of CEP
compared to SQO of DB Systems

1 Time dependency

⇒ Event Stream Constraint Language
⇒ Instantiating Hierarchical Timed Automata

2 Standing queries moving data

⇒ Multi-query optimisation is important
⇒ Constraint propagation
⇒ Static SO may be expensive
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Requirements to a Constraint Language for CEP

Kinds of constraints in CEP applications:
Cardinality
Functional dependencies:

Causality
Temporal relations
Spatial relations
Data relations

Simple but expressive constraints for CEP by means of:
Event and state queries
Identification of matched events and states
Quantification
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Related Work

Constraints languages:
DDL [14],
DTD [25, 24], [18, 19], [9], [16], [15], [21],
Regular expressions [12], [11], [13], [26],
Denial rules [10],
Language independent formulas [25, 24], [9], [13], [6], [4],
[27], [3, 22].

Particular kind(s) of constraints:
Cardinality constraints [25, 24], [9], [14], [4], [27], [3, 22],
Causal dependencies [25, 24], [10],
Conditions on event data [12], [11], [4], [26],
Temporal dependencies [25, 24], [9], [12], [11], [13], [14], [6],
[4], [26], [10].
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ESCL: Event Stream Constraint Language

ESCL ≈ Denial rules
+ Identifiers
+ Temporal and other relations
+ Quantifiers
+ Modules
+ Local definitions
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Examples of ESCL Constraints

There is exactly one item description for each item presented in an
auction.
WHILE s t a t e : a u c t i o n ( auc t i on ID (A) )
LET

IF even t i : i t emDe s c r i p t i o n ( auc t i on ID (A) , i temID ( I ) )
THEN ∃=1 i
END

END

Bidder with ID 007 may not participate in any auction because of
his bad behaviour.
WHILE s t a t e : a u c t i o n ( auc t i on ID (A) )
LET

IF even t : b i d ( auc t i on ID (A) , i temID ( I ) , b i dde r ID (B) )
THEN va r B 6= 007
END

END
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Examples of ESCL Constraints
Price for an item increases during an auction.
WHILE

s t a t e : i t emOf f e r ( i temID ( I ) )
LET

LET
DETECT

even t : e ( i temID ( I ) , v a l u e (V1 ) )
ON or {

even t : b i d ( i temID ( I ) , v a l u e (V1 ) ) ,
even t : hammerBeat ( i temID ( I ) , v a l u e (V1 ) )

}
END

IN
IF and { even t : i t emDe s c r i p t i o n ( i temID ( I ) , v a l u e (V2 ) ) ,

even t : e ( i temID ( I ) , v a l u e (V1 ) ) }
THEN va r V2 ≤ v a r V1
END
IF and { even t i : e ( i temID ( I ) , v a l u e (V1 ) ) ,

even t b : b i d ( i temID ( I ) , v a l u e (V2 ) ) ,
i b e f o r e b }

THEN va r V1 < v a r V2
END
IF and { even t i : e ( i temID ( I ) , v a l u e (V1 ) ) ,

even t h : hammerBeat ( i temID ( I ) , v a l u e (V2 ) ) ,
i b e f o r e h }

THEN va r V1 ≤ v a r V2
END
IF and { even t : e ( i temID ( I ) , v a l u e (V1 ) ) ,

even t : s e l l ( i temID ( I ) , v a l u e (V2 ) ) }
THEN va r V1 ≤ v a r V2
END

END
END 13 / 33
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Translation of Constraints into a Processable Form

... without:
Disjunctions in the body
Local definitions
Modules

∃=1 i ←
even t i : i t emDe s c r i p t i o n ( auc t i on ID (A) , i temID ( I ) ) ,
s t a t e s : a u c t i o n ( auc t i on ID (A) ) ,
i d u r i n g s

v a r B 6= 007 ←
even t b : b i d ( auc t i on ID (A) , i temID ( I ) , b i dde r ID (B) ) ,
s t a t e s : a u c t i o n ( auc t i on ID (A) ) ,
b du r i n g s
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Modelling Workflows

Set of constraints
UML diagrams
Petri nets
Flowcharts
Automata
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IHTA: Instantiating Hierarchical Timed Automata

B3

B0 B1

B2

b:BidderEnrollment(auctionID(A),enrollID(E))

bidderData(enrollID(E),dataID(unique D*))

false(dataID(D))
e(this)-e(last)<1s

authenticationData(dataID(D))
e(this)-e(last)<1s

bidderEnrolled(
  authID(G),
  bidderID(unique B*))
e(this)-e(last)<1s

authentication(
  enrollID(E),
  authID(unique G*))

false(authID(G))
e(this)-e(last)<1s

I1I0 I2

I3I4

ItemOffer(auctionID(A),itemID(I))

