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S
pecifying

and
verifying

correctness
of

triggers
In

tro
duction

T
riggersand

active
databases

�
R

elationaldatabases:a
bunch

oftables(relationalinstances)

�
E

M
P

E
m

pId
E

m
pN

am
e

D
eptN

am
e

27
John

A
ccounting

31
M

ary
A

dm
inistration

42
P

eter
S

ervices
51

D
oug

A
ccounting

...
...

...

�
D

E
P

T
D

eptN
am

e
M

anagerId
A

ccounting
27

S
ervice

34
...

...

�
T

riggers:E
vent-C

ondition-A
ction(E

C
A

)
R

ules.

C
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B
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S
pecifying

and
verifying

correctness
of

triggers
In

tro
duction

{
C

ertain
updatesto

the
databasetriggeradditionalupdatesas

dictated
by

the
E

C
A

rules.

{
A

n
E

C
A

rule

�
E

vent:
D

eletionofa
tuple

in
the

E
M

P
table

�
C

ondition:T
he

E
m

pId
in

that
tuple

appearsasa
M

anagerIdin
the

D
E

P
T

table.
�

A
ction:R

em
ove

allsuch
tuplesin

the
D

E
P

T
table.

C
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S
pecifying

and
verifying

correctness
of

triggers
In

tro
duction

C
urrent

status:D
B

system
sthat

have
triggersand

theirusage

�
A

vailablein
m

ostrecent
databasesystem

s:IB
M

D
B

2/V
2,O

racle,etc.

�
B

ut
rarely

used.

{
T

oo
dangerous:autom

aticallychangesothertables.

{
W

hatis
the

purposeofa
setoftriggers?

{
H

ow
do

w
e

state
the

purpose?In
w

hatlangauge?

{
W

hatdoesit
m

eanthat
a

setoftriggersis
notdangerous?

{
C

orrect!C
orrectw

ith
respectto

w
har?

{
N

eedto
be

ableto
specifythe

purpose.

{
N

eedto
be

ableto
form

ulatethe
notion

ofcorrectnessofa
setof

triggersw
ith

respectto
a

speci�cation.

{
N

eedto
be

ableto
verifythe

correctness.

C
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S
pecifying

and
verifying

correctness
of

triggers
In

tro
duction

{
It

w
ould

be
greatif

certain
triggerscould

be
autom

atically
generatedfrom

the
speci�cation.
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S
pecifying

and
verifying

correctness
of

triggers
S

em
antics,S

peci�cation,
and

C
orrectness

E
volution

ofa
databasedue

to
updatesand

triggers

�
U

pdatesand
actions:Inserta

tuple,deletea
tuple,m

odify
orupdate

a
tuple.

�
S

em
antics:A

function
	

T
from

statesand
action

sequencesto
a

sequenceofstates.

�
	

T (�;�
)

is
the

sequenceofdatabasestatesrecordinghow
the

database
w

ould
evolve

w
hena

sequenceofactions�
is

executedin
�

in
presence

ofthe
setoftriggersT

.

�
N

otations:

{
�

� :
denotesthe

laststate
ofthe

evolution
given

by
	(

�;�
).

{
�

(�
1 ;�

2 ) :
denotesthe

laststate
ofthe

evolution
given

by
	(

�
�

1 ;�
2 )

{
W

e
sim

ilarly
de�ne

�
(�

1 ;:::;�
i )

{
�

� ;�
(�

1 ;�
2 ) ;:::is

a
sequenceofquiescentstates.

C
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B
aral
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S
pecifying

and
verifying

correctness
of

triggers
S

em
antics,S

peci�cation,
and

C
orrectness

S
peci�cation

ideas

�
Fourkinds:state

invarianceconstraints;state
m

aintenanceconstraints
(or

quiescentstate
constraints);tra

jectory
invarianceconstraints;and

tra
jectory

m
aintenanceconstraints.

�
Invariancevs

m
aintenance:Invarianceconstraints

are
aboutallstates

ofthe
database,w

hile
the

m
aintenanceconstraints

focusonly
on

the
quiescentstates.

�
A

state
constraint



s

on
a

databaseschem
eR

,is
a

function
that

associatesw
ith

each
databaser

ofR
a

booleanvalue



s (r).
A

database
r

ofR
is

said
to

satisfy



s
if



s (r)

is
true.

�
A

trajectory
constraint



t on

a
databaseschem

eR
,is

a
function

that
associatesw

ith
each

databasesequence�
ofR

a
booleanvalue



t (�).

A
databasesequence�

ofR
is

said
to

satisfy



t if



t (�)
is

true.

