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Abstract 

With the complex event processing technology has been widely used in processing the information of the internet of things, many 

scholars have proposed a lot of event query languages(EQL) for different scenarios. Early scholars generally study the operational 

semantics of EQL. Recently, many researchers begin to pay attention to the correctness of the operational semantics of the EQL. 

Some researchers have shown the correctness of the operational semantics by proven the equivalence between the denotational 

semantics and the operational semantics of EQL. The internet of vehicles is an important research branch of internet of things and it 

has a very wide range of applications. STeCEQL is a spatial and temporal constraint EQL for the internet of vehicles. In this paper, 

we focus on the correctness of the operational semantics of STeCEQL. We mainly establish the denotational semantics of STeCEQL. 

Finally, we prove the equivalence between the two semantics of STeCEQL. Therefore, the operational semantics of STeCEQL are 

correct. 
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1 Introduction 

 

In recent years, many researchers have concerned the 

internet of things and they has achieved a great deal of 

results [1]. Internet of vehicles is an important kind of the 

internet of things and it has very broad applications. 

Unlike the other internet of things, there are a lot of non-

moving agents in internet of vehicles and many fast 

moving agents in it. All kinds of sensors of agents in the 

internet of vehicles produce great amount of temporal, 

spatial and other data. Meanwhile, the internet of vehicles 

is a performance critical system, which requires real-time 

processing the data in the system [2, 3]. However, the 

database technology cannot solve the daunting task. 

In order to real-time processing these data of the 

internet of vehicles, some researchers have introduced the 

complex event processing technology into it. The 

complex event processing technology is filtering the 

amounts of data flow into the events by the EQL. When 

there are some events occurs, the system will real-time or 

near real-time to make the appropriate treatment, which 

based on the predefined rules base. Moody has proposed 

an EQL SpaTec and it has been applied to monitoring the 

bus system of London [4, 5]. Jin has proposed an EQL 

CPSL and it can describe the relationship between the 

properties of the internet of vehicles [6]. We have 

proposed STeCEQL and given its syntax and the 

operational semantics, which can effectively describe the 

internet of vehicles. 

The operational semantics is an important means to 

describe the computer language. In the early studies, the 

researchers only give the operational semantics of EQL. 

Zhu has proposed an EQL SEL and given its operational 

semantics [7]. Seiriö has proposed an EQL ruleCore and 

given its operational semantics [8]. Wu has proposed an 

EQL SASE and given its operational semantics [9]. 

Demers has proposed an EQL Cayuga and given its 

operational semantics [10]. 

In recent years, some researchers begin to concern the 

correctness of the EQL’s operational semantics. Michael 

has proposed an EQL XChange and given its operational 

semantics and the denotational semantics [11]. Finally, he 

has demonstrated the equivalence of two semantics. 

Darko has proposed an EQL ETALIS and demonstrated 

the equivalence of its two semantics [12]. The 

denotational semantics is more abstract than the 

operational semantics. The equivalence of two semantics 

is often used to verify the correctness of the operational 

semantics. 

Therefore, we establish the denotational semantics of 

STeCEQL and proved the equivalence between the two 

semantics of STeCEQL in this paper. The remainder of 

this paper is organized as follows: Section 2 restates the 

syntax of STeCEQL. Section 3 defines the denotational 

semantics of STeCEQL. Section 4 proves the equivalence 

of two semantics of STeCEQL by structural inductive 

method. The last Section concludes this paper. 

 

2 Syntax and operational semantics of STeCEQL 

 

The STeCEQL can express the base events of the internet 

of vehicles and the complex events composed by the base 
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events in a specific relationship. The syntax of the 

STeCEQL is as follows: 

ABexp: 

:: | | | !  attribute true false x a x aa a  

| | | |   x a x a x a x aa a a a  

| |
0 1 0 1
 attribute attribute attribute attribute  

TBexp: 

:: | | |time true false x BEFORE t x AFTER tt t  

| | |x EQUAL t x OVERLAP t x DURING tt t t  

| |
0 1 0 1
 time time time time  

LBexp: 

:: | | | |location true false x EQ l x OP l x IN l
l l l

 

| | | |x NORTH l x SOURTH l x EAST l x WEST l
l l l l

 

| |x NORTHWEST l x NORTHEAST l
l l

 

| |x SOURTHWEST l x SOURTHEAST l
l l

 

| |
0 1 0 1
 location location locaiton location  

DBexp: 

