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ABSTRACT

We. examine the problem of defining data base updates on user views
so that all anticipated enterprise activities can.be represented in the
data base, but that certain declared constraints, which Qelimit the set of
acceptable data base siates, are preserved. In order to verify that a set
of operations on views meets these criteria, it is necessary to consider
ﬁhe interactions of all users. Some updétes mﬁst have side—effects not ob-
servable by the user requesting the update in order to preserve certain

constraints..

o

‘Dara hazes, relaticnal medel, quoetient celavions, updare

ons, ccnstcaints, graph grammars.

RESUMO

Examinamos o problema de definic atualizags em bancos

de dados através de visces dos usuariocz de mods que todas ah
avividades previstas da empresa possam ser representadas 1

banco de dados, mas que certas restricoes declaradas, que deli-
mitam o Qonjunt@ de estados aceitaveis do banc: de gadcs, seia
preservadas.  Parva verificav que um conjunto de OPAragnes o=
bre visnes atende a esses critérios, & nececsari considersr ss
intevagoes de todos oe usudriocs. Algﬁmas atualizagoes  devenm
ter efeitos colaterais nao observaveis peln uwsudric solic.tan-

do a atualiizacaoc para preservar certas restricoes.

PALAVRAS CHAVES

Banco de dados, modeio relacional, relag

operagces de atuvalizagaon, restrigoes,
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1. INTRODUCTION

" Various constant propertiesﬁof an enterprise are reflected in its
data base in that certain constraints afe satisfied by the values of any
‘acceptable configuration of -the data base. The execution of update oper-

. ations is governed by the requirement to dbey such constraints in that each
‘kind;ofvﬁpdate is valid only under certain conditions, and the uﬁdate tranS*:}“
forms the data base so that different condltlons hold Several devices have 5 
been suggested for handling these problems, such as views, assertions trlggers,
. request modifications, and transactions [1,2,3]. Here, we consider '~ them f'ff
together in an attempt to identify a complete, compatible set of update opefr*v

ations for a partlcular simplified data base environment.

To each data base user who needs to update the data base, we provxde‘“

one or more views, whlch consist of derived relations, created on demand frmn’

 the base relations, the representations of which are actually stored. Besldes.

‘permitting the user to see only relevant portions of the data base, the v1ews
also act as screens on the update operations expressed through them. Accgpta? ;
ble update operations are allowed to change the stored represeﬁtations of’théxv
base relations, while updates that would lead to the violation.of some de= .
clared constraint are rejected. Re-derivation of a view after an acceptabie' ’
update operation reveals that the intendgd change has occurred Eﬂ.

y»;\; Starting with a description of the étructure and cperatiqn of an en- -
terpfise, our goal is to define a complete and compatible set of update ‘
dperations, along with views through which they ére expressed. We consider a
set of update operations that reflect the activities of an enterprise tofbe~'x

complete and consistent if and only if

(1) in any 1egal data base configuration, application of any update
whose pre—requls1te conditions are satisfied leads to another

" legal data base conflguratlon,
and (2) from any legal data base configuration, there is some sequénce
of allowable updates that leads to each other legal data base ‘

configuration. : _ ' ' e

The enterprise description from which we start includes
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(1) the 1nformat10n to be stored in the data base, expressed as a *et

of base relations,
(2) the set of users who need to update the data base,v

and (3) a textual description of the activities of the‘ehterprise that -
necessitate data base updates, the conditions required for each

activity to occur, and the specific responsibilities of each data'

base user.

In section 2, we present an eiample description of an enterprise, and
in section 3, we specify a compiete and compatible set of fifteen update o-
peratlons, and ~he views through which they can be expressed. We briefly sug-
gest  how views that help preserve constraints can be 1mp1emented In section
4, we argue the compatibility and completeness of the set of fifteen operatlons‘

Section 5 includes discussion and conclusions.



2. A SIMPLE DATA BASE ENVIRONMENT

As an example data base eqvironment, we consider the personnel
segment of a small manufacturing enterprise. While the example is intended to
suggest realism, it is highly simplified, and certainly does not cover the

breadth of situations that may arise in more detailed wntefprise descriptions.
A. The Base Reiations
The attributes treated in our example are:

- n:me of employee
- svlary

- jub title

siill

- t. sk

- p-oject

B R W =
!