C
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B
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S
pecifying

and
verifying

correctness
of

triggers
S

em
antics,S

peci�cation,
and

C
orrectness

�
T

he
speci�cation

in
ourexam

ple:\F
orany

tuple
t

in
the

D
E

P
T

table,
there

m
ustbe

a
tuple

t 0in
the

E
M

P
table

such
that

t:M
anagerId

=
T

0:E
m

pId"
is

true
in

allquiescentstates.
(a

tra
jectory

m
aintenanceconstraint)

C
hitta

B
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S
pecifying

and
verifying

correctness
of

triggers
S

em
antics,S

peci�cation,
and

C
orrectness

D
e�nition

ofcorrectness
Let�

si be
a

setofstate
invariant

constraints,�
sm

be
a

setofstate
m

aintenanceconstraints,�
ti

be
a

setoftra
jectory

invariant
constraints,

�
tm

be
a

setoftra
jectory

m
aintenanceconstraints,A

be
a

setof
exogenousactions,and

T
be

a
setofE

C
A

rules.W
e

say
T

is
correctw

ith
respectto

�
si [

�
sm

[
�

ti [
�

tm
and

A
,if

foralldatabasestates�
w

here
the

constraints
in

�
si and

�
sm

hold,and
action

sequences�
1 ;:::;�

n

consistingofexogenousactionsfrom
A

,

�
allthe

statesin
the

sequences	(
�;�

1 ),	(
�

�
1 ;�

2 ),...,
	(

�
(�

1 ;:::;�
n

�
1 ) ;�

n )
satisfythe

constraints
in

�
si ;

�
allthe

states�
�

1 ;:::;�
(�

1 ;:::;�
n )

satisfythe
constraints

in
�

sm
;

�
the

tra
jectory

obtainedby
concatenating	(

�;�
1 )

w
ith

	(
�

�
1 ;�

2 ),...,	(
�

(�
1 ;:::;�

n
�

1 ) ;�
n )

satisfythe
constraints

in
�

ti ;and

�
the

tra
jectory

�;�
�

1 ;:::;�
(�

1 ;:::;�
n )

satis�esthe
constraints

in
�

tm
.

C
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

D
eclarative

LogicP
rogram

m
ing(D

LP
)

�
A

D
LP

is
a

collectionofrulesofthe
form

a
0

 
a

1 ;:::;a
m

;not
a

m
+

1 ;:::;not
a

n

w
herea

i 's
are

atom
s.

�
Intuitiv

e
m

eaning:if
a

1 :::a
m

are
true

and
a

m
+

1
:::a

n
can

be
assum

ed
to

be
falsethen

a
0

m
ustbe

true.

�
S

em
antics:G

iven
in

term
sofanswersets.

C
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B
aral
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

A
n

illustration:the
databaseschem

aand
the

speci�cation

�
T

he
schem

a

purchase(purchaseid ;client;am
ount).

paym
ent(paym

entid
;client;am

ount).
account(client;credit;status).

T
he

underlinedattributes
are

the
prim

ary
keysand

the
attribute

client
in

the
relationspurchase

and
paym

ent
is

a
foreignkey

w
ith

respectto
the

relation
account.

T
he

relation
purchase

recordsthe
purchase

history
ofclients

and
the

relation
paym

ent
recordsthe

paym
ent

history
ofclients.

T
he

relation
accountstoresthe

availablecreditfor
each

client
and

theircreditstatus.

�
A

llow
able

exogenousactions:addition
oftuplesto

the
purchase

and
paym

ent
relationsforexistingclients.

C
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B
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

�
S

tate
m

aintenanceconstraints:

1.Foreach
client

c
w

hich
appearsin

a
tuple

a
in

the
relation

account:
if

a:credit
<

3K
then

a:status
=

bad,and
if

a:credit
�

3K
then

a:status
=

good.

2.Foreach
client

c
w

hich
appearsin

a
tuple

a
in

the
relation

account:
a:credit

is
5K

m
inus

the
sum

ofallthe
purchase

am
ounts

forc
plus

the
sum

ofallthe
paym

ent
am

ounts
forc.

C
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

�
T

riggers:

{
T

rigger1:W
hen

a
tuple

p
is

addedto
the

purchase
relation,then

the
tuple

a
in

the
relation

accountsuch
that

p:client
=

a:client
is

updated
so

that
the

updated
a:credit

hasthe
value

obtainedby
subtractingp:am

ountfrom
the

old
a:credit.

{
T

rigger2:W
hen

a
tuple

a
in

the
relation

accountis
updated

such
that

a:credit
is

lessthan
3K

then
a

is
furtherupdated

such
that

a:status
hasthe

value
\bad".

{
T

rigger3:W
hen

a
tuple

p
0is

addedto
the

paym
ent

relation,then
the

tuple
a

in
the

relation
accountsuch

that
p

0:client
=

a:client
is

updated
so

that
the

updated
a:credit

hasthe
value

obtainedby
addingp

0:am
ountto

the
old

a:credit.