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

bid(auctionID(A),
  itemID(I))

e(this)-e(last)<30s hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

sell(
  auctionID(A),
  itemID(I))
e(this)-e(last)<1s

I5
A1

A0

itemDescription(auctionID(A),itemID(unique I*))
20min≤e(this)-e(a)<21min
finishedInstances(b)≥2

itemDescription(
  auctionID(A),
  itemID(unique I*))
e(this)-e(last)<1min

now-e(last)≥30s

auctionEnd(
  auctionID(A))
e(this)-e(last)<1min

auctionEnd(auctionID(A))
20min≤e(this)-e(a)
finishedInstances(b)<2

auctionEnd(auctionID(A))
20min≤e(this)-e(a)

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

Auction(auctionID(A))

a:auctionBegin(
   auctionID(

unique A*))

IHTA vs. Nondeterministic Finite Automata [23]:
Atomic and non-atomic states
Transitions
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IHTA: Instantiating Hierarchical Timed Automata

B3

B0 B1

B2

b:BidderEnrollment(auctionID(A),enrollID(E))

bidderData(enrollID(E),dataID(unique D*))

false(dataID(D))
e(this)-e(last)<1s

authenticationData(dataID(D))
e(this)-e(last)<1s

bidderEnrolled(
  authID(G),
  bidderID(unique B*))
e(this)-e(last)<1s

authentication(
  enrollID(E),
  authID(unique G*))

false(authID(G))
e(this)-e(last)<1s

I1I0 I2

I3I4

ItemOffer(auctionID(A),itemID(I))

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

bid(auctionID(A),
  itemID(I))

e(this)-e(last)<30s hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

sell(
  auctionID(A),
  itemID(I))
e(this)-e(last)<1s

I5
A1

A0

itemDescription(auctionID(A),itemID(unique I*))
20min≤e(this)-e(a)<21min
finishedInstances(b)≥2

itemDescription(
  auctionID(A),
  itemID(unique I*))
e(this)-e(last)<1min

now-e(last)≥30s

auctionEnd(
  auctionID(A))
e(this)-e(last)<1min

auctionEnd(auctionID(A))
20min≤e(this)-e(a)
finishedInstances(b)<2

auctionEnd(auctionID(A))
20min≤e(this)-e(a)

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

Auction(auctionID(A))

a:auctionBegin(
   auctionID(

unique A*))

IHTA vs. Timed Automata [2], [5], [1], [20]:
Events and states carry data
Temporal constraints on the beginning and the end of the
occurrence time of matched events
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IHTA: Instantiating Hierarchical Timed Automata

B3

B0 B1

B2

b:BidderEnrollment(auctionID(A),enrollID(E))

bidderData(enrollID(E),dataID(unique D*))

false(dataID(D))
e(this)-e(last)<1s

authenticationData(dataID(D))
e(this)-e(last)<1s

bidderEnrolled(
  authID(G),
  bidderID(unique B*))
e(this)-e(last)<1s

authentication(
  enrollID(E),
  authID(unique G*))

false(authID(G))
e(this)-e(last)<1s

I1I0 I2

I3I4

ItemOffer(auctionID(A),itemID(I))

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

bid(auctionID(A),
  itemID(I))

e(this)-e(last)<30s hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

sell(
  auctionID(A),
  itemID(I))
e(this)-e(last)<1s

I5
A1

A0

itemDescription(auctionID(A),itemID(unique I*))
20min≤e(this)-e(a)<21min
finishedInstances(b)≥2

itemDescription(
  auctionID(A),
  itemID(unique I*))
e(this)-e(last)<1min

now-e(last)≥30s

auctionEnd(
  auctionID(A))
e(this)-e(last)<1min

auctionEnd(auctionID(A))
20min≤e(this)-e(a)
finishedInstances(b)<2

auctionEnd(auctionID(A))
20min≤e(this)-e(a)

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

Auction(auctionID(A))

a:auctionBegin(
   auctionID(

unique A*))

IHTA vs. Hierarchical Timed Automata [8], Statecharts [17]:
Modular, means for abstraction, extensible
Arbitrary number of concurrent processes
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Constraints Expressed by IHTA

B3

B0 B1

B2

b:BidderEnrollment(auctionID(A),enrollID(E))

bidderData(enrollID(E),dataID(unique D*))

false(dataID(D))
e(this)-e(last)<1s

authenticationData(dataID(D))
e(this)-e(last)<1s

bidderEnrolled(
  authID(G),
  bidderID(unique B*))
e(this)-e(last)<1s

authentication(
  enrollID(E),
  authID(unique G*))

false(authID(G))
e(this)-e(last)<1s

I1I0 I2

I3I4

ItemOffer(auctionID(A),itemID(I))

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

bid(auctionID(A),
  itemID(I))

e(this)-e(last)<30s hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

bid(auctionID(A),
 itemID(I))

e(this)-e(last)<30s

hammerBeat(
  auctionID(A),
  itemID(I))
e(this)-e(last)≥30s

sell(
  auctionID(A),
  itemID(I))
e(this)-e(last)<1s

I5
A1

A0

itemDescription(auctionID(A),itemID(unique I*))
20min≤e(this)-e(a)<21min
finishedInstances(b)≥2

itemDescription(
  auctionID(A),
  itemID(unique I*))
e(this)-e(last)<1min

now-e(last)≥30s

auctionEnd(
  auctionID(A))
e(this)-e(last)<1min

auctionEnd(auctionID(A))
20min≤e(this)-e(a)
finishedInstances(b)<2

auctionEnd(auctionID(A))
20min≤e(this)-e(a)