- 1 ader of a project

The base relat ons which represent the re¢ ationships zmong entities with these

attributes are-
EMP(X.S,J) - emplovee's name, s¢lary and job titie
REQ(T ¥) - requirement of a skill to do a t sk
ASN(N,T,P) - assignment of an émployee in a project to a task

MNG (P,L) - management of a project by a leader

1

CAP(N,K) capabilities (skills) possessed or acquired by employees

Figure 1 indicates the presence of attributes ih relations diagrama-—

tically.



Figure 1. The base relat ons and their attributes.

B. The Users

The users authorized to perfori update operztions are the nmployeésh

holding the positions

personnel manager,
engineering manager,
traiaing manager,

and lead:r of some pr.ject.
C. The Activities of the E-terprise

The personnel manager hires em loyees by associating a sai :ry (at
least the minimum wage), aad a job title with their ~ame, and may fire em~

ployees, but only if they are not curre tly assigned to any project.

The engineering manager initiates new projects by specifyiang their
names and the name of the initial leader of each. He may replace the leader
of a project, or suspend a project by leaving it with no leader. No em-

ployees may continue to be assigned to a project that is suspended.

A suspended project may be permanently terminated by the engineering

manager, or may be restarted by assigning a new leader.

Various tasks compose each project, and the engineering manager is
responsible for indicating what skills are required of an employee to perform
each task. The engineering maunager also associates employees with projects

(but not suspended ones), and terminates such associ.tions.
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Employees acquire new skills through training, but lose old skills
.through lack of use or changing techhology The tra1n1n; manager is respon-

sible for recording the skills currently p: osessed by easch employee.

Each leader of a project determines how employees associated .with
" his project are assigned to tasks. An emplo, ce must poss&ss all the skills

requlred for each task assigned to him.



3. THE VIEWS AND UPDATE OPERATIONS

While it is impossible to anficipéte all future queries in most data
base environments, it is possible, and necessary for reasons of integrity; to
ésumerAte the set of all allowable update operations.v-Although subject to
‘occasional change, this set is generally quite static, despite the creation
of new applications for the data base and the disappearance of old applica -

tions.

In this section, we identify a set of views and update operations ex-—
pressed in terms of those views for the example data base ehviroﬁment described
in section 2. The set of views and operatioans are designed to guarantee  the
pfeservation of all indicated constraints on legal data base configurations,
while still permitting each user enough laticude to fulfill his responsitbili~

ties.
A. The Update Operations

For each operation, we specify the operation, the (only) person autho-
rized to use the operation, the view througi which the operation is expressed,
and the result of the operation, including any conditions on which the permis-‘
sibility of the operation depends and any additional actions (side-effects) '
~c?u§ed ("triggered"[l]) by the operation. Also, we give a diagram that indica-
téS“the effect of the operétion. The diagrams show the initial configuration
a?d the resulting situation on each side of the arrow. A § on the left or right
" means respectively that there are no requirements of the initial configuration,
éf that all tuples shown in the initial con!iguration are deleted in the final
qonfiguration. Relation names with arcs to attribute values represent tuples
in the relations. Ovuinary arcs mean that a defined attribute value must be
there, while slashed arcs are used for attributes that must not be there.
Missing arcs, when th..e is not an arc for every attribute, lead to arbitrary
values, and dotted ércs connect to tuples that may or may not be present;
slashed dotted arcs are for tuples (again that may or may not be present) noti
éonnected to the given attribute valﬁe. Whenever possible, attribute values
are indicated by the lower case of the attribute name. In ambiguous cases, the
arcs are labelled by an attribate name. Primes indicate distinct attribute
values. Converging lines‘from two tuples on a single attribute value indicate
that the value must be the same in both tuples, curly brackets show sets of

tuples, and the "undefined" value is denoted by "*".
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Operation: Insert (n,s,j) in to V

“View:

Hire employee n with salary s and job title j

Authqrized User: Personnel Manager:

View:~vhire’ which is EMP restricted to permit only salaries that meet or

exceed the minimum wage.
¢

hire’

Result: If no other employee in EMP has name n and s is greater than or
' «qual to the minimum wage; then the tuple is entered into EMP.