{
T

rigger4:W
hen

a
tuple

a
in

the
relation

accountis
updated

such
that

a:credit
is

m
orethan

orequalto
3K

then
a

is
furtherupdated

such
that

a:status
hasthe

value
\good".

C
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B
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

A
generalm

ethodologyand
an

illustration

�
S

tep
1:R

epresenting
the

initialstate
(�

in )

holds(purchase(1;a;3);1).
holds(purchase(2;b;5);1).

holds(paym
ent(1;a;1);1).

holds(paym
ent(2;b;1);1).

holds(account(a;3;good);1).
holds(account(b;1;bad);1).
holds(account(c;5;good);1).

C
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B
aral
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

�
S

tep
1':

E
num

eratingthe
possibleinitialstates(�

enum
in

holds(purchase(X
;Y

;Z
);1) 

id
dom

(X
);cnam

e
dom

(Y
);am

ount(Z
);

not
n

holds(purchase(X
;Y

;Z
);1).

n
holds(purchase(X

;Y
;Z

);1) 
id

dom
(X

);cnam
e

dom
(Y

);am
ount(Z

);
not

holds(purchase(X
;Y

;Z
);1).

holds(paym
ent(X

;Y
;Z

);1) 
id

dom
(X

);cnam
e

dom
(Y

);am
ount(Z

);
not

n
holds(paym

ent(X
;Y

;Z
);1).

n
holds(paym

ent(X
;Y

;Z
);1) 

id
dom

(X
);cnam

e
dom

(Y
);am

ount(Z
);

not
holds(paym

ent(X
;Y

;Z
);1).

holds(account(X
;Y

;Z
);1) 

cnam
e

dom
(X

);am
ount(Y

);status(Z
);

not
n

holds(account(X
;Y

;Z
).
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

n
holds(account(X

;Y
;Z

);1) 
cnam

e
dom

(X
);am

ount(Y
);status(Z

);
not

holds(account(X
;Y

;Z
).

 
m

aint
constr(C

);violated(C
;1).

�
S

tep
2:A

ction
occurrencein

the
initialstate

(�
occ ):

occurs(ins;purchase(5;c;5);1).

�
S

tep
2':

E
num

eratingthe
initialexogenousactions(�

enum
occ

)

not
initial

ly(X
;Y

)
 

initial
ly(U

;V
);U

6=
X

.
not

initial
ly(X

;Y
)

 
initial

ly(U
;V

);not
sam

e(Y
;V

).
initial

ly(X
;Y

)
 

possible(X
;Y

);not
not

initial
ly(X

;Y
).

sam
e(purchase(X

;Y
;Z

);purchase(X
;Y

;Z
))

 
id

dom
(X

);cnam
e

dom
(Y

);am
ount(Z

).
sam

e(paym
ent(X

;Y
;Z

);paym
ent(X

;Y
;Z

))
 

id
dom

(X
);cnam

e
dom

(Y
);am

ount(Z
).

sam
e(account(X

;Y
;Z

);account(X
;Y

;Z
))

 
cnam

e
dom

(X
);am

ount(Y
);status(Z

).

C
hitta

B
aral

18



S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

occurs(X
;Y

;1) 
initial

ly(X
;Y

).

�
S

tep
3:E

�ect
ofactionsand

inertia
(�

ef )

holds(F
;T

+
1) 

occurs(ins;F
;T

);executable(ins;F
;T

).
holds(G

;T
+

1) 
occurs(upd;F

;G
;T

);executable(upd;F
;G

;T
).

ab(F
;T

+
1) 

occurs(del;F
;T

);executable(del;F
;T

):
ab(F

;T
+

1) 
occurs(upd;F

;G
;T

);executable(upd;F
;G

;T
):

holds(F
;T

+
1) 

holds(F
;T

);occurred(T
);not

ab(F
;T

+
1):

�
S

tep
4:E

xecutability
(�

ex )

executable(ins;purchase(X
;Y

;W
);T

)
 

.
executable(del;purchase(X

;Y
;W

);T
)

 
holds(purchase(X

;Y
;W

);T
):

executable(ins;paym
ent(X

;Y
;Z

);T
)

 
.

executable(del;paym
ent(X

;Y
;Z

);T
)

 
holds(paym

ent(X
;Y

;Z
);T

):
executable(ins;account(X

;Y
;Z

);T
)

 
.

executable(del;account(X
;Y

;Z
);T

)
 

holds(account(X
;Y

;Z
);T

):

C
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

executable(upd;account(X
;Y

;Z
);account(X

;Y
;Z

2);T
)

 
holds(account(X

;Y
;Z

);T
):

executable(upd;account(X
;Y

;Z
);account(X

;Y
2;Z

);T
)

 
holds(account(X

;Y
;Z

);T
):