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

enrollmentBegin(
  auctionID(A),
  enrollID(unique E*))
e(this)-e(a)<20min

Auction(auctionID(A))

a:auctionBegin(
   auctionID(

unique A*))

1 Cardinality all automata

2 Functional depenencies
Temporal relations all timed automata

Causal relations all automata

Relations between event data IHTA
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Input of the SQO Method

Set of queries of the form HQ ← BQ , e.g.:
bidNumber ( auc t i on ID (A) , i temID ( I ) , number ( count ( a l l A, I ) ) , b i dde r ID (007) ) ←

even t i : i t emDe s c r i p t i o n ( auc t i on ID (A) , i temID ( I ) ) ,
even t b : b i d ( auc t i on ID (A) , i temID ( I ) , b i dde r ID (007) ) ,
s t a t e s : a u c t i o n ( auc t i on ID (A) ) ,
i d u r i n g s ,
b du r i n g s

Set of constraints of the form HC ← BC , e.g.:
v a r B 6= 007 ←

even t b : b i d ( auc t i on ID (A) , i temID ( I ) , b i dde r ID (B) ) ,
s t a t e s : a u c t i o n ( auc t i on ID (A) ) ,
b du r i n g s

21 / 33
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SQO Method

Let SQ be s e t o f q u e r i e s and
SC be s e t o f c o n s t r a i n t s

FOR EACH HQ ← BQ ∈ SQ
FOR EACH HC ← BC ∈ SC

IF BC subsums BQ with σ

THEN r e w r i t e BQ to BQ ,HC σ

END
END

END

Return SQ
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SQO Method

Let SQ be s e t o f q u e r i e s and
SC be s e t o f c o n s t r a i n t s

FOR EACH HQ ← BQ ∈ SQ
FOR EACH HC ← BC ∈ SC

IF BC subsums BQ with σ and
a SO heuristic is applicable to HQ ← BQ and HC σ

THEN r e w r i t e BQ to BQ ,HC σ

apply SO heuristics to BQ
END

END
END

Return SQ

Residue method [7]
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SQO Heuristics

1 Result by contradiction
2 Result by transformation
3 Join elimination
4 Join introduction
5 Predicate elimination
6 Predicate introduction

Query:
bidNumber ( auc t i on ID (A) , i temID ( I ) , number ( count ( a l l A, I ) ) , b i dde r ID (007) ) ←

even t i : i t emDe s c r i p t i o n ( auc t i on ID (A) , i temID ( I ) ) ,
event b: bid( auctionID(A), itemID(I), bidderID(007) ),
state s: auction( auctionID(A) ),
i d u r i n g s ,
b during s

Constraint:
v a r B 6= 007 ←

event b: bid( auctionID(A), itemID(I), bidderID(B) ),
state s: auction( auctionID(A) ),
b during s
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SQO Heuristics

1 Result by contradiction
2 Result by transformation
3 Join elimination
4 Join introduction
5 Predicate elimination
6 Predicate introduction

Query:
bidNumber ( auc t i on ID (A) , i temID ( I ) , number ( count ( a l l A, I ) ) , b i dde r ID (007) ) ←

even t i : i t emDe s c r i p t i o n ( auc t i on ID (A) , i temID ( I ) ) ,
event b: bid( auctionID(A), itemID(I), bidderID(007) ),
state s: auction( auctionID(A) ),
i d u r i n g s ,
b during s
{ 007 6= 007 }

Constraint:
v a r B 6= 007 ←

event b: bid( auctionID(A), itemID(I), bidderID(B) ),
state s: auction( auctionID(A) ),
b during s

25 / 33
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SQO Method

Let Q be a query,
let Q ′ be a semantically optimised query Q using a constraint set C .

Q and Q ′ must be semantically equivalent, i.e.
return the same results with restect to all streams satisfying C .

The SO algorithm is proven to
terminate,
be correct,
be in O(Q ·C ·S ·H) where
Q is the number of queries,
C is the number of constraints,
S is the costs for subsumption of CEP queries,
H is the costs for the application of SO heuristics

26 / 33
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Subsumption of CEP Queries

Dimensions:
1 Event and state literals
2 Temporal and other relations
3 Complex events / query propagation
4 Cardinality
5 Constraints

27 / 33
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Conclusion and Future Work

IHTA

Derived
constraints

User-defined
constraints

Query
Semantically optimised 

query

in ESCL

Derivation of constraints from IHTA
Subsumption of CEP queries
Query planner, cost models, experimental evaluation
Constraint propagation
Related work
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