Otherwise, the update is rejected.

Diagram: EMP o EMP )
/
- N
n s j -

(Note: The salary condition is not indicated in the diagram)
Initiate project p with leader %
Authorized User: Engineering Manager

Vinitiate’ which is MNG

Operation: Insert (p,R) into V.

initiate

Result: If £ is an employee and there is no project in MNGC with name P

then the tuple is entered into MNG. Otherwise, the update is re-

jected.

Diagram: MNG EMP MNG EMP



- 3. Require skill k for task t
Authorized User: Engineering Manager

View: V , which is REQ

‘Tequire

Qperat1on: Insert (t,k) into Vrequire
Result: The tuple is inserted into REQ unless it is already there, and any
assignment of an employee not possessing skill k to task t is de -

leted from ASN.

Diagram: . CAP _{ASN} ' REQ
’ . e » - .
n k t otk
4. Acquire skill k by employee n
Authorized User: Training Manager
View: V ., which is CAP
acquire
Operation: Insert (n,k) into Vacquire

Result: If n is an employee and the tuple is not already présent, the tu-

ple is inserted into CAP. Otherwise, the update is rejected.

EMP CAP
. \/
n k

5. Associate. employee n with project p

Diagram: EMP

Authorized User: Engineering Manager

View: V , which is ASN projected on N and P.

associate



_Operation: Insert (n,p) into V

associate

<

‘Result: If p is a project that currently has a leader and n is an employee,

7.

and no tuple of ASN currently has name n and project p, then the tuple_

(n,*,p) is entered into ASN. Otherwlse, the update is rejected.

Diagram: EMP ASN  MNG EMP  ASN  MNG
n p R n P 2
Assign to‘employee n task t in project p

Authorized User: Leader of project p

View: V )’ which is ASN restricted to retain only those tuples with

(assign,p
projeci p and then projected on N and T.

Operation: Insert (n,t) into V(assign,p)

Result: If some tuple of ASN has name n and project p, and the set of skills
' associated with t in REQ is a subset of the set of skills associated
with n in CAP, then the tuple (n,t,p) is inserted into ASN (and if
the tuple (n,*,p) is in ASN, it is removed). Otherwise, the update’

is rejected.

/ CAP REQ  ASN
/Jeg\ %\p

where {k}s indicates that that the set of values of k in REQ must

Diagram:

be a subset of the set of values of k in CAP.

Replace the leader of project p with empldyee L

Authorized User: Engineering Manager
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View: V , which is MNG

replace

<

Operation: Modlfy.any tuple with project p 1n‘vrepiace by L « &

' ’Result‘ If p is a pro;ect with a leader and & is an employee, then the

tuple for project p in MNG is modified so that % is the leader.

Otherwise, the update is rejected.

Diagram: ~ EMP EMP MNG EMP  EMP
/ \ : ' N M

Suspend project p

Authorized User: Engineering Manager

View: V 4 which is MNG

suspen

PR : . 2 e : vyt
Operation: Modify any tuple with project p 1n VSuspend by p “

Result: If p is a project with a leader, then the tuple for project p in
' MNG is changed to (p,*), and all tuples with project p in ASN are

deleted. Otherwise, the update is rejected.

Diagram: ASN} MNG

Restart project p with leader £

1

Authorized User: Engineering Manager

View: Vrestart’ which is MNG
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11.

. Operation: Dz=lete (n,t) from V

‘View:

11.

. . s 2’ 4
Operation: Insert (p,%) into Vrestart

Result: If p is a leader-less project (so that (p,*) appears in MNG) and
£ is an employee, then the tuple (p,2) replaces the tuple (p,*).

Otherwise, the operation is rejected.
Diagram: MNG EMP MNG EMP
N/ N
_
| po* 2 . P .
Release emp oyee n from task t in project p

Authorized User: Leader of project P

View: V(release p)? which is ASN restricted to tuples for project p then
b
projected on N and T.
(release,p)

Result: If (a,t,p) is a tuple in ASN, then it is deleted. If no other tuple
in ASN has employee n and project p, then the tuple (n,*,p) remains

in ASN. Otherwise the operation is rejected.

Dia,ram: ASN ASN

/-

1%

Disassociate employee n from project p

Authorized User: Engineering Manager

vdisassociate’ which is ASN projected on N and P.