:: | | | !  direction true false x d x d
d d

 

EBexp: 

:: ( 1; 2; 3 )
time

e agent attribute attribute attribute  

| ( 1; 2; 3 )agent attribute attribute attribute
location

 

| ( 1; 2; 3 )
time

agent attribute attribute attribute
location

 

| ( 1; 2; )
( , )
time

agent attribute attribute
location direction

 

CEexp: 

:: 1 2 | 1 2  ce e e e e  

The operational semantics of the STeCEQL is as 

follows: 

ABexp: 

, true true  

, false false  

, , ( )   x a true if x a
a a

 

, , ( )   x a false if x a
a a

 

! , , ( )   x a true if x a
a a

 

! , , ( )   x a false if x a
a a

 

, , ( )   x a true if x a
a a

 

, , ( )   x a false if x a
a a

 

, , ( )   x a true if x a
a a

 

, , ( )   x a false if x a
a a

 

, , ( )   x a true if x a
a a

 

, , ( )   x a false if x a
a a

 

, , ( )   x a true if x a
a a

 

, , ( )   x a false if x a
a a

 

, ,
0 0 1 1

,
,

0 1

 



 

 

attribute b attribute b

attribute attribute b
 

, ;
0 1
   if b true and b true b true else b false  

, ,
0 0 1 1

,
,

0 1

 



 

 

attribute b attribute b

attribute attribute b
 

, ;
0 1
   if b true or b true b true else b false  

TBexp: 

, true true  

, false false  

, , ( ). . 1  x BEFORET t true if x endn t start
t t

 

, , ( ). . 1  x BEFORET t false if x endn t start
t t

 

, , ( ). 1 .  x AFTER t true if x start t endn
t t

 

, , ( ). 1 .  x AFTER t false if x start t endn
t t

 

, , x EQUAL t true
t

 

( . ( ). . ( ). . )    if i N x starti t starti and x endi t endi
t t

 

, , x EQUAL t false
t

 

( . ( ). . ( ). . )    if i N x starti t starti and x endi t endi
t t

 

, , x OVERLAP t true
t

 

( ( ). . 1 ( ). . )  if x endn t start and x endn t endn
t t

 

( ( ). 1 . 1 ( ). 1 . )  or x start t start and x start t endn
t t

 

, , x OVERLAP t false
t

 

( ). . 1 ( ). 1 .  if x endn t start or x start t endn
t t

 

, , x DURING t true
t

 

( ). 1 . 1 ( ). 1 .  if x start t start and x end t endn
t t

 

, , x DURING t false
t

 

( ). 1 . 1 ( ). 1 .  if x start t start or x end t endn
t t

 

,

,







 

time true

time false
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,

,







 

time false

time true
 

, ,
0 0 1 1

,
,

0 1

 



 

 

time b time b

time time b
 

, ;
0 1
   if b true and b true b true else b false  

, ,
0 0 1 1

,
,

0 1

 



 

 

time b time b

time time b
 

, ;
0 1
   if b true or b true b true else b false  

Lexp: 

, true true  

, false false  

, , x EQ l true
l

 

( . ( ). . ( ). . )    if i N x rowi l rowi and x columni l endi
l l

 

, , x EQ l false
l

 

( . ( ). . ( ). . )    if i N x rowi l rowi or x columni l endi
l l

 

, , x OP l true
l

 

( , . ( ). . ( ). . )    if i j N x rowi l rowj and x columni l columnj
l l

 

, , x OP l false
l

 

( , . ( ). . ( ). . )     if i j N x rowi l rowj and x columni l columnj
l l

 

, , ( )  x IN l true if x l
l l

 

, , ( )  x IN l false if x l
l l

 

, , x NORTH l true
l

 

( , . ( ). . ( ). . )    if i j N x rowi l rowj and x columnj l columnj
l l

 

, , x NORTH l false
l

 

( , . ( ). . ( ). . )    if i j N x rowi l rowj or x columnj l columnj
l l

 

,

,







 

location true

location false
 

,

,







 

location false

location true
 

, ,
0 0 1 1

,
,

0 1

 



 