�
S

tep
5:T

rigers(�
tr )

occurs(del;account(Y
;B

;S
);T

+
1) 

holds(account(Y
;B

;S
);T

);
occurs(ins;purchase(X

;Y
;W

);T
):

occurs(ins;account(Y
;B

�
W

;S
);T

+
1) 

holds(account(Y
;B

;S
);T

);
occurs(ins;purchase(X

;Y
;W

);T
):

occurs(del;account(X
;Y

;S
);T

+
1) 

Y
<

3;S
=

good;
occurs(ins;account(X

;Y
;S

);T
).

occurs(ins;account(X
;Y

;bad);T
+

1) 
Y

<
3;S

=
good;

occurs(ins;account(X
;Y

;S
);T

).
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S
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and
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correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

occurs(del;account(Y
;B

;S
);T

+
1) 

holds(account(Y
;B

;S
);T

);
occurs(ins;paym

ent(X
;Y

;W
);T

).

occurs(ins;account(Y
;B

+
W

;S
);T

+
1) 

holds(account(Y
;B

;S
);T

);
occurs(ins;paym

ent(X
;Y

;W
);T

):

occurs(del;account(X
;Y

;S
);T

+
1) 

Y
�

3;S
=

bad;
occurs(ins;account(X

;Y
;S

);T
):

occurs(ins;account(X
;Y

;good);T
+

1) 
Y

�
3;S

=
bad;

occurs(ins;account(X
;Y

;S
);T

):

�
S

tep
6

:
Identifying

quiescentstates(�
qu )

occurred(T
)

 
occurs(ins;F

;T
):

occurred(T
)

 
occurs(del;F

;T
).

occurred(T
)

 
occurs(upd;F

;G
;T

).
occurs

after(T
)

 
occurred(T

T
);T

<
T

T
.

quiescent(T
+

1) 
occurred(T

);not
occurs

after(T
).
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S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

�
S

tep
7:D

e�ning
dom

ains(�
dom )

f
luent(purchase(X

;Y
;W

))
 

id
dom

(X
);cnam

e
dom

(Y
);am

ount(W
).

f
luent(paym

ent(X
;Y

;Z
))

 
id

dom
(X

);cnam
e

dom
(Y

);am
ount(Z

).
f

luent(account(X
;Y

;Z
))

 
cnam

e
dom

(X
);am

ount(Y
);status(Z

).

�
S

tep
8:S

peci�cation
(�

cons )

paym
ent

total(C
;S

um
;T

)
 

tim
e

(T
);cnam

e
dom

(C
);

S
um

[holds(paym
ent(X

;C
;Y

);T
)

:id
dom

(X
)

:
am

ount(Y
)]S

um
.

purchase
total(C

;S
um

;T
)

 
tim

e
(T

);cnam
e

dom
(C

);
S

um
[holds(purchase(X

;C
;Y

);T
)

:id
dom

(X
)

:
am

ount(Y
)]S

um
.
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S
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verifying

correctness
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triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and
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violated(c2;T
)

 
cnam

e
dom

(C
);paym

ent
total(C

;S
um

1;T
);

purchase
total(C

;S
um

2;T
);holds(account(C

;C
r;S

tatus);T
);

C
r

6=
5

�
S

um
2

+
S

um
1.

violated(c1;T
)

 
cnam

e
dom

(C
);

holds(account(C
;C

r;good);T
);C

r
<

3.

violated(c1;T
)

 
cnam

e
dom

(C
);

holds(account(C
;C

r;bad);T
);C

r
�

3.

not
correct 

m
aint

constr(X
);quiescent(T

);violated(X
;T

).

correct 
not

not
correct.

w
eight

holds(paym
ent(X

;C
;Y

);T
)

=
Y

.
w

eight
holds(purchase(X

;C
;Y

);T
)

=
Y

.

�
T

heorem
1:

�
in

[
�

ef
[

�
occ [

�
ex [

�
tr

[
�

qu
[

�
dom

[
�

cons j=
sm

odels
correct

�
T

heorem
2:

�
enum
in

[
�

ef [
�

enum
occ

[
�

ex [
�

tr
[

�
qu

[
�

dom
[

�
cons j=

sm
odels

correct

C
hitta

B
aral

23



S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

N
extS

teps:som
ein

the
paper

�
M

ore
generalconstraints;tem

poralconstructs.

�
V

ariousexecutionm
odels.(deferred,im

m
ediate)

�
Inferring

events.

�
M

ore
com

plicatedtriggers.

�
A

utom
atic

generationoftriggers.(beforetriggers;aftertriggers.)

C
hitta

B
aral

24



S
pecifying

and
verifying

correctness
of

triggers
U

sing
D

LP
for

speci�cation,
sim

ulation
and

veri�cation

C
onclusion
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do

notnecessarilyknow
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interrelationshipassociatedw
ith

a
database.
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