Operation: Delete (n,p) from Vdisassociate’

Result: If cuere are any tuples in ASN with employee n and project p, then

they are all deleted. Otherwise, the update is rejected.



Diagram: {ASN}
/
-
n p

12. Lose skill k of employee n
Authorized User: Training Manager

View: V , which is CAP
lose

Operation: kelete‘(n,k) from Vlose

12,

Result: If (n,k) is a tuple in CAP, then it is deleted, and any tuple in

ASN-with employee n and a task that is associated with k in REQ

is also removed. Otherwise, the update .is rejected.

Diagram: CAP REQ  {ASN} REQ

“ 413. Remove the requirement of skill k for task t
. m,‘h _"""'—

Authorized User: Engineering Manager

View: V , which is REQ
remove

Operation: Delete (t,k) from V
remove

Result: If tuple (t,k) is in REQ, ther it is deleted. Otherwise, the update

is rejected.

Diagram: REQ

Ji -

t k
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14, Terminate project p
Authorized User: Engineering Manager

View: V. ., s, which is MNG
: terminate

Qperatlon: Delete any tuple with project p from Vterminate

Result: If the tuple (p,*) is in MNG (i.e., p is a leader-less project),
‘then the tuple is deleted. Otherwise , the update operation is

rejected.

. Dlagram

15. Fire employee n
Authorized User: Persomnel Manager

View: V » which is EMP projected on N

fire

Opetration: Delet: (n) from Vfire

Result: If a tuple with name n is in EMP, then it is déleted, together with

his skills. Otherwise, the update is rejected.

Diagram: {CAP} v
i K/ =‘=>¢

- The def1n1t10ns above are remlnlscent of the notion of abstract data
types, which suggests that some mechanism resembling clusters might be used

in an implementation [9].
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.B. The Views and Their Implementation

While the previous section defined a different view for each update
operation, each user actually updates and observes only a few distinct derived
relations. Figure 2 summarizes the use of derived relations by the four users.
The notation in which the views are expressed is the standard notation of

VCodd's relational algebra: square brackets containing attribute names denote
<projection on those attributes, and square brackets containing a condition de-
note restriction if after a single relation name and denote join if between two

relation names.

Note that figure 2 mentions only the base relations involved in thev 
derivation of the views for each user. The scope of each operation includes all
base relations involved in checking pre-conditions or completing triggered
actions. The base relations in the scope of each operation are indicated in the
diagrams given previously. Examples of derivation expressions capable of

checking the pre-—conditions are given elsewhere Is].

The views are designed to reveal to each user only the information he
needs, and to permit him to change only what he is responsible for changing.
‘Note that neither the Engineering Manager nor the Training Manager are able to
learn the salaries of employees.Similarly, each Project Leader knows nothing
gf;ng employees other than those associated with his project. This effect is
achieved with both the EMP and CAP relations by joining them to ASN on the N
. attribute, then eliminating tuples for other projects by a restriction, then
prOJectlng on the original attributes of the relation. While the Personnel
Manager could fire employees with a more limited view contalnlng only the: N
 agttribute, we choose to use the same view as for hiring in order to avoid the

proliferation of views.

In order to use views to help preserve constraints, the transforma-

- tions of updates on views to corresponding updates on the base relations must.'
be carefully designed. The transformations are specific to the set of opera-
tions used to derive views. For the case in which the set of operations is that
of the algebra of quotient relations [6], the problem of transforming updates

has been studied in detail [5} . Here, we only summarize the general approach.



15.