 

location b location b

location location b
 

, ;
0 1
   if b true and b true b true else b false  

, ,
0 0 1 1

,
,

0 1

 



 

 

location b location b

location location b
 

, ;
0 1
   if b true or b true b true else b false  

DBexp: 

, true true  

, false false  

1, , ( ) 1   x d true if x d
d d

 

1, , ( ) 1   x d false if x d
d d

 

! 1, , ( ) 1   x d true if x d
d d

 

! 1, , ( ) 1   x d false if x d
d d

 

EBexp: 

, 1 1, 2 2, 3
,

( 1; 2; ) ,

  



  



time b a b a b

time
agent attribute attribute true

 

( 1, 2, 3, ),  if b b b b b true  

, 1 1, 2 2, 3
,

( 1; 2; ) ,

  



  



time b a b a b

time
agent attribute attribute false

 

( 1, 2, 3, ),  if b b b b b false  

, 1 , 2 1, 3 2, 4
,

( 1; 2; ) ,

   



   



t b l b a b a b

time
agent attribute attribute truelocation

 

( 1, 2, 3, 4 ),  if b b b b b b true  

, 1 , 2 1, 3 2, 4
,

( 1; 2; ) ,

   



   



t b l b a b a b

time
agent attribute attribute falselocation

 

( 1, 2, 3, 4 ),  if b b b b b b false  

, 1 , 2 , 3 1, 4 2, 5

,

( 1; 2; ) ,
( , )

    



    



t b l b d b a b a b

t
agent attribute attribute true

l d

 

( 1, 2, 3, 4, 5 ),  if b b b b b b b true  

, 1 , 2 , 3 1, 4 2, 5

,

( 1; 2; ) ,
( , )

    



    



t b l b d b a b a b

time
agent attribute attribute false

location direction

 

( 1, 2, 3, 4, 5 ),  if b b b b b b b false  

CEBexp: 

1, 1 2, 2
, ( 1, 2),

1 2 ,

 



 
  

 

e b e b
if b b b b true

e e true
 

1, 1 2, 2
, ( 1, 2),

1 2 ,

 



 
  

 

e b e b
if b b b b false

e e false
 

1, 1 2, 2
, ( 1, 2),

1 2 ,

 



 
  

 

e b e b
if s s s b true

e e true
 

1, 1 2, 2
, ( 1, 2),

1 2 ,

 



 
  

 

e b e b
if b b b b false

e e false
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3 Denotational semantics of STeCEQL 

 

Let the states set   is composed by the function   that 

from the storage set to different attribute values set. And 

then, ( ) X  is the value of the storage unit X under the 

state  . The ordered pair , attribute true  means 

that the value of the expression attribute is true under the 

state  . The value of the complex event expressions is 

Boolean. Let Boolean set is B={true, false} and the 

element of the set express by b. Therefore, in the 

STeCEQL, the denotational functions of the all kinds of 

Boolean expressions are the mappings from the states set 

Σ to the Boolean set B. 

Numeric Boolean expressions attribute∈ABexp, 

denotational function :attribute B . 

Temporal Boolean expressions time∈TBexp, 

denotational function :time B . 

Spatial Boolean expressions location∈LBexp, 

denotational function :location B . 

Directional Boolean expressions direction∈DBexp, 

denotational function :direction B . 

Event Boolean expressions e∈EBexp, denotational 

function :e B . 

We define the denotational semantic function by the 

structural induction as below: 

: ABexp ( )B   

: TBexp ( )B   

: LBexp ( )B   

: DBexp ( )B   

: EBexpor CEBexp ( )B   

ABexp: 

{( , ) | }  true true  

{( , ) | }  false false  

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

! {( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa  

{( , ) |
0 1 0 1

    attribute attribute b bT  

( , ) ( , ) }
0 0 1 1

  and b a and b a  

{( , ) |
0 1 0 1

    attribute attribute b bT
 

TBexp: 