User - Purpose Derived Relation Action
. Updates EMP [S > min.wagé] to HIRE and TIRE
Personnel | Observes ASNIh,P]  to check that an employee is
Manager . not associated with a pro-
: ject before firing - F
CAP to check skills before firing|
MNG to INITIATE,REPLACE,SUSPEND, |
RESTART,and TERMINATE ’
Updates REQ to REQUIRE and REMOVE = - |
ngineering Asn [W,P] “to ASSOCIATE and DISASSOCIA~ -
Manager TE
Observes EMP [N, J] to know job titles of em~
- ployees - ,
CAP [ to know skills of employees
Updates CAP to ACQUIRE and LOSE _
Training =~ I EMP [_N,JJ to know job titles of em~
Manager ployees for planning training
Observes ASN[N,T] to know essignments of em-
REQ ployees and to learn what
1 skill are being used
Updates (asN [P=p]) [, T] | to ASSIGN aud RELEASE
((EMP[N:NJASN)I}=p]) to know job titles and sala- 1
Project [v,s,d] ries of employees associa~|
. Leader Setad ted with his project S |
l(Pf projecty Obs:.:tes REQ ‘ to know skills required for
'”BQ- tasks
((caPp [N=N] ASN) [P=p] | to know skills of employees
[N’KJ §53001ated w1th his = pro~
ject

Figure 2., Derived Relations Updated and Observed

By Each User..
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Taking the operations by which views are derived one at a time, it
is possible to specify appropriate base relation updates for each hpdate
operat1on expressed on a view that is derived by the chosen operation from
the base relations, By applying such transformat1on rules iteratively, the
base_felation updates  for update operatlons on any view can be determined. A
transformation is considered to be appropriate only if re-derivation of ~the
view through which the update is expressed reveals that the requested change

in the view (énd no other visible change) has occurred.

By carefully designing the sequence of operations by which a view is
derlved the preservation of some constraints can be guaranteed. The constraint
is either enforced directly by intercepting any operation that would lead to
a violation of the constraint, or ischecked retraspectively after the update
'is carried out, and, if necessary to preserve the constraint, the base rela -

1tions are restored to their state before the update.

The constraint that all salaries must be at least the miﬁimum wage can
be epforced directly since the restriction on the Personnel Manager's view
(see figure 2) makes it impossible for him to successfully insert a tuple with
a salary less than the minimum wage into the EMP relation. The constraint that
employee names (or broject names) be unique can be checked using a view slightly
more.complex than those shown in figure 2. If the Engineering Manager's, view
gonstralns the MNG relatlon to have at most one tuple with any single name, then
an'Ettempt to initiate a project with the name of an existing project would

fail. (In the algebra of quotient relations, such a constraint is expressed as

~

= (MNG/{P}) [# L=1]

V., . .
initiate

which requires ihat, when projects of the same name are grouped together, there

is exactly one project in each group).
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4. THE COMPATIBILITY AND COMPLETENESS

;
In this section we argue that the operations and views defined in

section 3 allow the data base users to carry out all their responsibilities,
but prevent them from inadvertently or maliciously causing the data base to
violate one of the stated constraints. Flgure 3 shows how the four users: de-
pend on and influence one another. With approprlate cooperation among users
and an appropriate sequence of operatlons, every tuple entered into the data
base can later be deleted. In fact, the initial state of the data base (all
relatlons having no tuples) can be reached by some sequence of operations
from any data base state that conforms to the constraints. Also, from any
state -conforming to the constraints, some sequence of operatlons leads to. a
state in which each of the operatlons is applicable. Such sequences are lndi- g
cated in Figure 4. Note that ASSOCIATE and ASSIGN require respectively two

and three sequences of operations to guarantee their applicability. From the
properties mentioned above, we see that the set of -data base states is closed

" under the operations, and all data base states that obey the constraints can

be reached by an appropriate sequence of operations.

As well as the completeness indicated above, the fifteen operations
defined in section 3 are also compatible in that no sequence of operations can
Iead from a data base configdration that satisfies all comstraints to one that
does not. A detailed argument to this effect is tedious since each constraint

ey
must be treated individually. Here, we exemplify the general approach by

~

discussing a few of the constraints.

Consider first the constraint that no project without a leader can
have émployees associated with it. This constraint is preserved because
ASSOCIATE, the only operation that creates an association between an employée
and a project, requires that the project have a leader, and SUSPEND, the only
operation that converts a project with é leader to a leader-less one, requires
that all associations of employees to that project be broken. Since the project
leader can be changed without éeveriné the ties to all employees, the REPLACE

operation is provided specifically for that purpose.