{( , ) | }  true true  

{( , ) | }  false false  

{( , ) | ( ). .1}    x BEFOREt true and x n tt t  

{( , ) | ( ). . 1}    false and x endn t startt  

{( , ) | ( ).1 . }    x AFTERt true and x t nt t  

{( , ) | ( ). 1 . }    false and x start t endnt  

{( , ) |  x EQUALt truet   

( . ( ). . ( ). . )}    and i N x si t si and x ei t eit t  

 {( , ) |  false  

( . ( ). . ( ). . )}    and i N x si t siand x ei t eit t  

{( , ) |  x OVERLAPt truet  

( ( ). . 1 ( ). . 1)  and x endn t start and x endn t startt t  

( ( ). 1 . 1 ( ). 1 . )}  or x start t start and x start t endnt t  

{( , ) | ( ). .1 ( ).1 . }      false and x n t or x t nt t  

{( , ) |  x DURINGt truet  

( ). 1 . 1 ( ). 1 . }  and x s t s and x e t ent t  

{( , ) |  false  

( ). 1 . 1 ( ). 1 . }  and x start t start and x end t endnt t  

{( , ) |
0 1 0 1

    time time b bT  

( , ) ( , ) }
0 0 1 1

  and b time and b time  

{( , ) |
0 1 0 1

    time time b bT  

( , ) ( , ) }
0 0 1 1

  and b time and b time  

LBexp: 

{( , ) | }  true true  

{( , ) | }  false false  

{( , ) |  x EQl true
l

   

. ( ). . ( ). . }    and i N x rowi l rowiand x columni l columni
l l

{( , ) |  false  

. ( ). . ( ). . }    and i N x rowi l rowior x columni l columni
l l

 

{( , ) |  x OPl true
l

  

, . ( ). . ( ). . }    and i j N x rowi l rowjand x columni l columnj
l l

{( , ) |  false  

, . ( ). . ( ). . }    and i j N x rowi l rowjand x columni l columnj
l l

 

{( , ) | ( ) }    x IN l true and x l
l l

 

{( , ) | ( ) }    false and x l
l

 

{( , ) |  x NORTH l true
l
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, . ( ). . ( ). . }    and i j N x ri l rjand x cj l cj
l l

 

{( , ) | , . ( ). . }      false and i j N x ri l rj
l

 

{( , ) |
0 1 0 1

    location location b bT
 

( , ) ( , ) }
0 0 1 1

  and b location and b location  

{( , ) |
0 1 0 1

    location location b bT
 

( , ) ( , ) }
0 0 1 1

  and b location and b locaiton  

DBexp: 

{( , ) | }  true true  

{( , ) | }  false false  

{( , ) | ( ) }     x d true and x d
d d

 

{( , ) | ( ) }    false and x d
d

 

! {( , ) | ( ) }     x d true and x d
d d

 

{( , ) | ( ) }    false and x d
d

 

EBexp: 

( 1; 2; 3; )
time

agent attribute attribute attribute  

{( , 1 2 3 ) |     b b bT T T  

( , 1) ( , 2) 1  and b t and b a  

( , 3) 2 ( , 4) 3 }  and b a and b a  

( 1; 2; 3; )agent attribute attribute attribute
location

 

{( , 1 2 3 ) |     b b bT T T  

( , 1) ( , 2) 1  and b location and b a  

( , 3) 2 ( , 4) 3 }  and b a and b a  

( 1; 2; 3; )
time

agent attribute attribute attribute
locaiton

 

{( , 1 2 3 ) |     b b bT T T  

( , 1) ( , 2)  and b t and b location  

( , 3) 1 ( , 4) 2 ( , 5) 3 }    and b a and b a and b a  

( 1; 2; )
( , )
time

agent attribute attribute
locaiton direction

 

{( , 1 2 3 ) |     b b bT T T
 

( , 1) ( , 2) ( , 3)    and b t and b l and b d  

( , 4) 1 ( , 5) 2 ( , 6) 3 }    and b a and b a and b a  

CEBexp: 

1 2 {( , 1 2) |    e e b bT  

( , 1) 1 ( , 2) 2 }  and b e and b e  

1 2 {( , 1 2) |    e e b bT  

( , 1) 1 ( , 2) 2 }  and b e and b e  

 

4 Equivalence between operational semantics and 

denotational semantics 

 

The operational semantics of STeCEQL describes the 

behavioural characteristics of each step. The denotational 

semantics is more abstract than the operational semantics. 

The denotational semantics describes the relationships 

between the state sets. To illustrate the correctness of the 

operation semantics, we prove the equivalence between 

the operational semantics and the denotational semantics 

of STeCEQL. 

Theorem 1: For every expression attribute∈ABexp, 

we have {( , ) | , }   attribute b attribute b . 

Proof. We prove the theorem by structural induction. 

We have that 

( ) P attribute
def

 

{( , ) | , }   attribute b attribute b  

The case: attribute≡true. 

Let ( , )    b true and b true . 

Obviously, if ( , ) b true , then b≡true and 

, . true true  

Conversely, if , true true , then the only 

possible derive is b≡true, thus ( , ) . b true  

The case: attribute≡(xa=a), xa is the storage unit. 

By the definition: 

{( , ) | ( ) }     x a true and x aa a  

{( , ) | ( ) }    false and x aa . 

Then ( , ) ( )      true x a and x aa a . 

If ( , )  true x aa , then ( ) x aa . 

By the operational semantics of the expression, we 

get = , x a truea . 

Conversely, suppose = , x a truea , then there 

must be a derivation as below: 

( )

= ,







 

x aa

x a truea

 

Thus, ( , ) true true . 

Hence, ( , ) = ,   true true x a truea  

Similarly, 

( , ) = ,   false true x a falsea . 

Thus, we can get: 

= {( , ) | = , }   x a b x a ba a  

The case: attribute≡(attribute0∧attribute1), let 

attribute0 and attribute1 are ABexp. 

Suppose P(attribute0) and P(attribute1) are true. 

By the definition: 

( , )
0 1

  b attribute attribute  

, .
0 1 0 1

    and b b b b bT  

( , ) ( , )
0 0 1 1

  and b attribute and b attribute . 

Thus, suppose ( , )
0 1

  b attribute attribute , 

then , ( , ) ( , )
0 1 0 0 1 1

   b b b a and b a  

By the suppose, the P(attribute0) and P(attribute1) 

are true, then 
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, ,
0 0 1 1
    attribute b and attribute b  

Hence, we can derive 

,
0 1 0 1

，    attribute attribute b b b bT . 

Conversely, every derivation of 

,
0 1

  attribute attribute b must have the follows: 

, ,
0 0 1 1

,
0 1

 



   

  

attribute b attribute b

attribute attribute b
 

For a b0 and b1,we can derive 
0 1

 b b bT . 

Because the P(attribute0) and P(attribute1) are true, 

( , ) ( , )
0 0 1 1

  b attribute and b attribute . 

Hence, ( , ) b attribute . 

The proofs of other cases are completely analogous.  

We finish the proof of this theorem.  

Theorem 2: For every expression time∈TBexp, we 

have 

{( , ) | , }   time b time b  

Proof. We prove the theorem by structural induction. 

We have that 

( ) {( , ) | , }    P time time b time b
def

 

The case: time≡true 

Let ( , )    b true and b true . 

Obviously, if ( , ) b true  then 

,b 而且   true true true . 

Conversely, if , true true , then the only 

possible derive is b≡true, thus ( , ) b true . 

The case: time≡(xt BEFORE t), xt is the storage 

unit. 

By the definition: 

{( , )x BEFORE t truet  

| ( ). . 1}  and x endn t startt  

{( , ) | ( ). . 1}    false and x endn t startt  

Then  

( , ) true x BEFORE tt  

( ). . 1   and x endn t startt . 

If ( , ) true x BEFORE tt , then 

( ). . 1 x endn t startt . 

By the operational semantics of the expression, we get 

, x BEFORE t truet . 

Conversely, suppose , x BEFORE t truet , 

then there must be a derivation as below: 

( ). . 1

,







 

x endn t startt

x BEFORE t truet

 

Thus, ( , ) true x BEFORE tt . 

Hence, ( , ) true x BEFORE tt  

, x BEFORE t truet . 

Similarly, 

( , ) = ,   false x BEFORE t x a falseat . 

Thus we can get: 

{( , ) | , }   x BEFORE t b x BEFORE t bt t  

The case: time≡(time0∧time1), let time0 and time1 

are TBexp. 

Suppose P(time0) and P(time1) are true. 

By the definition: 

( , )
0 1

    b time time  

, .
0 1 0 1

  and b b b b bT  

( , ) ( , )
0 0 1 1

  and b time and b time  

Thus, suppose ( , )
0 1

  b time time , then 

( , ) ( , )
0 0 1 1

  b time and b time . 