Next, consider the constraint that an employee can be assigned to a
task only if lie possesses all skills required for the task. The ASSIGN operator
only assigns a task to an employee if, at that time, he has all the skills re-
‘quired for the task. Theé REQUIRE operation reviews all assignments to the task

for which an additional skill has been required, and ends assignments in which



Needs .
Employees

Engineering
Manager

Needs
Appointment
héﬁ\?rOjéct
Leader &
Needs speci-
fication of
skills/tasks
~relationship

Personnel
Manager

causes loss
A Lati of record
ssociation of skills
with Project
Prohibits
Firing Needs
Employees Training
Manage ¢
Dethroned by LOSE  may

REPLACE or
SUSPEND & RE-
QUIRE may for-
ce cancellation
of some assign-~
ments

@ Project

Leader

Among the Useérs.

FIRE
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v Needs employess

cause cancel-
lation of some
assignments

Needs spe-

cification of
skill of each
7 employee

== Depends On

w Effected By

Figure 3. Interactions and Interdependencies
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( REQUIRE

( REMOVE )

ASSOCIATE

RESTART?)' (§ISASSOCIA?§>

{ ASSIGN

( RELEASE ’

TERMINATE

Figure 4. Sequences of operations that can
start from any allowable data ba-
se state
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the employee doés not possess the /mewly required skill.

§imilarly, the LOSE operation ends assignments for which, due to the

lost skill, an employee is no longer fit.

Finally consider the constraint that project leaders may end assign-
ments, yet only the‘Engineering Manager is autﬁorized to break the association
of an employee to a project. Due to the choice of base relatioms, both re-
‘lationships are represented in the relation ASN. Thus, it is critical that :

RELEASE not delete the last tuple relating an employee to a project. Instead,

spaiA e

the task

The argument for compatibility presented above is informal. With
formal‘definitions of the operations and the constraints, it might be possible.
to develop a technique of mechanically verifying- compatibility and completeness.
‘The diagram representations of the operations suggest that graph grammaf proof
methods [6,7] might provide a basis for such mechanical verification. A different
approach to assuring the semantic integrity of data bases is taken by BrodLa[LOJ.s
He defines a schema specification language that is intended to facilitate .the

verification of a general form of constraints.



5. CONCLUSIONS

~ We have descrlbed, using an extended example, how declared constralnts'
on otatesofadata base can be automatically preserved. The responsibilities of
various users are considered and the logical structure of the relevant 1nforma*

.tion is spec1f1ed, then the set of update operations and the corresponding daLa
base v1ews are developed. With approprlately defined views, many constralnts
fcan be elther automatlcally enforced, or at least automatically checked.

By starting with a textual description of an enterprise and its .opera-
tlon, we risk ambiguity and uncertainty in 1dent1fy1ng the constraints. Such
ambiguities are generally discovered during the process of defining the opera* 
tlons, S0 some clarlflcatlons of the description may be required at .that’ time.,
Such 1terat1ve clarification of constraints is typlcally required in the de -}
velopment of any actual data base system. B

In the textual description of the enterprise in sectlon 2, an example__

" of an ambiguity is the interpretation of the requirement that employees be
ass1gned only to tasks for which they possess all the required skills. This
could mean either that the skills must be possessed at the’ time the employee:

» ts assigned to the task, or that, at all times during the ass1gnment of an
elplloyee to a task he must currently possess all skills currently required for
the task, 1In section 3, we took the latter (stricter) 1nterpretat10n, and the
REQUIRE and LOSE operations were glven the potential for revoking ass1gnments.
Thus, the Englneerlng Manager and Training Manager can indirectly .cause as51gn-
ments of employees to tasks to be ended. If we take instead the less restrictive
Jnterpretatlon that skills are checked only when assignments are made, then only
SUSPEND, RELEASE and DISASSOCIATE are capable of directly or indirectly endlng
the assignments of employees to tasks. Only the REQUIRE and LOSE operations. -
would be changed under this 1nterpretaﬁion. For each, the requirement tc]cﬁeckb

' previous assignments would be removed.

‘In some cases, constraints are preserved by defining operations with
secondary effects. A concurrency mechanism must insure that users never ob-
serve the data base at times when a transactlon (operation plus secondary

actions) is started but not completed. While queries do not complicate the

ar’ e T ey
al LU .

¥y they 4o dsterfere In that they

W

rizi

wy
[

evaluation of completerne

in
t

compete for data base resources, and they are delayed while data base updates.

are in progress. .
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