By the suppose, the P(time0) and P(time1) are true, 

then 

, ,
0 0 1 1
    time b and time b  

Hence, we can 

derive ,
0 1 0 1

，    time time b b b bT . 

Conversely, every derivation of 

,
0 1

  time time b must have the follows: 

, ,
0 0 1 1

,
0 1

 



   

  

time b time b

time time b
 

For a b0 and b1, we can derive
0 1

b  b bT  

Because the P(time0) and P(time1) are true, 

( , ) ( , )
0 0 1 1

  b time and b time . 

Hence, ( , ) b time . 

The proofs of other cases are completely analogous. 

We finish the proof of this theorem.  

Theorem 3: For every expression location∈LBexp, 

we have {( , ) | , }   location b location b  

Proof. We prove the theorem by structural induction. 

We have that 

( ) P location
def

 

{( , ) | , }   location b location b  

The case: location≡true. 

Let ( , )    b true and b true  

Obviously, if ( , ) b true , then 

b ,true and true true   . 

Conversely, if , true true , then the only 

possible derive is b≡true, thus ( , ) b true . 

The case: location≡(xl EQ l), xl is the storage unit. 
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By the definition: 

{( , ) |  x EQ l true
l

 

. ( ). . ( ). . }    and i N x rowi l rowi and x columni l endi
l l

 

{( , ) |  false  

( . ( ). . ( ). . )}    and i N x ri l rior x ci l ci
l l

 

Then ( , )  true x EQ l
l

 

. ( ). . ( ). .      and i N x rowi l rowi and x columni l endi
l l

. 

If ( , ) true x EQ l
l

, then 

. ( ). . ( ). .    i N x rowi l rowi and x columni l endi
l l

. 

By the operational semantics of the expression, we get 

, x EQ l true
l

. 

Conversely, suppose , x EQ l true
l

, then there 

must be a derivation as below: 

. ( ). . ( ). .

,

 



   

 

i N x rowi l rowi and x columni l endi
l l

x EQ l true
l

 

Thus, ( , ) true x EQ l
l

. 

Hence, ( , ) ,   true x EQ l x EQ l true
l l

. 

Similarly,

( , ) = ,   false x EQ l x a falseal
. 

Thus we can get: 

{( , ) | , }   x EQ l b x EQ l b
l l

 

The case: locaiton≡(location0∧location1), let location0 

and location1 are LBexp. 

Suppose P(location0) and P(location1) are true. 

By the definition: 

( , )
0 1

    b location location  

, .
0 1 0 1

  and b b b b bT  

( , ) ( , )
0 0 1 1

  and b location and b location  

By suppose, the P(location0) and P(location1) are 

true, then 

( , ) ( , )
0 0 1 1

  b location and b location  

Hence, we can 

derive ,
0 1 0 1

，    location location b b b bT
. 

Conversely, every derivation of 

,
0 1

  location location b must have the follows: 

, ,
0 0 1 1

,
0 1

 



   

  

location b location b

location location b
 

For a b0 and b1, we can derive b
0 1

b b
T

  . 

Because the P(location0) and P(location1) are true, 

( , ) ( , )
0 0 1 1

  b location and b location . 

Hence, ( , ) b location . 

The proofs of other cases are completely analogous. 

We finish the proof of this theorem. 

Theorem 4: For every expression direction∈LBexp, 

we have {( , ) | , }   direction b direction b  

Proof. We prove the theorem by structural induction. 

We have that ( ) P direction
def

 

{( , ) | , }   direction b direction b  

The case: direction≡true. 

Let ( , )    b true and b true . 

Obviously, if ( , ) b true , then 

b ,true and true true   . 

Conversely, if , true true , then the only 

possible derive is b≡true, thus ( , ) b true . 

The case: direction≡(xd=d), xd is the storage unit. 

By the definition: 

{( , ) | ( ) }     x d true and x d
d d

 

{( , ) | ( ) }    false and x d
d

 

Then

( , ) ( )      true x d and x d
d d

. 

If ( , )  true x d
d

, then ( ) x d
d

. 

By the operational semantics of the expression, we 

get ,  x d true
d

. 

Conversely, suppose ,  x d true
d

, then 

there must be a derivation as below: 

( )

,







  

x d
d

x d true
d

 

Thus, ( , ) true true . 

Hence, ( , ) ,    true true x d true
d

. 

Similarly, 

( , ) ,    false true x d false
d

. 

Thus, we can get: 

{( , ) | , }     x d b x d b
d d

 

The proofs of other cases are completely analogous. 

We finish the proof of this theorem.  

Theorem 5: For every expression e∈EBexp, we have 

{( , ) | , }   e b e b  

Proof. We prove the theorem by structural induction. 

We have that ( ) {( , ) | , }    P e e b e b
def

. 

The case: 

e≡
1 2 3

( ; ; )timeagent attribute attribute attribute , let time 

is EBexp, attributes are ABexp, 

Suppose P(time) and P(attribute)s  are true. 

By the definition: 

1 2 3
( , ) ( ; ; ) 

time
b agent attribute attribute attribute  

1 2 3 4 1 2 3 4,, , .      T T Tand b b b b b b b b b  
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1 2 1
( , ) ( , )  and b time and b attribute  

3 42 3
( , ) ( , )  and b attribute and b attribute  

Thus, suppose 

( , ) ( 1; 2; 3) 
time

b agent attribute attribute attribute , 

then and1 2 3 4 1 2,, , , ( , ) ( , ) 1b b b b b time b a     

and and3 4( , ) 2 ( , ) 3b a b a   . 

By the suppose P(time) and P(attribute)s are true, 

then 1 21
, ,    time b and attribute b  

3 42 3
, ,    and attribute b and attribute b . 

Hence, we can derive 

( 1; 2; 3), ， 
time

agent attribute attribute attribute b  

1 2 3 4   
T T T

b b b b b . 

Conversely, every derivation of 

( 1; 2; 3), 
time

agent attribute attribute attribute b  

must have the follows: 

, , ,
1 1 2 2 3

( , , ),
1 2 3

  



     

 

t b a b a b

agent a a a bt

 

For a time and attributes , we can derive 

1 2 3 4   
T T T

b b b b b . 

Because the P(time) and P(attribute) are true, 

( , ) ( , )
1 2 1

  b time and b attribute  

3 2 4 3
( , ) ( , )  and b attribute and b attribute . 

Hence, 

( , ) ( 1; 2; 3) 
time

b agent attribute attribute attribute . 

The proofs of other cases are completely analogous. 

We finish the proof of this theorem. 

Theorem 6: For every expression ce∈CEBexp, we 

have {( , ) | , }   ce b ce b  

Proof. We prove the theorem by structural induction. 

We have that 

( ) {( , ) | , }    P e ce b ce b
def

. 

The case: ce≡(e1∧e2), let e1 and e2 are EBexp, 

Suppose P(e1) and P(e2) are true. 

By the definition: ( , )
1 2

    b e e  

, . ( , ) ( , )
0 1 0 1 0 1 1 2

     and b b b b b and b e and b eT
. 

Thus, suppose ( , )
1 2

  b e e , then 

and, , ( , ) ( , )
0 1 0 1 1 2

b b b e b e    . 

By the suppose P(e1) and P(e2) are true, then 

, ,
1 0 2 1

e b and e b     . 

Hence, we can derive 

, ,
1 2 0 1

e e b b b b
T

     . 

Conversely, every derivation of ,
1 2

e e b    

must have the follows: 

, ,
1 0 2 1

,
1 2

 



   

  

e b e b

e e b
 

For a e1 and e2 , we can derive 
0 1

 b b bT
. 

Because the P(e1) and P(e2) are true, 

( , ) ( , )
0 1 1 2

  b e and b e  

Hence, ( , ) b ce . 

The proofs of other cases are completely analogous. 

We finish the proof of this theorem.  

Up to date, we have finished the proof of equivalence 

between the operational semantics and the denotational 

semantics of STeCEQL. 

 

5 Conclusion and outlook 

 

In this paper, focusing on the correctness of the 

operational semantics of the EQL STeCEQL, we give the 

denotational semantics of it and prove the equivalence of 

two semantics of STeCEQL by structural inductive 

method. From the view of formal semantics of computer 

language, the equivalence of the operational semantics 

and the denotational semantics show the correctness of its 

operational semantics. 

Since the internet of vehicles is a typical real-time 

distributed mobile networked system, we will study the 

processing algorithm of the STeCEQL in next steps 
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